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‘40 a seals. ratio uf 1 %o 148 and pla.ced in a; glue-paneled ﬂ\m-. '!'hu';_
~-model was ccnstmcted b:r forming ribs- oi‘ 2 1nch by L inch anc! 1 1nch 7
pine boa.rds into: the apillway cross-uctional sham and cmring wi.th :
2l&~gagn galvanized 1run (!' igure 10) shut nf 12-ga.ge galmizotl .
‘iron was umed to providu the gata for regulatin.s; the forabay water .

“surface elevation. L
5 ‘.Ga] llli!ﬂ'gﬂ"g Qﬂﬂeﬁ oriiiﬁﬂﬂ : R R S ; 5
Calihration tests were: ma.de on the 1 to 50 ncala modol to dstemino
the dimcharge coefﬂoient for the. su‘mer,gad outlet portions of thu
-gpillvay section and the effect cf various. antra.nce conditions on tho \
‘cosfficient. Tho ooeffic!.ent uaecl wag ‘the velue: of c An the quation.: E
C= _ g . vherc Q. oquala ‘the protntype discbm'gn 1n cubio
A 2 i
fest a gecond. .4 equa.ls the: area o:t the 'prototy-pe oponing 1n uqua.re
feet, £ squals the wvalue: of ‘the. acculcration of : grsvuy of 12,1€ & J ‘
second, and h equail ‘the protgwpe head - maanured 1n feat fron the top'- S
of the opening fo the water surface up!trean.-, el ; '_ i
The orizinel outlst design, {Design 4, !lguro 3), wes ‘in’ affact K
- & rectangular amibellmouth vi.th & flat r.mrvad surfe.ce at the tcm .
and bottom of the entrance while on the. aides. curvod yiora oxtendud B
bayond the cpening (l'igure 3. The ballmonth curve: waa dnsigned ‘
from daie previcusly. obtainid in the: hyﬂraulic laboratory 1. In

Deaign B, the curved picr noseE wera: remcved to make the opening a
sharp 90-degree corner-on the sidas. In Dssip,n C,. the 'bellmouth IERACA T
ourves on the top and bottom of the -entr nee wero replaced vith uha.rp

Hydraulic Model Studies :ror ‘the Dcsign of Sluioa Entrsmce- for Graxul'

‘Goulee Dam, Bydra.uuo Hachinery Laborntory H:mort Ho. HM-J., Dmvgr,";
Qclorsdo, septomber 15, 1939, (HYn-éé) .




‘QO-dagres cornnrs, making tho opaning aharp on a11 four ulﬁnﬂ.   n ;
Degign D. conai:tad of ‘the original bellmouth curve on the top. bottom.

and the sides of ‘the entranoa, making a roctangular bellmouth opening.}j'-“'q

The original design, ‘with the bellmouth curve an the tap and tha
bottom, gave a coefficient which varied £rom 1 09 at a head of Five  1_"
feet to 0,95 at & head of 100 feet, prototynu values. This ooatfi—:'
clent was greater than 1.0 as tha haad was mnasured frum tho t0p
of the opening raghsr than the centarq' In Deaign B, with tha pier f* B
noses removed, the rasulting contraction uf the Jet lowered tha -60- f { ;
effictent to 1.0 at & head of five fest, axd 0.37 at a'head of 100 -
feet. In Design C, the sharp cornar: of all four -1das oantrnotaﬂ tho
Jet sufficiently to lower the coerfioiunt to 0 Bh at a hoad nf fivt
feet, and 0.468 at a head of 100 feez. Eho tost! clearly ahowed thnt
Deatigne B and C would bs nneconomical ‘as. the 8ize of the opening vuuld
have to be conaiderably increascd with a consequent 1ncreaao 1n tho
cost of the control mechanigm. The affact of- rounding all cornern to
form a réctangular bellmouth,. (De:ign D) ‘was triad. Tha couffinienta f;j@
for this design were very good, rarying from 1. 03 at a head uf five o
feet to 1.02 et a head of. 100 feet. Daeign A did not give as 1argo n
coefficient ‘at the highor huads as Deaign D because of the lupprealion
of the contraction. of ‘the Jot by the piern which extended beyond bho
-opening. The original design was usaﬂ rather than Dasign D as the
piers ware required for structural reasona. The outlets were suparated
on the final dasign to place one .on sach’ sido uf tha spillway Gunno—'f'
quently, ‘the calibration curye for Design A may not no aorrect, althongh
tests on the 1 to 100 ‘model indicated - -that the. eoefficienta would bo
“very gimilar to thona with the ontlets tosather.

Fre mi D v '3 -

The design of the temporary utructnro in the apillwey eection,??z;"
which would discharga ‘the river flow during the conatruntion of ‘the .

pousrhouau, wasg studied on the 1 to 100 ncale rodel to dotcrmine the




the flow conditions in he atmtuz'e n.nd m pro'ba.ble mourmg action =
of the flow on the channe)l downstream mgure s). wn.n ‘the urigzmu
model was teated, the flow uonaitione throu@x tho ntmctum wora 'aiﬂ.y"
satisfactory at the lower diucharg;an. ‘but at the- mn.zimm duign disa
charge of 60,000 asecond-fest ‘prototyre, the acour ‘was eu:tremaly lsvam B
immediately dovmstream: from the st‘.mcture (il‘iguro 11). As the rock |
at the damsite is of doubtful quality, this aoour would und.armine the
gtrusture and might conceivably result -in: ita total destruction. 'nm“*,;
model was then revised by curving the d.omstream portion . of the aprun" '
downward on a parabolic curve - from slevation 505 00 to- uas, 00 to form
2 hydrsulic jump which would dissipate the energy of ‘the Jet on - -the
spron and vot on the rock dewmstream. “This revision decroasud the ncmu' '.::
aomevhat but was not as affective as. desirad. fnz’ tha tmlwater ulo—
vation wae oo high with reavect to the apron. thus subnerging tho ‘
Jump and reducing its etfectiveneau. The s'tmdy od’ the originnl divérsion‘.‘:}f

plan wae dircontinued as the’ ulbinate dosim models were ready to m‘tall'f_

{n the 1 to 100 scale model box. Thase early tests demonutratad that

the temporary epillway would have to be provided vith an qf“active

ensrgy diseipator or- the structure. could -nouibly Ye- destroyed by the

aeonring and undermintng a.ction of the flow ae 1t loa.ves the emron.
reba 3% ‘ '

‘Alhen the preliminary utudias wvere concluded. : the atructure rcpro- E

genting the ultimate atage of the powerhouse and - rpillva,y were plaocd
in the 1 to 190 scale model e (Figare 9). ‘Studies were ma.da tn - |
' secortain the adequacy of the forebay channel. The directions of the
currents ‘in the forebay were determined by. adding &. sma.n atraam o ”
potassium permanganate solution to the water. ' _
The initial tests on the original desisn demonstrated that when |
the flow wes pauing through the powerhouse only. ‘¢he flow had a ten- _
dency to concentrate on the left side of the foreday channel and form




a retura ocurrent on tho ri@t side of ‘ﬁh@ -channel, "lmihg ‘an aroa
in the center with ne a-una.rent motion (Fi.gure S-A) M t.hé highar

discharges, with the spillmy 1n oparation,.tha ﬂ.ow conﬁitionl ‘were
‘good as ths p-reater portion of - tha flow- aantinued stmight over the :
spillway while that portion. which entnrad tho penntocku tnrned a.t

the point whare the channel widaned. thuu prwonting the formation ot

motionless sreas or upatroam currenta in ‘the .forsbay, S
In Design 2, the right bank vas: extond.ed nernandiuuiar to the
poverhouse (Pigure 5-B). Plow conditions in thie dosign .nro,«only‘
slightly improved over those .iﬁ‘i;hje -drig‘lnai ‘dnsign as the -u:ps'treéni'_ :
currents and moticnless aren were still fdrinéd at the "lnower‘zidildharéu'.‘ &
In Desig: 3, the vight benk was extended from the edge of the
poverhouse perallsl to the axis of ‘the epillwny (Figuro S-C} om

eddies were present when-this doaign was teated, but they were . not as

large as on the preaading design and the examration wonld ba conam-
erably less. . '
In Design &, (l‘igu.re 5-D), the right bank wae- extended £rom tho
edge of the ponrhcme at sn angle of 30 dograea fram the axis of th-
‘powerhouse. There vere less eddles vith this deiign tha.n vith any of
the previous deaigns .estad. Mhis deai@ was a‘bandonaﬁ. howwer. e.u
a vortice was invernibtenily fomed 1n front of Panltoc)c Xa. 3.. s
Two desizns were propoud. Deuigno 5 and 6 similar to dosigns :
4 and 3, respectively, diffnring in the curvature of the . excmtion L
{Pigures 5-C, D, E, and ¥}, A series of tuts were. made bo- detarmine |
the head discharge relat‘ionshipa thrcu_gh the .tpillway end powerhme
for Designs 2, 5, and 6 (Figures 5-E, E, and ¥, 12 and 13). Suchs
study was necessary, =28 any design which weuld ensail greater head
losses through the anpproach chnnnei wcmld lowar the water surfane » |
elevation above the wanstocks, reducing ths power head. If ,thi.s ‘head
lose were to amount to several feet, t!lm saving Iin construstion .00sts




4 ,“:—v ;!
L
Sty 4

-
J"’-"'t‘;
T Sy

DESIA 1 - ORTGINAL DESTGH.

R

8. [ESIGN 2.

TO

NAVIS DAM DIVERSION MODEL - DESIGNS 1 AID 2 - 1 100 SCALE - SCOTUR AFTER
100 MIIIUT=S OF 60,CCy SECOND-FERT DISCHARGE. (PROTOTVPE VALUTS).




'ithrough rcduction of the rock axeasatiun uould be moro than ufftuw“\'w
by ‘the loss 'in pover revenue ‘during ‘the life of ' the struotura. 11:L : _
‘was necessary ‘to use exaggerated disnhnrgna through ‘the powerhoﬁje?”jf"'
in these teato. for at normal prototype‘ﬁiachurgel. no - differancalyr :
sould be. ﬂntected betwaen thn various prOposod designn.. -The shanofi'  i
of the forebay had very. littla effect on the ragain of preaaure : |
"hesad from velooity head ‘or - on the: amount of vatar uhidh could be ‘
made to paass through ths penutockt or Bnillway at a given roaervolr o
elevation (Figures 12 and’ 13) Tt was: concluﬂed that eddiaa prosent |
An Daaignn 2 and 6, prevented the regain of vulooity heaa. uhiln in
Deadipgn 5, At wan caused: by ‘the fric*ion ‘1oas througn tho aircuitaun 5
approach, Design 6 appeared to have the muet satisfactory flow' con-

ditions and- ‘wag ‘tentatively recommendad.. Assan ecunomw maasure. ihe-i

concrete lining was eliminated. _ _
Tesign 7, . ainilar to. Design 6, waa insta11ed 1n ‘the model and

tested ‘to ascartain flow conditions in the event the numhar ur pover
nnits were decreased from § to- L {Figura S-G) Flau conditiana wera L
very satisfactory. However, a mot;nnless area was. p*esent along the ,_T
right wall nesar the powerhouse which iudic&ted that the w&ll cculd - ‘
‘be turned back with a curved surface, nwaign 8, rether ‘than- the plans

surface used in Design 7 (Figure 5-03 ‘As Design 8 would furghér Mg e

reduce the required sxcavation and at the gAms time slightly imnrove
‘the flow. conditiona. it iis hherafore recommended that this donlgn be-
used .on the prototype. It .was noted that as’ the lpillway diachsrge
1ncroa:ed. tha flow entering the penstocke ‘moved farther dounatream

- before furning beck an¢ entering,thg ponatpcks. It nmay be anticipabed._

therefore, that at a constant reservol~ elevation, the ‘head available |
‘at the ‘turbinea will drop somewhat when ‘the upillway diacharge in-
oreases..dLa to the inereased head lossas in the forohay.
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By Tallrnue Wa;;’ﬂggdgeg

Several- tyves of retaining walle: and ambankmentt ‘on- the sidee of
the powerhouse tailraua were tested to dotermine whother or not tha
'tyve of Aeaign’ had any. marked -ffect on: the regain of atatic head
from velocity head between. the.draft-tube outlets aud:.the river ohau- .
nel downeiream. ' The riverbed was - capped with . a one-inch 1qyer of 1 '
-concreta to maintain ‘the seme riverbed during the tents Concroto
and wnoden bloeks, formed to . reprasent vartoun designn for: the uu—
bankments and rotaining walls. Verﬁ placed in tho modal dnring tha
courae of the tests (Figures 14 and 15)." A sheet meta‘ gage wall
with a one-eigth-inch slot on. the' bottom waa placod ‘on: tho downstream
fece of the powerhouse to: damnen the - surgss 1n ‘the tailraee waier
surface alavation. Point gazes, with: neon giow tubes attauhed for
greater accurecy, - wore uged to measure: the water surfaca 1n the will
and at a point on the river. channel apnroximately 1. 000 feet (proto— _
type) downsiream from the toe of the Spillway Thu powerhcusa gntcu‘

were fully opened to give an exaggeratad discharga of apuruxlmately. g

72,500 second-feat (prototyve) to aacontuate any slight difforences“

between the various propoaed designs., ~The. original dsaign providedu- "
for sxpensive retaining walle on both the. right nnd 1eft aid&s af :
‘the powerhouse tailrace (rigure 1&-A) Tho taats ehowcd ‘that thoae'

walla were unneceesary as there WES only 0. 15-foot (prototype) of
head regained more Shan that regained when no walls whatsoover Uira _
vresent (Figurs 14%-B), Yinual studies 1ndicated that a short: training ¥
wall was necessary at the right side of the poverhouse to pravent thu '
formation of undesirable eddier (Figure 15—31.‘ 4

¢, 8 8 udies cn the ) to 00 Seale: .

Chgervation - of Tlow: conditione on tha 1 ‘%o 100 acala modal of tho S
original design indieated that undesirable scour would occur et the Sos
‘of the spillway at low discharges (rigure 16-&) 1t waavalqo obaerved_:
‘thet the impact of the jet trajected from the epiliway bucket would
produce a largs smount of ®pray and miat vhen it struck $he water
surface ‘downstream (Figure 16-3). This uunid'be;tradhlaeonO%to;thQ

-+
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outdoor electrical system a8 the evaporatior of tha rivar water wauld [
Jeave o deposit of malts vhich would cause extensive pbwer loakaae 1! :7 o

‘allowed to accurulate, Thts lad to° the daciaion that the awitchyard  _;]1>1ft§

should not be located on ‘the level area at slevation Sho 00- betueen
the powerhouge and ‘the epillway. as’ a certain amount of- mist will bo '

formed regardless of the type of ﬁpillwey uaed. A1 tc Lg scale aeo-_f"n

‘tional model °f the spillway was . constructad to dotermina flow aharao- PR

An alternate. scheme was then nropo-ed omuloylng the rollar buckst

design, which placed the bucket lip-at. oleration u90 o0 (Tigure 6-?). Lt

The 1 to0 100 model was reviﬂed by lavering the bottom of ‘the" bucket
to elevation 470,00, changing the radiuu ‘to’ 75 feet and the lip to
slevation 490.00 (Figure 4-F), The extent of the rock excaration ‘f
required downatrsam from the. snilluay was' dcterminad by avaep oux.
tests with the roak prograssively al elevainn 505 00, 510 Oo.fand.L
515.00 (rigure 17). TFlow conditione were moat satiafactcry when the
rock was exoavatad to 'slavation 515 00 as the hydraulic Jump remainad‘f :
on the ducket at considsradbly: higher disuhargae than when moro ‘of ‘$he
rock was axcavated, end in additicn the reduction 1n rock axcavation vill
nake some saving in cost. ' JERR , :
Additionsl tests on the'l to hB scale model indicatad that
bucket daslgn which consisted of & ?S-foot radlus bucket and 10-degraa
upvard sloping apron. might gliva as gocd resulta as the. deaign wibhithe f~
75-foot radius bucket (Figurea B and 18) When this. design ual
‘placed in the 1 to 100 scale model, : he diaeharges cf 10, 000 to 15.000 ,
second-feet, the -eddy: currenta on ths bucket were very eavera and night“*
.soour the prototype bucket if piecen of rock should: get An-the- flow and?
roll back and - forth: In addxtion. the spillvay jot avcp& off the: qpronf-'
;at a dischnrge of 15, 000 second-feet at ultimate. tailvater elevation; ' 3;
'and when the discharge. vas ‘increased %o 100 OOO lacondpfset at ultimstoj
‘¢atlwater elevation, the materilal. downntrcam from the bunkai was _’
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waghed %o a’ dcpth of 15 feet’ below the lipo-'Ai'thisriduld'tenafto f“:
“undernine and: ondanger the atructure. the ?S-foot radiug buckut
design was raplaoad (?1gur9 649)‘ ‘ : . |

Studies on the 1 to hB modal nhovad that 1t vould ‘not be: cco~ -

.nomioal to. oonatruct a nloplng apron type of enorgy dinsipator. ‘a8 :

large to withstand the preeaure difforantial. thus tho study relolved
f{tmelf into determining the type. of buckat deaign which would give the
rpont eatisfnotory resulis at the lowest cost, The. originnl deaign gave
repulte similar to thone dn the 1'to 100 scale-model (rirures 6 and
19). Praliminary gtudies dcmonatrated thnt unduairable scour at tho
lowar discharges could: be prevanted by lowsring the bncket 11p to -
‘slevation 493.00. but that 1% would have to be lowared to elevation
‘470,00 before the jump would remain on’ thc epron for all. probable .
discharges, A 22-foot radiua dafleotor wae placed on- the dovnotraam
‘face of the original design: huckat to minlmize scour ab the toe of
the structure (Figure 643) The ‘def lector’ failad ko function cor-ﬁ V
roctly until 1t was lowersd 12 fuet. whers it was fairly efteativo
in preventing scour (?igure 6~C). “Bince. it uuuld be difflcult to
build this type of deflector, a dasign was teatad whidh consiuted of
n 7-foot long horiszontal shelf at elevation ﬂ95 Oc.vith al to 1
slope to elevation 505.00- (!1gnre G-D) ‘Some- sobur oocurred with a
dischargs of 10,000 second~fee} through the upillway st ultimate
tajlwater elevation. Therefore a hari:ontal lhclf 50 fost 1ong at
elevation 495.00 was substitutsd (Figurs 6-3). Oonniderable sconr
was 8till present when the design was ‘éseted at a ‘discharze. of
10,000 to 15.000 seoond-feet at ultimate tailwater elevatione, ‘ans tho
velocity of the flew at the end of the shelf was greater than critical |
veloocity. This condition was not prasent when the shelf was lowerod '
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to slevation 490, 00, =nd tests 1ndicatur1 that such. 2.} design would.
effectively pravent the soour: at low dinchargss - (?1gureu 6-»]! nnd "
'19<0). ¥ven at the: ultimate tailwator elevations, thero was a nﬁ‘- '
ficient depth of water ovar ‘the . nhelf -80 -that- nost of the kinetia _
enorgy was diuroated by turbulent eddies herore the ﬂow 1eft tho

ghalf. The flow in this doslgn would: l\rocp off ‘the’ buclcot. a.t a: au—fﬂ E

charge of 20,400 second—feet and the swup aouattcn point was B 000.‘
seoond=feet,

A revized 'buckot design, : which consiltod of 8 ?5-foot rad.i:ua
‘busket with the lowest portion at elevatlon 470,00 -and ‘the: 1ip 8t
‘slevation 490,00, was. placod in the 1 to’ &8 soa.lo modtl for taating
(Figures 6-F and 20). At the sanme time, remon.'ble mom eection- |
_ wers built to fit on top of Douign 7 to tost other dnigns. 'i'hn -
next revision had a 100-foot radius with the v at olmticm 450,00
(Pigure 6-0),  Another revision had. a 75-200t rndiua mrn oonnectg )
ing the parabolic surface with en spron downstream. which: eloped
upwvard at 10 degrns 40 elevauon 490,00 - (Figu.ro 6-5). 'I"he finnl
revision tested had a 75-foot radius cme connecting ihu para'bollc
surface with a horl:ontu.l spron at. elovation 490,00 (Pigure- 6-1).
Bach revision was: tentod to cbiatin sveep: ‘out ourves and observn the

relative scour and turbulenae to detormine tha ‘most.: luita.'ble den:lgn.
Design 7 geve the hoat regults, as rar an sweerp cnt nnd mmn' ware
concerned, but ‘Dui.@ 10 was ‘the 1eut turbulant whon ths -m'piny .

jet was brought back on the apron. Howsver, as tha soour val vory
groat at hig:er discharges with the horisnntal buckot. Duign 10 m o
sbandoned. Design 8 with the 100-f oot -redius 'buokot. m not - ﬂr,r

satisfactory as the flow: swpt -aff the apron at. eanpuratimy dow
A4scharges, dut Design 9 with the 10-degrse upward sloping aprou m '
promiss of being a satisfactory design and was tozted on jhe,l‘ to 100

13
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soals model along with,Doaign 7. The 1 to 100 lcale modll tosts
' demonstrated that Desizn ? would. ‘glvs the most - oatlnfactory retultl.
‘It was therefors sdopted as the recommended. douigp (rigure 6-!).
Pressure teats were. also made on’ the upillway for the original and '
*pacommended deaigna (Pigures 21 and 22).. ' : :

8 & [ Tea

The bshavior u! tha 1 to 100 modal 1ndicated that the training
wall between the :pillvny ¢nd outlets could he lowarcd from elevatinn N
550.00 to elavntton 523.00. with littlo 1iknlihood of bning overtoppod. ‘
enpeoially at the ultimate’ tailvatur oluvationﬂ. Bubuequent teata '
ghowed that a portion of, - and aven all of ‘the 1ntormodiato trnining i
wall could be eliminated without produoing undeairahle flow condibionl; £
If anything, when ths’ intermediate’ training vall van removad entirely,
‘the flowv spreald out over the. antire budkot and’ consequently did not ' ‘
sweep off the bucket at as low dischargoa. ‘and ‘in addition, the iaving : ;f
in cost was considsradls, ~¥hen the pler: next ‘to the outlat eaction
was streamlined similar to the. other" piera. vary little mora water  5;' 
fall into the outlet laction than befors, -and: ae ‘this’ 1mvroved the -
symmetry of the structure. 1t was decidad 40 ahape 21l ‘plers the snno.;ﬂ‘“'
The appearanco of the spi’lway-atructurc wae improved. frcm the archi- -
tectural standpolnt, by placing one ocutlet on eadh side cf the overflou
spillway section, instead of both- outlets ito .the: right. as “4n the ori—.
ginal design, The 1 to 100 ‘acale moddl vas- changed accurdingly. and {
teated to determine the. effect of the change on the hvdranlics of tho
atructure, Calibration of “the right and deft. cutlots shoved no s
appreciable differanoa in the diacharga coatfiaicnt. ¢ue to iha contr;c—
tion by the piers on the right and left: uida -of tho outlets. Losating
the outle’ works symmetrically also, greatly rodunod the. eddies on the
splllway bucket (Pigures 18 and 23+A). “

14
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tudies were made on mim mas af stqpn nnﬂ toeth to
o‘bta!.n a type vhich wmld prmnt the Jat from swnp!.ng of‘! the
buckket. The moa’d sugcessful a-ugn conaisted ‘of & Adguble rcw d‘
step2 on the Yuaket and- .pillm |eotionl. Inamuoh ay these
ateps would always be under water a.nd the lroillw o pra.utl— G
oally econmatant operatiom, 0] wounld be difﬂcult o ropn.ir thnm 1f
“%hey should be damaged, ctmsaquenny tms deui@ m -hmdoned in
tavor of the smooth bucket, L ' f ‘

To mininmige the unss of roinforeing oteol, 11' paulblo, it m
propesed that the slepe of the rota.ming walla at the uidu nf ﬂm
,spilluay bucket be changed frun verticel ‘o8 alopo of . ong-hnlf o
one. i‘hen the cne~half to one lloping walls: woru teuten on the ‘ L
modal, water flovad upstresm adjacent to the walls snd. croatod. lmm C
oddies on the btusiet which {ncreaged the: tend.mcy fm.- thn Jot ta
svesp off the ‘buckot (Pigare .23). am bad: ﬂow mld not ‘be pro-
mtod on thls d.cugn ag 1t m nmned by tho 1ovar ntcr snrfm ,
olmtim cn the bucket, dus: tu tho wlooity hoad.‘u awparad 'uith |
4he higher water surface elmtion in" the piver ehnmel. ror than
-reasons, 1t wes recommended that tho retalning mllu bo m. mtiod._ |

Gata opeTation tuta shmd tha.t $he’ ‘.loft m& ri.ght gn.tu ﬂteuld |
‘be. opsned the same. mmnt -nd the canter gate nhould ‘be opene& mo- ,_
half as -ueh as the other two gates. It will 'be nacusn.ry to fonmr o
thie apara'ctm nattern on the prototypo to: prw&nt the .1-% tm 2L
sweaping off the bucket at low dimhargea (Tigun 2&-.1)
umm;smm_

" &% the conmclusion of the. ultlmtu d.onign tcsts on the 1 to mo

aeslo model, the omtcr ‘section of the overflov upnlway was rmrl..’ -
and she pilers of the diversion plsn inetalled (Figare 4-C). % |
final diversican plan conelstsd of three baye, ssparated by ‘10-‘-100{
Ahidk plars, each of which is divided into $hres chanmels by 4vo'
‘Sufoot thick plers. Any of the nine channels can be closed by

15




plasing stop logs 1n-the-slqtc-p:ovid§a ﬁt.gho.upiﬁfsuﬁ‘and of

‘the plers. , ‘ : ‘ :
The model was tested at diuuhargas of 25 DDD. ho 000. nnd

: 60,000 mecond-fast, to obiain the veloaition thruugh the varioun
. sections of the diversion channel :and otop-log nection. A uoriali g -
iiﬁ ) of tests were made with' 1) all three hnys opon*‘(Z) tha right‘? '-{if .ﬁ-élﬁ_
» bay closed; (3) the center and right bay clo-ad nnd tinally ).  ;_,:'7 .
the left and right bays closed. The water nurface elovationn enid   » '
snergy gradlents were wlottod and compared wlth ‘plota of tha oou-;7 
pated prototype water lurfaca and enargy gradientn (Plguro 25).
Considsring that the bottom of the modcl diad not atriotly conrornlrj

to the protoiype, the cumputad and maasured valuoa chooked vory :
well. These tests showed that vhen ‘811 three baya ara open, -the  l'

velooities would become greater than oritical -at diachargel of

more than 25,000 second-feet through the downntraam eand of tha
approach channel {atation 32 4 52,50 to station 36-}- 23 15)

In addition, an rndesiradle shirling pier contractlon affeot wnl 5
noteld at the right pler. Therufora. 1t 18 racommended that stop~
loge ba plaued in the right{ bay es soon an ponlih*e.‘ It 1a faa»
sible to olude two bays after the sarth dam han becn contemplatod
to elevation 575.00 tc enable the: placing of nass concrete in the
spillway section. The roservoir vould ehen ovortop the upntraam SR ot
cofferdem, but no damage should cocur if the sarth dam were’ comple- ;;' o
ted to this elevation, Diveraion through the. outlets w 'bogj.n an

soon as they are completed.
GORGLUBIOHS
13, Basults of the Iﬁvggj_,gationu

Several types of bellmouth entrances for ths outlet epillwaye
vere tested on the 1 to 50 scale model, but as the original semi-

bellimouth design gave satisfactory discharge coefficlents, it was

18
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ks | |

selacted as the renomm& duign. '!hp prnlimimry ‘uiv-ruon aum S
tested on the 1 o 100 ‘scale model vas inadaquste, as the Tlov would |
gcour the riverbsd d.ovzm‘brean. and ‘probadly - andanger thl ltmctnro ‘
A mtaion was tested, but as :lt wae ' -un unntiufmtoty. additiml
Sonts wers made at ﬂm .conclunon of ‘t.he ntudieu ‘on t‘ho ultu_n_te
deaign., | . T

The 1 %0 100 sca.lo modol of the ulttmate dosign vas tuted to
detarnine the noat nrantical and eeonomicn]. shape of ths fomba,y R
spprosch chaanel, The shape vas ohanged conud.era‘bly trom the origtm.‘.l_ o
design without r-duaing the hea.d availatbln for power producuon. 'l'hl f
recommended design effoctud a marked mving 1.n axcmtian costs c;ar |
those af the original design. . St

An 1nwnt1gaﬂon of :mré.l propoaed duigns for ‘Bl?a ruta&nin;
walls at the sid.es of the pmrhouao tn.ilraco was. udp 4o cﬁ‘nct :
economies in the design. Tha typs of rotainlng w1l nad’ Uttla ‘oftect
on the difference in vatar ‘surface olmtion at the pcnatook ontluts
sad the river. channal. thue 1t ma.d.o little diffcranu 1:1 power 'prn- .
. d:untion what type of wall was: uud. The - rmo-:emhd dui.gn cous:lsta&

of e shart wall on the right uidw ‘of the powerhouu to pment hhe fo:h-‘ -

mation of undesirable eddies. !hh design will 'be mmh cf:oapcr 10
build than ths original pro'poud mun. ‘ . : S o
Spillway prefils ntudiu were. aono.uctad on the 1 to 100 and 1 to
48 ponle models o determine ’ehe aaut natutmtory ihape ror tha dmm-
stream tmaoket, The danm that m hn&lly mlnd conaiuted of 8 _
Jov bucices which served. as & rollcr buakat at lmm' diaolmrgan ‘ant: u )
a8 tMootm.'y bucket at h:lgher dincha.rgcs. Cont’ limitations prm‘hod
the denign of & sloping spron or of & trus Toller buaktt. !‘haMoro.
1% 48 :!'Q].i Jthat the rocowendod upillvay deeign in ‘the mos$ prao’u-
oable under the comditions mpond. ‘
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The atmli.eu promnoad furthar oconomiel in ﬁhe dnign 'by -nnt- |
aating she intemdtate train:l.ug \mll betwun the nutlat ud over.ﬂw
i __'“ spilivays, The a.rnhitaetuml appoamnoa ‘was mprmd. with no dutri-
o pontal hyaraulic conditions, by plasing cne outlet an enoh -me of the =
averfiow lpillvay, {netead of ‘both 20 the rlmt as. origlnally duignod. B
Two rows of steps an the - lpnlw mnld ai.d in dinipating the energ k B
of the Jek, but as 1% would LLE di.fnmlt to ro-gair thu. thair eon- .
struction wes not rccman&od. The - rpnlvay rntnining ve.lls uﬂnld BT L  §
"m0t be built on a one-half to cme ba.ck slopc, 1ust0ml of vartiul. e | ) «
stroug eddies formed on the busket would halp to sweep off $he. o e
Tests showed that the: npﬂlm @lu nhould bc operatad in such s |
' menner thad for all discharges the right and left gates should bs open |
an equal amount, and the oantor goate ont-half as mmh as the othu' ' ‘ |
.(‘,'f. . The final design of the diversion pln.n wos . fcmnd to ba prncﬂ- :
oabln. end flow conditiuns wers sausfaocary. ' |

I Bescosmendations
‘On the basis of the nadol utuds.ea. 1t i rocmmﬁnd tham

a. The original d.uoiga nmi‘hellmau.th trpa o entmnc bo

wasd on the sutless. _ S LA R
b. The Giversion plan be changed by planing the ﬁltinatu oo R
design tuoket at $hs end of thm spron to urre 8s an onery i
diesipasor. 4 ' ‘

6. The shape of ghe forcbq 'bo chnngoﬂ to re-d.noo the -
cxoan.tian required (l'ignro 5)._ BRI R
4. The retaiaing wall o the left side of the ta.lmoo
ba elininutcd. and enly a ahort \mll bnilt on - the r‘lght side,
| 6. The spillway bucket: m.y bo lowvered %o elmtion '

B70.00 at ‘ths lowest point, with rthu lip almtior. 490.00,
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R ?:"L“

TR 75-toat mm bucm (Pignro w). or.8 pma mm
" may be pmu aovnnrm tm tho hwz tujlotm mmo (rag-
m 6-3), R " :
Lo 'The i.ntuuduta upi!.lny tminl.ng ml'.l ba oliainfuﬁ.
g. eme mtlats be plncoﬁ. one. to thn 1uﬁ. nnd mu to iho
uht ‘of the enrtlm 'pul.van to -ak- thu nmtnm mo
;nmttrim. i | .'
) ioeth or. -tupo bo plunod. on tho 'buokﬂ tn -.s.d 1n
' enqry uunipution. : N - AR
i, fhe sptllvay retaining walls bs mn m-um to o
pmcnt mduimbla ‘buakﬂow md oddiet en the 'Imom. _ : :
-‘vj. The rook bench dovnﬂmm frcm tha lpll‘.hmy ho o:eo—
vatod only:to olavation 515.00 to he‘lp kup tho Jat fm mcpuc

off the spill\raf bncknt. ‘

k. m left .and right spillm gntOI be upmcd an omm‘l :
smount and the centm.' gata ono-hnlf s.a mch u tha 10:' ud |
‘right ptu. , e e T e
],_.h, The ﬁcht boy. d Ahe d.lnrnlun otmaturo bu blackdd
" oft aﬁar Anitial clemmo of the river. | B

2. ": me. : | SO




POWERENUSE DISCHARGE 25,000 SECOND-FERT, SPILLWAY DISCHARGE 10C,000 SECO:
PRESENT TAILWATER ELEVATION, OUTLET GATES CLOSED.
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Q5 SECOND-FEET, SPILLYAY DISCHARCE 50,000 SZCOND-TEET,
i, OUTIET GATES CLOSED.
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AT 11,16,850,E.55,200 - RESERVOIR ELEVATION 6
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POWERHOUSE DISCHARGE 25,000 SECCMNI-FERT, SPILL Tt E 10,00C SECOND-FIET
PRESENT TATLWATER ELEVATIO!, OUTLET GATES CLOSED
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POYERHOUSE w EoQNL-FEET, SR
TER ZLEVATTONH, OUTLET GATES LLOSZL.

I RECCIZIEITDED s (ODEL SCALE
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POWERHOUSE DISCHARGE 24,000 SECOND-FEET, OUTLET DISCHARGE 10,007 SECONT-FTET

EACH, PRESENT TAIUNATER ELEVATICY, FF1LL TEE TLCEED.
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A POUVTRYOUSE DISCHARGE 20,00 FECOIFEET, SPILLAIAY TISTUARSE A
PRESENT TAILJATER ELEVATTOL, OUVTLELD SGATH! LA

POJERHOUSE DISCHARGE 0, FROQMT T, SF a4

CLTIMATE ZATER ELE G B
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POSERUOUSE TISARGE 07,000 SECONDSVEET, SPLILAAY

- . TR a e [ g g e L1 T T
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POVERHOUSE DIZCUIARGE 7 T EET , TPYLLYAY K I3 : ) ZECOVD-FEET,
PRESENT o, OTTLER T
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