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icbIty, (Ile" Lester Civil rmgfneeer na) 

An &qoriwental Study oi the Chuxractearistics of Slotted Bu zkot 

Zw&V Di.ssipeatcars 

Thesis directed bj-  AxsociatA Pr< ftseeor kiarreen Delapp. 

This inyastRi Lion boon with they testiag of Us Aw4paUra, 

t"o slotted ed bucket " four madi2ications to develop tbo most guitWolo 

characteristics  for the slots and.. tooth. Three rather model buckets veeree 

also tested for caVarisc -with  the slotted buckwtae  U.--r-luding: first, 

tom►  Angostura typ* vitbout teeth sn4 slots; acrd,, eye solid buffet, azxl 

third, a bucket used ror rebabilitation or Black enyosa Dazo Bucket 

difi.cation n produce the: best aullc peer armnco,, but from a 

design standpoint, the high teeth required for its use axe probably 

not practice to construct for a large dam. For praect.ioal use the 

AmSoatura, type selotted bucket pori`ariaed as *ell or bettor than any 

of the caber bests tested.; tber fw*, its obaractoristles vere  

adopted ror rec*mendation. 

The investi anti= vas also concerriod with deurtesvining the 

mini== bucket radius required for use of the Angostura tie slotted 

bucket at t cam, and the za9.nJaw " aeawimn allovpltblo,  tall vat 

depths that should not be exceeded. Experimental date were obtained 

fie 6-, 9-, lid-,. eat 1$-inch radius buzcketa used In combination vi.th  

a 5-foot-high aeo4a1 spil.Iiaoy. With ftch of these buckets the xinimm  

" aeax wa w1lovablo te,i,.i grater depths vere determined for a rarigo of 

discharge*,, sx4 the capacity of each bucket was estimated. For con- 

veniont use cal: those data in dosiplae a slotted bucket tbase tail 

teer depths &ad the bucket radii wee sussed as diaearrzw'lo less 

ratios ale the discharge entering the bucket reeparoo eatod, by 



it 

the Fmade mabor . Design ew s gal e, so that tIW Fronde 

rzumber oAn be u3td for determi-aing the ainlm= bueket and the 

mir4m= srA =ximm sly 1 ~mtw depths resod for proms 

of the s sloth buek*t at any dm. Fib* ~o  

applicatim of the uperfoontal dAte vas p lus*. mt*. etA tho rtsults  

cbeelmd vith an lisp"#  independont., partUa instigation ou this 

subject. 

TbIs abstract of sit 230 words is ,rte r " to tom arA Donut 
X recomorA its publlcot . 
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nam, over a sPiUVV Ugly requires the use OL son sort or 

f •* .x dissipating i- 1. useM bucket  

tbo"foftj, Is an economical design. Tvv typos of raller buek*t* are 

shown F 

f dissipation Yi # .3 & by E3 the  bucUt 44,0  t 

part  of - .'d rolls; t ♦ Into  t'. budot and 4' R itich  

plunow into the tall~*Uw downstom. In *itbw ease air I# entrained 

It is tbe vumarous wall "dIes that us of most value In (Ussipating I 

e..r.. t ..z .'~i - ~..w ,. *#w r# t. #ei.. i# •t• +~ ar'..} -.:~; :t ` 

most suable in, areatitS small edit s. ~' ~ lArSe lk ies MMY be 

111111111 l~~ 1111111 

Oil! 47T 

quite i o x 
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Big vhirl.as have little,  girls 
that feed on their v* loci ty 
Little whirls i'ea" smaller vbIrl.e 
a so on to viscosity. 

There vv two geeneral types or roller huts the solid 

buffet dwmloped -(X Qrsod Coulee Dan.. Figure IA, a the slotted bwA*t 

developed ror sostwr* Dore, rise is. Both typeea, with so" NOWica- 

t on In the mid buekWt, are shw*m opeeGrsit rr, in pig" 2. The old 

bucket used in figure 2 does not Lave the 1 to 1 tangent at the end, of 

tbo bucket are " iu the QrvAA Cool" bucket. Instserd the sold bucket 

in Figm e►  2 is identical to the slotted: bucket sxmpt for the absence 

oe the slot*. loth are operating vit'h the sam discheurip wA tail vater 

doth. 

The slotted bucket as da l+aped for Angostum Dam differs t rose. 

the, solid type only in the snot.* and eb*rt apron do strsem. The Ay -

draul.ic action, ho vever, is considerably ci freron.'t. In the mid bucket 

the high velocity flow "rm the bucket ee ingg through the still tail mater 

ftroeatees a bigh boil on t water surface aead a violent SrourA roller that 

d+elxwits loose material fro% dowistrom at the bucket Up. The vateur 

surface dounstraw ,mace the boil, is quite,  free or turbulence . Deposition 

at the bucket lip instead or erosion, Is good except that wben all spill-

v jwtoo axe, not Ming, side ed4les,  csirry loose material into the 

bucket. '1r loose sater;tal is then likely to came considerable dseere p 

to the concrete as it Is moved about both loxWitudinally and laterally 

in the bucket, ThoM wtallia.-MW_Ian i"Mnrin, In tba bUcMt wAU the $a- 

ti~ree sgillwey tee meted at s►  ~'g!e  +di.~lt. 

Tt the ceperstion of the Slotted butt both the high boil and 

` the violent nt ground roller are absent. mere of the flow is through the 

slate€ axed oomw is over the upturned portion of the bucket care. As a 

result the flov W the saran# is less conceutaratod than in the case o.- 



the slid: 'bucket w4 the boil Is reduced. 7U ap rou dovnstre*x rrc 

t slots serves To spread the ,het laterally as -wall as to direct the  

Toy. smut fret the a Axel bottom. Thus the '1av is dispersed and 

loaves the ticket at a much flatter angle than in the solid bucket. 

As a result the vi aett ground rem is a bs"t but the water surfam 

4ownstrom is *we tuOndont. 

If tail iater depth over the im*rt of the slotted bucimt 

becomes too low, the floe avasos out; it the tail  vatsr derpth berms 

too hi , the rlow dives trom tb* elfin lip to scour the ebarml bad,, 

as sbavn in figwee 3.  While in the solid bucket dives is impossible 

*=opt in rare cases and smut regaarlx*o to tail -*aecteer deyth U be 

loses tbar, for bbe slotted: bucket,, tbo tail vatMer depth ran a for Val,ch 

the sFolld bucket will operates s atU acUrIU- is Meer than !`or the 

sloth bucket. lu serara 1, howrer, tba slotted bucket is an x-

provam t *v or the solid type and will operate vela over a vide ranee 

Of tail -^tor drtpus . 

K7 



The slotted k*t vas first d*w1opod. in 1945  at the tau 

Of ftc1ema ion laboratory, Dower, ColoraU, Zw tbo spills at Angos- 

,r . r ; ~ i fi m •,~ 

pate`,. A 1*042 scale aIectiaml *b4*1 v*s used, rigure 5, as voi a 

t 1 *.72 scale model of the spi11v y vtru tur* # 

The,  fit s in tbo d*"1.aVwnt € etrrrmine the 

approximmte  radius of # P required to fi. Ti. .: t r,eft i `ii r,- 
 

! f. to distersino tbo approxUmto , ., i'.•# of s, bucket # f for .. 

oxistiug toll vator condItions. Solid type buckets abown in ft&im 6 

vw* us" in the sodol to detarmine these appvxUate values since the 

slotted bucket bad not yet been anticipgI Sow of the bucket* op-

orating vith the maxiaua design flow of 277pODO secon4 root am sba%% 

found to be untaciosserily large. The 42-root radius bucket vos tbo 

_. m -- usuable bucket to malAtain satisfactory # tot _ This  

* U mmorals,  in plat is ref* r to roriarence rAmomw in 
BibUoaroph at #a4 of thesis. 

4 



pertarma=e vas better with ttw Invert- at olwmtim 3046, but in W 

strowu along the bucket lip* 

f1%A a ww  to prevent the ground roller rrom pilug loo" rock along 

tbo 40w tre" lip of the bucket. The Ci rst idea vas to install tube* 

throuO the butt lip through r.h1ch Jet* of v*t*r o%OA t'j&~,- to s 

14040 esterie e ,'*,rm the Up. Ro is -.*re satisfactory at low 

diset*rSes, but for the higher r1ows the ground rolle r gilod the 

Material deep over the tube exits virtually cuing them. Larger tubes 

sight Lave proved sire eat oractory . 

Ell= s . t a Y Y ♦ ! . is 

the bucitiet,  Up was to uA* slots instead ot tubes, The slots vould 

Probably not only provide seum or X"ping tbo bucket lip rro* or 

loo" matorial$  but vould also provide wdts Vor notarial tb*t 

tVappod, In tbo bucket during period* ot unsymmetrical operation or 

ovillvew. The slots vould also not be so likely to --log *a Would 

truct tube*# aad the fammar -would probably be more economical to construct 

In order that the *fftctivonaos of tbo  bucket In 41selpating 

no larger than ws believed necessary to keep the loose material frm 

depositimg at tba bucket lip. Tho first slots t"t*d ve" I foot 

V*Aius- The spacos between the slots became known ** tmeth *zA vem 5 

feet 3 inches wide. Tbree tooth designs vere tested " shom in Ylgure 

5 
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piling along the bucket lip -Awe both saictorl. Howvor,. small 

oddloo Imsedia;tely dowastrow from the tooth lifted loose Smvel to 

produoloabrasive O a f on the t ♦ "t - M i... tooth. Thiele,,  

Mill SIOPU& 0J W" iU*UIJll0d d*VDSUVM frOft the teeth to spread the 

i the # f.a keep,  loose tbo tooth. The r 

apron vas Isloplaiii upvard slightly stoopor thou the slope or -tho,  aillots, 

to provid* bettor sprowAir4 ot the jot** Tbo apron vos A—L' 
 11 to Perform 

locations oboriiim in T'ioze,  9. Xa fWallarvii pressures prw' ~ sell 

al 3  abowu in Figure 9 

R fa 'IC 1 M r } s i! i. .•t t t, 

on thi* tooth ver* subatmospheric at Plaillumators; 10  2., 3.*  4s  6p 7s and 

JA '4'• ♦.. ! The - t' d,• , # f.. or 'a s detilaMI M4 by- 

tr wall radil roar4lng from  * ! to 0.3 inch. The lol radius,  

(12.6 inches prototype) v*x found to bo,  the most 4asiroble,  because the 

presslu"s at w 8 volel not as such below 
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* third tooth usion Abown In Figure 9 vas tested. It -**a 

slailar ..i  the   - ! i. i. a..- . `t except  that w.1 f pWtIQU M #. • 

tooth vas shaped to impro" pressure coaditious on tbo dovastrom race, 

The sides of the tooth vero Uporod 20  in plan to raloo pronouns on 

tvad On Um 4ovastrom face ox the tooth at,  Piozometors 3. 4j, &Ad 5 

above Us critical mvitation ronae. Also dissipatioa *V tt* energy 

vas excollont; tbareforo was considered quite satin- 

Tbo zatt step van, to dotormijoo tbis mat desirable owing of 

those 'A. ..; 6 J irk j. for Various, #. M A swings 

too close,, rooks sod debris vou3A Walybe caught, betv"o thom. U 

Us tooth, vow *Wod too far *part,*  pro"um on the sidoo dropped 

far below atmospboric *md dissipation van impaired. An IntermoOUto 

value orfootprvied to be satiorto%ory spaco width for 5-root 

;4th this spacing the pressures va* reasonably hio aAA dissipation 

1 . tl..! :i Y vosiprincipally aF i kn 

roller ♦ i. vas matiolactory. Y no asoo a loose- c. w 

cam In contact with the tooth. The 2-foot owing Van tbowmv 

rteomonded ror the prototype. 
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satIsfactory operation of the bucket. 'the apron served to spread the 

jot* rraw the *lots.*  and Uw stability a the bucket action vas do- 

• 

"tiStSct4A-J. 

Using a,  upvard #loping apron vas found to be m)*t 
 

Using -a 

sittontly diving rrom the on& of the apron to scoxar the river bad. 

 *lope the spreading aetion of the flov ww loss effective 

The lon&r of the tvo,*  which vas *pproximmtely the saw as the longtb 

!f '3+i t -,as • [ • F . p! dr s the s produce dS 

uWora 'E'low leaving the apron. The 20-foat apron on, a 
w 

therefore roccamewa for €..  prototyVe.  

TbIs M*1 bucktt design operated voll over the entire range 

of discbarge and tail vater oonditioas# It ves may necessary to Install 

the ftsign$  " developed, tbus far,, in the 1:72 scale model to stooly aide 

effects uhieh vere absent in the 1,0,42 sectional model. 

In the 1:72 model minor changes vere mAe before installation 

fast ilk 3 even ' s. :. the bucket N i'.'. .. ♦ 
♦.. elevation  

3046 to elevation r. #e  lt72 aodol of f. a 

mended design la operation vith M*000 socorA root and also the erosion 

after 20 *LmUs  dr t 3. 2 #, f.# bours • . o.€ x. .. 
Yx# 
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with respect to tail water for the given fUm tanditiono; :. . 

sbaping and sWing of the toothi  " (3) the pitch wA length of apron 

dovwtroax from the tooth - All of those -factors are important in the 

• :4 €water surface,, .. c arAthe ainimm amount 4' rivor channel t.. # t' 

Dime"lons of the bucket tootho  slota j, and apron we" expressed in t4orm 

The current Investigation bad tva Purposes-.fist,, Part 1_ 

to COMPare tbe• pWorx*,Wo of l...  slotted buckat onergy dis-

Wij*tOr 

 

very best typo of bucket oriergy dissipatoW. Four AWSturs, Slotted 

bucket modItio*tions were t**A*d plus the Ana"tum typo bucket without 

tooth and slots, a solid bucketp " a bucket to be us" for tb* rabab- 

• t of M-m4k Cmayon Dam.  

dotorain* the #is* of the *lotted bucket and tb* tail v&ter depth at 
AAi t.. Y 'bucketportormed ♦.. r  t ti given y4, ..ti f. - f S •. 4140barse  

*ad spillvay height. Several sizes ce buckets vere tested mob with a 

71, 

in Doff,, Colorado,, 1 Vav 12j. vAs used to , i the im"tia ttions. 

A tost fly, Figure l3i used Cor installing a sectional spillmW 

model.*  ?ice 14. 



1,0 

The flu , Fi.0av 13., is a semi -peera w-ment structure in the 

laboratory, constructed of vvod, sod lined with sheet metal to prcvi.de  

vata rtightneess. The Blume is saroxAmately 24 inches wide by 43 feet 

6 inches long. The upstrom end is 14 feet high. to *ccmvmA&te high 

steel reservoir vrater surfaces while the downstroax end is 6 feet 3 

inches dw* to, accommodaU d+eeop tail, wad depths. The upstream #rA  

I* t aff'led to provide nth reservoir water surfaces. The dovnstreasa 

eemd is supped, with a hue d. get* for controlling the elevation of the 

tail Mier. The tail water control gate is meted by a 1/20 aroopover 

motor through a set of speeed-reedxxiug gears so that the tail water eleva-

tion rats s or lovers slowly. Th+s dovmU~eesare portion of the tea is 

provided with & 4- by -foot 8-1=h glass vU v on one side Vor ob-

serving sod photographing flow the acteeri.sties in the tall water arsao 

The soctional spill.viay model,, Fib 14, 1n the fly vas 

constructed in thro sections: the crest wwti.on, the spill .face, 

WA t *.n*rgv di.ssipatoor. The apiUvay rant was construct" porno 4r*ntl.y 

into the flume 4€hile the crest section and evargy di.ssipat+or vOre froth 

rien v"lo, thus it vas a small task to vary the size and height of the 

crest s+eeti+a s and the slz* and type of enargy U ssipat€ear. All three 

portions of the sp#lwsy were constructed with stet metal surfacos over 

vhich the i~lcr* prised. Tbs crest vas an cow deesien plued 5 feet above 

the invert of the buclsert for this iny*sti gat on. The spil l*Ay #ice v" 

on a slopes of 10 vertical to 7 horizontal suA th* inverts OC ell of the 

onedr& di ss pato is tooted v ere approximately  6 inches sba" the r1loor 

of this flums. A movable river heed material vas used to indicate erosion 

characteristics 4ovastroam, from the bucket. The material chosen for use: 

vas pea grav*1 with six** shown by the following se lie sievo psis: 
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Retain = 3/4-lzch screen 6 percent 
Hotafzed on /8-inch scroon 66 percent 
Reta In ed on No. 4 scr'oon 25 percent 
Retained on pan 3 went 
I ater vas mWlI d to tbo test flww frc m the rleoervoir in 

t * laboratory shove in Figure 12. Out of t 22-Inch pumps at either 

end of the leboratmy mAd be used to pmW **tar from the r000xvolr 

through %bre min aanpply lira to tbo rum. Tw pvt le, vertical, puns * 

were uaead to m*ply additional vate r to the i'lww vbon mod. The 

water flovod through the flumes and di.scbaero bad into the reservoir. 

The quantity of flow #'rcm tbo 12-inch pwip was measured by use 

or a 1Ioutur.i Awter Paerognemly installed in the aUM4  line p lausu 

c librrated in p1m.0e. The quantity of flow the Vertical pUMS w" 

zaacta=-*d by two portable 8-inch orifice Venturi. vWtn'tr* PrOVi ounl y cUU-

bratod in the laboratory. The elevation o! the reservoir voter auriooe 

vas cured. With, a b gala in a;R transparent plastic **U. The tall 

rt+er olovationvs,* measured in a aiallar vay. 

ti+ of S-Oli d and auttaed: Avdmto 

&UgLtw^  chatted Bck+et 

tooted first ror comarisoa at kydrsulic v th rather types 

of buckets and With otbor at 1f is ations of tba Anpe#°kurs Slotted bucket. 

for comporlwn purpown it itms '~' convenient ent Umt an morel 

bRti't+li to tooted be of tbo saw rod us and that the sp:1Uva bright be hol 

amt. Five foot vas dboom as the htei gbt of the nodel spillvay frm 
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In ostiobligOxiag standard operstiog coaltims for use In; 

tooting&11 or the bucket w s Y. o  It oboorvod that  a is 

Anaostura s * capable xr
. 
 41tolpatiAg tba r d. .- *f about y •. e s.. # 

Coot OrA that en"jw dissipation ror 6 Wood root .as boat Vith a tall 

.*ter d..:#..4 or a#k.. toly 2-3 foot  :. f,Y . the bucket invort# :.. 

It tk* tail vater depth Ifni shaalov., the elow vould ovoop out of  

an intermediate tall umtor depth of 2.3 toot wo uood vith % discharaw 

of 6 "=A root for tooting m-11 bucket* to ~bo oompared. The river bad 

pm gravel b4d at allghtI7 balm Up lmml ww used " this romal 

fairly stimblo for Us,  above operating woUtiom. 

In testing tJ* 12-Inch Ar*oaturo bucket it v" UOUd. that 

such of #. i 
k,. a Op*aftne action t...i thou a  E. ller 

 
the Wakot. Viturs A boil occurred at this point *tloh pro- 

*=a ts $ f. bank erosionand i i som circmstancor.  
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i 4 Sudwt i t #:.. #.E 

t :# 4^ ,:'.. #.. r.. t: this .:. # tbaroftwo#  scidificiatIons 1. - 

L={ werst not F1Xs.W s 'i bar*. Instead,, dt the first - Y.s t. . 

tbo tooth Vero exte-Od" in heisht to a 6e *UO'le,  as shown in Figures 15 

s #. 

for the fSk:: #s d.: This roughness of t;. ' x. o.. •. -.8.: vas  -no 

wt of tbo buckat for a slightly lover tail vater slefttion than boforo, 

but the 41-Cftrenco vas too meall  to be considox*4 an *Av"tw. 

backiat. Thus iar the vator ouv^coi .t the bueftat vas rol*;Uvoly I*"  

structures

than the tail %*ter slovation so it vas Usivablo to zov* the boil up-

XP " shova in r4ures 15 and 1,6* Tooth this bigh We -probably im-  , 

it vas thou&t doelftbl* to wadol toot tbio Usign for possible use on 

Small  

shovn in rigure 17D for 6 second Cost. The Uoth turned a larip portion 

F 1- 
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det*ct*4 Ov*r the toothj. but it van not nearly so great as for the tvo 

prwious slottod buckots tested. Tbe flow passing Uxouah the Uoth also 

provided y;, distribution  of Y'.: the x'-. s RZ: bad to 

wmsoth d'Y t cbeawl 1 rimasnot  # t -Y 

*U- 

va-tioas as abovn In rl#a a$ 18. The tail wad d be raised to a hiSber  

*Uvation tom*  ror the tvo prwvlous buckets boroxv the glow Vottom changed  

to scour the ebwwwl 1 *dj arm it c*ad be a ;lover elevation bol o 

the r1ov vsuld sip frow bucket. Tbus, the r*uv or tam. voter doptbs for 

which the tucUot operated satisfaotarily vois inor a se . 

Tb* ri`*rwar e ot We buck o* vas very Sood i.r awry reatpeot; 

b:. du, a. vas possible .. tbo top and ond ourfwms of tb* tooth.  

the slots botwou then UW*4 the mot " for tto Ar4pstura tooth. The 

 

possibility  of ds pressure  or a pwalbilitv  of ollainatIng such  

prossurow vore #°a  Investigatot ~boawso tte c s.* conal4evot too blab 

for Vftctleal Uft 01A larSe straet=". Therefore, this slotted bucket mod- 

Slotted 

In the Wrd modification of tbo slotted bucket a tooth rodius 

half that or Ue buckot bus ves,  used as aka in Pi prow 15 and 16. 

The balf rwilus,  IIas a to curve the  teeth to a Me & angle fromi the  

butt tuvort the saw " in Wadifi apt im n vitbout,  amending tbo 

nth so high as vas noco savvy in that ease. It vas anUtipated that 

the ge eurvature at the tooth VOWA gi *tUaor vattg acts{ results 

no Obtain with Modification a. 
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sat3,sCact#n' *s # sAticipated. Tooth ve" not offoctiv* n lifting flow 

to the surfs  Ovvr tb* buc p instiod the flov * over a tbrougb: 

the tooth to A * bigh bow davastrom in a maurier aijular to that oa- 

currir4 in the rirst,  noW l" bucket. In s"'tion)  obsorvotim o.0 the 

flov currents over Us t+ *nU of t towth,x  Tiort 17C. obo d cav - 

tat# on pre"twes 4 be a + b .ty * Pressures were not 1javes- 

tl4ptad#  since: the porforawca of tb* 'butt was not as good as for the 

AnSmtura v.1,otW bucket. 

Slott" aua t x1owies~t A. 

SlattAod bUckAt *041fitatlam rV ut i tba,  tow tooth as in 

is ie }:. # t.r i '} .. sv'. # it satia- 

-I- t 

 

patod tba*t the toothIp at this fsI point 4ovustxomm wA at this 

tal 

the 

in Moditication U. 

PlOrf MX&O t t+11i I.&UTO 19A.,  show" tbat the Ueth turn 

the,  fl t7kVverd better tbsn in MaWicotion In. but t 

turs, Aw At vith ' ' wa § . t Rived 

The pwtonximm of this buret vita tooth removed is ohovu in 

Figure,  19B. This bitAcUto -sttWut t vth.. opa'wtod quit* satiewtarily  
11 

'#k. •.' a ;.;r - .a # :'.. :.• #>. :fin ,. 



toeth ra used because the ter surrac* Pluctu*ted: go". tor a iwev 

secon+i the boil vould be quite high and t 1' or UO next few oocondo 

quote fir. Tk* la*tetar' ,euri! a agile€ rauow than xi th the teath; ho eeveer, 

erosion or the river 'beech vaa negligible in oltbar case. Tbls to" indicated 

tbee't it is daeeix"ablet to "se the Aqpsturs type te*U in a prototy1v otruc- 

turt l but sbould the tooth dator ior*t* over a period of years, i=wdiate 

r*pairo raay not be r4cessary providing incresseeci rougtmos of the water 

setsfaa* vauld not be objoetio 'ble. 

q#d Sgckat 

The solid buckot design, shove in Figure 15,  v&s testod mwely 

to obs*r v the typo of action ox pocted as cowier" to a slottod butt. 

The parforowcee or the bucket as cagaredt to %b a Anwatuft aaotterd beet 

is shovt in Figure 2. All of to flow is d1r ected to the water aurfaco a 

short distance d sU*W f'rc ae tine bracket resulting in a v*ry bi$b 'coil . 

ftrt of the flov tbw% re s back into zbo butt vbIlee part continues on 

dova*troax. Sine* them we no slats to provide flov currents in a dmn-

strew direction uoder th* boil.,, a violent undercurrent floving upst ea 

existed. This uLAercurront is aluo kzmaum as a grourA r llar tkbtt moves 

gmv*l tovwd tbo bucket lip vhwo it is 4epositod. This is tbo sam  

flow action *xperience& wb en. solid buckets vers,  n t .ly used in the 

mature, modael stud~ area the *no cue experienced vita the solid bucket 

at taxed, Cool" oleo. The deposit of bed material at the bucket lip is 

not tuaf'e<vorablee except vben it is allowed to mono into tba' buckat. Side 

eddies, resulting Cron unsym etwi.cal. optrati on of the outlets or spillv*y 

gatex.. a ght vash this material into the buck. Once tbo eeteraria,l is in 

the bucket, it is trooped and aew s erosion of %be concrete surfaces " 

it to moved about both laterally azA lonptudinally inside the bucket ore. 
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Ther*fore.. Q solid buckoty v thmt slates  is not roc wed for proto-

type construction vhw* loose tiorial mW be die4 into the bu tt„ 

high gh boll might be objectionable. 

Scdw aN  v*&tAWa*, e'er,, vero i`ound for uso of a solid bucket. 

A love t4d3.. vatoor Uvat on vus required I'or t1w flew to OvNV out of 
x 

UICkat 14 to 

scour the }' na.'. bed. Dlviug siot  R i s'.r big%wr  

downstream a•r^ thetoil was sowther s' } } the slatted x Y 

for the design or Yourication e. a .. ..# i e'as-.'t the siottea 

bucket appoarod to perform better U*n tJw solid bucket. 

to invostiatt* • or tbo  baftU  JF .y- z. }„I; a' i.po - ♦ bucket for 

rebabilitation of the Black csn~*n Dos spillway, It Is shovn in rigure 15 

reduced 11 the of the 1 o t 'ft • i,5.. spiUvaW ;•:. '►;a . This  

bucket  

upward in downsuem  y %.I f s'• the invert. 

For the Slack C*xWw Instolastion, In vUeh **so the river bed 

olovat,1wi vas 40 feet, tolov the ivrort of the buaket#  the bucket PWOIV*d 

am: ':x. In tbo United State& Dwreau }. 1_a r.. #a ax. }. 

sesibled, that 6f- the Anpatura bucket vitbout torth but, vas wre erfttic. 

}'.' 1F yet" _;-;iceVAS vft-,fQ is _# theriver bed :y tY a';.s 
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ataLr the -te of the lip. lktion the rim Up level or 

s m, ttw flow .v*d suing a Uop hoU near tho 11p* This diving  

scouring ocaurred 41-W sbaUov t*42 water dVtU aud for wm3l 41sobaroos. 

It is aot retomandod that this bit bo used,#  except Ofor rives bod con-

ditiom,u aiallar to those 4t VlAwk Cork Dow, 

tions ot the bucUt except as *41fleation which .p:. vw&y oatisfaeUvy.  

dously high. For sm&U 4mms Us rolatiytly high tooth sight bo practicol 

in which ease the use or Modification 11 shmad be e<m#ld*r*d. 

, '.9 AnWpaturx ar If buekwtal**  k 'x !t s *westable*no r& dissipation 

tF s 41A the '< a r : •. '..k teoth f:., - i f , 

The Avowtura 44 -t Uacket fa# , :e..t.t'. l h. R..t S R ox  



PART U 

Aamstura ' slotm-4A  bucket--RO u& ead 
Tall toter fttb Liai t10 

i t ef svproxUat*410 root aud a mximum ell dis barga or approxi- 

mately 12 sett root. Tbsrefore,, It vas ar t - :Ld* ' s 

clot sizes of 6-$ 5-1 32-e 18-, &rA A-iu h radii vith 4VUIvV he gUt 

fret 5 foot to 10 f t, massured frox bucXet,  invert, to crest. 

no" to t: A-  -.. t'Y ':.. k R ' b..:. +M 1 of 3-535 ib. #:! 4:e or 

t _ bf' ~bwketa . R. the vario" f,. gh .re R 3 

Increase the rangeor +F`. innstigatl=and s -♦ in r{,. to 

:
1using 

a.. ♦ 
A $Pillvay 5; 'K6 other ,.R 

**401 ♦ :r w 

Ual .S i' ,i dwpth ,' 3 r,'.. .i6coulA  a , r',. ::_ ...!. :or s. +j Y ti.'1. 

cr*st V40 + r' _ the  

9 
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'tart he*u a d 44acberge rolationsb4p uow determined rron, the oalibmtioa 

dAta, wiri plots in i 20 coat` i iont of 44saboarSe for the 

dosiia Usebarger in the oquatioao  q = CN3 ,f  vbw* 0. i]$ 416thax 

par to" of mat length azA H is t1w botgh t o Ua roservar,  *1*v*tIo n 

a~w* avot oliev%Uoa., vas detersivied to 3*9'i vb1ch Is 'very close  

the anticipated design value. 

six-Inch bAC 

The ixfeatiMet1on for dotornaniag bucket alzo aud tail. x: ~►te~e~ 

depth requirements beSw vith the testing at the 6-inch r*Uus bufzkot. 

f• a rviius buckota rollovodthat ♦{ a v For  

slowly

each bucket izatAlUtion, a rwqp of dischaript v** passed over the 

i #., i out  or the abown In Irigvz* 210 

near tbo bucket. This tail vater depth v*s too high tar proper per- 

exIsts also* Tto maxima tail vat*r depth Umt, is "f*U bolo* the 

depth required ~or 4LvIng vill, boaw4crth,, be called ti,* -Wr or 

DIOX4XIA* tail Uater 1141t. 
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At `fro ap t depth, tbo r1ow #VVt fX~W the bUQWt l lm a 

,c>:  r bucketdawstrew to the Pant at,.•>+.. € the t . e.. « ..'. 

Jet scoured the ebannel'W4 at point of oontbat$  but 41A not cause much 

'fs K i '.k '? R" to its 7'Y 5.: Also, J material ♦ the eroded 

,Clow voulA most likely be uwUstraMe too. 

.Y * -i.i dropped  by uwarous =all  :. t-t. that.  • '+t botveen 

in the 4AU sbotm In ftb I *Inc* it vas a mwW dlefinite point 

%:- 

,,fit the tall vator +A rvquiv" ror "vU* to **am, " abow 



swd4*nly coo* divin* vid rise to tb* surf ac* ** ohmm to riguro 2,-,4  c. 

1111 
1 1,  limill 

k !° l firs t S 

ioOtoodo nfi # depth 

Y t } 
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Poolininary ma"I run* sbovod tb&t it t 'fist to Set 

It 'kiss dwtoitsizod Q*t *b* vow tail voter limit vas &wuswft als* q?on 

the *b%jftCterjetj*S Qr tb$+„  

suvw erva the bucket* Sijw* vitt the movable bed It vas difficult to 

#' ..fi. trea t tail v0or limit  t: a to  .Y - . :}. .s t i aboorving 

the ! t i # 

*ad ot the bucket. Sawever#  tAwv vas 4 tail vat4w depth limit not car 

•+. i'. :4' L. m T example  4t VartUular  • f •.. tx 1.75 r.: 

foot x r* *t 4 }} 9.. x i tbxs upper tsa '.I depth limit 

R.& "Vooit 4>r.' d 4f d' # f # %t.-a # #,# into 'd F.. 

. ..' Y - .; i. sar. _, 3 ♦', .:: t of Y[~ t. •(. .-s # d - # # i- . r ,,r 

_ 

'a t in the l mw* ban 7 bolt ~ the ~ 2 $ 
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causing vave action. Therefore,, this aging emnt of the bad in the mdal 

oouId r4t be used to diotioraim thwe upper 41viing depth for ar cbennol bed 

at lip bowl, but this an ent of the bed elevation with relation to 

tteae eel lip vou3A be d+aeei:reeble for prototypes omatartrctiion mow+ 

possible. 

It vac %bon docid+A to try to determine the upper and. 1~ Unit 

by uOing, *amid f" IOW at tb* 020vati,on 01' the SprM UP#  tO rOP900 t the 

charm*l bad. For this 0  flow from the buckeet f loNied al4ag that 

solid beed,#  tbon Bret to the surfs dowtotromm#  as shmm in FiSuft 24C. 

For 4*0 tail voter d tbo$, 
theyf3a

w  f
f

allor1MA tbo solid flow fir 

~7str t
by 

 .4 o ~eb~ 'ice J. turning up~ W s~ f 

~h4 a eurrea7.. ~ definitely scour an ~(J * t is found t t 

the 1~ lliult could be for this =dal bed aerr rt,e  but 

aMJm the upper Limit +com3A not. 

It vas decided to rertom to the user of the erodible pees pwrol 

,t for 40tamizing the mini= wA maximmW1 vat er depth Units. It 

vas A-AK*etft ri+r to roahap that S'at'Iretl, bed at the *a of each teat run for 

tbo al's oC is a Ct to get more emsistnat up s Unit rael alts. R'Veeu 

tbAm it v%# W icult Testing abowd thtt it vas Importaut 04t the 

ebwablel befit bo sl>~ght3 y bolov tbe sprou Up elovatlam. If the bed vas 

art up *io ttion)  the 41ying Mow Vattam occur-rod at ar nzch lam tail 

voter olenti+tn. 03arofor e, the beed vas ae a Ul at a Wro'e[,iieataly 0.0 

of the radius or 0.3 of an inch below the app lip ot,  tbo buokot at the  

i $ice of omah tast roer dotle dning the upW *rA i*r tAer l voter 

l,.iaai.te roar the 6-inch buek et. 

As the head on the crest vas inarowmd,, tree oopacity of the 

bad riw S**4 - " %be MWA lei W1 

voter Units fiche d each other. The "V&" of the bucket Baas aged 
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by the obsearv" p or ace an by the oearneess of the ugpor tail water 

limit to the lower Limit, Fl&wee 22. Tke w"inum cq~cit{ of U* 6-Inch 

bucket vlth 'beA 14rm1. belov Up vas jud4pd to be apV aeWt+e1,( 3 to 3.5 

after Ord fo t j* total *deel discharge, or 1.5 to 1.75 second feet W  foot 

or bu~rt vidth. ~r per 'acs of the bu aet for 3.5 wooed yeast of 

lov vitb a nornal ta"l tear elation is shown in, Fib 23 . p,ater 

auirfooe is relatively rou& at this discharge. 

Dater  were r-ot ar# !-d*d ro r' other bed arr%apmats vitb the 6-i h 

bucket suc14 ao a eaovablo bed sloVU4  up frae the *pr fig sire it wes neat 

comma atod .invosti ting tblo %od nt in datail at the time. 

14tor tbm&, vita the larger bum to follouj it was ditided also to 

txeoluada tbla al coping bed arrangownt In tbo i n"OUSSUM. 

µlncix bucket I~.uea 

o 9-Inch bucket pWan in Oftt the saw mm" 

6-;iAch butt. -,ibm the tail water d*pth * inw"i ciont, the flov vuvpt, 

out of the bucket as obovu in ft#v" 25o If the toil water depth wo too 

high,*  the flow dived: from the awn lip as stern in Figure 26. 

Tbe 5 -inch bucket aved rains a 5-root U& spillway y° Is the saim 

as a *A* en4 a half ti n larpr sal, of a 6-ir h bucket used with a 

3.33-toot b4gh sp wa; excopt ror the a pee oa tbo spillvV crest.. 

Tberof oj, tbs O*Wit f or the 9-inch bucXet on s, -toot spiUvay was 

a Uttle Smter thou for the 6-Inch bucket an the so* spillvayo Zadod  

by the difforatee lootwe en the uppw and lover t4dl v&Uw Upth limits and: 

by the relative marrace mozoa,s In the dbvnttrow chos 1p tbt cUacit3' 

of the 9-inch bucket was dstarairAd to be sw*%*w* betwom 4 and 5  second 

.root with bed lo"I eli %4- below apron lip. Discharges of 3, 4)  , and 

6 000" feet tai' a MWWAI tall t W dW%h Or l foot, are abovu In 

Yids 27 and 28. For 6 sad feet,*  the tail water r*W f* r twtisr "t.+ 
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paW a aotiance -aroma quite rAarrow aim* aaa depth of 1.65 :foot Y.ns tract Iry and 

2,3 feet vas  too high " shown in Figure 29. Tharofo re.4  the limiting 

capacity *' the -inch buc mt,  ,*a deteraloo not to ♦rte 5 second feet. 

o" auto' suri:wm roughness  for the Unit ng disaarge w,  the -Inch  

ba,;tdwt -.*a grooter tlaaax. for the limiting d3sobarrge of the 6-iaseh bucket, 

since the 9-inch bucket aaactuallj represented as end on a-balf timeeo 

lawargeear' scale aeodo1 thou the 6-inch bt-wket. ~*tor eery"aace, o0asu em eats 

that may be of due to designers verger a for a ronp of flaw* vi.th  a 

tail vaUrr depth about hairsomy beet,-*or. the upW and laveer limits, 

The toll v ater sweraout depth and time depth at vb1ch diving oc-

curred am recorded in Table 2 and plotted in Fib 22 r rr a raangae oAA 

fly tested with bed eelaaernation at aaa x'oxi;*trely 0,05 of the radius or 

0.5 inch 'bolov the apron lip. Por as given, discharge the ovospout depth 

vas not as low for the 9-inch bucket as for the b-inab but the diving 

depth vas highor for the 9-inch size than ;for t* 6 i.ncb. 

The minima, *rA max1ma tall vater depth Uaits for satisfactory  

perf'orvwaa ee of the budwt wrae oleo eartirarataaed by-  observix4g the flow In 

eaaeb test run aabc►ra'rae. The saaximim limit as abaeat"veard .:or tbo -inch buckwtt 

is plotted in Ti~gxro 22. It weave mite indefinite since the daepth at vhich 

diving oacurre4 vas riot vary consistent., but as reasonably s a;eo upper limit 

appeared red to be approximauly 0.5 of a ,foot bolov the averNp depth for 

diving to :xmw. ' b1s margin of safety vas detormi,t + tar completion 

of all buclwt tests. 

The minimum limit aaappowrod to bet a roam 0,05 to 0.15 of a foot 

as re the aevewyout depth - Af tor completion of all bucket t+ stsp it vas 

delcl4ed that aaw zaaE o lover limit should be at least 0.2 or as root above 

the sweepout depth to provide for an simple margin of * aatoty . 



s. 

5... Y. ,. ♦. slog4ug up # In s.. x lP .. r, # r6 - .1-raw 1.. *Pr= Y 

1F..y:. W:F# of 1 i 'k :r 4" W' -.. ti'. .i: 1-..1. 1'".. .W be quits 4. A . k' pi 

f i..., a.E Yd:- [ t.. saw y. k Y as iii h: t 'I # 

depthlimits Vas Ai t `F` 

i x bAaot
k 

Z* per-rarvamo of the 12-luich bucket vas slAllor to that ot 

the 6- and 9-inch'buckets. It Is obawn in Fiauros 32,t 33,, WA 34 rar 

4 i the A ropmoontot lover height i1 ;.e t.4 ...# _.# 1➢ ... 

susfomo # Bch migUt be useful to Usigmers us,  obo*-A in 

t'..  

0 ner "a ImW lud aI # 

27 



W1 meter depths kor av"Pout and diving ara "corded. in 

Table 3 and plotted in Figsvee 22 for a bad level 0*05 Of 

the radius or 0.6 of an inch below the op7c`on lip. .i n*  as for the 

analler bucket*.. it, vacs 41,Al 7'Z ,cult to get consistent data at vh ch diving 

occurred " a it vat difficult to define .tbe *xact margin of Wets 

required for establishing the uppw and I*wer tall. water depth 11mi.ts. 

3vever f the ma gib appeared to be about the same as required E 'gar the 

smaller buckets p vi.ous3y testedo 

I The teet van repowtod vith the bad sloping ugvord in a dowt-

stream direotion i,rm the Won  to about. 6 Izebes abo" the lip;  ae , 

agai,u, the restate vere cable to the results froa the 9-i=h buck*t. 

The safe maximum 11mi t appeared to be about the a& as the uWar lit 

:.` r the 9-lacb bucket vi.th  bed belov lip oi.+arvati:oa. The data are given 

In Tablee 3 aril plotted in figure 22. As for the 9-inch bucket,  t2be 

*"Lm* capacity of the 12-1 nob butt vas considered to be the saw 

Vita the upward slopizg bad as with the lover bed. 

jjSLt**A-Jzch  8uckat 

Tke performame of that 18-Inch buoUt Is abov-u In Figures 3,5 

hough, 39 inclusive, for distbargees rsaging from 6 sew foot to l2 

second Feet with high,*  lov t  and rArma . tail vatear depths* The capacity 

of the bucket appwx d. to be fret lei to ll second feet. The 5-foot hie .w 

marl spill aV with tho 16-i.e2ch buckot r*prsNea+tn ed a rolatlyol$ lover 

spi.0 y than vban: mw&Ll*r buWwU rue UW. The WW of tba, 18-inch 

butt in the 5-foot nodal reeled a low di r ersi on daa spy 

. 

while 

to use of tbo 6-lach bucket typi is a bio% dam *rwflov illv*y.  _ If 

ttMt aise of tkw bvAw-t wa ineroat fu r) then t4w a*"a ry to 

eater 4epth for good performance vould nxre ply Submarto the Or9ei+tt. 
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r- o r bed l Bevel *"rox tee 0.05 of the radius or 0.9 an 

inob belov the ee>pron lips the U41 -water depths for sveepout and d1ving  

a" r+leeor4ed in Taabls # mod plottod in Figurer 22 for ear ramp or discbsrrges. 

laeinio-an and lima tail, vat r deyth lWts aaA tbo actual 41epths for 

shout and diving vere eeven more difficult to deteermi px'att:l.ae74- tart 

for the wallAw buak at s. In fact,, tbo 44Y1zg conUtioa cad not be 

reacbed by ralsiag the tail eater as hiSh as p eibl,a in the sal for 

any dtoca arV. Ivor, the tendency to dives s preaRsent axed momentary 

diving accurodj, but: in to eases vas  it Btu Uine4. Oita for obt"ng 

the ma:clx= depth limit vas not reeto t... 

Tba miu~Uaa tai star depth at vbich the tau t operated 

satisfactorily vas dbser d, wA plotted In Figs 22. `i"he!r mid Qb- 

sft-md teail meter depth rar satis-factory yerrarmane* appeared .to be at 

lit 0.1 of ask root abaft the svowpmt depth. 

The Siam tail vateer limit vas not deteree1ned ~ tar a bed at 

him than lip lev*1 beecauso of dirficult ear in vaittaining the beat at 

this ra:loe tiou while starting a toot run. Ut ' j  tbor*z"are, assumed to 

be in line vita teat r*sulta free Us sn akl ler buckst s. The alt y of 

the 'bucket vith the bi.obor be*d vas not tested for tbo same roaacap but 

It is probalkly tbrtr sow as that vith the bed l.wftl bed tbo apron l.ip* 

JeEgM anal Smaller S ckets 

14wSer buckets vere riot t*ot, ird vl th Ula 5-fi t spill. 'baca 

oLC tbfs Increasing difficu ties in aeavm"in tekat a&Wity,  wA tail water 

depth-  limits- tcr-ttame ammter flaml ,# -toewan al►  lax bweWt ear 

at near xa►xima t+adl vatearr depth l Wt vou14 titber the creest or,, 

closelyd  appivaith that c« Uti". It vas not iatsrAod ber* to lw4vstisate 

the ww of t buebK 'rites Ott A ludud Ot+adka OS 

made 1 *3,y by the Bureau at" Hoolsmat:ion boa zhovn the uae of a bucket 
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eutow the 1=ketr  tats, insteado  ms*# ~ the bucket, 

fieleat ..# *00 oxuvpoution.  

WA A k  m 41 

At V11A OtAV or th4 JAVOSUSWI tbt W$i.q 01' ftf ety betw*n 

UtvWn  s :.-. toil  . # ♦ r d the 441 
d ':.'R # - 't ♦ it •. $..* 

iA bucket r*I 'but it appowod that the#* lUdts me" ample for the 

Table* f. trf gt 4. 

mil MINOR 
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modarl spillway above tail meter emotion *h,"  with a given slop* *60" 

to depend i the r 4lua of bunt '*R" WA ttaaar bW oar the creat "Jr. 

The lattor in turrx 4*VwAe upon the discharp O e per ;Foot o spillusy  

width VW dischOZ ps Coorficient ve*. 

q0 cli 

Tb*Worret 

Tmin ." f(h, S, R, a aw q) 

F'i gwe 22 abates t tail meter 4opth Cor 41vings, &rA„ the rtro ," the 

saex;E,ma tail utter &V h 1JAit, to u"aad upon the alevation of the 

banne1 bed vi,th respect to tho apron lip in amt is o to tba bucket 

radius wa hood cc the tread. Th*r*raM.* 

TIOX  ,"e f(Up  8#  R, U, q  and s ►rati.on of channel bed in 
relation to elevation of buckst 

actual , the protatyVe bad viU tWA to level out with time i.i' the 

1te.xet operates az"r tAw diving depth. Figure 22 also shows V* 41 

allowable bucket raardius for a given height of easel spill%wY  above tail 

vater elovaFtiony with divers slope to be et "unction only of' the head can 

*A* tit:. ' ̀ 'oar'#3  tbs adnUmw allovable buoket radius;  

- f(hs S, R and q) 

The star amity of a ven r Uus bucket W be Increased slightly 

vben the tail vater dapth is on is oxnediaete value, between the alub a 

or maxim to meter daepth*, but for pr*4t c*1 ix uVosoo It doers not 46- 

pond up= tai1 ratter depth. 

The a lavaitiw of the bet vith raapct to t3et aproaCt Up +ioera 

r4t:,, within limits, arroot the ervospoat depth or the required size of 

bwk*t rat iui, ap09ci#bly; tbele*fW*p it can be D*SUK%od in detemaining  

Uet sit dopths mi.ninAta tail utter depth limit s  and the baWAOt radius. 



The alb of the spillway i` 'within 114 t+e Vill 4100 note  

`f* Vw minima or v&xUwa tail *wutcr etc Ito or the e ni o - 

lovable budwt rodiusi that' vfom, this can be neelocted ro r` spill 

slams that am a proximuly ter M of t 400 %4ft'a.. Tbo 

slope of the sp,111%W model testae. v** 0.7. In the proto",, tvictional. 

retistance on t1w spills t also atfoct the ainium nth IWt#  

the maxima 4*ptb Wit$ utaw *Ilov ►bl* bucket ramUus sine* 

frictional malaftom in erfoct voul roc ,the offectivo bright of f&U. 

t * and height or W NoW. ►vMr tail voter *U ti ; tbarof tom, 

it nood not he cowl a pw*tA var . 

w K are fumtioos or ,, 4i&cb*rfp,, 'tight of spills above tail 

Vj
. 
 and a i`(by Ss  H* twd CO 

V, 

V 

l'bAtr*fC Mk 

Tau  . f(Ro  T) 

Toex  w f(RI  P, sad elevation of eel bed Vith "S"et 
Won lip.) 

0 f(r) 

It v*t obosen to ate »F" on  tbe spillww face at tell vater ovation 

-i 1V 
1.l 

9A._. }'f~ Y i - ► ..f • i 3 

vats AtoebsiftWy 1"Iv~ OleviatkIM, ONA WtVaNa AWWOW* an the 
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The,value of '" theft IS aei fi Value rot SW ;liven yrotota Mkittl+ran and 

all si,>rrllar m►Wels or the ototype. 

In roUting the tall voter nth l Axits wA the bucket radius uaaf; 

vi th tbo Proud uuaabor,. it Is d"irae le,  to mss "Txins" '~~~* as nd 
OR" so  diaaeaensiorles s waftraa►. Thar orelt  "T,, " axA '. .," more divided 

2 
by " "i and *R*  wrest divided by "Di # V, l2e the depth OC xlow plus the 

velocity head at Ual %*tsw *lovatUw on the spillway face. `ib s* €tiaa m-

oionl asa rat i,00 oad the Frouft nualbtw are shown Wit, ed for the toot date 

In TWA* l.*  go 3# attnd 4. to computing thee** the i"r1*t *x. ast. resistance in 

the 5-i'Oot nadel Is negligible,  Tse bucket radius dimensicaaess ratio and 

the Proud* nmbor for each of tbo test runs which repraeseat the aarxism 

estimated caaaWlty of each bucket vas plotted in rigure 41.. A +cam to 

the right of the" plotted points represents the sinima allowable bucket 

radius for a given FroWW ausAw and *Uowata ror >a sacoty factor. 

Siam the tail vater depth limits 4opended up= both the buoket 

rwUuee sod the Proude numbers  tote dimensionless  ratis or the tall vater  

depth l,ira#.ts aexad the bucket radius wr+we Plotted in Flg rw* 42 Versus the 

Prowl* umober for the toot data obova lz Fib 22 as aA recorded In Tables 1 

to 4. inclusive. dl>sm the upper tail motor depth l.iae3.t also d"wadod up= 

the elevation of the ell bed vitae respect to Won l tp,fi  tvo its of 

apr tail watAr Upth dimensionless ratios wro,  ;lotted for each or the 

two bates +elevations tested. ftr'voe ver+c Brava throu#A tbooe points in 

Figure 42, so tbatt., Yorr any given  Frauft uwdior and 'bucket rodiu# as 

ctietonO,ed. in Fib 41 the s.nimin aeattd n&xtx as tail V+ast+er depth 1141tet 

eOkAd be 64602 6 The amve,aax in Fig cross pled in 

F4pX00 43 ae 4 ivrt` aasLor WW to mil. voter depth l.ini.ts. 

The tail raatstor sit depth "Ts" nitre ims also divided 'tV 

" a to ors a diwaeasi.=lat ss ratio wxi then plotted tae the ftwWe 
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number in Flwro 45 for each of tbo four buWwt sizes tooted. Flga* 45 

tyr 7r.>f 

4 for the #' ? "' dowt ism'{; ft" •' P. 

.{ $ +t"4- t,'S Uil - } $ i a 2 `. 7, t' i be 1. .. 

Such " ww-fowth$  am-h%Up *zA tUroo-lf'mrtho mx$A=, " ab*,~ 

7 

 r 

t t: 

•P ! R. }. >; !..' t' w Y,. 40 t : 8 '. t's.? i..i .. f ,F&  

'i .:.to fi a-fi. ,.S t# R. i:.p 'W-, i tk .i in t - .5 :.. ! - i " U.. - f t. 

r1 -... rya. 
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a. apt nth & n.. , tad in Table, 5 OUOCU "Dowly tbo 1 

ilk cited InFig=* 47. To cl* nth or a lov do^ with a 

va%Llar pmude moms,#  tb* data fro* JUMpftura '~*s used Ir. flaxft 4 

to OcSWut* the Yet tail vater 42th. In YLOWO 47 that Ovoopmt 40pth 

tL 40- root reAlus buaist at Anipstura D is 69 toot, Using tbo a wtw 

proseuted bam¢  the avospout Upth 1% also 62 girt. 

1+' design reservoir F 1290, the doalga spilIA4y discbarso  

is 9351,0W Saes « .It t 

be" Via: f  tx . 30 foot, to +' '...x or ae *mot Itsoot; tbareram,  

f•:, disd*rip  par rootof UwJmt vlAth 1,* 630 .N;ss 
Ull i in 

the  cb"ml tolow tho wm is *Vocto& to be ,v-.  1009 for Uo x: : 

,b* velocity at this point *V Is*  W,5:feet pw socov4. The *4t"l v*l- 

F1i t:4R h':.fi 'y s ... The ♦ or the x v*locity  

to 5 , . thwouea -' :t d to r: '$ a ;.._. y in r y 
iri&wo 48 was  

4'. '.y F t 
t Wadley '... .q !, M* biroau ♦3:. r. .. k.Y r ♦ limalted ;lt;,.! 1# 

ba re. propared Ji • 4V. 
r to 'l. "io.. M.:. x • {..a 1 w 4 o an 

prelWnary  iA. ,,: fit. 6 *wWall ;J; Y:-  ` 
r.. t_

» a tWs ex- 

smipLla is,, i,_ 1..,  R3 F...a 4 or or - 118.6 toot  a ': _ 'C i ! w4 4 the 
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spillway at this point than is qftl or 5.3 feet. Having neap rnftl  

DI, and V1,,  the Froude nor is readiLy computed to be .1.1.. 

Entering Figs 41 with this Proude nzsaber, the d monsioniesss 

ratios of the m:iuUm usable bucket radius is found to be 0.1.3. The m nl 

allowable "bucket radius is then computed to be 29 "het. It mod,, thm*ar , 

be recomeadod that at legit a 30-foot bucket radius be used. SUWoSe that 

it: is decided to use a 30-foot radiux bucket then the buckets bus . 

we ld still be 0,1.3. butering Figure 1F3 with tbo bum* reacllua di nsion- 

less ratio and the Froude nom':  the eiiaaonslonleess ratio of for st aimum 

teai.l vater depth limit "Tminf 1 ," is  Found. to 'tom 13,8. Than  the m1n 

tail water depth Limit is 'T3 feet as measured smear the bucket invert to 

tail &t*r surza,ce elevation,. Watering Fig=e 44 with the dimensiorless 

ratio of the bucket radius and the Fra4e number., the dimensionless ratio 

of-the maxi =a tail uater depth limit for a channel. bed. elevation bell 

the apirm lip to f'ouad to be 18.80  and the mxauere tell. vater depth limit 

is then, 140 fowt#  se amsured from bucket invert to tail vat ear elevation. 

The eel bed at the foot wo OrwA Coulee is at approximately a r 

elevation 9W. If inert of bucket is lilac at cbsnxwl. 'bed elevation 

then the tail vwter eiepth old be 109 feet., vrhieh exceeds the ~War Unit 

of 100 feet. More.. a bucket of this size Wxuld be sot above the 

eh nml. 'bed so that the tail water depth f'rm t1w bucket invert 6vuld be 

beets 73 WA 100  feat. 

The bucket vould then perform as shown in Figures 24.E or B. 

The perfaftame & 24A would be prelorred but 24B vould mkt ilbely be 

aeceept blo. The bucket would pearrom-ass sin in Figs 2A if the 

bucket invert is placed high enough that: the tail water d pth sbo a is 

close to that lover lindt. A tail water depth of bwtveon 75 and 80 Feet 

would probably be most satis:actory. 
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The sveepout depth can eal.so be deeteeraeirAd if so desired. Beater 

Figwar* 46 Frith the Proudle-num0w aiA the bucket rodius dimensionless ratio 

to find the swreepout 4 pth so ratio or 11.6. The oveopmt 

depth then is approxiaaauly 63 L'*tt. Tom, the aitni*a tail tor d ptb 

lieu of 73 feet provides approximately ltd feet sa eet.~; !'actor. TheMtwar, 

a tail vater depth above bucket irmort of 75 feet *,could probab,l,,r be suit-

able. 

Using the Orand Coulee data Frith Figure 47j, the s opout depth 

for a 0-root radius bucket is apprc xtmately 76 foot. rising the method  

pre>ae toad he".. but noglecting the tri ti.oml resistance, the approximate  

sue', depth for a 30-toot radius bucket is 64 foot, Bch is only l 

,e`oot am* than the 63 foot computed above idan rri.cti+onal resista),ce was 

neglected., The disegrosent is most lily due to the fact that 

Mr. usho's toot data vh cat be used to obtain the curves in Figure 47 

are quite limited ~Cor values of .«bd3 f 2le above # wA below 0.8. It Is 

suggeestod, however,, that des w as laaroo as GrwA Coulee be model tested 

four variflcati.os of tbo design desrlmod by this sett. 

Another solution for the Grand Coulee example presented Sear* 

would be to user at larger bucket radius., rather than raise tbo elevation 

of tbo bucket, invert. For exa mplee, suppose,. ineete ad *r Ong the mini=xm  

allos.%blea buffet rad.iva at 30 foot, it is deciei to u" a 50-toot radius 

bucket. The bucket radius di.aeeensloaloss ratio tutu vauld, have a val%w of 

0.23 which In Figure 143 ado the sin1jrrsa tail soeateer depth dimensionless 

dimensionless ratio to be 33. The lover tail vzter depth limit then 

voul.d be aO feet eared the upper limit v+ould be 175 f4Wt. If tbre invOrt 

of t trdert gees =w plaeod at tie OT-or -1 i 'Wtt beed. elovatUm , the 

tail depth vould be 109 facet uhioh is v*11 v ithin the two limits. 

However.. ii' the bucket invert vat pl cod belov the bed so that the cbsn-.*l 



bad slew up fTw the ;apron, then the dimensionless  ratio of the maxi 

tail vater depth lust would be approximtely 19 aet round In lrig4xes 44, 

,i d the upper nth limit would be oal,,, 100 toot. Tbob tail sae►texr depth 

vould be smethiag gmter than 109p tbox*fores  river begird scouring might, 

occur as shown in Figure 31. To complete the slotted bucket design, 

Fib 1 should be used to determine the length or apron., si A& of testa, 

spewing$  etc. 

Ir'or derma such as Treatcm that have ;a long spi.l3%*y chute, other 

mew than Figure 48 mist be used for dreteermi rAng the actial vtlocit t *a-

tft-iug the bucket at Uil vator elevation. It frictional resists000,  

atglocted in the design computastionp theca the miulma 'Gail. ^Mcrae limit 

would,be higher *4  arA, the,retfor*, on the safe side, but the maxis;,& tail 

vsa.tor limit would be higher too, which in not on the safe aid*. 

The Angostura t5,pe  slot bucket, F VAret 1B, is ell adapted 

ro+r Smaoral use: as an e jvwgy di.selpator at the base or ar, overfall. spinvety. 

No,swaor, vb*mvv ar p %atioal the hi r tooth recommend td in design Modi-

fication  11, Fides 36, 17BO wA lb, echould be mod. Also, vhereeveer 

possible the elevation or the bucket invert should be placed above they 

chard. "bedj, as in Fide 24A, for boot perrormr*ce. 

Design curs, Figures 41 through 44,, inclusive,, v" de-

veloped from the *xWlm tal. data, Arts 1 through 4, inclusive, and 

Figure P.2, i'ar use in designing an Anepotura ter sl.ottetd butt. Fir'ta 

the curves t?aet al ~ buerimtt radius the -- — roqu rod tall aater depth, 

and the wax1ma permissible tail: curter depth can be determined as 

illustrated in Table 5. Li addition, the tai..l. -,*ter seat d+apth 

can be determined in either of Figures 45 or 46 and thiedwd apprro x-

mateely in Fib 47. Cacti u should be used in dkesigrAng buckets 



for larp Struetur4ts such 200-fo*t high: spil.l°+4s Vit aisc 

as • a a ::: .x. .►  

vvrification is desirable in all , howevor. 

mining tb* radius and tAil ~*Ur depth requira*auts C(O a 0011.4 buc 

the minim= wad saxtam twU vatAw dtpth limits; provided here vould 
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Table 1 

DATA cammnox FOR 6-=N RADIUS 

Bed wea app! :oximately 0.05R below apron li at of each rea 
Run No. 3 4 

II 0.198 0.274 0.352 0.413 0.480 0.481 0.526 0.581 0.678 

(sweep out depth) 0.767 0.765 0.826 0.943 1.023 1.081 1.139 1.203 J." 

0.31 0.54 0.81 1.03 1.30 1.30 1.50 1.75 2.25 

Turin 0.967 0.965 1.026 1.143 1.223 1.281 1.339 1.403 1.603 
V12 
- 

X + H Tmin  2g , 4.231 4.309 4.326 4.270 4.257 4.200 4.187 4.178 4.075 

V1 16-50 16.65 16-70 16.58 16-56 16-45 16.42 16.41 16.20 

Di 0.019 0.032 0.048 0.062 0-078 0.079 0.091 0.107 0.139 
V, 

F 21.2 16-31 13-36 11-72 10.42 10-31 9.50 8.85 7.65 

Tain 51-43 29.78 21.10 18.40 15.57 16.21 14.66 13.16 z 11.54 
D, L2 

1_ D + 2g 4.245 4.341 4.374 4.332 4.335 4.279 4.278 4.285 4.214 

R 
V1-2 

0.12 0.12 0.11 0.12 0.12 0.12 0.12 0.12. 0.12 
D, + -rg 

T (diving depth) 2.565 2.576 2.435 2.464 2.439 2.397 2-043 2.200 2.-213 

Tax 2.065 2.076 1.935 1.964 1.939 1.897 1.543 1.700 1.713 

X + N Tm,, 2.133 2.198 2.417 2.449 2.541 2.584 2.983 2.881 2.965 2g 

vi 
11.72 11-89 12-47 12.55 12-78 12-90 13.86 13.62 13.81 

0.026 0.045 0.065 0.089 0.102 0.101 0.106 0.126 0-163 
V1 

12.67 9.84 8.62 7.40 7.06 7.20 7.42 6.70 6.0e 

am : 77-92 45-72 29-76 21.62 19.06 18.82 14.26 13.23 10-51 
1 

V12 
DI + =g  2.159 2.243 2.486 2.538 2.643 2.685 2.983 3.009 3.128 

R 
V 2 

DI + ifg 
0.23 0.22 0.20 0.20 0.19 0.19 0.17 0-17 0.16 

R - bucket radius (ft) 
K - height of reservoir above the crest (ft) 
T . depth of tail water above the bucket invert (ft) 
Turin . minimum tail water depth for good performance (ft) - sweep out depth + 0.2 ft, 
T,,e. maxi-um  tail water depth for good performance (ft) - diving depth - 0.5 ft 
q - discharge per foot of model crest length (cfs) 
X - height of crest above bucket invert - 5 feet 

VI - velocity of flow entering the bucket computed at tail water elevation (ftf/see) 
D, depth of flow entering the bucket computed at tail water elevation (ft) 
F Proude number of flow entering bucket computed at tail water elevation 



Table 2 

DATA CMWUTATION FOR 9-INCH RADIUS SUCKCT 

N 0.419 is 0.476 0.531 0.642 0.682 0.722 0.764 0.805 0.852 0.884 0.534 0.578 0.585 0.633 0-54 0.433 0-485 0.5n 0.634 0.723 
T (swaey out dept b) 1.02 1.19 1.33 1-41 1.45 1.51 1.60 1.67 1.70 

q 1.05 1.28 1.52 2.05 2.28 2.50 2.74 3.00 3.30 3.52 1.53 1.73 1.78 2.02 1.56 1.12 1.32 1.50 2.01 2.50 

T min 1.22 1.31 1.39 1.53 1.61 1.65 1.71 1.80 1.87 1.90 
V X + N Tajo  4.199 c 4.166 c 4.141 4.112 4.072 4.072 4-054 4.005 3.982 3.984 

YJ 16.45 s 16.38 16-33 16.28 16.2o 16.20 16.16 16.06 16.02 16.02 

Di o. o6k 0.078 0-093 o.126 o.141 0.154 0.170 0.187 0.206: 0.220 

11.49 t 10.34 9." 8.09 7.62 s 7.27 6.92 6.56 6.22 6.03 

Dl 
19.12 1 16.77 14.93 12.15 11." 10.69 10.08 9.63 9.07 8.64 

V 2 1 - 
Dl + i 4.262 i 4.2" 4.234 4.238 4.212 4.226 4.224 4.192 4.188 4.204 

0.18 s 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 o.18 

+ 

T (diving depth) 3.40 i 3.03 3.01 2.46 2.38 2." 2." 2.32 2.46 2.37 2.68 2.39 2.37 2.42 3.07 1.96 1.86 2.23 2.69 2.43 

Tar 
2.90 s 2.53 2.51 1.96 1.88 1.94 1.94 1.82 1.96 1.87 2.18 s 1.89 1.87 1,92 2.57 - 1.46 1.36 1.73 2.19 1.93 

1 . X + I - T. 1.519 2 1.9" - 2.021 c 2.682 2.802 2.782 2.824 2.985 - 2.892 2.014 2.354 2.688 2.715 2.713 1.970 2.970 3.125 2.797 2.4" 2.793 2S 

T 1 9.89 11.20 11.40 13.14 13.43 13-40 13.48 13-87 13.65 13-94 12-31 13.16 13.22 13.21 11-26 13-84 14-18 13-42 12-55 13-40 

D, 0.106 h 0.114: 0.133 0.156 0.170 0.187 0.203 0.216 0.242 0.252 0.126 0.131 0.135 0.153 0.138 0.081 0.093 0.112 0.160 0.187 
V 

5.34 5.84 5.49 5.65 5.72 5.46 5.26 5.25 4. 89 4.89 - 6.11 6.41 6.38 5.95 t 4.15 8.59 8.19 - 7.08 5.53 5.46 

so" 2.733 - 22.13 18-82 12.56 11.07 10-39 9.54 8.54 s 8.10 7-40 17-28 14-38 13.89 12.55 1 16-55 18.00 114.60 15.147 13-67 10-34 D, 
T 2 ni + 1.625 c 2.060 2.154 2.838 2.972 2.969 2.077 3.201 3.134 3.266 2.00 2.819 2.850 2.866 2.108 3.054 3.218 2.909 2.604: 2.980 

R 0.46 - 0.36 0.35 0.26 0.25 0.25 0.25 0.23 0.24 0.23 0.30 0.27 s 0-26 0-26 0.35 0.25 0.23 0.26 0.29 0.25 v 2 
D, + T,- 

I --- - --. 
It . bucket radius (ft) 
I . height of reservoir above tb4 crest (ft) 
T . depth of tail water &how* the bucket invert (ft) 
Tajo  , minimum tall water depth for good performance (ft) , sweep out depth + 0.2 rt 
Tam:. Mximus tail water depth for good performance (ft) . diving depth - 0.5 ft 
q . discharge per foot of model crest length (cfa) 
X . height of crest above bucket invert - 5 fast 
V, . velocity of flow entering the bucket computed at tail water elevation (ft/sec) 
D, . depth of  flow entering the bucket computed at tail water elevation (ft) 
T . Proude number of flow entering bucket computed at tall water elevation 



Table 3 

/WVI DATA MeMATION FOR 12-11 IIMT 

bed was approximately 0.05R below apron lip at be not or each rum Bed slopes up 
IhM No i! 3 4 6 -1 0 9 10 13 

from apron li 
15 

0.543 0-592 0.637 0.679 0.729 0.765 0-811 c 0-850  a 0.887 c 0.961 1.02 1.221 0.565 0.651 c 0.723 0.839 

T (sweep out depth) 1.27 1.33 1-40 1.45 1.52 1-56 1-68 1.72 1.78 1.89 1.96 2.23 

q 1.58 1.82 2.03 2.25 2.53 2.75 3.05 3.28 3.54 4.06 4.48 6.08 1.67 2.00 2.50 3.21 

T 
min  

1.47 .1-53 1.60 1.65 1.72 1.76 1.88 1.92 1.98 2.09 2.16 2.43 
V 

X + H -Tmin 4.073 4.062 4.037 4.029 4.009 4-005 3.931 3.930 3.907 3.871 3.860 3.791 

vi 16.20 16.17 16.12 16.11 16-07 16-06 15.92 15-91 15-86 15.79 15.77 15.63 

D, 0.099 0.112 0.126 0.140 0.157 0.171 0.192 0.206 0.223 0.257 0.284 0-389 

F . T 9-10 8-51 8.01 7.60 7.14 6.84 6.41 6.18 5.93 5.49 5.22 4.42 
T :Jan 14-91 13.60 12-71 11-81 10-93 10.28 9-81 9.31 8.87 8.13 7.60 6.25 
D, V 
D, + 4-172 4-175 4.163 4.169 4.166 4.176 4.123 4.136 4-133 4.128 4.144 4.180 

R 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 o.24 0.24 0.24 F-12 
DI.  + 

T (~diving depth) 3.95 4.00 3.90 3.95 3.95 3.95 2.91 2.87 3.22 3.17 3.00 3.25 3-00 2.45 2.35 

T-4. 3.45 3.50 3.40 3.45 3.45 3.45 2.41 2.37 2.72 2.67 2.50 2.75 2.50 1.95 1.85 

V a !I- . X + H 1.093 1.092 1.237 1.229 1.279 1.315 2.440 2-517 2.241 2.35 2.721 1.815 2.131 2.773 2.889 2$ 
V 1 8.39 8.39 8.92 8.90 9.07 9.20 12-54 12-72 12.01 12-30 12.23 10-81 11-71 13-36 13-64 

DI 0.188 0.217 0.228 0.253 0.279 0.299 0.262 0.278 0.338 0.364 o.46o 0-154 0.171 0.187 0.235 
V 

F -4;-1- 3.42 3.17 3.29 3.11 3.02 2.96 4.31 .4.25 3.64 3.41 3.44 4.86 4-98 5-54 4.96 
g gDj , 

 

D" : 18.35 16.12 14-91 14.63 12.36 11-53 9.19 8.52 8X4 7.33 5.54 17-85 14.61 10.42 7.87 
V 2 

Dl + 1.281 1.309 1-465 1.482 1-558 1.614 2.702 2.795 2.579 2-714 3.181 1.969 2.302 2.960 3.124 

R 0.78 0.72 0.68 0.67 o.64 o.62 0.37 0.36 0.39 0-37 0.31 0.51 0-43 0.34 0.32 
V 2 

+ 

R * bucket radius (ft) 
9 r height of reservoir above the crest (ft) 
T * depth of tail water above the bucket invert (ft) 
Turin . minimum tail water depth for good performance (ft) . sweep out depth + 0.2 ft, 
T." . I=inRM tail water depth for good performance (ft) . diving depth - 0.5 ft 
q a disohargaper foot of model crest length (efs) 
X . height of crest above bucket invert - 5 feet 

Vl . velocity of flow entering the bucket computed at tail water elevation (ft/sec) 
D, * depth of flow entering the bucket computed at tail water elevation (ft) 

F * Froude number of flow entering bucket computed at tail water elevation 



Table 4 

DATA COGMTION FOR 18-Imcn RADIUS HXKET I 

: Bed was approximately 0.05R below apron~lip at beginning of each rm 4_ Run No. 1 2 3 4 5 7 8 

N : 0.631 : 0.734 0.804 o.898 0.926 1-001 1.083 1.150 

T (sweep out depth) : 1.45 : 1.78 

q 2.00 2.56 2.99 3.61 3.80 4.35 4.98 5.48 

Tain 1.65 1.85 1.98 2.07 2.15 2.23 2.32 2.45 
V12 

• X + N Tmi, ,g 3.981 3.884 3.824 3.828 3.776 3.771 3.763 3.700 

V1 16-02 15.86 15-70 15.70 15-27 15-68 15-67 :-15.44 

D1 0.125 0.161 0.190 0.230 0.249 0.277 0.318 0.355 

VOT 
7.98 6.94 6.33 6.76 5.39 5.24 4.88 4.56 

T ALA 
Dl 13.22 11.46 10.39 9.00 8.64 8.03 7.30 6.70 

2 
1), + +g 4.106 4.045 4.014 4.058 4.025 4.043 4.081 4.055 

R 
V 2 0.37 0.37 0.37 0.37' 0.37 0.37 0.37 0.37 

D, + 

T (diving depth) 

max 
X + N TM, 

2g 

of 

Dl 

V 

V  9 

D.L 
V 2 

Dl + 
+9 
R 

VlW 
DL + 

It - bucket radius (ft) 
I - height of reservoir above the crest.(ft) 
T - depth of tail water above the bucket invert eft) 
Tula r-lnl-- tail water depth for good performance (ft) - sweep out depth + 0.2 ft 
TM maxims tail water depth for good performance (ft) - diving depth - 0.5 ft 
q - disabarge per foot, of model crest length (cfe) 

X = height of crest above bucket invert a 5 feet 

Tj . velocity of flan  entering the bucket computed at tail water elevation (ft/sec) 

D, m depth of flow entering the bucket computed at tail water elevation '(ft) 

F = Proud& number of flow entering bucket computed at tail water elevation 



Table 5 

EXAMPLE APPLICATIONS 

• Angostura Ango5tura Angostura Angostura  
Gr Missouri Example Coulee Trenton Diversion given in Dem Dam Dam Dam Dan Dam Dan :Figure 47 

247,000 180,000 100,000 40,000 935,000 133,000 90,000 

2 Pteservoir elevation 3198.1 3191.0 3181.5 3170.4 1290 2785 2043.4 

3 Crest elevation 3157.2 3157.2 3157.2 3157.2 126o 2743 2032 

4 N 4o.9 33.8 24.3 13.2 30 42 17.4 5 

5 L 274 274 274 274 1485 266 644 

6 q 901 657 365 146 630 500 14o 42 

7 Tail water elevation 3114 
f 

31o6 3095 3084 1009 2700.6 2018.3 
V12 

8 (theoretical) (2) M: 84.1 85.0 86.5 86.4 281 84.4 25.1 40 

9 V, (theoretical) 73.6 74 75 75 130.5 73.7 4o.2 50.8 
10 vi (actual) 

V theoreticalT 
0.98 0.98 0.97 0.93 0.91 0.90 0.90 

11 V, (actual) 72.2 72.5 72.8 69.8 118.8 66.0 39.4 

12 YZ (actual) 80.9 81.6 82.3 75.6 219.2 67.6 24.1 2S 

13 D1 12.48 9.06 5.01 2.09 5.30 7.58 3.55 0.83 

14 3.53 3.00 2.24 1.45 2.30 2.75 1.88 0.91 
V 

15 F 3.61 4.26 5.73 8.49 9.11 4.23 3.70 9.85 

14 D, 93-38 90.66 87-31 77-69 224-50 75-18 27-65 40.83 2g  

17 R (minimum) 0.50 o.43 0.30 0.15 0.13 o.43 o.48 0.11 

Dl + 

18 R (minimum) 47 39 26 12 29 33 13 4.5 

R (actually used) 4o ~~19 4o 40 to? 3 
_~

O -; 35 12.5 7.4  

20 2 (actual) o.43 o.44 o.46 0.51 0-113' o.47 0.45 0.18 

D, + 

21 TAIR 5.4 6.6 9.3 16.4 13.8 6.6 5.5 15.9 DI 

22 T.I. 67 60 46 34 73 50 20 13.2 

23 TAI" 5.6 7.9 17.6 60.0 18.8J 13.0 8.8 
Dl 

24 T.. 70 72 88 125 100.7 99 31 

25 -T* 5.0 6.o 8.0 14.4 11.8 5.7 5.0 13.4 
D, 

26 T, 62 54 4o 30 63 44 18 11.1 

Q - total discharge (cfs) 
L - bucket width (ft) 
q - discharge per foot of bucket width (cfe) 
Ji . height of reservoir above crest (ft) 

• V, - velocity of flow entering the bucket computed at tail water elevation (ft/sec) 

D, - depth of flow entering the bucket computed at tail water elevation (ft) 

F - Froude number of flaw entering bucket computed at tail water elevation 
R - bucket radius (ft) 

T.in - minimum tail water depth lisit (ft) 
T
.. 

 . -vi- tn11.  vat= t -aepth i1mv --cft) 
Ts  - tail water sweep out depth (ft) 

Line 10 from Figure 48 
Line 17 from Figure 41 
Line 21 from Figure 43 
Line 23 from Figure 44 
Line 25 from Figure 46 
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Figure 2 

A. Solid type bucket 

B. Angostura slotted type bucket 

Bucket radius 12 inches, discharge 6 cfs, tail-water depth 2. 3 feet 

PERFORMANCE OF THE SLOTTED AND SOLID BUCKETS 



Tai Iwater surface-.
\  

,-Channel bed after flow dives 

a r~ Q ~. / !` - Channel bed before flow dives 

— — — — 
Flow dives from a ran -- G' '~~  

` P P~ o Scour hol' f ~ ~ Pep gravel bed $° i 

Note : The diving flow condition occurs with the use -of the Angosturo - type 

bucket only when the tailwater depth becomes too great. 

DIVING FLOW CONDITION 

w 
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FIGURE 7 

A - Flow of 277,000 second-feet, 

100 FOOT RADIUS BUCKET 'rvITH DOWNSTREAM 
LIP ON 45° TANGENT 

- flaw of 277,000second-feet 

63 FOOT RADIUS BUCKET ti'uITH DOV41WH  " 

ANGOSTURA DAM SPILLWAY 
-- -  - - SECTION-NL MODEL--ON 1:42 SCALE 

PERFORMANCE OF SOLID BUCKETS 



FIGURE 8 

A - Flow of 277,000 second-feet 42 foot radius bucket. 

0 
42 FOOT RADIUS BUCKETS) WITH DOWNSTREAM 

LIP ON 450 TANGENT 

B - blow of 277,000 second-feet. 

42 FOOT RADIUS BUCKET WITH DOWNSTREAM LIP 
ON 150  TANGENT 

A 
ANGOSTURY. DAM SPILLWAY 

SECTIONAL MODEL ON 1:42 SCALE 
PERFORMANCE OF SOLID BUCKETS 
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Figure 10 

A - Flow of 277,000 second-feet. 

3 TO 1 TOOTH SPACING 

B - Flow of 277,000 second-feet. 

2 TO 1 TOOTH SPACING 

C - Flow of 277,000 second-feet. 

1 TO 1 TOOTH SPACING 

ANGOSTURA DAM SPILLWAY 
SECTIONAL MODEL ON 1.42 SCALE 

TOOTH SPACING TEST 



A - Flow of 277,000 second-feet over spillway. 

B - Erosion after flow of 277,000 second-feet for 20 minutes. 

C Erss#ate after ftow of 2Y9;080 s d=#eet far 1.b-hmr-3. 

ANGOSTURA DAM SPILLWAY MODEL (scale 1:72) 
EROSION TEST - RECOMMENDED DESIGN 

Figure 11 
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FIGURE I! 

' ,~~. ~ III.-A5•,r, 0 72"..I 
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So* A if! - r 72"  

ANGOSTURA TYPE SLOTTED BUCKET 

m 

Slot w"d+h = 0 72 

SLOTTED BUCKET MODIFICATION I 

2 

6"R - 

.! io 
m 

Tooth width= I " 

Slot width. =072" 

SLOTTED BUCKET MODIFICATION III 

Tooth wrath= z" 

Slot width =0 72" 

SLOTTED BUCKET MODIFICATION II 
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Tooth width = IT" 
Slot width=0.72" ANGOSTURA, BUCKET WITHOUT TEETH 

SLOTTED BUCKET MODIFICATION IV 
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14 
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Figure 16 

Angostura type slotted bucket Slotted bucket Modification I 

Slotted bucket Modification II Slotted bucket Modification -TZ 



A. Slotted bucket Modification I 

B. Slotted bucket Modification II 

Figure 17 

C. Slotted bucket_  Modification_  III 

Bucket radius 12 inches, discharge 6 cfs, tail-water depth 2. 3 feet 

PERFORMANCE OF MODIFIED SLOTTED BUCKETS 



Figure 18 

A. Discharge 6 cfs, tail-water depth 1. 65 feet 

B. Discharge 6 efs, tail-water depth 2.8 feet 

PERFORMANCE OF 12-INCH SLOTTED BUCKET MODIFICATION II 



Figure 19 

A. Slotted bucket Modification IV 
Bucket radius 12 inches, discharge 6 cfs, tail-water depth 2. 3 feet 

B. Angostura type bucket without slots and teeth 

Bucket radius 12 inches, discharge 6 cfs, tail-water depth 2. 3 feet 

C. Black Canyon type bucket 

Bucket radius 26. 04 inches, discharge 3. 36 cfs, tail-water depth 2. 22 feet 

PERFORMANCE OF MODIFIED ANGOSTURA BUCKETS 
AND THE BLACK CANYON BUCKET ' 
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Figure 21 

A. Flow is about to sweepout of bucket as tail-water 
depth is decreasing 

B. Flow is sweeping out as tail-water elevation is 
below sweepout depth. 

C. Flow is about to fall back into bucket as tail-water 
depth is decreasing. 

Note: Bed elevation at beginning of test run was approximately 
0. 3 inch below apron lip. 

6-INCH BUCKET DISCHARGING 3.5 SECOND-FEET 



q PRO%. CAPACITY OF 
SUCK«T BUCKET( qm) CFS. 
01AD 'U. 

(M) INCHES 
DA►MOX. 

0 w •FLOW 
• RON LIP 

6 5 TO 175 
9 t0 TO 25 

IY 3 5T035 
1e S TO 65 

TEST 
DATA 

SYMBOLS 

BUCKET 
RADIUS 

(R)INCHES 
BED ARRANGEMENT DESCRIPTION OF TEST DATA SYMBOLS 

0 8 Bed opprox. 0.058 below apron lip. Tailwater sweepout depth and Min. todwater depth at which diving occured 

0 9 Bed approx 0 05R below apron hp. Tailwater sweepout depth and Min tailwater depth at which diving occured 
e 12 Bed approx 0.05R below apror lip Tailwater sweepout depth and Mm tailwater depth at which diving occured. 

0 19 Bed approx. 005R below apron 11p Talwater sweepout depth 

O is Bed approx 0.058 below apron lip Est Min tailwater depth for satisfactory performance of the bucket 

• 9 Bed approx  o o5R below apron lip Est. Max Tailwater depth for satisfactory performance of the bucket. 

Y Bed approx 0.05R below apron lip Est Max tailwater depth for satisfactory performance of the bucker. 

• 9 Bed sloped up from apron lip. M:n tailwater depth at which diving occured. 

- x _ 12 Be, sloped up from apron lip. Mm. to ilwater depth at which diving occured. 

TAILWATER LIMITS AND BUCKET CAPACITIES 

a 

,Approx. GOp of le"-Bucket 
- With be d approx. 0.05R  

below apron lip. 
'i 

T~~ ---~-~-- -- 
 Maximum depth for sot!sfoctor p r 

- performonce of bucket when bed I-- Y is approx. 0.05111 below apron lip. 

• 
-+-A prox. Cop le -Bucket -Bucket 

p 

I 

with bed approx. 0.05R 

 

p 
below apron lip.  
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I 
~_  — _ _~ ._-•_- T.~ - ... ~-.—• ___~_— 
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when  bed slopes up from apron lip. 
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Figure 23 

A. Normal operating conditions - tail-water depth between 
maximum and minimum limits being closer to the mini-
mum 

B. Flow is diving from the apron to scour the channel bed 
because tail-water depth exceeds maximum limit 

C. Tail-water depth exceeds the maximum limit but flow 
from the apron is lifted to the surface by a ground roller 
flow pattern which develops after the channel bed has been 
scoured sufficiently deep and the ground roller back fills 
the erosion hole 

Note: Bed elevation at beginning of test run was approximately 
0. 3 inch below apron lip. 

6-INCH BUCKET DISCHARGING-3.5 SECOND-FEET 



FIGURE 24 

Tailwater elevation is less than ?inches 

above the sweepout depth. 

Fixed bed-  

A. FIXED BED 6 INCHES BELOW BUCKET INVERT. 

DESIRABLE TAILWATER DEPTH 

Tailwater elevation is more than r inches 
above the sweepout depth. 

~a 4 

Fixed bed- 

B. FIXED BED 6 INCHES BELOW BUCKET INVERT. 

LESS DESIRABLE TAILWATER DEPTH 

Tailwater elevation is above sweepout depth. 

> 

Fixed bed 

C. FIXED BED AT APRON LIP LEVEL 
Note 

Bucket radius is 6 inches. 

Discharge is 1.75 second feet per unit foot of width. 

FLOW CURRENTS FOR VARIOUS ELEVATIONS OF THE BUCKET 
WITH RESPECT TO BED AND TAILWATER ELEVATIONS 



Figure 25 

A. Tail-water elevation near sweepout depth 

B. Tail-water elevation below the sweepout depth 

Note: Bed elevation at beginning of test run was approximately 
0. 5 inch below apron lip. 

9-INCH BUCKET DISCHARGING 3 SECOND-FEET 



Figure 26 

A. Flow is about to dive from the apron lip - maximum 
tail-water depth limit has been exceeded 

B. Flow is diving from the apron lip - maximum tail-water 
depth limit has been exceeded 

Note: Bed elevation at beginning of test run was approximately 
0. 5 inch below apron lip. 

9-INCH BUCKET DISCHARGING 3 SECOND-FEET 



Figure 27 

A. 3 second-feet 

B. 4 second-feet 

Note: Bed elevation at beginning of test was approximately 0. 5 
inch below apron lip. 

9-INCH BUCKET DISCHARGING TAIL-WATER 
DEPTH = 1. 85 FEET 



Figure 28 

A. 5 second-feet 

B. 6 second-feet 

Note; Bed elevation at beginning of test was approximately 
0. 5 inch below apron lip. 

9-INCH BUCKET DISCHARGING 
TAIL-WATER DEPTH = 1. 85 FEET 



Figure 29 

A. Tail-water depth (1. 65 feet) is below the minimum 
limit 

B. Tail-water depth (2. 30 feet) exceeds the maximum 
limit 

Note: Bed elevation at beginning of test was approximately 
0. 5 inch below apron lip. 

9-INCH BUCKET DISCHARGING 6 SECOND-FEET 



FIGURE 30 
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9-INCH BUCKET 

Q-cfs q-cfs T- f t. A 8 C D E 

3.0 1.50 1.85 25 19 45 25 5 

3.0 1.50 2.40 32 26 46 27 1 

3.50 1.75 1.85 26 19 45 25 5 

4.00 2.00 1.85 27 19 48 25 5 

4.50 2.25 1,85 28 19 48 28 6 

5.00 2.50 1.85 28 I • 50 32 6 

5.50 2.75 1.85 29 17 51 31 6 

6.00 3.00 1.85 30 16 52 32 6 

12-INCH BUCKET 

Q-cfs q-cfs T-f t. A 8 C D E 

5.0 2.5 1.65 32 23 52 35 14 

6.0 3.0 1.65 33 22 62 37 11 

7.0 1 3.5 1.65 33 21 68 1 37 9 
8.0 4.0 1.65 35 19 70 37 6 

12.0 610 - 36 7 90 40 1 

NOTE Dimensions A, B, C, D, and E are in inches 

AVERAGE WATER SURFACE MEASUREMENTS 



Figure 31 

A. Flow is diving from apron to scour channel bed 

B. Flow is rising from apron and the ground roller 
is backfilling the hole that was scoured in (A) above 

Note: Bed elevation at beginning of test sloped up from apron 
lip to approximately 6 inches above lip elevation. 

9-INCH BUCKET DISCHARGING 5 SECOND-FEET 
TAIL-WATER DEPTH (2.43 FEET) EXCEEDS MAXIMUM LIMIT 



Figure 32 

A. 5 second-feet 

B. 6 second-feet 

Note: Bed elevation at beginning of test was approximately 
0. 6 inch below apron lip. 

12-INCH BUCKET DISCHARGING 
TAIL-WATER DEPTH = 2.3 FEET 



Figure 33 

A. 7 Second-feet 

B. 8 Second-feet 

Note: Bed elevation at beginning of test was approximately 
0. 6 inch below apron lip. 

M"W" 12 -INCH BUCKET DISCHARGING 
$H$~F TAIL-WATER DEPTH = 2.3 FEET 



Figure 34 

Tail-water depth = 2. 30 feet 

Tail-water depth = 2. 80 feet 

Note: Bed elevation at beginning of test was approximately 
0. 6 inch below apron lip. 

12-INCH BUCKET DISCHARGING 12 SECOND-FEET 



Figure 35 

Note: Bed elevation at beginning of test was approximately 
v. 9 inch below apron lip. 

18-INCH BUCKET DISCHARGING 6 SECOND-FEET 



Figure 36 

Note: Bed elevation at beginning of test was approximately 
0. 9 inch below lip. 

18-INCH BUCKET DISCHARGING 7 SECOND-FEET 



Figure 37 

Note: Bed elevation at beginning_ of test was approximately 
0. 9 inch below apron lip. 

18-INCH BUCKET DISCHARGING 8 SECOND-FEET 



Figure 38 

Note: Bed elevation at beginning of test was approximately 
0. 9 inch below apron lip. 

18-INCH BUCKET DISCHARGING 11 SECOND-FEET 



Figure 39 

Note: Bed elevation at beginning of test was approximately 
0. 9 inch below apron lip. 

18-INCH BUCKET DISCHARGING 12 SECOND-FEET 
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Reservoir Elevation 

H 

___________Crest_ Elevation- _ -_ --------------- 

h 

--- - - --- - --- T.W. Elevation 

so 

0 

-Apron Lip T 

Channel Bed; Elevation -, 

VARIABLES UPON WHICH BUCKET RADIUS 

AND TAIL WATER DEPTH DEPEND 
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DATA BUCKET 
RADIUS BED ARRANGEMENT 

SYMBOLS (R) INCHES 
o s Bed level approx. 0.05R below apron lip. 
0 9 Bed level approx. o.oSR below apron lip. 
p 12 ~ Bed level approx. o.oSR below apron tip. 
~ Is Bed level approx o.oSR below apron lip. 
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DATA 
SYMBOL 

BUCKET 
RADIUS 

(R) INCHES D+V /2 9 
BED ARRANGEMENT DESCRIPTION OF DATA POINT 

o 6 0.11 For any position of the bed Min. tailwater depth limit 

a 9 0.18 For any position of the bed Min. tailwater depth limit 
a 12 0.24 For any position of the bed Min. toilwater depth limit 
0 18 0.37 For any position of the bed Min. toilwater depth limit 

):k 6 0.16 to 0.22 For bed level approx. 0.05R below apron lip Max. tailwater depth limit 

■ 9 0.23 to 0.46 For bed level approx. 0.05R below apron lip Max. tailwater depth limit 
12 0.31 to 0.68 For bed level approx. 0.05R below apron lip Max. tailwater depth limit 

i 9 0.25 For bed .sloping up from apron lip Max tailwater depth limit 

z 12 0.43to0.51 For bed sloping up from apron lip Max. tailwater depth limit 
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FIGURE 44 
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 BE N M NT SYMBOLS 
RADIUS 

R (INCHES) i 9 

.0 6 0.11 Bed position not critical 
$ 9 0118 Bed position not critical 

12 0.24 Bed position not critical 
fl __ I8 _ _ 4.37 1 Bed position not critical 

DIMENSIONLESS PLOT OF SWEEPOUT DEPTH 



FIGURE 4 
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h/T E 

R/T 

2.0 0.1 

O.E 

0 0.4 

0.2 

q= Q/FT. 

EQUATIONS OF CURVES 

I/T = ff1 (%* 
Where 

M = 2(hd ) - A' (hZ )Z+ 

h/T = X/R (R/T — %) 

EXAMPLE 
Given 

hd= 40, H=5, h=3,5 
and q=42 
Then 

hdA = 6 

Assume 

R/T =.6 
From Curves 

R/X =.156 , h/T = 2.85 
So  T=12.3, R= 7.4 

X=47.3 
z+H =52.3 Check 
hd+T=52.3, 

0.5 .10 .15 .20 .25 .30 .35 40 .45 50 .55 

R/X 

ANGOSTURA TYPE BUCKET SWEEPOUT CURVES 

3.23-46 E J IIUS~W 

'7 . 22 



FIGURE 48 

600 

FEET 
T 

T 5e0 
HEAD

~4CRES  
25

30  

~° 15 
20 - 

560 - 
24 

2,

4 t' 

4  520 
--{ - -' 

500 

4e 

t r 
I 

I 

460 

+ 
4 

+ ' t 

♦ 
I 

1 t 
T  
11 

440  

I I i J 
~ 42 
W 

400 
I 

S 1 ~` 

Z 

N 360 

M 

Z 
J 
J 320  
F 

! 

~ ~ 
N 

O Soo -  { 
• 

♦ T
11 - 

I 

I 

J 

1 1 1 

> 2  -' ; 
I 

I — PROTOTYPE TESTS 
J 
"JI  $hosts Dam 

zs 
I 

o Grand Coulee Dam 

O } t 
V 

Cr P4  1 ~ 
0) 

W 
0: 

220 

Cr 
LL 200 

J 

Iso 

160 
` 

140 
I - 

120 

I — I I  

I 
+. 

1 
t 

100 
m. 
a 

- u - 

6O jl 

40 HYDRAULIC JUMP STUDIES 

LEI- CURVES FOR DETERMINATION OF 

a VELOCITY ENTERING STILLING 20 _ t - ._. 
BASIN FOR STEEP SLOPES 

0. 0.e 0.9 !.0 0.8 =1 TO 0.6 1  
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