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Iv"DDEL STUDY OF TEE OU'ELET S'I'HliO'i'URES 

FOE '.I'.HE 

WAPP !1.PELLO DAM 

@.YLLABTJS 

1. 1'M.s rn~u:oran.clur: cons-~:i.t.utetJ n f:brnJ. re;:iort of the study per-

forrncc1 at l~he U. s. 17::i.torwa;y-s Eixpor:i.J.!1.ont Stat:i.on on a mo-1.01 of th1:~ 

outlot works for the Vlappo.nel1.o Dnm. The no(lc~l vr.:w bu:llt lll1.c.1J.stort(~d 

to the l:inenr scn}o rnt:to 9 rno:lol-to-prot.ot.;yy,e, of 1 to 25. 'lne gen-

isticr1 of all elem.mt::: in tho dcn:'Lgn of thu (;utlct '?TorY.:s, un(l to 

develop mow.1s of cor:rect:l.n0 1:in:'r ur10conom:i..:: ~ un~mfo, or unde~J:i.rable 

cond:i.tion:.:i. '.i:hc rosu:Lts of thu G'.~udy :1.ndieabxl. tho:t. th~? bas:lc rlod.gn 

of th~: ou:tlnt ~iork::i wu.s, fo::.' tbo gruato.t· J)<rrt, so.tisfactory, Thn 

single' foat'..1re of th() donign offering gruu.toot opportunit;y· for i.mprovcro 

l!H.:mt i:WG th0 r-.rl;UB.ng badn.. Thu modol study lndic:itod ·that a ro-

duction of 6!r. :,; ft. :in tho ovcrr.1'.11 long th of th~; :::tlll:lng basin' could 

be ga:i.ncd by cff'octiv() co mb:1.nat:1.on of apron em·vatu:r.·o, vr:ing-woll 

alignmcmt, nnd bufflc-pi(~r 11rr:.'ngnmunt. 

IJiFiTHODS OF PR:~SElrl'IHG RES'JiiTS AlTD USE OF '.L'.ERI,IS 
-- '"I ... _ 

2. A.11 dot.'1i.ls concorn:lng tho :Jtudy ::i.ro dcscr:tbcd :-.md discus sod. 

in the to:ict of th:i.P mcmorm.1dum. Supporting data ore as follow: 

... J. -



a• Tablas J. to 11+, enumerating the testo <md i:mmmar:, · 
izing the test data. 

Q• Photographs 1 to 63, showing the model during 
various ph.'lsen of operation. 

£.• Plates 1 to 99, p:t:esenting the dimenGions of the 
structm•al features invesbigatetl and the data ob
tained from thG tost,g thereof. 

,3 •. To avoid confusion <.md to permii.; ready v:i.sualizatlon of pro-

tot;ype conditions, all data m·ec~ p;cesented in prototypo equivalents. 

Tht'Oughout the report, tho follovrlng terms nre used ,,1s ~u1dicated below: 

!?..· 

£• 

~· 

fivdraulic :lul1h2• Aside :from Us 'fonot.ation of the 
cortllT.0n hydr1rnlic phenomenon, this term cl.enotes a 
freely form,;d jump charactorlzec1 by u nearly vertical 
surface at the point of trmisitfon from sue-criti
cal to rrnper-c~:·itica1 depth.· 

Subrn,ergocl .jumn. . This term is used 11f.i th the adverbs 
llpartit:1ll ,.tt and llcomplett-:lyll to denote conditions 
wher(:!in exc\'.~sG:l.ve ta:Uwrrte:r. dopths tend to drovro the 
jump actfon. A jump is partioll:~' s11bmorgod when there 
is stil1 a dis·cinct trmsfor from suh-crit:i.cal to 
super-crit:tca1 dGpth, th:>Ugh tho wat(~:r surface extend
ing from tho nappe to the tni1vrator is nearly level. 
A jump :ts co mplotdl;7 submGrgecl when it is ~wiclcnced 
only by n toIL:i.ng notion on the surface belo~,v the 
trnnsition, tho wn.tm· surfuco extending from nappc to 
tailwater bc,ing practically lovcl. 

Surface roll!lt:,• This term dcnot~l:J a standing wave 
wl th a eurlin~ cro~it. Tho format1.on is nimillll' to 
that assumod 1 :~r v. ;711Yo approv.ching a b(iach just 
boforo it. b1Jco1::0D a h:r.oaker. 

SnraY action. This term denotes a nearly vertical 
disporsion of 'rw.tor result:ing from tho imp:ingment 
of 1.1 nappo upon a rovr of bf.lfflces Of3 it 'enters a 
sttlljng bafJin, Tho phenomenon occurs t rhore the 
tuilwrJ.ter i~1 of :lnsufi'icien·(; depth to :lnduce tho 
hydraulic jump. 

wi. This word dmotes fill c:;qJcrim(~nt conducted 
upon a cerliD:b1 arrangement of the element G of the 
outlet works, 'l'cst:J ru,·P. lmmbr;red consecutively 
from the beginninr, of th~~ 1Jtua.y, Viholn3 tests a.ro 
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concluctecl under ;no:ce than one cond:Ltion, :t. e., 
dischal'g~;, hi.:u:l.dvratcr, or t:olil.vrater, thofJe con":'" 
diM.ons arc indicntucl by a numb0r set off from 
the test nurnbor by n. h:/phen. The t;y1)os of 
f.:lt:tl.ling baslns m''' d.esi~nated by letters. 

QQn.Qµit. 
flow from 
portul of' 

This vrord denotes the passage for 
the control gates to the fov1nstrenm 
tho tu.nnd. 

g:'unno1. This word denotes that portlon of the 
conduit vbich :i.s of U..Yliforn: D-slwpe and which 
exttmcls from tlx::i trans~i.tion section to tho up
strGn.m l:i..m:i.. t of thG st:Llljng ban in. 

4. ThL1 model wbudy of ·bho outlet structures fo:c tho Vlappapollo 

Dam wo.s acconrpl:lshcH1 in 3:·'.Jh.n:-irnont S0ctlon No. '4· of tho Hydraulic 

Fortson, tTr., AnsiDtmTl; Eng:llic)():i:', is chief of Ei':l:p•)d.ment Section Ho. 4. 

M1~ 0 Fred R. Drovm., Jun1.or E~lr.,:incor, wn.s :i.n d:Lt·ect charge of tho modnl 

study, ?iir. 'v"I/, G, Gill, Junior Eng:inG1:ring id.ck, vmfl tho ausistunt in 

tho oporation of tho roodol., 



PART I - THE PROTO'I':.'?E AND TEE I'URPOS!G OF THE EODEL STUDY 

~rY.of the Study 

5. Pertinent facts concerning the history of the moclel study 

f ollovr: 

Study :initiated by the ··District Engineer, iJemphis, 
Tennessee. 

Study o.uthorizecl by the President, Mississippi River 
Coml"!.ission, j.n the 5th Indorsement, dated Hovember 
1, 19.37, to a lotter to the District Enr~lneer, dated 
October 11, 193r/. 

Stuny accom1)lished at the U. S. Wnter1w:vs E:A"Periment 
Station, Vic~-::sbm·g / 7vlississ:i.ppi, during, the period 
November 1, 1937 to May 16, 1938. 

Final report (this report) rendered August 15, 19.38. 

The Protot:vrie _............._. 

General Features 

6. A major feature of the flood control program for the St. 

Fra.1cis River is the re.servo:l.r to be located near Wappi:ipello, Mo. (See 

?late 1.) The reservoir vrill be created by the proposecl llappapello 

Dam, an earthen embankmon-c conta:ln:i.ng approx:imately 2,000 ,000 cu. yd. of 

mci.terial. (See Plate 2.) The dam ·will be about n half mile in length 

md v:ill rise 73 ft. above the general valley floor to El. 416.* The 

lake at. spillway crest elevation of 395 will be c:i.bout a mile v.ride r1nd for-

ty miles long, having m flren of 23,000 acres and a storage capotcity of 

625,000 acre-feet. Solid rock ·underlies the nbutt1.ng hill to the south, 
- ~ .... .... - - - ...... ~ ,.... - - - - - t"" -------~~-~-------
*All elevations are refeJ..~rec1 to the datum of Jllenn Gulf level• 

-4-



... 

whore the control structures will l:e located, 

$pillway 

7~ A spillway to be located on the south abutment ridge about 

1200 ft. from the dam will provid~ for the passage of extraordinary 

flood flows from a full reservoir. The spillway will be of concrete 

fotfilded on :ruck with a 74Q-ft. crest width at El. 395 and a discharge 

capacity of 155,000 c.r.s. 

Outlet Structures 

8. The outlet structures to b~ located in the south abutment ridge 

between the spillwey and the dam, vr.tll provide a menns for controlling 

the outflow from the reservoir nnd for conveyil-ig this flow to the chan.

nel b:Jlmv the dam. The outlet structures v1ill consist of 11 conservation

pool weir; three control gates; a transition section; a concrete-.lined, 

D-shaped tunnel; and a stilling basin. (See Plate 3!) The design con

templates an outflow rate for these structures of ?.0,000 c.,f .s. at com

paratively low heads, vlhlch can be increased to 17,000. c.f.s. when the 

pool is near the spillway crest and all gates are open. The capacity 

at maximum pool stage of 410 will be about 20,000 c.f.s. Pl::.ms include 

provisions for a 75-:-kva hyd~lectric plant to be installed in a cham

ter adjacent to the gate tov:rer. This plant will supply power for oper

ating the gates and lighting the dam and opera.torts quarters. 

Purpose of the Model Study 

General 

9. The general purpose of the model study was to check the hy

draulic characteristics of all polnts :in the design of the outlet v.urks, 



m1d to develop mer:ins of corroct:ing nny mrnconor.1:1.e, unaaf e 7 or unde-

airable conclitions. 

Spoc:i.fic Points Inyolved 

10. In accomplish:ing thn purpose of tho model r.rtiudy a.s enuncinted 

al;ove, specif:i.c dctorm:inations an follow wore to bo 111ade: 

Q.o Tho nui tabil:JJ;y of th; s tJ~uc turn.l clements <:tfl 
de,<Jigued. 

p_. The~ improvo1111.mt1J :u~ (10Gi8n o::i n:i.ght be ind:lc~.ttod 
in the course of t;J:ie i;iodel 1Jtur]{r. 

£• Tho porformnnce of tho outlot vrorkc;, 'dth n view 
t.o opi;nbl:i..shiw0; thr~ tochnio1rn .for uafo 11110. cffoctivo 
oporat:i.on of ti~() 1n'Ototypo; 

11. Tho l!lof!ol study vr11r3 to Ye~ concluctcd. in nccordanco vrl. th the 

following criteria: 

a• Discha):•ger; of ]/) ,ooo c. f. n. LlU<Jt be pus:Jod i'o:r 
oxtc:ncfod pcrc:i.odiJ of operation w:i.thout. clamuge to 
otilli.ng boBi:n or outlet channel, 

£_. A dir1ch11.rgo of l'i' ,OC;O c • .f, D. must. bo pr.wood vrLthout 
ondnngnr:l.ng tho st:ibiJ.it;r of the ~mrlw. 



PART II - TEOENIQUE OF THE UDDEL STUDY 

Aonarn.tus 

12. The experiments ',-rere conducted on a model installed in t,·ro 

wodcm flumes located on the modDl floor of the main laboratory building. 

The water used in the operation of the model ,,as supplied by the c il'cu-

lating system -provided for the indoor testing flumes. Flovr from the 

constant-head tank of the circulating sy::rsem 'rrns piped to e. ~,1eir box 

mence it 'J)assed successively over a measuring irreir and through the model 

to the sump return channel. The tBil'later in the stilling basin and exit 

channel Tias maintained o.t imy deflired d~~P th by means of on a'djustable 

tailgate. (See Photograph 1.3,) Standard types of hook .md point gages 

::-rere used for measuremr~nts of 't"rater-surface elevations, v1hile soundings 

"'rere taken •·rith a specinlly constructed sounding sticlc. (See Photograph 

11~.) Pressures '\1'8re measured by piezometers loc:i.ted throughout the out-

let structures.. Nearly a.11 velocity measurements mere macle in.th a pitot 

tube. (See Photograph 15.) V docitie s belory the 'neasuring range of 

the uitot tube rere determined qlth a Bontzel tube. 
·'· 

Construction of the Model 

General 

lJ. The model of the outlet st1·uctures •:ras built undistorted to 

the linear sc~ue, model-to··nrototype, of 1 to 25. In the ,model, 275 ft. 

of the approach channel, tho outlet structures proper, and 400 ft. of 

the exit ch1:mnel belov' tho i:rl:.D.l:i.ng basin q0rt:: reproduced. (See Plates 

-7-



.3 a.1'l.d 4, ond Photographs 1 to it.) Th() toleranc8s of Bodol fabrications 

vrere kept as sn1all an posniblo, arid it iG bGl:i.evod that tbe model wmJ 

precise :1n every detail. ?.;u:•trJ nodoled ir1 v.oocl v/81°0 treated with 

waterproof:tng matorinJ. before inr:Jtallation; the nhort time they vrere 

:1n use did not rcsu.lt in any diw~nsiona1. change. 

Aunror.ch Channel 

14. The npproach chromel to the :tntakc ntructure was molded in 

concrete to female templetn, These templetn vrorc cut to conforn to the 

shape of chnnnol nnd ovcrbnnk arr~a as sho'IJ'n.'l '.Ln thG data furnished by 

the District Enginoei·. Riprr,~ppod cha.nnel sc~ctions ancl ovnrbonk areas 

were ropresentecl in tho r:odol lrJ u brushed finish of tho cement mortar 

surf aco. Tho so port:tonn o.:· the.'; opproach chl.mncl 'IJ~hich arc to oo con .... 

cret<3 in the prototype v1erc r<)prosontud by a surface trowolod to a 

smooth finish. 

Oonsorvation-pool Weir 

1£5. Tho counterpart of the conservation-pool weir vn.w n conposito 

structure having e~ch of i-GtJ eler:cntD fabricated fror,1 n matcria.1 best 

suitea. for the pu .. 1·po:>o nt. hancl. (Seo Photo~ruphs 5 nnd 6.) Thus, the 

ogeo surface of the v;ieir, requiring extreme srr..oothness ond precise 

shaping, vras r.1olded in wax nnrl machined 'to the og00 curve;. the slot

ted buttres0es on tho upstrenn face and the slu:tcen through the 11e:tr, 

having curved md pln .. 'rle sul'faces, v:ere oodeled in vroocl; th~; automntic 

gates, r(~q:ui.rlng hinged. r:ovonont, wei"'e r:ia.de of sheet metol. Tho weir 

was so constructed that its locntlon in t;he approach channel could be 

easily changed. 

- 8·""' 



Intake Structure 

16., All features of the :intake structure having to do ·with its 

hydral.llic performance were incorporated in the mod.el., The piers, 

trash racks, and curved entrance throats were modeled :in wood and 

waterproofed to prevent expansion. (See Photographs 7 to 9.) The 

gates and gate guides were n separate unit of carefully machined 

brass, tolted to the dovimstream. ends of the piers. The :intake struc

ture was supported upon a structural-steel base; the base was supported 

upon a rigid pedestal by four leveling screws. Ali flow phenomena 

within the structure could be observed directly through pyralin panels 

fitted into the left outside pier, the floors of the intake passages, 

ana. the downstream walls of the gate chambers. 

Transition and Tunnel 

17. The construction of the transition and tunnel sections of the 

oonduit was to be such as t.o permit direct observation of now• Hence 

these elements of the structures were molded of transparent pyrnlin• 

The· division piers within the transition were modeled of treated wood; 

(See Photographs 10 and 11,) 

Stilling Basin 

18, The stilling basin, t>dth the exception of tl}e horizontal 

apron, was molded in cement mort~ to female templets •. (See Photo

grtiph 1.) The horioontal apron, baffle piers, and end sill were 

modeled in wood.. (See Photogrnph J6.) The baffle pier~ were ·mounted 

on sheet..metal. strips nailed to the stilling-basin floor. This con

struc tion facilitated tho shifting of the piers for successive tests,· 

For the exit channel, male templets cut to conform to ooundings in the 

channel downstream from the sttlling basin, were used in molding the 

/ 



sanc1 bed prior to oach scour test. 

Theoretical Considerations 

19, True dynamic similarity, assurfr1g rigorous rcproduc tion of 

all hydraulic ph~nornena, cennot be atta:tned i..11 fluvial modelo. In 

practice, however, it is not necessary to ranch this perfection. A 

model study is feasible provided: (a) one of the dynamic forces in

volved predominates; (b) r.imj_litudo vrlth ro:;'Pect to -the predominating 

force is attained; and ( c) the l:lmlt:rl.;ionr, imposed by the losser forces 

are duly considered. In a model of a conduit w-ith itn inlet and outlet 

structures, gravitational ood frictional forceo aro :involved, The laws 

of similitude rolating to therJo forces, dl~1covered by Froude and Rey

nolds, are not comp~tlblc. Frouc1c' ~J Law (gravity), roquir:ing that iner-

tin md grnvitntionfil forceo bear the snme relation in mod0l as in pro-

to type, is applicable to ri1odels in which free surfaces exist. Where 

free surfaces do not exist, staticril huoyrmcy ellmino:ces the action of 

gravity, and dynamic similitude depends upon the ob:rnrvanco of Reynolds' 

Law (viacosity). This law of' simil1.tude requires that the ratio of in-

ertia to intorna1 frictiono:L forces be the same in model and prototype. 

Th'1 t the tv,o law::.: of sim:UUucle aro incoillpatiblo :to app11ront when it is 

notod that the Frouclian relaM.onship requ1.res a reduction of vclocit.y, 

prototype to model, whorornJ tho criterion sot up by Roynolds demands 

a voloci ty increane. 

20. In the model of tho 7lappapo1lo outlet structuros, gravity 

was considcrecl to be protlominant amonf?; the forces concerned. Simili-

tude with respect to the la17m of .'.~1·t1vity was attained by selecting a 

-10 -
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large scale ratio, model-to-prototYPe, and mnking all surfaces of the 

model very smooth. .As scale ratios decrease in magnitude, model sur-

faces must increase in fJmootlmess. To :l,llustrate this point, assume 

that the value of Mmmingt s · ttnll for the concrete surfaces of the tunnel 

section of the prototype is 0.014 (value for carefully finished con-

creto). · In th1:; cnse at hand, the linear scale ratio, model-·to-pro-

totype, is l to 25. With Manning's "n" for pro·~otype and linear 

scale ratio of the model knoml, it can be deu:onstrated that the value 

of Manning's llnll for tho tunnel section of the model should be 0.008. 

Were a smaller moclel scale used, tho model should bo correspondingly 

smoother. With the materials avnilable (pyraJ.in, wood, etc.) it is 

possible to bui.ld· a model having m l!nll value of the magnitude of 

0.008. ·A value of llull of 0.008 has been det(~rrained for pyra.lin con-

duits of circular, or noorly circular, section. In the case at h~nd, 

the avernge value of llnll as calc1lleted from modol tests on tho ttm-

nel swction was 0~0096. Inamnuch as the present tunnel is of pyi•a.lin~, 

the higher value of tho coefficient (0.0096 as compared to 0.008) is 

. ascribed to tho D-shape of tho present section. It :i.s believed that 

this n....slwpu v.oulJ. cnuse tho value of "n" for the prototype tunnel to 

be correspondingly h:i.gh(~1· than the value of 0.011+ mentioned above •. 

Hence, it is believed th;.tt. similarity oi' g:r.~4vity. forces was substan-

tially atta.:ined in the model.. 

zc. The limitations impooed by the lack of 1.dent~ty of the Rey

nalda' numbcl' :ir1 model and protot;ype operate to invalidate qunntita-
") 

tive measurements of flow chai·nctcl'istics in thG tunnel flowing full. 

.-.11-~ 



The dimen;:.:iorw and intenB:ttios of rog:i.ons of turbulcmcc, cv:vitation, 

and eddios are not ·l;ransfc:rablo to the 11rototype. However, the model 

indications of the oxistonccl of those conc1ition:3 aro believed to be 

relinble. 

?2. The qunnM.tri.tivc: t1·an::iference of rnodnl precwures to tho 

prototype is limited to positive })rea::mros. A negatJ.ve pr0osure in

dicutos a tendency for a void to form, and voids :i.n conta.ct vtl th a 

water surface aro roliovcd b;ir tl1e ebullition of nir from thE?. water and 

formation of water VDpor. At lovr nGgative pressure:~s thir: escape of' 

gases from the water :i.nto tho voids i:J very sl:l.ght but increases as 

the cJ.egree of ra:i.:·ef u.ction, unii:il near ~~ero, nbGoluto pros sure, the 

escape is so rnpicl thn:c :t t p:r:evontn tho occurrence of a perfect vac

uum0 A model tmch ns that of tho \Vapp~poJ.lo outlet worl-w cannot f;irn

ulato this phenomenon l:novr.c1 ar,i c rrvit.ation. 'l'horeforn, thn prototype 

equivalents oi' negative moc.1ol pro:_isurGG b.)COlll() r::oro nncl more at var

innco with the true prnsfJUl'Ofl an zoi·o, absolute pro::muro, is approached, 

Sincu tho point at which Cf.1V:l.tn:i:;:1.or1 invaJJ.dates th·~ modol rcJsults is 

not knownt it if:J nocossary to con.sid.or negative prosaurefJ in a modol 

only qu:il.itatjyoly. 

2j. The s:iwulation oi' prototype bod material.. in u model is not 

feasj.ble. Hence, the movah1.c"'."bncl portlon of the p:(•es1c:nt model wns 

molded jn clenn sand, :md mon::.:u:cem,_mtn of erosion ror:;ult:tng from flow 

over thi~: material were connic1e1·ed only qnDlitatively. Actual depths 

of scom· in the prototyp~:; 1,_;ou:l.cl ho.ve to bn analyzccl :i.J.1 the light of 

the bottom velocttios, and tho cxtc:n t to which thn matorial would be 

movec1 by Guch volocltfoci. 
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24. The conclusions ix> be :reached from these theoretical con-

siderations are that measurements of discharges, positive pressures, 

and velocities may be transferre~ quantitatively ix> the prototype by 

neans or·the scale rel~tionships, and that evidences of turbulence, 

cavita.t=!-on:, scour, etc •. ~ may be considered qualitatively reliable. 

25,: The relationships for the transference of data from the 

model to the prototY.Pe are given belows 

M:>gel Relationships for Scale of la25 

Dimension 
· S~l:ol 

:rr9totype: Midel Ratio mfP Relationship 

Length Ln Lm fl J..:: 1/25 

Area An Am a a ::s J...2 = 1/625 

Time Tn Tm t t =f!.. 1/2 =! 1/5 

Velocity Vn Vm v v ::)._1/2 = 1/5 

Rate of Discharge ~ ·~ q q:: Y!/2 = 1/3125 

Theory of Procedure 
. . ' 

26. It was believed that the specific deterf!tina.tions, outlined 

in Paragraph 10 as the purpooo of the model study,. could be made from 

tests which involved the follow:ing• ' . 

!!.• The relation of the pool elevation in the reservoir 
to discharge for. various combinations of full and 
partial gate opcn:ings. Data on this relation V10uld 
establish the rating curves and would enable a 
direct comparison to be made between different gate 
combinations. Study of these data V10uld· indicate 
best gate operation, 
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'.l.'he flow comli'b:i.ons throughout the s·cructures. 
Observ·ation of flow phenomena 11•1ould shov:r tho hy
draulic perfo1·mmco of the elements of tho 
structure, ruvnel:iJ.1g oddles, turb1lence, and 
cavi tatlon v1horuvcu· such existed. 

'l'ho magnlturlo of pressures throughout the ntruc
tureso Dnto. as to pressures woD.ld eotv.blj.nh thE;l 
hydraulic gradient nnd. indicate the~ .forcos acting 
upon tho surfu.cc;G of the elements of tho otruc
turo. Wh.:irc nogatiive, the pressuros vroulcJ :in
dfoato po:~ni"olo tendonciea for cavitation. Air 
pressuron moasured in tho gatr,~ vcmts v1ith these 
vents r.eal0d '.70nld flhovr their nction in re1ieving 
th"~ vacuurw formi:::~d b(:i~1:lnd tho ca.to:;. 

Prof'j.l .. :::s of tho •;irater nurf 1.100 :'Ln apy.ironch and 
exit chmnels. Such data on the approDch chon ... 
nel wottld indicat0 flow lineb md the nature of 
the action bolo:r the conservatlon-pool "roir. 
Such data on tho GtiJJ.ing basjJ1 would tndicnte 
th10 confo:;;•mnt:i.on oi' the hydrauJ.:i.c jump. 

'.l.'h'~ magnltude:J of vc~locit:!.es in appro~ich chnnnel, 
sti1ling bmd11 9 Dn<.1 e:x:t t ch1mnel. These dal;n 
VJOltld :i.ndicate the di1Jt:t•:l.bution of floi;r. S·!:.udy 
of tho d:.tt :i. on bottom veloc:t tio fJ in tht.: clwnncl 
bolovr the Gti1:Un6 1xi.i3in, together vrl.th ntudy of 
the charucteristicn of the prototype bed w1torinl, 
v.ut:lld jndic n:be: th() extent of scour to be expected 
in tho ltittero 

The dopth 1:md location o.f f>Cour bc:?lovr tJ.11:i st:i.lling 
bas.i..n.. Thoso cfota 111,.ould furnioh :indicnt:i.onn as 
to th.:~ compnr.:~tivo cffc')ctn of dj.fforent :.u'rmg()
m'-mts of th(~ nti11ing ban:l.n olemmts. Thoao dnt;n 
vrou1c1 not inr.licat\) tho nbsol:.tto depth to i:rhlch tho 
prototype ch<mnol .,,.ould b\·; scoured. 

27. Tho :l:'clo.tlon of pool olrNntion to dischtJrgo 1•ras dctorra:ined 

for ever;'{ combinat:i.on of' gates at full, half, ancl Uu·oc-qunrter open-

:i..ngs. A co 1~-q;lnte r:.rt.inc; for <1. vi:to ccmM.nv.tion required from three 



to 01x runso A run consisted of opening ti10 gator, in tho comb:Jnation 

closired and nion:mring ovoJ.• the :lnflow weir the rate of iJ.ovr when tho 

rocervoir level rc;ached stab:U.ity at thr> select,ed pool eJ.ovation. 

Tho head on tho 10:eir [.U1cl the reservoir l(w-..;J_ wo1·<.; cJ.otern:i.necJ. by hook 

gogeso (Se,J Plate L,.) 

Current Direction§. 

28. Surface currerrcs vere traced with confetti, while currents 

below tho surface wore dei'inoa. by dyo. The dye ~'r:.w :L.11jected into the 

water throu(;h a gl!.1.ss tube n.t the 1o8ation and elevation der::irod. 

Viator-surf ace Pi·ofil~ 

29. Elevatlonn of the vm.tor surf ace in the~ opproo.ch channel were 

JIDanured vrith a point 1;:.ir,e suppor·ced on a rJteCll benm. 'J.1hin beam was 

in turn supported by ra.ils fixer). to tho flume vr::1lls. Profjlon of the 

hydraulic jump in the~ s-Cill:ing bantn 'iJOrl~ obtnined wlth thr~ sounding 

rod along the centor lino of i;l:,o Gtructuro. 

Pressure§. 

,30. Preasures noro moasuroc1 ln manomnters conncciK~d by tubes to 

piezornoters. (Sec Photogrn.phr; 17 on<1 18.) 

:lnstaJ.led in vm·louG 1ocationn throughout tht:~ structure, so an to 

provi\18 a complete~ r1:'!co:cd of' all prcsBures. In order to moa3urc the 

negative air pros;mres i•elievec1_ b;;r the ga to vontG, the vcn ts wero 

sealed rmd connected to U-tubcs. 

~ 

31. Prior to beg:lnn:ing ":;.. cwour tc~st, the r;md bod was wolcled to 

the conflgurrrl;lon of the outl,:'!t channel shovm in the prototype pl~ms. 

To obtain the required flovr conrlitJ.ons for n test, the outlet channel 
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vras fir:st flooded to rirevent unn11turAl ero.sion bnforo renching stab

ility of flo1T7. The desired discharr;e 'i'TllS then introduced over the 

weir. As th8 flovv from the tunnel became stabilized the tailgate 

was adjusted to obta:l.n the reqt:i.ired tailwater elevation. A ocour 

test lasted 50 m:inutes, during which time the beJ had become Gtabil

i:z;od tmd Dll data pe1•taining "Go basin action hacl been recorclcd. At 

the conclusion of a te~it the outlet chmmcl was drained and the sand 

bed wns cro::is-aectioned. (See .~:ihotogrtiph 1-4·.) 

Velocities 

32. The magnitudes of veJ.oc:.'L tles ·,10re dotermined with pi tot or 

Bentzel tubes. P:l'ior to V3looity c~xplorat:i.ons in tho outlet chnnnol, 

the sand bod was cnpped. tri.th a th:in coating of cement mortar to 'l?re

vent sand pnrt:i.cles from. fouling the velocity instruments. The fixing 

of the bed o.f t.he outlet c~1mnel nlso insure cl co:m tmt flovir conditions 

over the period necesr.ar;r to rJecm.·e all data. 

Field Data 

33. Thr~ d:lment1ions of thP. model structureG were od.g:i.nally in 

accordvnce 17ith l?rototypo plan::; Dl1d. spoc:if ications prepared by the 

Memphis and Little Rock d:tsl;ric'l:. of.fices. Structural chonges resulting 

fro1;1 model tests are prenentec1 on plrn1s incomorated in thls report. 

All discharr;E) ~md flo':r data uere r11ado in accordance ".'T.i:bh co~-,utations 

sunplied by the district of.ficos. 

34. Ti . .d.hmter de1)thn :i.n the stilling basin tests i;.rero based on 

the computed tnil'!7lJ.te1· curve originally furnished by the Little Rock 

district office. (See Plnte 21.) 'J.1110 nharp break in the curve at about 

17 ,000 c. f. s. is due to l:n.1.c 1 ~rrntc1· caused by the operation of the spillw3~· 
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Gonernl Procedure -· ... -

:35. The initial. tests wure conducted o:n the outlet struc·t;uras 

as originally des:i.gaed.. (Seo Plate 3.) When all features of the 

orig:innl dl'H:lign had been investigated, teats were conductcc.1 to cleter...' 

m:1.ne the effects of vm.~ious alt:'.)rn.tions of the elemEln'Gf\ of the outlet 

struct;uros. Thn character of suboequent tostG was d:i.ctatod by thG 

purpose and crlt<~ria for the moclol ntudy. (Sc~e Par1.JB:i:'nphfJ 10 anc1 11.) 

J6. In p1•osonting tho roGults of th') tonts, no a:t;t(m1pt is ma.do 

to e:;cplain the tent data nccording to the chronologicnl order in which 

the tests were conducted,_ In:-Jtea(1, each olemm·I:; of the outlet fltruc-

tures is considered in turn, t.:irid :11.1. tef:tu conducted thereon are de-

scribed in (tebnil. 

Tc:?st Ji,;sults - Approach OhamlQl 

A2proach. Ohnnnel qf E_g.oic Des1.gn, 

Tho ;Jcopo oi' ti10 stucly of tho npproach channel 

EJmbraccd cond.iM.onc obtaining vrl th ( n) the conservai.~ion-pool weir :1n 

plnco, and ( b) ·t.ht~ consc~1'Vat.io11-}Jool W'Jir removed. Tho tests comprJ.scd 

velocity doterl:l:inations :::incl observut:i.ons of flow phenomena. In tho 

bo.sic dosign of .tho approach charmel 1 provision war. made for 95.6 ft. 

of concrete chnnnol upstret1U .from thl:: :intake s{·.ructuro. ~s·bream from 

this point, tho channel vms to bo r:i.prappod. 

--1~' -
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JES. Conditions without weir. With tho confrnrvn.tion-pool weir 

romove c1, v e loc i'by lUEH1;;.mro 111011 tfJ in die ated that, for a dischm:(Se of 

10 ,ooo c.f. s. with ~ill gates open, tho bottom vclocitier.i at the up

ntrnam edge of the concrete eh:mnel averaged 5. J ft. por i:rnc.; and 

that thGso volocitioo decreased a:J tho dischm·go lnc:r·oaserl 7 bocoming 

too low to measure at a discharge of 15 ,000 c.f. s. For pool devr.i:tion1J 

':Thich slightly l.mbmergcd tho crestG of the rddo rotaining ':1.:>..lln, ·the 

Gurfaco of the rnpidly accelerating flovr in tho ch~.mnol became lovrcr 

than the pool elcwat:lon ;naintained in the r<-~lnt.ivdy quiet ar(~as 

shoreward of th•?! rc)tn:i.nJng waJJ.s. As a result, the crest.fl of the 

retaining walls acted as fJUbmergecl wc):1..rs. Thi~l submorgocl-1:J1Jir action, 

barel;r percoptiblo (Photograph ;23) under thll. cond:i.tions described, 

nssumocl apprec.i.'lblo proport:i.onn 1.vlth tho inGb.i . .llation of tho conser

vation""".pool weir. As:tdo from ·i.;h:L;3 condition, no othJr noteworthy 

ph1.momena vrerc obsi:)rvod. 

39. Conditions v1ith w1..:ir.,. Wit11 tho consorvatlon-poo1 weir 

inst~iLlocl, flow condit:ions in tho approach channd upstroam from the 

weir ·Hnro larc;ely influunc:3d by tho operation of th~3 weir :..;luicos. Vc

loo:ttio£1 on. tho bt;d of tho rip1·appod chunnol r1.ll1[~od from rolativo quies

cence) vrith sluices cloBocl, to a maximum of 6.o f't. por r:rnc. with n11 

sluicos open ro1d pool r::Lnvation r.i.t weir cri::isto Ao regards chmnol flovr 

cloi:mstream from the woir thn only notor.1orthy conditlon vu.J.B tho submergcd

noir nation of the siue rctalnirlg nulls. The ':reir offered nn obstruction 

to flo·;; v-rhich consiclernbly intrmr.Hioc1 this nct;ion. (See Photogrnph 24.) 
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Anproach .Channel of Modified Design. 

4o • General •. ·Upon the completion of tests upon the approach 

channel of basic design, instructions were received from the District 

Engineer at Memphis to determine the effects of flatten:ing the slope 

of the face of the hill,. where the hill rose from the berm in rear of 

the side re taming walls. This 1 on J,-1/2 slope was to be flattened 

to 1 o~ 2 (map in district office, file 26/'?.D-l). With the flattened 

slopes, tests in~cated no apparent effect upon flow conditions in the 

approach channel, or on the performance of the outlet structures. 

Test Results - Conservation-pool Weir 

Conservation-pool Weir of Basic Design 

41. General. · The function of the conservation-pool weir is to 

maintain the normal condition of the reservoir with pool at or near 

El. 35511 This condition is desired to proyide recreational f acili

ties and a preserve for fish 'md wild fowl •. The conoorvation-pool 

weir is to have m ogee crest, and is to be provided with sluices for 

stream-flow diversion and. pool drainage. (See Photographs 5 and 6.) 

The hydraulic features of the weir wel":l determined from the model study 

by means of flow observations, water-surface profiles, and pressure 

rre a sure men ts. 

4211 • Flow in channel.· The effect of the weir upon i1ow conditions 

in the channel downstream vras confined to discharges rangP1g downward 

from 10,000 c.f.s.; submergence of the weir at lOtOOO c.;r,s •. trans

ferred control of the reservoir to the gates.. (See Photograph 26.) 
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Flm7 from the sluices causod no undesiraille conditions except possibly 

at low rates of flow. A d:i.schare;o of 1000 c.f .so i;roduced a surface 

roller. (See Photograph 27.) The dip in the ch-'Jlrnel floor below the 

weir tended to deflect the bottom current more sharply upward. No 

other effect of this dip was observed. Tests to dotermh10 the effect 

of the vieir upon entr[mce conditions at the fa take st rue tu.re :i.ndico.ted 

one interesting case. 'rho clo~3Uro of eitho:i.~ sicle gate or two adjacent 

gates caused water to piJ.e up on the side of s1.ack flow. The f;teep 

drop-dovm across the f:i.·ont of the piel' ad,jacent to the intdko 1mder 

draft caused a vortex to form m;xt to the pier nose. (See Photo-

graph 25.) 

4:3. Flow over crest~ - .. - --·- As stated ntoVf.~, t;ho effect of the weir 

on floiv conditions wno confinec1 to discha:i:ges rung:i.ng cbr1111~m11d from 

10 ,ooo c .f • s. The effect of tho weir upon a flow of 10 ,ooo c .f. s. 

wns barely perceptible. With a discharge of 7 ,500 c.f. a., there was 

a transformation of flow without a jump. Lo1110r diDchnrgos produced a 

submerged jump. Oomparison of the prnssure profiles ~cl the profiles 

of the vmter surface :i.ndicatod that the oe;eo fJUrf acc of th::! '\l!iOll' 117ns 

free of nognt:tve pressures at all rates of floi:;r. (Seo Plates 5 to 7.) 

Pool olevntion .... c'ligcharge rolation. . ' 
The pool el•ivation .... 

di~~chargc relation for tho ccnsorvation-pool 1noir was invesi:;igated at 

fulJ. openings of the control gatos. Tho rosultB indicated that the 

vrc:i.r' controllod the rato of flo1:-r for discharges rnne;:l.ng upvmrd to 

10,000 c.f .s. (Soc Plutoo r:5 ancl lo.) As to the capncity of the sluices, 

·bests indict;lted that tne mnx:lmum clischm•go vrlth nll s1u:tces open nnd 



the pool at the crest of the weir wa0 5,000 c.f 0 s. Inasmuch as it 

was not practicable to simulate in the model the automatic action of 

the dovmstream sluice gates, the determination of sluice capacity was 

subject to error to an unlmovm extent. 

45. Position of the weir. An investigatl.on of flow cond.itj.ons· 

was made with the conservatfon-pool weir occupying various positions 

in the approach channel. . The purpofJe of this investigation was to 

determine the most desirable v1oir pos:i.tion. Observation of the 

traces of dye injectGd into the f1ovr in the chnnm~l revealed th•J.t the 

upstream surface current induced by the~ hydraulic jump extended down

si{ream 90 ft. from the weir. Wlth the weir in its original position 

(95.6 ft. upotream from the intake structw.e) the fJ.ow into tho gate 

passages was uniformly dovmHtream. The instaJ.latlon of tho vreir in 

posit.ions closer to the intake structure than 95 ft. caused the effects 

of tho hydraulic jump dclscribecl above to extend into tho gate passages. 

Removal of Automatic Sluice Gates 

4.6. Generru.. As stated above, facilities for stroan.'.-f.low di

version and pool drainage a.t·e to be supplied by s.luices through the 

conservation-pool vreir. Those sluices are to bE1 closed by moans of 

concrete stop .... logs dropped into slots on the upstream face of the 

weir structure. In order to insure smooth flow over thfJ v.reir., the 

recessed dov.nstream portals of the sluices aro to oo covered VTith 

steel gates which will ma:i.ntain the ogee surface unbrol<:en. Automatic 

opera:liion of the so gates is to bo obtained by hinging nt tho top, 

thus permitting them to open under pressure~ of sluice flow and to 



close under pressure of vreir flow. Since tm sc automatic gates would 

be of heavy steel fabr-lcation their omission w:>uld reoult :in consid-

erable savings in construction costo. Therefore, tests proposed by 

the District Eng:ineer were conducted to determine whether or not such 

omission 'lllOUld set up flow con~itions detrimental to the safety or 

efficiency of the outlet works. 

47. Flow conditions. vVith the automatic gate~ removed,_ tests 

were conducted at discharges of l,ooo, 1,500, and 2,590 c.f .s. S:ince 

the sluices were nearly submerged at a discharge of 2,500 c.f.s., no 

investigation was made of conditions at discharges in excess of that 
. , . . 

rate. Operation at discharges of 1,500 and 2,500 c. f. s. indicated no 

discernible differences :in flow conditions from those which obtained 

with the gates :ln pla?e• (See Photographs 28 and 29.) At a flow of 

i,ooo c.f.s., however, the n~ppe spilled into the recessed sluice 

portals. (See Photograph .30.) Tendencies for cavitation were ob-

served at all rates of flow :investigated. These tendencies for cavi-

tation were located under the intersections of the crovms of the 

sluices with the surface of the ogee. (See Photographs 28 to .30.) 

Alternates for the OonservatioJ."looOpool Weir 

48. General •. A proposal for the elimination of the weir, made 

during the course of the model study, contemplated t~e maintenance of 

the conaervation pool by means of removable barriers• These barriers 

(presumably reinforced steel plat~s) were to present much the same 

appearance as vertical-lift gates. In position for low reservoir 

stages, the barriers would act as sharp-crested weirs in providing 
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imcontrolled outflow• To permit imobstructed use of the control v:orks, 

thc,)y were to be removed for high reservoir otages. As to the location 

of the barriers, consideration was given to= ( :J.) the fJlots of tho em

ergency gates (Alternate A); (b) the upotream face of tho intake 

tower (AltE:Jrnate B); and (c) o. position in thf-J npproach channel 3.3 ft. 

ups·hrcam from the intake tower (Alternnto C), Thf) hoistj_ng machinery of 

the gate hourrn was to bo usocl for removing the b :'.ll'rlers if located in 

the emergency-gate slots; tho derrick on tho intoko tower w<w to be used 

if the barriers wore located olsowhorc. If tho burriers were located in 

the control tov1er (Alternatos A and B), they could be suppori.;ed by the 

piers; location in the apnronch channd (Altornato 0) v;ouJ.d roquiro 

&).)Ccial bracing. 

49. Alternate A. The installation of thl) barriers in th; omor-

gcncy-gatc slots placed a definite limitation upon flow capacity. Dis

charges in excess of 1,000 c .f. s. cnused the upper surf t:,oau o.f thn noppo~> 

to cont.uct the roofs of the gate passages, thereby causing t.he mi:ppcs to 

become orifice jets. 'I'hio action reduced the capt1city of tho vvorks. 

(Soc Plate 9.) ObservatiornJ of f'.l.ow conditions revealed that the impact 

of the nappeo (or jets) vras nustu:Lned by the service-gatl~· slots and the 

floors of the contieuous pori;i.ons of tho transit :~~on Gection. (See Photo

graph 31.) Turbulence resulting from thin impact extondod :into the timnel. 

50. Altornn. te B. A.l though the barri0ra located at tho upstream 

fnce of the intake tower exh:i..bHed lesri efficiency thon the conser

vation-pool weir, they pasr;ed as much as 10 ,000 c.f. H. without marked 

increase in pool elevation. (See Plate 9.) It was noted that nappos 
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for the higher discharges ontored the con::itricted gat<J sDctions wl th 

little disturbance. (See Photographs J2 and 3l,.) With lower clj_s

charges, the freely falling nnppos struck the floors of the gate 

passages with full force. The lov: ra.tn of flow could not :in this 

instance (as at ~'l:igher discharge) provide a depth of wnter suffic ion t 

to cushion tlrn rer,1ul ting impact. Also noted at low flows wns a ten

dency for the vmter surfaces to rise between the napper; a.ncl. tho tlovm

stream '::aJ.ls of the b~Jrd.eJ.~D, This phenomenon is ascriberl to the 

lack of 11eration below the crestfJ of the barriers. 

·.51. IQ.tern~..[. A bHrrier located in tho approach channel 

resulted in discharge characteristics roughly similar to ·chmrn in 

.Alternato B. (Sec Plate 9.) Flovr condit:tons vrore sntisfactory in 

that virtually no turbulence was obser·.red j.n the inner passages of the 

intake tower. However, a hydraulic jump which occ'\.u'recl abreast of 

the piers was attended by turbulence of considerable int0nsity. 

(See Photographs .3.3 and .35.) 

Test Results _. !ntnke Structure 

Trash Racks 

5 2. Generil.. The bnsic design of tho :intake structure called 

fo1~ trash racks across the entrance to the gate passages to j11sure 

protection against fouling by debris. The trnsh racko weJ.'e to consist 

of grUls of vertical ancl hor:tzontal members; each member warJ to be; 

strenn-llned to assure 1:iinimu1u obstructlon to flow. (Seo Photograph 

4.) The board of consuJ.tants decidod durj.ng tho cou;rse of model 

study to omit the trash i·aciw from the design. The model data 



previously obtained on the tr.-1sh r·acks arc presented in this report 

as a matter of record. The tests of the trash racks were made to 

determine (a) the effect of such structures upon flow conc1:i.tions, D!ld 

(b) the efficacy of such structu1·es in affording protection against 

fouling by debris. 

5j. Flow conclitions. Flow passed the members of the trash racks 

smoothly vr.tth no cliscer11ible turiJulence. (See Photograph 19.) The 

racks had slight effect upon the discharge-st age relat:Lon. (See 

Plate 10.) In order to determine the velocity of flow past the racks, 

the approach channel innn.odlntely upstream was explored with a pitot 

tube. Velocities ranged from 7 f·:.;. per sec. for a discharge of 10 ,ooo 

c.f.so with all gates open to 16.5 ft, per st;c. fol"' thr) same discharge 

with one gate open. 

54. Debris. To study tho effect of the racks on debris, sticks 

were placed in the model approach chD!lnel to simulate logs and trees.~ 

The racks operated as intm ded, preventing drift from entering the 

gate passages. (See Photogrn})hs 20 to 2~.) Whc..n the racl:es vrere re'7 

moved, some of tho logs passed thro;.igh the tunnel into the stilling 

bas:jn, some \yere caught in the gate passages, md some remained in 

front of the intake pilec1 agauist tho piers. Tho logs that passed 

into the stilling ba;:dn vrerE) buffeted :lbout in the hydrnulic jump,; 

the tailwater, however, provided depths sufficient to prevent impact 

of the logs on baffles. Tho consorvatio:r ... pool weir had some effect on 

drift piled agninot ·the piers in that it induced mi upstream surface 

current which tended to draw the drift upstream. This upstream cur

rent probably reduced thu pron::;ur0 of debris upon the racl{s. 
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Piers and Cur-ved Throat Sections 

55. General. The inve0t:igntion of the curved thront sections 

and the piers of the intD.kc structlll·e comprised observations of flow 

conditions and mcasuremf:m·i:;n of 9ressures on the surfaces of the ele--

ments in question. 

56. Flow conditi.Qt!.[• It t,'ms observed that the rounded noses of 

the piers eff,:;ctcd a quiet division of flow into the gate passages. 

The CtlXVEc)d rmrfaces of piers 1.md throat sectiomi guidecl flow to the 

gates with u complete abse11ce of turbulence fmc1 0dcHes. Tendencies 

for vibration of the struct";urnl elements could not be obtained, inns-

much as the model was desi;;nod only to study th~~ hydraul_ic efficiency 

of the structures. 

57. Pressures. ---- Presnureri on the uurfucerJ of piers and throat 

sections VJere positive for :ill. d:lr~c:1nree condit:Lono. (The locations of 

piezometers imd the :mngn:l.tucles of prossur~~n aro recorded :ln Tables 4 to d. 

Gntes 

58. General. The stud;y of th0 control gates wns conf:ined to tho 

determination of ratings vrith gatos in all combinations of full, three-

quurtm·, Dl1d hnlf openingr:. Sinc8 it ~7aS necessary to fit the gnteo 

tightly in their guidon to pNvent l(?almge, Dl1Y tendency for tho gatos 

to chatter could not be invcstjgatcd. 

59. Ratings. Tho CD:_Jacity of the outlet structures n.t full 

openings of all gates vrlth tho maximum pool elevation of 410 was prac-

ticnlly 20 ,OCO c .f. s. (Soe Plates 10 to 12 for complete data on gate 

ratings.) Model rlischargo curves vre1·e found to be in close agreement 

with comput'ed curves. (Seo Plato lJ.) At po.rtiru. gate openings, the 

l:i.ps of tho gntes cauoed conbr:,1ct:i.onB of the jet::1 Til.1ich tended to 
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decrease the rate of flow. (See Plate 14 for comparison of partial 

open:ings to equivalent clear openings •. ) 

Air Vents 

60. General. The air vents for the control gates are to be of 

the separate-riser tyPe. (See Photograph 16.o) Tests of the vents con;.:. 

prised IIBasurements of the negative heads set up in sealed vents for 

various discharges md gate 0penings., All observations were made on 

falling stages with the tunnel flowing full. The negative pressures 

were measured in U-tubes connected to the sealed vents. 

61. Operation~ Negative pressures were observed in the U-tubes 

for all but one condition. Positive pressures were observed when all 

gates* were fully opened. (See Table 9.) Hence, the vents operated to 

relieve vacuums behind the gates for all conditions except those mentioned. 

It was noted that the negative pressures obtaining in the transition with 

vents sealed kept the tunnel flowing full at low pool elevations. 

Power Unit 

62. General. The power unit specified in the basic design (Plate 

3) was represented in the model schematically, inasmuch as it was not 

feasible to simulate the turbine wl th its attendnnt losses. (See Photo-

graph 12.) A revision in the design of the drnft tube, effected during 

the course of the study, was not made in the model. Calculations were 

corrected, however, to determine the gros~1 head on the unit in its re

vised position. Investigation of the pm"Ter unit comprised (a) ol.:r• 

servation of flov1 conditions at the mouth of the draft tube, and (b) 

determination of the gross head on the unit. 

- ~ - - ~· ~ -·- - - - - ~ - ~ - -- - - - - - ~ - - - - - - -- - - - - -
*For description ~n this report, the gates are numbered from left to 

right of an observer facing downstream. 



63. Flm7 conditions. Flm·r issuing fron the draft tube had no 

appreciable effect upon f10"7 in the tunnel. 

64. Gross head. The grons head on the po1,7'Jr unit nas obtained 

r,rlth nll gates open from l"lcasm·cments nith piezor'.leters located in the 

transition section adjacent to the draft tube. As the losses through 

the penstock Md turbine col1ld not be accurately determjncd, only the 

gross head on the unit v1as ueasured. ( Gros~1 head equnled pool eleva

tion 1Jinus elevation j_n piezor,1eter at end of draft tube.) These 

measurerients indicated thnt ·che head exceeded 8-1/2 ft. for all rates 

of flow. (See Plate 15.) 

Test RcsU:].ts - Oonduit 

Transition 

65. General. The tr1.mnitio11 from the gn.tes to the tunnel is to 

be ap~)roximately 70 ft. long, chc.mg1.ng gradunl.ly from u rectangulDr 

section with a net area of 600 sq. ft. to a D-shapcd section with ;m 

area of .379.8 sq. ft. 'l'h(;: tvJO division piers in the: trnnsition are to 

be of such shape ao to prov:i.de for the gradun1 mer gin::; of flow from 

the three go.ten as it enters th0' tunnel proper. (See Plate J.) The 

investigation of the transj:(;lon conoisted of obs<~rvutions of flow 

phenomena and measurenKmtr:i of pre~;sures UDon the SttrfaceDof the con-

f in:illg v.rnlls. 

66. Flow conditions, Observatiorn3 of flow throueh the transition 

under various conditlons rcvcn1ed that the performnnc<~ of this element 

of the outlet strncturcc was gen8rfilly satisfactory. (Seo Plates 16 

and 17.) With any' gate at :full opening, flow filled the passage 



directly below the gate, but started to drop avm:r from the conduit 

croym when it reached the end,s of the division piers. The operation 

of two adjacent gates induced a srnclJ. eddy in the passage from the 

closed gate. 

67. Pressures. A determination was made of the pressures to 

v1hich the div:ls ion piers r.il1d trnnsition vrslls were subjectod. Nine 

piezomoters were ~ocated in tho left sides of the division piers nnd 

in the right v.rall of the transition. As the critical area to be con

sidered in tho design of tlw division piers was near the dov.nstrcam 

end::i where the pierrJ -pJere of least width, the pie zometers were located 

as close to the ends as poss:i.ble. These piezorneters were located 1. 5 

ft. from the ends of the piers at di0tances of 2.0, 10.0, and 18.0 

ft. above the floor of the transit;ion. Measurements of pressures were 

made for various gate combinations [Intl dlscharges. (See Table 10.) 

The greatest negative pressu:r'8 of -17.25 ft. of water was measured on 

a division pier with a pool devation of 410 cind with one outoide 

gate open. This pressure rose grndually to zero ns the pool fell in 

stage. The maximum positive pressure of 52.0 ft. of water was measured 

on the wall of the transHion, with a pool elevation of 410 and vr.i.th 

all gates open. As .stated 11l::ove (Parngi·aph 22) nogaM.vc pressures 

produced in the model vJCre subject to error. 

Tunnel 

68. General. The tunnel section of the conduit io to be 270.0 

ft. long. It is 'to be D-shaped vr.i.th an approximate dj.ameter of 22.0 

ft. and a cross-sectional area of .379.8 sq. ft. The tunnel was ex

amined for performance under vnrious conditions of pool elevation and 

gate operation. It was also GX1J,m:lned for performar1cc when provided 
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with Dir vents along itfi crovJU. The inveGtigation of the tunnel con-

oistE~d of observations of flovr phenomen?- vncl measurements of presnures. 

69. Flow conditions - three r,utes onen. With th1·ee gates open, 

at high pool elevations the tunnel flowed fuJl >•rl.th no dincernible 

clfo-!:;urbance. (Seo Plato 18.) At low pool elevations, flow from the 

threo gates interL'lingled immediately below the divislon piers with 

some local diot.urbance, then Bwopt through tht~ tunnel vrlth the water 

surface undulating through o. series of stationary wavoo. 

70. Flow conditioJlli_.::_°9JO ,v:ntl~S <?~ll· Inasmuch DB the perfor-

man.cos of Gatt">.O 1 mH1 J woru :1.d0..'1tical there v1ere but tino comb:urntions 

of tvp opened gatos to be :1.nv1~f3tigatod: (a) tho insid.o illl.d one out-

side gates, and (b) tho ti,~K) outsidG gates. Ho diff<)rcnco could be 

discorned in flow conditio DJ in th~1 tunnel with either cornbinntion of 

two gat€:'l1J open nt high pool el()vations, th<~ tunnel flovtlng full with 

no disturbance. At &'Uch pool tllevationo ,'.JB caumxl tho tunnel to flow 

parti.tlly full, the disch11rgcs from tvn g.1.teo inuucml spirr.il flow 

action :i.n the tunnel. Tho spiral action o<::t up by tv;o adjacent e;atcs 

cont:inuecl around thl~ pc3ripho1·•y of tho tunnel until broken up by ~.mpnct 

upon the tunnel floor. 'l1hc spir;.il. flovr from GD.Ch of the tv.o outside 

gntes, following countor dirocM .. onn, m(;t mutu."1 dent.ruction nt the 

crovit.1 of the tunnel. 

'lh,; f'lovr from ono outside 

gnte produced opirnl aci.;:l.·:.:n with att(mdnnt turbulence of considerable 

i.rltensi ty, vhile flow from tho in~.:ido gate procoodccl through the 

tunrn.iJ. · rj_th rc101.lorate rU::it;u:1~liru1cc. 

JO 
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72. Flovr conditions - partial gate open:ing. The operation of 

gates at partial openings cauoed flow conditions in the ·bunnel v1hich 

were nearly similar to conditions set up by operation of gates at 

corresponding full open:i.ngs, The only difference noted was a tendency 

for the slightly higher velocities res~ting from partial gate open-

ings to increase th8 turbulence in flow. 

'73. Pressures, When the tunnel flowed full, the pressure grade 

line dropped below the croV'.n of the tunnel, thereby indicDt:ing the 

existence of negative presstu·es. (See Plates 19 and 20, and Table 11.) 

Air vents placed in the crovvn of the tunnel :t'€l!°jr;iv~d the negatiyo 

pressures, but caused fluctuation between full and partial flow. The 

presoure grade line was raised above tho tunnol crown by reducing the 

area of the tunnel exit by 53, 75 sq. ft, Ho17ever, this e:::Pedi'°mt 

caused a decrease in discharge: from 17,700 c,f.s. to 14,500 c.f.s. 

for a pool elevation o.t spillway cre:>t; anU. from 10,000 c,f .s. to 

8,800 c,f.s. for a pool el8vation of J68.5, 

74. Critical pool clqyQ.tiono The manner of approaching the 

critical reservoir st<,go for full tunnel flmr1 determined its position. 

Such may be perceived from an mspect;ton of tho follow:ing table, and 

may be understood from a consicleration of the negative pressure oper-

atmg to maj_ntn.in tho tunnel o.t full f1ow on i'olling stages • 
. 

Table 1 

St.vgo All Gates Opon Gntes l and 3 Open Gates 1 und 2 Open 

Fn:Lling .359 362 365 

Ris:i.ng 366 370 370 
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When Gates l and 2 vrnre discharg:ing und0r a falling head the tronsition 

from full to partinl tunnel flow vras brought abo11t quickl:ir, because 

the vacuum was relieved. by air <.lrm1111 through Gate 2. A completo fill

ing of the tunnel was never attained with the full opeming of one gate 

or the three-quarter opening of {~ates in any co1nh:ino..tions. 

75. Pischarg§3 ,gf 10 2000 c.f. s. A dif.;charge of 10 ,ooo c .f. s., 

with all gates open imd on a falling stage, fillocl the tunnel through

out its length, while the same discharge on a r:lsing stage caused the 

tunnc~l to flow ll,SS than ful]. in th(~ lower 100-ft. portion. If the 

lat tor condition were nw.inta·1necl for an appreciable time the reservoir 

v,ould slowly increase about 2.5 ft 0 in nta,:;e, thereby causing the , 

tunnol to fill corrplotely. Mi soon as the tuxmol filled ·i;he reservoir 

level v;ould fall slightly,. but the ttmnel v;o·u.ld ro main fu1l., This 

phenomenon demonstrated that the point of filJJng fo:t.• tho tunnel was 

reo.ched at a discharge of' 10~000 c.f.s,, ancl subDt.antiated indications 

of tho existence of neguti've pressures in the tunnel. 

Test Reuults - Gate Oneration 

Methods of Adjustment 

76. General. The plnn for tho control of the rc1rnrtroir conteir.

plnten main tenmco of the normal pool by meoos of the. cons01.4rf.l.tion....pool 

VJ'3ir. For these normnl condit:Lons the gate:.> of' th(~ control r.rl~ructure 

wiJ.l remai.l'l fully opened. Whcm flood flowo cause the discharge through 

tho outlt)t 1::tructures to :eoach io,ooo c.f.s., it 113 plDnned to op~1r

ate the control go.teu in such 111:.mnor ao to ma:in tain thnt discharge 

Tu"lt:il the ro::;orvoir rcturn13 to normn.l conditions. An investigation 



was IDG.de on the model to study V:J.rious met11ods of gatG operation and 

to determine the adjustment.:; required for a controlled flovir of 

10,000 c.f .s. 
77. Best Practice. Information ,as to operation of the control 

gates was obtained by maniptliating the model gfftes Md observinc; the 

renulting flow phenomenn. Best practice was in accord with the follow--

ing procedure: 

Q.• Gntes should be closed slowly md pymmetricnlly. 
Rap:i.d closure of tho gates caused a slug of air 
to be entrapped in the tunnel; the release of 
this slug at the tunnol portal wns attended by 
violent; flow disturbance • 

.Q. Gate~; shouJ.d oo net so an to provide oymmetry 
of flow. 'I'urbulonce wnG kept nt a mird.mum by 
operating GDto~1 1 nnd 3 when two gates were re
quired, and by o.cl,justing gate$ t.o equiiL open
ings when partial IJ()tt1ngs w0re required. 

£• Gates should br::. operated. o.t ful1 openings in 
preference to pnrti1~l openings. P artinl gate 
open:'mgs produceL1 free jets vrhich impinged upon 
the wolls of the trnnsition. However, no advo.n
tngo dcriv~)d from th=J uoe of one fully opened 
gDte ini:rtend of t·wo parti:.illy opened gates; for 
turbul8ncc created b;y• the fo1·mer equclled in dls
turbnnce tho ,jet acU.on of tho latter. 

Q• Gates should be operated il1 the combinations 
presented j,n Table 2 ·for least flow dj.sturbancc. 

Re quire mcnt q_ 

Discharge of l full gate 
or less 

Dischar·ge of 2 full gates 

Discharge of 3 i\1ll gatet~ 

Table 2 
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Gate::; Open 

Gate 2 {full) or Gates 
l and 3 (partial) 

Gntes l tmd .3 

Gate:::1 1, 2, and 3 



78. Oontrolled. flow of 10 ,000 c.f. so ThG gate adjustments re

quirecl for the mainternmce of a con trolled flovr of 10 ,ooo c.f • s. at 

various pool elevations are presented in Table 3. Where several_ al-

terna te adjustments Dre po::rnible, thew are listed in order of pref er-

enoe for best flow conditionso 

Table 1 

Gate Adjustment for a 9ontrnlled Disqhargo of 10,000 c.f.s. 



Test Resulta - Sti:i.ling Basin 

Stilling Basji1 of Basic Design .... Type A 

79. 9:.§n.eral_. The stilling basin for the outlet v1JOrks is to be 

of the jump-action type. 'I'he essential elements of the basin are to 

be (a) an apron shaped to a tra,jectory curve, (b) a horizontal apron, 

(c) two rows of stepped baffle piers, (d) a stepped sill, and (e) 

flared spray ond vring walls. (See Plate :?.-2.) The:: curved Epron is to 

exert pressure on the bottom of the jet issuing from the tunnel, 

thereby caus:ing this jet to npreadc The horizontal npron is to be so 

located as to insure the fornw.tion of the hydraulic jump within the 

sti.lling basin ut Ilk1Ximum discharge conditions wl th pool elevation at 

spillway crest level. The function of the baffle piers is to assist 

the formation of the hydraulic jump, while the purpose of tho sill is 

to cfoflect bottom currento upw<'Jn1 into the tail.water. Tho model in

vestigation of the stilling basin of basic design consisted of (a) 

determinations of the extent of scour, ( b) determination of the distri

bution of velocities, rmd (c) observations of flow conditions. 

80. Scour. Scour tests were conducted at discharges of 19,700, 

17 ,OOO, 14, 550, 10, 000, and 4, 9"00 c. f. s. ·with the tailwator depths co r

responding thereto. (See Plo:te ;?J .• ) The results of these tos·c1J were 

characterized by a marked tendency for the bed to be eroded along the 

baaes of the flarecl wing ·walls, (See Platen 2.3, 25, 27, 29, and Jl.) The 

scour produced by u discharge of 19, 700 c,f. s. appeared excessive • 
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81. Velocities. Velocity tests were conducted under the con:... 

di tions of discharge and tnihrater enume:cated in P aragra.ph 80. The 

results of these tests showed th-'.l.t bottom vclo~ities d~d. not exceed 

7 ft. per sec. except dur:lng a discharge of 19,700 c.f .s. (See Plates 

2L~, 2c;, 28, and JO.) Bottom velocities at a discharge of 19,700 c.f .s. 

reached 12 ft. per sece Velocity distd.bution was such an tf'l cause the 

erosion along the· wing walls noted in the scour tests. (See Plate 95.) 

82. Flow conditions. The flm1 conditions in the st:i.11ing basin 

and in the exit channel were :investigated at the discharges enumerated 

in Paragraph 80; the tailwater depth was varied :in certain t~sts in 

order to determine the characteristics of the hydraulic jui~. The 

results of the invest:i.gations revealed that the hydraulic jump was 

partially submerged t.o vary:lng dcgrec~1 for all rates of flow, nnd. 

appeared to be coropleted at or nenr th<; first row of lnfflos. (See 

Plates .32 to. )4, ond Photographs J6 to L;L,.) GondHj.ono during n dis-

chnrge of 19, 700 ·c.·f. Oo conc;tituted an exception to the above findi1:1gt1. 

In this caso, the tunnel exit po1~·bul was submerged by the tailwater, 

causing the jet from the tunnel to set up a boi.ling action in the 

sM.lling basin. Partial flow through the tunnel, accompanied by ta1.l-

water depths above the tunnel crown, caused a jump to .form in the 

tunnel; this condition created great disturbD.nce wl thin the tunnel 

structure. The j<:~t issuing from the tui;mel splashed against the spray 

walls at discharges :in excess of 7500 c.f.s. (See Photograph 54.) 

T?e splash rose higher and moved dovnwtream an tho discharge increased, 

reaching a maximum height of 1,, ft. at a disc.harge of 17 ,ooo c. f. s, • 

- .36 -
!, 
II 



Under no conditions did this splaf.1h overtop the spray walls. '1hc .·· 

spray walls were not overtoppecl by the tr.iilwater until the disch~ ·:;"J 

exceeded 17,000. c.f.s. Eddies existed at the wing w~llls for all rates 

of fl?w• (See Photograph 45.) These eddies attained groat propor

tions at a discharge of 20,000 c.f .s. as they swept back over the 

stilling-basin berms with velocities as high as 17 ft. per sec. 

~Qlliln ts of the _§tilling Basjn 

83. General. Upon the co~letion of a thorough investigation of 

the stilling basin of basic design, ·~estfl were conducted to determine 

(a) the best design for the structur~11 olcments of the basin, md· (b) 

the nnst effect1,ve and economical a:i.·1·angement of those elements ascur

ing satisfactory otilling actiono Tests were conducted on each alter

ation of an element of the bas:in. 'rhus there existed at all times a 

previous test with which to compare ri.oJsults, und thereby arrive at a 

conclusion as to the performance of the item under consideration. Ih-. 

asmuch as over thirty alt orations were tested in a sequence best 

suited to the experimental routine, no attempt will be made to des

cribe each arrungcment in this report. lnsteacl the detailed record 

is presented in tabul.:1r form (Tables 12 nnd 1.3), while the discussion 

deals with the elements in such manner as to bring out the eosence of 

the results of tests conducted thereon. 

84. Horizontal auron. 

§..• Length. .Mid-ch.~el scour vri th the basin of 

basic design at discharges of 10,000 and 17,000 

c.f. s. vras of ouch slight extnnt as to indicate 
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the feasibility of shortening the horizontal 

apron •. Hence investigation.was made of progres-

eive reductions in apron length. The results of 

this. investigation indicated that the horizontal 

apron could be she rtened from the length of 104 

ft. called for in the basic design to 73 f·t., ~rl.th 

no increase in scour (compare Plates 35 and 25, Bnd 

Plates 36 and 29) 811d only a moderate increase in 

velocities over t1_1.e end sill from a maximum of 4 ft. 

per sec. to 10 ft. per sec. (Velocities over the 

end sill were used as 811 index of basin action in 

preliminary tests; bottom velocities in. the exit chan

nel were always much lower.) The 73-ft. apron was 

incorporated in the basin design designated Type R. 

(See Paragraph 89.) The greater stilling effect 

produced during the course of the model study by 

efficacious spacing and locating of baffle piers 

rendered addit~nal shor'tening of the horizontal 

apron p~ssible. Thus for the basin design designated 

Type DD the apron was 53 ft. in length. (See Para

graph 94.) ,In order to attain sntis~actory stilling 

action with a shortened curved apron, it was f9und 

necessary .. to extend the horizontal apron 15 ft, 

Thus for the basin design designated Type GO the 

horizontal apron was 68 ft. long~ (See Paragraph 99.) 

I 
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£. Elevation. Inaomuch as the elovation of the hod.-

zontal apron wns fixed by conditions of the river 

cha.11nel and the conformation of thfJ rock under-

lying tho site, no study was made with J0he apron 

rair~ed or lowered from itr. origjnul location. 

85. Ouwed apron. 

tl• Gurvature of j;pe avron. The action in a stilJ!.ing 

basin is controlled b;":r such interrelated factors 

as flare of op:rny ':ralJ.s, :inclination of the curved 

apron, elevation of the hori7.ontal aprm, width 

of the basj.n, mcl elevation. of the tr:xilwater. 

Hence, an invostigatfon as to the feasibility of 

smrtenj_ng tho curvod npron in t.he case at hand was 

preceded by consideration of tho theoretical aspects 

of such an alt.c1·ation. Tho bas:i.n was basically de-

.. signed so .f.l.s to crluso the thcorcticol depth ofter 

jump (D2)* for a di..scharee of l?,000 c.f.s. to inter-

sect the taili,rn"ter elevat'ion o.bo~re the in tcrsection 

of the curved ond horh~onta.l opronn. (See Diagram A 

on Plate 79.) Steepening of the curved apron would 

create a demond for higher tO:ilwater or a lower cle-

vation of the i:orizontn1 npron. (Seo Diagram B on 

Plate 79.) Obsm·va:C.:tons of basin action :i.n the 

model revealed that. (1) a good hydraulic jump occurr.c.cl 

- ~ .... - - _, ~ ~ ............. - - -·· ~ ... ~ - ··~- ..... ~~~ - - ~ ...... ,.. ... --- - ....... 
~~King, H. W., "Handoook oi' Hydra.1J.lics,rt page .336. 
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at tailwa:ter depths considerably below the natural 

depths (3.5 ft. at 17,000 c.f.s.), and (2) that 

dangerous spray action occurred only after further 

reduction in tan.water depth. (See Plate 21.) 

Consideration of the above factors led to the ten-

tative selection of an apron vrhich foD.owed the 
') 

curve of X"' :.:: 500.JJY, and which theorcticaJJ.y re-

quired a lowerjng of the horizontal apron of 3. 5 ft. 

(See Diagram B on Plate 79.) The results of tests 

conducted with this apron of steepened curvature 

::ihowed no uncfosirnble conditionn to f ollovr from the 

1..U.teration. It 1rn.o therefore incorporated in the 

basin design designated Type OG. (See Paragraph 99.) 

£.. Steps in tho anron. An investigntion Has conducted 

to determine whether or not V-shuped steps (Plate 80) 

in the curved apron would nid in spreadlng the flow 

laterally and contribute to the dis8ipation of kinetic 

energy by offering increD.sed resistnnce to flow. 

The resultzof scour tests indicr.ited that the steps 

hnd. practicnlly no effect on cond1.tions in the exit 

chonnel. (Ooinpare Plat(~S 96 and 8,3, nnd 98 and 87.) 

A study of flow conditions revealed no tendency of 

the steps to C1J.use a spreading of flow.* 

------~----------------------------
*The ineffectiveness o.f steps j~n the curved apron of the Wappapello 
stilling basin is believed to be ascribed to unusually high tailwater. 
Only a few of the upper steps came into action before the free jet 
entered the tnilwater. 
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86. Wing walls. As stated a'cove (Paragraph 80), a marked 

tendency for scour along the wing walls was revealed in the tests of 

the basin of basic design. Effort was made to reduce this scouring 

tendency by alterations in the alignment of the wing walls. No 

improvement was effected with vr.l.ng walls located at right angles 

to the spray walls. (Compare Plates 4o and 25.) On the other 

hand, the tendency for scour was greatly reduced. by provirling a 

curved transition (Plate 50) from spray to vdng walls. (Compare 

Plates 41 and J6.) 

87. Baffle piers. 

g_. er ac ing • The basic design called for baffle niers . 
4 ft. wide spaced Bt 5-ft. intervals, This errange

ment providE:d clear space in the staggered rows of 

piers tlirough which jets passed unhind~red. Reduc-

tion in extent of scour was obtained by decreasing 

the spacing to 4 ft. (Compare Plates 42 2nd 43.) 

In addition, velocHie s over the end sill vrere re-

duced fro:11 9 ft, per sec. to 6 ft. per sec. 

Q• He.!f;ht, The basic desig~ called for baffle piers 

8 ft. high. The results of scour teats of pierr. 

4 ft. high and 6 ft. high (Plate 46) revealed that 

(1) 4-rt. piers were not as effective as 8-ft. 

piers (comp a.re Pl<:1.tes 42 and 44); e.nd .(2) that 6-ft. 

piers were equally as effective· as 8 ... ft. piers 

(co1:1p.?.re Plates 57 and 42). 
'. 

- 41 ... 



£. ~. Tests 1"!ere conducted upon bnffle piers YTith 

vertical, steuped, and sloped faces. (See Plate 

46.) The reaults of these tests indicated that tho 

piers vrith vertical and stepped faceD were prac

tically alike in action, and vrere slightly superior 

in action to the piers vrith sloped faces. (See 

Plates 47 to 49.) 

g. Position. With the curved apron of bas:Lc design, 

the position of thG baffle p:lers produced l:lttJ.e 

effect on scouring tendencies. Ho"/8Vor, observa-

tion te~sts apueared to indicate that the piers 

produced best; results 1.'lhen located in ro·w at Sta.-

tfons 29"'86 Hnd .3o+02. In thls location tho piers 

•irere far (mough do1."Jl1stream to be cushioned from ex

cessive impact <md ;yut asAist :Ln the creation of 

th~~ jump at a discharGo of 17,000 c.f.f-1. At a dis-· 

charge of 10,000 c.f.13., the piers contr:i.butoU. little 

to the creution of the ,jump. The full effect of the 

piers appeared to develop '7rith un interval of 10 ft. 

betryeen ro•:rs. (Compare Plates 69 .::ind 7d.) With the 

curved ~Jpron as called for in T;vpe GG deDign (see Par

agraph 99) it vras found necessary to move the plerD 

nn additiona1 15 ft. downsti•eam from the too of the~ 

curved apron to obtain the rnost effectivo action through

out the range of disch1J11 ges investigated, A scour tc~st 
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conducted vrithout baffle piars clearly inclicrJ.ted 

the noed for such structures. (Compare Plates 

45 and 25.) 

88. Sil1,. Tho bade design called for a J-ft. otepped sill on 

the ond of the ho:dzontal apron.. (See Plate 3.) Tho results of 

scow:· tests conducted upon stopped sills 4.5 and 6 ft. high revealed 

that the 3 ft. nill of basic design was the most effective. (Compare 

Plates 36, J7, md 38,) A test conducted ~rrithout a sill. indicated 

the need for one, (Compa:ro Plates 39 .md 45,) 

Stilling Basin of Alternate Dcriign - . Tvne R 

89. General. A still:ing basin design designated. Type R was 

developed by effecting sue h improvements in the basic design e.s \'Tero 

suggested by the tests of the basin elements. (See Plate 50.) Tho 

basin of al temate design was rmbjected to tests similar to thooo 

conducted upon the basin of basic design. 

90. Scour. Scour tests i'JGro conducted at discharges of 19,420, 

17,150, 14,500, 10,000, md 5,000 c.f.s. ':vith tho tailwater depths 

corresponding thereto. The results of the tosts indicated no ten

dencies for erosive attack on tho tottom of tho outlet chnnnol ex

cept during a discharge of 19;420 c.f .o. (Seo ?latcs 51, 53, 55, 

57, and 59.) As in the case of' tho baaic design, a diochargc of 

20,000 c.f. s. cnused excessive scour. In order to determine whether 

or not h:igh-heacl discharge cau..sed :increased scour, 11 test was con

ducted vrlth the pool elevation nt ~})illway crest. No appreciable 

increase was noted. (Compare Plates 53 and 60.) 



91, Velocities. Velocity tests '1err~ conducted und'3r discharge 

and tai1water conditions enumerated in Parvisraph 90. The results 

of' the ~tests smwed that bottom velocities did not exceed 5 ft, per 

sec. for disch:Jrges up to J.7,000 c.f .s. (See Plates 52, 54, 56 and 

58.) Mear,uremonts of velocities in transverne sect:tons :indicated 

good distributlon of flow. (Sec Plate 95.) 

92. -PresBurcs. kn exrJmin1.tt.ion was made of pressures on the 

surfaces of center and out~ddo baffle pj.c.1rs in the .fir~;t row. (Seo 

Plato 61.) This examination vmG conducted nt vur:l.ouf; rates of flovr 

wi·th corre~1pond:tng tail\1ntor depths, The reaults of the tests in<li

cnted that positive prefrnurco obtained under nl1 cor.ditions. The maxi

mum pressures wore sustained by tho rii:icrs of the soconcl steps :in the 

piers. 

93. Flovr conditions. Obriorva:tlon tents rovealed fJ.ow conditions 

in the otilling basin to be substnntially thn same as in the bas1n of 

basic design. (See Pnrngro.ph S2.) 

Stilling Basin of Alternate Design =·-~'lJ?.Q .. DD 

94, General. In orcl.or to determino whether or no·t. the bM:lrt 

design designated Type E pi·ovick)cl the required 1)(~rformnnce w~.th m:lni

mum dimensi0ns of the iJtructuraJ. elt~lllcnts, rm investigation was made 

of a basin identical 11'rlth Typo R in all e;3sontinls excep·b length of 

the horizontal c.ipron. It wna found that sntisfactory basin nc-t.1.on 

contmuod to prevnil w..tth th~ apron s!1ortern~d 20 ft. Tho design in

corporating this shortenod apron vm.D dosigrw.tod Typo DD. (See Plnte 

62.) The basin of such deoig11 -:-ras subjected to tests similar to 

those conducted upon the Typo R bQsin. 



95. Scour. Scour te~1ts were conducted at dincharges of 19,620, 

17,ooo, 14,500, 10,000, a..11d 5,000 c.f.s. with the tailwator depths 

corresponding thereto. Tho results of the toots demonstrated still

ing action for the TJpe DD bar:dn to be virtuolly as ef.fective ao the 

action in the Type R basin. (Compare Plates 51 to 59 with Plates 63 

to 71.) In order to determine whe·bhor or not high-head discharees 

caused L'1creased scour, a test wns conducted with the pool elevation 

at spillway crest. Ho appreciable increase was noted. (Compnre 

Plates 6.5 and 77.) 

96. Velocities. Velocity tests were conducted under discharge 

and tailwater conditions onumerat:.od in Parngraph 95. The results of 

tho tosts showed that bottom volocities did not t~Xcoed 8 ft. per sec. 

for discbarges up to 17 ,ooo c.f .s. (See Platos 64-, 66, 68, and 70.) 

Velocity distribution vras so:l:iiofactory. (See Plate 95.) 

97. Prossuros. As in tho tnvestigntion of tho Type R basin 

(Par<Jgraph 92), m examination vms made of pr(~Ssttres on the surf aces 

of the baffle piers. This oxarninntbn indicated that pos1.tivl~ pres

sures obtained, and thnt the mt..1...":i:irnum preBsm·es vJGre sustained by the 

risers of the second stepG in the p:i.ers. (Seo Plate 72.) Measure

ments of preosures on tho surface of the ho:dzontnl apron revealed 

li ttlo or no reduction .0£ · pressure ove1 .. that duo to ordirrn.ry tailwnter 

depths. (See J?l~rbo 73.) 

98 41 E.=!:.ow concli tions. Observat:lon to~its rcvElru.cd flow conditions 

.:ill the stilling basin to b8 eubot1mtial1y tho salll3 ao those in tho 

basin of basic design. (Seo P m·a.r:;raph 132, Platos 74 to 76, and 



Photographs 46 to 52.) 

Stilling Basin of Alternate Design - Type GG 

99. General. Consideration of the possibilities of effecting 

additional reduction in the dimensions of the stilling basin resulted 

in the selection of the basin design deoignated Type GG. (See Plate 

80.) The design differed from Type DD only in th11t it included a 

curved apron following a sharper trajectory 1 and a horizontnl apron 

increased in length by 15 ft. (See Paragraph 84·.) The sharper tra

jectory automatically effected a 23.5-ft. reduction in the length of 

the curved apron. Thus, a 13. 5-ft. net reduction in the overall length 

of the stilling basin was effected. The basjn of this alternate design 

was subjected to tests similar to those conducted on the basin of 

bnsic de sign. 

100. Scour. Scour tests w·ere conducted at discharges of 19,550, 

17,000, 14,550, 10,000, and 5 9000 c.f .s. with the tailwater depths 

corresponding thereto. The results of the testn revealed that erosion 

at discharges of 5,000 c.f.s. axH1 lO,OOO c,f.s. olightly exceeded that 

occurring nt comparable dischargen in the Type DD basin. (Oompare 

Plates 81 and 83 with PlatE?s 63 ancl 65.) On the other hand, at dis

charges of 14 ,500 and 17 ,ooo c.f. s. the scour was le so than that 

occurring in the Type DD basin. (Oompare Plates 85 and 87 'l!rith Plates 

67 md 69.) As:in the cane of foe ba~ic design, a discharge of 

20,000 c,f. s. cauoed excesf;ive scour. No apprecinble increase in 

scour rem1lted from high-head oper~1tion with pool at npillway crest 

elevation. (Oomparo Plo.tes 90 vnd 83.) 
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101. Velocities. Velocity tests v.rere conducted under the dis

charge and tailwater conditions enumerated in Puragraph 1009 The 

results of the tests s..°f'lowed that bottom velocities did not exceed 7.5 

ft., per sec. for discharges up to 17",000 c.f.s. (See Plates 82, 34, 

86, and 88.) The veloc:i.ty distribution was satisfactory. (See Plate 

9.5•) 

102. Pressures. As j.n the investigation of the Type R basin, 

(Paragraph 92) an exammation was made of pressures on the surfaces 

of the baffle piers. Th:i.s examination indicated that positive pres

sures obtained, and that the mnximum pressures were susta:ined °bl/ the 

risers of the second steps in the piers. (See Plate 9L) Pressures 

on the curved upron were positive o.nd were not appreciably reduced 

under trny conditions of flow investigated~ (Compare Plates 92 to 94 

with Plat cos 19 :.nd 20.) Pressures on the horizontal apron were sub

stan tiolly the same as those obtaining in the Typo DD basin. (Seo 

Paragraph 97;,) 

103• ~..QQ!.lditions. Observation tests rovefiled flow conditions 

in the still1ng basin to bo substantially the same as in the basin of 

basic design. (See Pnragraph 82 c:ind Plates 92 to 94;) The steepened 

trajectory of the curved apron produced no discernible differences in 

flow.phenomena• (See Photographs 55 to 62 nnd Plates 92 to 94.) The 

locus of the hydraulic jump ancl the characteristics of the jump action, 

as mflUEmced by tnilvrater depth, are shown in Table 14. 

Outline-2.f.. Tests 

104,; Tabulation. '.i'hc L:ost important features discussed in fue 

preceding paragraphs are outl:ined in the tabulation v1hich followss 
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Component of 
Outlet Structures 

L-1.vesti~ ated 

Approach Channel 

Conservation
pool ueir 

Trash Racks 

Purpose of Tests 

Study of flou con
ditions and velo
cities upstream. 
from intake tower. 

Study of flo-.:: con
ditions, '"Tater sur-

. face, and p~~ssure 
profiles. Determi
nation of best µo
sition of ";"J'eir :in 
approach cha..l1.nel. 

i 

Study of effect of 
racks on debris. 

Outl:ine of Tests 

Test Procedure 

Flou conditions o~ 
served a:1d veloci
ties measured '7ith 
Pitot and Bentzel 
tubes. 

. 

Flo-r;; conditions ob
served, -r:ater-surface 
profiles measured 
uith a point gage, 
and pressures ...-ith 
piezometers i.l1.stalJ:ed 
:in crest. Position 
of '.!9ir detern:ined 
from observations. 

Effect of racks ob
served and recorded 
by means of photo
graphs. 

Results 

Flow ~onditions satisfactory for ~ll 
discharges. 

Velocity of 5. J ft. per sec. at up
stream edge of concrete channel. 
Tiischarge == lo ,ooo c.f. s. 

-Weir :in place and sluices open, ve
locities of 6.0 ft. per sec. 
recorded. 

Weir effect conf:ined to florn-s of 
10,000 c.f.s.and belozr. 

Jur::p sub~erged belo:: flovrs of 7,500 
c.f .. s. 

Surf ace free of negative pressure. 
Best location as in basic plans. 
Removal of automatic steel- gates 

had no effect except for flo',·:s 
belo".7 1,000 c.f .s. 

Alternates proposed for irreir not 
effBctive. 

No effect of racks on clear water flovr. 
Practically no effect on pool. 

elevation - discharge relation. 
Racks pre-vented drift from entering 

gate passages. 

Reference 

Paragraphs 
YT- 4o 

Photogra')hs 
2J - 24 

Paragraphs 
41 - 51 
Plates 
5 - 10 

Photographs 
5 a."ld 6~ 
25, 27, 
28 - 35. 

Paragraphs 
52 - 54 
Plate 10 

Photographs 
4,19 ,20....:22. 



Oomoone..rit of fl 

Outle~ Structures 
Investigated l 

l 
Piers &'10. I 

Gur-'.led 
?..'1.roat Sections I 

I 

Gates 

I 
I 
I 

I 
I 

Fui1Jose of Tests 

Study of flow con
di t io!ls ar:d 2_)res
sures. 

To rate the gates 
&""lo deter:"!L"le 
schedule of gate 
operation for con
t;;olled. £'lo::. 

Stuc_y- of vc.cuUI:ls 
relieved by vents. 

I 
J 
l 

I 
t 
I 

I I 

I ~~~~n~f a~u~~n- I 
? ov.rer Unit of draft.tube. 

t 
Deterr!!i...~ation of 
gross head O!l ur1it. 

Outlme of Tests 

Test P1'0cedure I Results 

I 
Flo>r conditions o-c- I 
ser,rnd ::ind pressures I 
m.easu~cea_ ~:y.,. means of l 

F'low i)ast pier noses and through intake 
to-::rer satisfactory. 

niezoruet.ers. I Pressures nere all positive 
- l 

Pool elevation and 
discharge 3easured 
b;r sta.'ldard !lletho.S.s. 
Gate operation de-
ter· 1~'1ed by ocser
va-i;ion of flo.,-. 

pr1.;ssures mea
sured by :'1eans of 
'J-tubes. 

Flory conditions ob
served ai.J.d gross 
head measured l'J'.i.th 
piezo:::ieters. 

l 
j :fodel a.1C:. co:i1Y~ted discharge curves 
i m close a~reement. 
l SQhedule for g::.te opero.tior. to r.Gc:dntain l discharge of l0,000 c.f.s. deter3ined. 

l 
l 

Venting of gates necessary to relieve 
negative pr·3esures belo"7 gr:.tes. 

I No e.ffect on tunnel flovr. 
Gross head on U..'1it alicrays exceeded B-1/2 

feet. 

I 

Reference 

Paragraphs 
55 - 57 
Tables 
4-3 

Paragraphs 
58-5976-78 

Plates 
l0-14 
T2..bles 

2 and J 

J Paragraphs 
I 60 - 6:.t 

Table 9 
t Photograph 16 

Paragraphs 
62 -64 
?late 15 

Pho togrftph 
12 



r 
Corrroonent of 

Outlet Structures 
I Invest; c-ated 

Transition 
Section 

Tu ... vinel 

Stilling 
Basin .• 

Purpose of Tests 

Study of i'low condi
tions a"ld pressures 
on ends of division 
piers. 

\ 
Study of flow con-

! 
ditions for various 
gate co:nb:inations. 

·:Pressures and 
point of filling. 
deterci.ned. 

Design of satisfac
tory basi.-ri. 

Outlin~ of Tests 

Test Procedure 

Flow conditions. 01:::~ 
served and recorded 
by means of photo
graphs. Pressures 
measured clth piez
ometers. 

I Flow conditions o't-

\ 

served and recorded 
by means of photo
graphs. Pressures 
measured with piez-
oneters. 

1 

Scour measurements l 
uere taken •. --.Botto!l -_ : 
velocities obtained 
uith a pitot tube. 

Results 

Flow conditia_1'1s generally satisfactor<J. 

Negative pressure on end of division 
pier .for one gate open. 

Flow conditions generally sR-ti.sfactory. 
Pressures :L"l cbwnstream portion of tu.."l

nel negative for full tur .... "'1.el fiow. 
PoL"lt of fil_Ling at a discharge of l0,000 

c.f .s. uith all gates open. 

Basin designed so that practicc-J.l~r no 
scour a.."'1.d low b:>ttom velocities o·c
tn:L.vied Tihen bro.sin subjected to nous 
of l7,ooo c.f .s~ or belon. 

A discharge of 20,000 c.f.s. wns unsafe 
for a'1y type of basm investigeted. 

R.ef erence 

Paragraphs 
65 - 67 

Plates 16 
j and 17 
j Table 10 

i 

i 

I 
I 

Paragraphs 
63 - 75 

Plates 18-20 
?ables 

l and ll 

?aragraphs 
79 - lOJ 

Plates 21-99 
Tables. l2-l4 
Photographs 

36 - 63 



PART IV - SUMl1IA.RY AHD COH01USI011S 

.Performance, .Adeauu.c:v of Douign,~. 

105. There follows a cumrnary of the ten ts of tho outlet o tructuros, 

togothor with conclusions to be d:r.awn from these tost~1: 

a. 

.£.· 

Appro~~ch chnnn.ol. (See Paragrr;;J.phs 37 i;o 4o, ) Flow condi
tions in·. tho approach channel of barii c do s:i. gn wore Ela tis
f ac tory. J:3ottom currents in tho channol upstrown from tho 
conserv8.'Uon-poo1 vro:lr were of negligioJ.c velocity unclor 
normal operating conclitions with the sluicon through the 
weir cloGeu. With all sluices opon a."1d tho pool at weir 
crest, t.ho bottom currents did not excood a velocity of 
6 ft. por soc.; such currents coulcl havo no dostructivo 
action upon tho rip-rnppod chnnnol. Pool utn-t~e\3 which 
slig..h. tly submerged tho rliclo roto,ining vm.lls cnu:Jocl those 
walls to act as submorgocl ...-reirs. Ino.smuch a~1 tho crests 
of tho ".lnllc \rn1·0 2 ft. o.boV'o tho rip-rnp:pod. berms in 
theil• roiir, ti.10 suhrnerged-"\'Ioir action could. hnve no de
structive efi'octson these berms. 

Conse1·vation-pool r.reir. (See Parngraph 41to47.) Tho 
consorvc.t.tion-pool v1eir 011erv,tod most uo.tisfactor:i.ly v1hcn 
located in tho position col lod. for in tho basic do sign. 
In this locntion :floy1 conditions l'Ioro satisfn.cto17 :for 
alJ. discharges. Ho effect of the dip beJ.mr tho weir wan 
detected othe1· than a tendency for ·~his d.01,rossion to 
deflect foe bottom currentt1 more charply upward. The 
study of the hyclraulic performance of the YTeJi:t• with tho 
automatic sluice ga.tec removed. did not reveal any change 
in tho flon appronching the intake structure comparod to 
flow vrhich c1bt1.1inod ni th tho gatos in place. mi.other or 
not tho romovn.l of tho gatos ·.-rould. subject tho woir 
st1·ucturo to dostructivo forcon vms not dotonninablo from 
tho model rosul tn. Tendencies for cavitation vrnrc obscrvocl. 
wider .tho intersections of tho crowns of Gluicos and tho 
surfa~e of tho ogoe. This cond.i tion mr.ikos necessary a 
sys tom of vont u to supply n.ir ·to tho t:ffoctod rogionr.. 
in tho oven-ti t!1at tho automntlc slulce gnto:::i are removed, 
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Q.. 

Alternates for the conservation-nool ,·reir. (See 
P aragrauhs 48 to 51. ) While results of tests on alternates 
for the. conservation-pool ''leir indicated that barriers 
locc.ted in or near the intake tower i10u1.d ( vrith the excep
tion of Alternate A) operate satisfactorily in maintain1ng 
the conservation pool, these results also demonstrated 
that such barriers would cause increased turbuJ..ence in the 
gate passages. In the model, this turbulence produced no 
measurable reactions. However, viewed in the light of 
the fact that the energy scale is equal to the fourth 
pov.er of the linear scale, this condition is seen to have 
major prototype potentialities. In thls connection it is 
to be remembered that previous tests of the conservation
pool weir demonstre:ted that ciny obstruction must be at 
least $0 ft. upstream to provide tranqu:1.1 approach to the 
intake works. Therefore, it is concluded 'Ghat my sub
sititute for the conservntion..,.pool weir located. in or n(~ar 
the intake tower •rill operate to the disadvantage of 
approach conditions which, l"ri th the conse.rvaM.on-pool weit' 
in place, are snticf actory. 

Intake structures. (See Pa1~c:igra1)hs 52 to 64,) The hydraul
ic perfornwnce of the intake structure wus satisfactory 
under a.11 conditions of operatlon. Pressures v.rere posi
tive throughout the structure. D.;:i.ta as to the perform;mce 
of certa:in elements of the intnke structure are presented 
~~w: . 

(1) 'l'rnsh rackso FlO'TJ passed the bars of the trash 
racks smoothly 1J'rlth no discernible turbulence. The 
racks hac1 slight effect on the c~pacit~/ of the out
le·b 11orks. The racks operated as in·cencled 1 prevent
ing drift from entering the gate passages. The 
omission of the trash racks enablea. debris to pass 
through the conduit. ifo undesirable conditions 
attended this passage of debris. 

(2) M.l' vents. The air vents operated to relieve 
vacuums beh:i11d the control gates for all conditions 
except fu11 openings of all gn.tes, Hence, the 
vents perform a necessar:v function at all partial 
gate settings and. dur:ing all gate opening 2nd 
closing operations. 

(3) Power unit. The operation of the povrer unit had no 
deleberious effect upon the performance of the 
outlet vro1'ks. The operating head on the unit ex
ceeded G-1/2 ft. at all conditlonR of flovr. 
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TABLES 



TABLE 4 
MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES 

PRESSURE READINGS ····· INTAKE STRUCTURE 
ONE INSIDE GATE OPEN ····· Q = 10,000 C.F.S. 

SKETCH OF INSIDE PIER 
SHOWING 

LOCATION OF GAGES 

LEVEL 

A 

B 

c 

CURVED 
THROAT 

GAGE 
NO. 

I 
2., 

3 
4 
5 

~ 

7 
8 
9 
I 

z 
3 
-4 
.5 
6 
7 
J 

I 

z 
..3 
4 
.5 

INSIDE 
PIER 

39Z..50 
394.0tl 
..384.25 
.371 .50 
305.7.5 
.365.25 
.369. 7.5 
.36 I .~O 
36 7.()tJ 

395.00 
38.3.7.5 
.366.00 

-
.36.3.tJO 
3.5 7.00 
.357.75 

.398.Z5 
4()/ .. 65 
3'1fJ .50 
.388 .50 
36q.oo 
.358 . .50 



EL.378.0 

EL.368.0 

EL. 355.5 I 

EL.343.0 I 

TABLE 5 
MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES 

PRESSURE READINGS ····· INTAKE STRUCTURE 
ONE OUTSIDE GATE OPEN ····· Q = 10,000 C. F. S. 

D 

4 

SKETCH OF PIERS 
SHOWING 

LOCATION OF GAGES 

c 

B 

A 

LEVEL 

A. 

B 

c 

D 

CURVED 
THROA1 

GAGE 
NO. 

I 
z 
.3 
4 
.5 
6 
7 
8 
q 

/ 

z 
3 
4 
..5 
6 
7 
8 

I 
z 
I 

I 
2 
..3 
4 
5 

OUTSIDE 
PIER 

.399.25 

.3 q.3 .00 

.38..3.()() 

370.50 
.365.00 
.364-.Z5 
.368.00 
.362.50 
.3.58.00 

.399.Z5 

.394.tJO 
.38/.00 
.368.00 
.363. 00 
.36.3. 75 
35..5.!50 
:?"18.00 

"'/00. 00 
.3 97.0& 
40/.00 
395.00 
391.00 
3&3.SO 
36.5.7..5 
361.25 

INSIDE 
PIER 

.390.00 
39.3 . .50 
36,,,..25 
369.00 
3 6.3. 7.5 
363 . .50 
.365. A5" 
360.00 
.3.5 7 0() 
.39Z50 
379 . .50 
362.z.5 
.363.00 
..364.Z5 
.356.Z5 
357.00 

.397.00 
-
-

39.5. ()0 
.3'1 I .00 
383.50 
..365.7..5 
361 .2,..5 



"' °' I 

TABLE 6 
MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES 

PRESSURE READINGS THROUGHOUT THE INTAKE STRUCTURE 
ALL GATES OPEN 

EL. 368.0 

5 
EL. 355.5 5 

EL. 34 3.0 I 2 .3 

SKETCH OF INTERIOR PIER 
(INTERIOR SIDE) 

SHOWING 
LOCATION OF GAGES 

LEVEL 

A 

c 

B 
B 

A 

c 

CURVED 
THROAT 

GAGE 
NO. /7(}00Cf:S. 

I 389.50 
z 389.00 

.3 .386.00 
4- .381 .25 
.5 .37Q.75 
6 37'7.50 
7 .38/.50 
8 378.25 
9 ~77.2.5 

I .38q.Z5 
z 385.50 
.3 .379.Z5 
4 -

.s 380.00 
6 .376.ZS 
7 .37725 
I .390.Z.5 
I .391.Z5 
2 .38'1.Z5 
..3 .386.00 
4 .380.00 
..5 ~77.00 

DISCHARGE 

14. 5 ()() c. f: s. /O()()(J C.f.S 

.380.00 .36b .7.5 
.379 . .50 3()6 .50 
.376. 7.5 36.5.00 
374.00 364.25 
.3 72 . .50 36.3:.50 
.372.50 3~3.50 
.3 7..3. 7..5 .36.3.00 
372.00 .36..3.25 
.3 7 I .OtJ .36.:3.00 

.380.00 .367.00 

.377.0() .366.00 
37.Z.50 .36.3 .7.5 

- -
.3 73 .2.5 .364.00 
370 .50 .36.3.00 
.3 71 .00 .359.50 
.38 I .00 -

- -
.38Z .00 -
.3 78 .!50 367.00 
.37.3. 7.5 36.5.2..5 
3 7Z.2.5 -3 62 . .!50 

7.500Cf.S. 

.361. 7..6 
.36/. 7..5 
.360.~0 

360.~0 

.360.()0 

.360.00 
359 . .5() 
.360.00 
360.00 

..361. 7.5 

.361 .25 

.360 . .50 
-

.360 . .50 
.360.00 
.360.2~ 

-

-
-
-
-

..359. 7..5 
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TABLE 7 
MODEL STUDY OF WAPPAPELLO DAM-OUTLET STRUCTURES 

PRESSURE READINGS THROUGHOUT THE INTAKE STRUCTURE 
ALL GATES OPEN 

EL. 368.0 

s 
EL. 355.5 

EL. 343.0 I 2 3 

SKETCH OF INTERIOR PIER 
(EXTERIOR SIDE) 

SHOWING 
LOCATION OF GAGES 

LEVEL 

A 

c 

B 
B 

A 

c 

CURVED 
THROAT 

GAGE 
NO. 

I 
z 
..3 

+ 
5 
6 

7 
8 
9 
I 
2 

3 
4 
.5 

6 
7 

I 

I 
z 
3 
4 
.5 

DISCHARGE 

17000 C.f'..S. 14.soo cr.s. 10.000 CfS. 

.3rO.Z5 380 . .S() .36 7.00 
3139 .Z5 379.50 366. 75 
388.50 377.00 .366.25 
381 .Z5 .374.00 364.25 
37?.7.5 .3 72.7.5 36..3. 75 
.3 7q,50 372.75 .363.7.5 
.380 .7.5 37.3.00 36.3. 7...5 
3 78 .7.5 37Z.25 363.50 
377.50 371 .50 .3 6.3 . .50 
.38q,25 380.00 367.00 
.384.75 3 76.7.5 366.00 
.37?.25 37Z.50 363.7~ 

.3 7?.25 372.50 36.3. 7..5 
381 .oo 37.3.25 .3 64.2.5 
375.75 .371 .25 3 6.3.25 
.3 77.50 37/ 25 363.50 
390.50 381.00 -

.39 I .00 .38/.25 -

.389 . .z.5 380.26 -
386.50 .3 77. 7.5 367.Z.5 
J<S 0 .Z.5 373.25 36450 
378.25 370. 7..5 ~h 3. 2~5 

7, .5 00 C.£ s . 
362.00 
.361, 7.5 
.361 . .50 
.360 . .50 
360.25 
.360. 25 
360.2.5 
360.00 
~360 (')0 

.361. 75 

.361 .25 
360.50 
360. 2.5 
.361. 00 
.360.00 
.3130. 00 

-

-
-

-
-

. .360.00 
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TABLE 8 
MODEL STUDY OF WAPPAPELLD DAM-OUTLET STRUCTURES 

PRESSURE READINGS THROUGHOUT THE INTAKE STRUCTURE 
ALL GATES OPEN 

LEVEL 
GAGE OJSCHARGE 

NO. 17.tJOO C.fS 14500Ct:S. IOOOOCFS 

I .390 . .25 380.25 .367.0tJ 
z 388.75 .379.2.5 366.50 
.3 38550 377.00 36.5.50 
4 .381 .Z5 37-4.0tJ 364.2.5 

A .5 .37"l.7..5 37.3.00 363..50 
6 .3 79. 7.5 3 7.3.00 .363..5/J 

,,..- 7 38.Z.50 373. 7.5 36-4-.00 
EL. 378.0 I I 

0 8 37q,oo 372.2.5 .363.Z.5 

'kz 9 .378.25 371.50 36.3.00 
EL. 368.0 I I .390. 7..5 .380.7..5 367.00 c 

~ z 3eq.oo 3 79. 75 366.75 

d .3 384.Z.5 3 76.50 .365. 7.5 EL.35S.5 I 2 3 4 
B 

B 4 .380.00 373.Z5 364.00 
.5 .3 7t1.00 .3 72.25 .36.3.50 

EL.343.0 I 2 3 '~ 7 8 
A 6 380.75 3 73 . .50 364.00 

7 37ZSO 37/. ()() :362. 7..!5 

SKETCH OF OUTSIDE Pl ERS A 37750 -~'37/.ZS .c3 6.3. 7~"i 

SHOWING I .Bq/.00 380.7.5 -c 
LOCATION OF GAGES 2 3Cl0 . .lf0 380. 7.5 -

D I ..39/.50 381 .00 -
I ..39/.()0 381 .Z.5 -
z 389.ZS 380.Z.5 -

CURVED 
THROAT ..3 .386.50 377.7.5 367.Z.6 

4 .380.25 373.2.5 364.50 
-.s 378.Z,5 37(). 75 .3b3. 2.5 

7:500 c.r.s 
.3"/. Z5 
3151 . .50 
36/.2.5 
360 . .50 
360.z..5 
360.25 
.360.50 
36().00 
..E~o.oo 

3~2.tJO 

.36/ .'Z5 

.361.50 

.360.75 
360.Z5 
360 . .50 
360.00 
-:ihtJ.tJO 

-
-
-
-
-
-
-

360.00 



Table 9 

Model Sbld.y of Wappapello Dam - Outlet Structures 

Study of Effect of Air Vents 

Oates No. l Oates No. l, 
Pool Gate No 1 J. O:een Oate No1 2 ()pen Oates No1 l and 2 Open and 2 Open 21 and 2 012en 

Eleva- Vent Vent Vent Vents Vent Vent Vent Vent Vents Vent Vents Vent 
~~n l 2 l l&l g l g 3 l & :2 g l&l ~ 

Ml. Oate Openings 

410.0 o.o o.o o.o o.o o.o 7.0 -2.0 7.2 6.5 29.7 25.5 
lt<x>.o o.o o.o o.o o.o o.o o.o -2.0 5.0 .3.0 9.0 22.5 2J.2 
395.0 o.o o.o o.o o.o o.o o.o -2.0 5.o 2.0 7.0 19.5 18.2 
.390.0 o.o o.o o.o o.o o.o o.o -2.0 ,3.0 1..5 5.0 15.0 15.5 
.380.0 o.o o.o o.o o.o O~O o.o -1.5 2.0 l.O ,3.5 o.o 10.0 
110.0 o.o o.o o.o o.o o.o -l.O -1.0 1..2 o.o l.5 o.o 4.7 

~ Three-Quarter Gate Openings 
l 

410.0 -44.()'lt -26.5 -28.5 -.3.3.0 -35.()'lt -28.5 -.32.5 -17.0 -ZT.O -2.3.0 o.o o.o 
.t.oo.o -38.0* -28.0 -26.0 -~.o -Z7.7 -25.0 -22.5 -16.0 -24.o -19.0 o.o o.o 
395.0 -,32.0 -Z7.0 -24.o -25.0 -25.0 -2.3.0 -26.5 -14.2 -21.0 -17.5 o.o o.o 
.390.0 -26.o -21.0 -2J.O -2J.O -22.0 -19.7 -22.5 -11.7 -17.0 -15.0 o.o o.o 
380.0 - 8.0 - s.o - 7.0 - 6.2 - 6.2 - 5.5 - 4.o - 4.o o.o o.o 
370.0 o.o o.o o.o o.o o.o - 2.2 - 2.2 - 1.7 o.o o.o o.o o.o 

Halt Gate Openings 

41.o.o o.o o.o o.o o.o o.o -42.0* -J4.o -.3.3.0 -,36.0* -,36.0* -JJ.O -)).0 
.t.oo.o o.o o.o o.o o.o o.o -35.0* -29.0 -29.0 -Jl.5 -.31.5 -)).0 -25.0 
395.0 o.o o.o o.o o.o o.o -.32.0 -26.0 -25.0 -Z"l.5 -Z"!.5 -26.0 -21.0 
.3~.o o.o o.o o.o o.o o.o -28.0 -25.0 -25.0 -22.0 -22.0 -21.0 -18.0 
380.0 o.o o.o o.o o.o o.o -21.0 -19.0 -16.o -17.0 -17.0 -17.5 -15.0 
:no.o o.o o.o o.o o.o o.o - 7.0 - 7.0 - 7.0 - 6.0 - 6.0 - 9.0 - 9.0 

Note I W.. pressures are recorded in prototype feet of water. 
*Recorded for purpose of coq:iarison only; obviously impossible for pressures 

to exceed .34 ft. of water. (See Paragraph 22.) 
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llodel Stu~ Wappapello Daa - Oo.tlet Structure• 

Pre a sure in l'eet o!'" 'later on the :Inds of the Di Ti don Piere and S14.ee of the Inlet 1'rand tlon Section. 

Pool 
ua .. e J. u ~n Gate 2 O"Qen 

D11- .r11r J. Wall of Tran1i ti on Die- Reae?Toir Pier l. or 2 
charu Elevation UJ>per Middle Lmrer UJ>oer llidO.lo Lower charn Stan Unner Middle Lower 

Gate l 

11,100 41( - -17.25 -14.25 0.25 4.50 12. 75 ll, 100 410 - -16.00 -9·25 
9,l!OO 400 -- -13.00 -10.25 0.50 4.75 13.25 9,8CO 400 --- -14.oo -6.75 
9,200 395 --- -11. 75 -S. 75 1.00 4. 75 13.25 9,200 395 -- -12.50 -5.25 
s,500 390 --- -10.00 -1. 75 0.75 ,.00 13.25 3,500 390 --- -11.25 -4.25 
7,100 380 --- -6.75 -4.25 1.00 .75 13.50 7,1co 380 --- -1. 75 -2.00 
;,400 370 --- -3.00 -0.50 0.75 4.75 13.50 5,400 370 - -3.50 o.oo 
3,300 36o --- -0. 75 -0.25 0.75 l.50 10.25 3,300 3b0 --- -0.50 0.25 

Gate 2 

G&te 3 

1.200 "'" --- (1,00 o.oo -- --- 6.oo l 200 '"'° --- --- 0.25 

Gates l 8Zl.d 2 Open 
P"ol Pier l Pier 2 i'all e:f f:"!-~!i ticn 

Die- nna.tion L•ft sue R1Pht Sid• Left Side Rid>t Side I.e.!t S1te P.i~ht Side 
chaue Uo"Oer lliddle Lower Utrner llid'1.Le Lower 0"Pner ~Ull e I.ow er u~r Middle Lo11Jer Upper Hoolo Lower Uct'ler lliddla Lowor 

19,100 410 10.25 15.50 20.00 --- 5-50 13.~5 --- 5.50 13.25 9.5 lS,50 27.25 14. 75 23.25 32.50 4.oo lb.CO 24.50 
17.SOO 400 3.CO 14.50 20.00 --- 5.25 is.co --- 5.25 18.CO s.5 16.50 25- 75 12.00 20.co 29. 75 3.50 15.50 24.50 
16,SOO 395 7.25 13. 75 19-25 --- 6.25 17. 75 --- 6.25 11.75 7.5 15.50 24. 75 11.00 19.00 2s. 75 3.co 1~00 211. 50 
15,SOO 390 7.00 12.00 19-00 --- b. 75 11. 75 --- b. 75 17. 75 7.0 15-00 23. 75 9.50 l!.00 27.50 3.00 l .oo 24,50 
13,200 380 4. 75 11.50 18.50 -- 7.25 lb. 75 --- 7.25 16. 75 5.5 13.50 21. 75 0.00 14.50 23. 75 1.50 12.50 24.50 

9,soo 370 3.50 11.0 lb.00 --- s.oo 17.00 --- s.oo 17.00 3.5 12.50 19.75 3.50 12.00 21.25 1.50 l0.50 24.50 
5,soo )bO 1,50 4.o 12.25 -- 2.00 10,00 --- 2.CO lo.co -- 5.50 12.75 ---- 9,50 18. 75 -- 3.50 12.25· 
1 200 v;o -- --- o;. 'iO --- -- 4.00 --- --- 4,00 --- --- 4. 7~ ---- -- 6. 7~ - --- "-25 

CAtes l ~d _; 0-nm 
Di•- Pool P1tr 1. Pier 2 l.ttll cf Tn.::.c.i t1on 

charge l:leT&tion Left Side Ril'ht Side Left Slde Rip;nt Side iri~------ ----
Ri~ht Side 

Utmer lliddle Lower u~r Middle Lower u"""' lliddle Lower u~~ Middle I.otrer Unner !d..!.ile lr:-wer lJ"tmer lliddle Lower 

19,100 410 7.75 11.50 19-50 9,50 20.00 29.50 9,50 20.00 29.50 7. 75 11.50 19.50 12,00 20,50 29.75 12.00 20.50 29.75 
17,SOO 400 7.00 l0,50 13.00 8.50 19.00 27. 75 s.50 19.00 27.75 7.00 10. 75 15,00 10.00 18.50 27. 75 10.00 18.50 27. 75 
16,l!OO 395 6.50 10,00 17- 75 s.oo 18.00 26. 75 S.00 18.00 26. 75 6.50 10,00 17. 75 8.50 17.00 26.25 s.50 17.00 26.25 
15,SOO 390 5.50 9.75 17. 75 6. 75 16,25 25-00 6. 75 16.25 25-00 5.50 9. 75 17. 75 7-50 16.oo 25.25 7.50 16.00 25.25 
13,200 380 3.50 9.50 lb. 75 5-00 13.50 22.25 5.00 23.50 22.25 3.50 9.50 16. 75 5.00 13.50 22. 75 5.00 23.50 22, 75 

9,soo 370 2.50 9.50 26. 75 J.25 11.25 20.00 3.25 11.25 20.00 2.50 9.50 16.75 2.50 11,CO 20.25 2.50 11.00 20.25 
5,soo 36o --- 2. 75 10.25 --- 3.50 12.25 --- 3.50 12.25 - 2. 75 10.25 -- 3.00 12.25 -- 3.00 22.25 
1,200 '"'° -- - 3. 75 - -- ~.oo -- --- i;;oo -- -- 3. 75 --- -- 5.25 --- -- "-2~ 

Gates l 2 and ~ lrnan 

Ilh- Pool t'ier Pier 2 Y&.11 o! 11tio11 
charge neTatioc. 1.aTt Side Rimt Side Left Side Rimt Side Left Side llid>t Side 

Unt>er lliddl• Loftr u~r lliddle Lowr •m~r lli•dle Lower u~er a.u.&.u.le z.....,. Uuaer aiddle Lttw1r 'O't!'Der m'l.lidll LoweJ 

20,000 410 31.00 39.00 46.75 2s,50 39.00 48.25 28.50 39.00 4s.25 31.00 ~.co 46. 75 34.25 42.75 ~·00 34.25 42. 75 ~·00 18,6oo 4oO '26.50 34.50 41.25 26.00 35.co 43.25 26.oo 35.co 43.25 26.50 .50 41.25 28.00 36.50 5. 75 2!,00 36.50 5.75 
17,6oo 395 24.co 31. 75 3!. 75 23.00 31.00 39. 75 23.co 31.00 39. 75 24.00 31. 75 JS.75 25.00 33·'1 42.75 25.00 33.50 42. 75 
16,500 3'U 21.00 29.00 35-75 21.50 28.00 36.75 21.50 2!.00 36. 75 21.00 29.00 35. 75 21.00 30-'1 39.75 21.00 30,50 39. 75 
14,200 380 15.50 23.50 30.75 27.00 22.00 30. 75 27.00 22.00 30. 75 15.,, 23.50 30.75 15-50 24,oo 33.25 15.50 24.oo 33.25 
10,900 370 9-00 16. 75 25-25 10.50 15,25 24.oo 10.50 15.25 24.00 9.00 16. 75 25-25 9-50 l!.00 27.25 9-50 l!.00 27.25 

6,6oo 36o 3. 75 12,00 20.25 5.50 l~:~ 20.00 5,50 11,50 20.co J. 75 12.CO 20.25 3.00 11.50 20. 75 3.co 11.50 20, 75 
2. 700 '"'° -- '·"'° 12.00 -- 11.25 -- 2.-.0 11.25 -- '·'iO 12.00 --- 1. 7~ 11.co -- l. 7~ 11.00 

lote1 J.11 pr11sur•1 were obtained. from pieso11eter1 locate! in the rlP,t wall ot the trandtion section and. left sides or the dlrldon piers. The p11zo11etera were 1.5 n. ~rom th• nd.s ot th• diTlston. pie!'& 
and located. abon the baae of the transltlon section. at d.11tanee1 o! 2, 10, 8DC1. lS tt. '!he preosur•t are recor4ed. in prototype feet or water. 



Table ll 

Modal. Study ot Wappapello Dam - Outlet Structures 

PierJ:>meter Readings in Tunnel 

Q~e A B 0 D 
Station 6!?!:§Q 26f.~2 27+]2 28f-Q2 

Elev, Top of '.!'!mp.el 35§.l 357,74 357,38 35'].09 -

Pool 
Discharge Elev. Oates 1, 2, ond 3 Open 

19,550 401.00 363.50 359.50 358.00 355.00 

17,000 ,392.00 359.00 .356.25 .354.25 352.50 

i4,50o .;82.00 357.75 356.00 354.75 353.00 

12,000 174.oo 357.00 355,25 354.75 353.50 

10,000 ,'.368.50 .356.50 355.75 355.00 35'+.oo 

7,500 362.50 356.25 355.75 355.00 .354.75 

Gates l end 2 Open 

19,700 413.4o 361•.50 360.oo 358.50 3,;4,50 

17,000 )95.50 358.75 355,50 .354. 75 .352.25 

i4,soo .;85.00 358.25 ,356.25 3S5,00 353,50 

12,000 176.75 357.75 356.75 355. 75 354.50 

10,000 370,75 .357.25 356.;o 355.75 355.00 

Gates l ond 3 Open 

19,'iOO 413 • .t.o 364.oo 360.oo 359.00 355.00 

17,000 395.50 .358.00 355.25 .354.25 351.75 

i4,soo 385.00 357.00 355,50 354.50 .352.50 

12,000 .376.75 .356.50 .355.25 .354.75 353.25 

10,000 170.75 356.00 .355.50 355,25 3,;4.25 

Note I Ree.dings obtained with full tunnel flow. 
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Wl.312 

Jlodel Study o! lappapello Dam - Outlet Structures 

TJ'pes of Stilling :Basins Investigated in the Jlodel Study 

Type No. Location Location Height Location of Height of Type 
o! o! of end of of :Baffle Piers :Baffle Piers o! Remarks 

:Saain 'l'ests of >.12ron lCnd Sill Jlnd Sill Row 1 liow 2 Rei l Row 2 1f1 !:ei walls 

A 5 3o+6o.o 3o+56.o 3.0 ft. 29+76.o 3()+01.0 8 !t. 8 ft. Flared :Basic design. 
:s 1 3o+EA:J.o J'lared No baffie piers or end sill on apron. 
c l 3o+6o.o 3o+56.o 3.0 Flared No baffle piers on apron. 
D l 3o+6o.o 3o+56.o 3.0 3o+-01.o 8 ft. Flared One row of baffle piers used. 
E l 3o+6o.o 3o+56.o 3.0 29+76.o 3o+o1.o g 8 Right Angle Wing walls at right angles to center line of basin 
F l 3o+o9.o 3oto5.o 3.0 29+76.o 8 Flared starting at end sill. 
G l 3o+o9.o 3o+05.o 3.0 29+62.0 29+80.0 8 8 Flared 
H 1 3o+o9.o 3o+o5.o 3.0 29+58.0 29+76.o 8 8 Flared 
I l 3o+o9.o 3o+l5.0 3.0 29+58.0 29+76.o 8 8 Flared 
J 2 3o+-29.o 3o+25.o 3.0 29+61.0 29+79.0 8 8 Flared 
x 2 3o+29.o 3o+23.o 4.5 29+61.0 29+79.0 8 8 Flared 
L l 3o+29.o 3o+21.o 6.o 29+61.0 29+79.0 8 8 Flared 
)[ l 3o+-29.o 3o+25.o 3.0 29+61.0 29+79.0 8 8 Rounded Wing walls rounded on 30 ft. radius starti?Jg at end 

Ri N 2 3o+29.o 3o+-25.o 3.0 29+86.o 3o+o4.o 8 8 Rounded aill. 
0 l 3o+29.o 3o+25.o 3.0 29+86.o 3o+o4.o 8 g Rounded No baffle piers next to spr~ walls in rear row, 

l p l 3o+29.o 3o+25.o 3.0 29+86.o 3o+-o4.o 8 8 Rounded :Baffle piers spaced at 4 ft. intertal.s in all follow-
q 1 3o+29.o 3o+25.0 3.0 29+90.0 3o+o6.o 4 4 Rounded ing tests unless otherwise stated. 
R 6 3o+29.o 3o+25.o 3.0 29+86.o 3o+o2.o 6 6 Rounded 
s 1 3o+29.0 3o+-25.o 3.0 29+86.o 3()+02.0 4 4 Rounded 
T l 3o+29.0 3o+25.o 3.0 29+76.o 29+92.0 6 6 Rounded 
u l 3o+29.o 3o+25.0 3.0 29+66.o 29+82.0 6 6 Rounded 
v 1 3o+29.o 3o+25.o 3.0 29+81.0 29+97.0 6 6 Rounded 
w l 3o+29.o 3o+25.o 3.0 29+86.o 3o+o2.o 6 6 Rounded vertical upstream face on baffle piers. 
x 1 3o+29.o 3o+-25.o 3.0 29+86.o 3o+o2.o 6 6 Rounded Sloping upstream face on baffle piers. 
y l 3o+29.o 3o+25.o 3.0 29+86.o 3o+o2.o 6 6 Rounded Three steps on upstream face of ~affle piers. 
z l 3o+19.o }o+15.o 3.0 29+61.0 29+75.0 8 8 Rounded :Baffle piers spaced at 5 ft, intervals. 

AA l 3o+24.o 3o+-20.o 3.0 29+86.o 30+02.o 6 6 Rounded 
:s:s l 3o+19.o 3o+l5.0 3.0 29+81.0 29+97-0 6 6 Rounded 
cc 1 3o+-14.o 3o+l0.0 3.0 29+76.o 29+92.0 6 6 Rounded 
DD 6 30+09.o 3o+o5.o 3.0 29+71.0 29+87.0 6 6 ROUDied 
EE 1 3o+o9.o 3o+o5.o 3.0 29+66.o 29+82.0 6 6 ROUDied 
n 1 3o+o9.o 3o+o5.o 3.0 29+76.o 29+92.0 6 6 Rounded 
xx l 3o+o9.o 3o+o5.o 3.0 29+61.o 29+87.0 6 6 Rounded :Baffle pier rows spaced farther apart, 
GG 8 29+95· 5 29+91- 5 3.0 29+57·5 29+73·5 6 6 Rounded In all followi?Jg tests, the slope of the a~ron 
HR 2 30+09.o 3o+o5.o 3.0 29+71.0 29+87.0 6 6 Rounded · follows the trajectory curve of x2 = 97!. 
JJ 2 29+95.5 29+91·5 3.0 29+42.5 29+58·5 6 6 Rounded 



Tab1.e 13 

Uodel Study of' Wnppapello Den - OutJ.et Structures 

Summary of' Scour Tests 

Scour End or Apron Scour in Chmnel Scour et \Ung Wall11 
Type Teat Discharge Max. Scour Aver. Soour Mex. Soour Dist. f'rom Lett Wall Right 'fell 
Basin No. c.£ .s. Elev. Elev. Elev. end or Max. Scour Max. Scour 

8Pron El,ev. Elev. 

A l 10,000 ,321.o .321.o ,321.0 318.o .).1.9.0 
4,980 .)21.0 ,321.0 ,321.0 321.0 ,321.0 

7 14,550 319.o .)m.O ,32J.O 12 rt. .316.o .317.0 
31 17,000 .)lB.5 .)m.O J].9.0 m rt. 315.0 314.5 

5£ 19,700 315.0 311.0 Jl.2.0 25 f't. 317.0 316.0 
B 10,070 313.5 315.0 3.1.:M 21 rt. .)11.0 .)11.0 
c 35 10,000 .)m.O .)m.5 316.0 lB rt. 317.o 317.0 
D 36 10,000 .)m.5 .)2l.O 319.0 10 rt. 319.0 Jl.8,0 
Ill JS 10,000 319.0 .)2'.>.0 .)m.O 5 rt. 319.0 ,318.0 
r 1Z 10,000 317,5 .)m,5 ,318.5 21 rt. .)15.0 314.5 
Q 10,000 .)m.O .)m.5 3ro.o 12 rt. 319,5 319.0 
H 41 10,000 32'.).0 .)21.o ,)2'.>.0 12 rt. .)19.5 319,0 
I 42 10,000 .)m,O ,)a'.>.5 ,)2'.>.0 12 rt. .)2'.>.0 .)aJ.O 
J 4.)-1 10,000 .)m.5 ,321.0 ,)2'.>.0 11 rt. .)aJ.O ,)a'.>.5 

4,)-2 17,000 .:ns.o .)m,O ,32'.>.0 12 rt. .316.o 315.0 
K 45-1 10,000 JZ!.o 322.5 3Z!,O s rt. .)21.0 ,)21.5 

45-2 17,000 ,318.o .)22.0 ,)a).O 21 rt. 317.0 315.0 
L 47 17,000 .:ns.o ,)2.).0 ,322.0 21 rt. 317.0 316.0 
!.! 48 17,000 ,318.0 .)m.O 319.0 21 rt. ,317.5 317.0 
N /~1 16,890 319.0 .)m.5 Jl.9.5 al ft, Jl.8.5 Jl.8.0 

49-2 10,000 .)m.O ,)a'.>.5 .).1.9.5 11 rt. .)2'.>.0 319.5 
0 50 17,000 ,32'.>.0 ,)a'.>.5 .)lB.5 11 rt. 319.0 .)lB.5 
p 51 17,000 .32'.:>.0 .)21.0 319.5 11 rt. .)m.O .)m.O 
Q 52 17,000 319.0 319.5 317.5 31 rt. 316.0 317.0 
R 53 17,150 .)2'.>.5 .)21.0 3a:i.5 11 rt. 319.0 .)m.O 

58 5,000 ,)2'.>.5 ,321.o ,321.0 .)a:>.; .)m.O 
59 10,000 ,32'.>.0 321.0 3a:i.5 11 rt. 320.0 319.; 
00 14,500 3ro.o 321.0 ,33>.0 2l f't. .)2'.>.0 319.o 
61 19,43> .)12.0 313.0 JJS.O 41 f't, 311.0 .)16.o 
64* 10,000 319.0 ,)a'.>.5 .)m.5 11 rt. 318.o 317.5 

s 54 17,000 319.0 319.5 Jl.7.5 21 f't. 316.5 317.0 
T 55 17,000 319.5 ,321.0 ,)a'.>.5 21 f't. 31s.o 319.0 
u 56 17,000 319.0 321.0 .)m.O 21 f't • 317.0 Jl.8.0 
v ~ 17,000 32'.>.0 ,)21.0 3a:i.5 21 rt. Jl.B.5 Jl.9.0 
w 69 17,000 .)2'.>.5 .)2'.>.5 .)m.O :n rt. 319.0 ,318.5 
x '10 17,02'.:> .)2'.>.0 .)m.5 319.5 21 f't. ,318.5 318.5 
I 71 17,000 .)m.5 320.5 32'.>.0 11 rt. 319.0 319.0 
z 72 17,000 .316.o 319.0 318.0 21 rt. 315.5 315.0 

AA 73 17,000 32'.>.5 ,)a'.>.5 ,)a'.>.5 5 f't. .319.0 ,32'.:>.0 
BB 74 17,000 321.0 ,321.0 .)m.O 15 rt. .319.0 319.0 
DD 77 17,000 3ro.5 3ro.5 319.5 ll f't. 318.5 319.0 

80 5,000 3m.5 .)m.5 3ro.5 6 rt. ,32'.>.0 .)m.O 
81 10,000 3ro.5 3ro.5 .)m.5 11 rt. 32'.>.0 ,32'.>.0 
82 14,;oo ,)a'.>.5 ,)a'.>.5 319.5 11 rt. 319.0 319.0 
83* l0,000 32'.:>.0 .)m.5 ,)2'.>.0 21 f't. 319.0 319.0 
87+ 19,6:?0 :m.o 315.0 .310.0 46 rt. ~9.0 ,318.0 

EE 78 17,000 319.5 .)m.O 319,5 11 rt. 317.0 318.0 
P'F 79 17,000 3:?0.0 ,)a'.>.5 320.0 ll f't. .)m.O .)m.O 
KI 88 17,000 .)lB.5 3,19.5 Jl.8.0 11 rt. 311.0 318)'5 
QQ 104 5,000 ,321.0 321.0 ,)aJ.5 5 rt. .)2'.>.0 .)m.5 

105 10,000 .)m.5 .)2'.>.5 .).1.9.5 15 rt. ,32'.:>.0 ,)a).O 
106 14,;oo ,)21.0 321.0 .)m.O 15 ft, 319.0 319.0 
107 17,000 321.0 .)21.0 ,32'.:>.0 5 rt. Jl.9.0 319.0 
108* 10,000 .)2'.>.5 321.0 ,320.0 15 f't. ,318.o 319.0 
109 19,550 311.0 31;.o ~5.o 50 f't. .)12.0 :n4.o 
112** 10,000 ,)2'.>.5 ,)2'.>.5 319,5 15 rt. 3ro.o .)m.O 
ll.)M* 17,ooo .)21.0 .)21.0 .321.0 .3 rt • .)m.O ,)21.0 

HH 98 17,000 ,)21.0 321.0 ,321.0 ll f't. .319.0 32'.>.5 
99 10,000 .)2'.>.5 320.5 319,5 ll f't. ,320.0 .):?0.0 

JJ 101 17,000 321.0 .)21.0 .)2'.>.5 15 rt. 317.0 .319.0 
103 10,000 32'.>.0 .)m.5 319.5 15 rt. 317.5 .318.5 

*Scour pattem obta.ined w1 th pool at elevation .395. 
**Basin elope stepped. 
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Table 14 

Model Study or Wappapello Dam - Outlet Structures 

Nature or stllllng-Easin Action and Locus or the Hydraulic Jump 

Gate Gates Gates 
Gate 2 l&J 1, 2, &3 

Adjustment Open Open Open 

I 12 rt s rt ft 

~ 
of Basin Actio T I'. El T W El T W El 

l Spray induced by first row .3.32 .3.31 330 31'! JP .3.36 .341 3"° 3"° 
or batfie piers. 

Perf'ect hydrB11lic jump at 335 335 3.35 .'.34.3 ,342 345 345 345 
toe of curved apron. 

Partially submerged jWip .350 J49 .345 355 355 352 359 357 357 
at point halfway dom 
curved apron. 

Partia1ly submerged jump .358 JS'/ 357 .362 361 365 .36.3 
at exit portal of tunnel. 

Surrace roller at 353 350 350 353 353 353 355 
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Photograph 2. View of the 
tunnel and intake tower. 

Photogr aph 1 . Upstream view of 
the model . 

Photograph 3. Downstream view 
of the model. 



Photograph 5. View of up
stream face of conservation
pool weir. 

Photograph 4. Do'lll'Ilstream view 
of the approach channel and in
take tower. 

Pho t ograph 6. View of down
s tream f ace of conservation-pool 
we ir . 



Photograph 8. View of the 
downstream face of the intake 
tower. 

Photog r aph 7 .. View of the up
stream face of the partially 
completed intake towar. 

Photograph 9. View of the up
stream face and side of the 
intake tower. 



~otograph 11. View or the 
pyralin transition section. 

Photograph 10. View of the 
pyralin tunnel sections. 

Photograph 12. View of the 
power unit. 



Photograph 14. View of the 
sounding stick. 

v I ,. 

I 
I 

r .... ':--.. .. 

Pho tograph 13 . View of the 
tailgate . 

Photograph 15. View of the 
pi t ot tube. 



Photograph 17. View of the 
manometer bank for the ga.ges 
of the intake tower and transi
tion section • 

• _ , __ 3',o - - _ , - · _ ._ · - • .MO 
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Photograph 16. View of the 
air vents downstream from the 
service gates • 

! ,::; . 
!.;·.";''.'·'''''.•,."' . ·7 -~·": '-'-' -'-- --'-- .__,_ • .,,,e• _ _ __ .=_ _ ___ _ 

Photograph 18. View of the 
manometer bank for the ga.ges 
of the tunnel and stilling 
basin. 
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·' 
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~tograph 20. Side view of 
drift caught in trash racks. 
Discharge= 7,500 c.f.s. 

,( 

Photograph 19. Side view of 
the intake tower showing ef
f ect of trash racks on clear 
water flow . Discharge = 
7,500 c.f.s. 

Photograph 21. Side view of 
drift caught i n the i ntake 
tower. Discharge= 7, 500 c.f.s. 



Photograph 23. View of ap
proach channel looking down
stream showing flow over the 
side retaining walls. Con
servation-pool weir removed. 
Discharge= 10,000 c.f.s. 

Photograph 22. View looking 
downstream showing trash piled 
against the intake tower. 

Photograph 24. View of ap
proach channel looking down
stream showing flow over the 
side retaining walls. Con
servation-pool weir in place. 
Discharge= 10,000 c.f.s. 



Photograph 26. View looking 
downstream of flow over the 
conservation-pool weir. 
Discharge= 5,000 c.f.s. 

Photograph 25. View looking 
downstream showing the vortex 
next to a pier nose. 
Discharge= 10,000 c.f.s. 
Gates 1 and 2 open. 

Photograph 27. View looking 
downstream showi ng the surface 
roller caused by the discharge 
from a sluice through the weir. 
Discharge= 1,000 c.f.s. 



r· 

Photograph 29. View looking 
upstream of flow over the 
conservation-pool weir. Auto
matic sluice gates removed. 
Discharge= 1,500 c.f .s. 

Photograph 28. View loo~ing 
upstream of flow over the con
servation-pool weir. Auto
matic sluice gates in place. 
Discharge = 1,500 c.f.s. 

Photograph 30. View looking 
upstream of flow over the con
servation-pool weir . Auto
matic sluice gates removed. 
Discharge= 1,000 c.f.s. 



Photograph 32. View showing 
flow behind the weir. Alter
nate B. Discharge= 7,500 c. f.s. 

Photograph 31. View showing 
flow behind the weir. Alter
nate A. Discharge= 2,500 c . f . s. 

Pho togr aph 33. View showing 
flow behind the weir. Alter
nate C. Discharge= 7 ,500 c.f.s. 
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Photograph 32· View looking 
downstream showing flow over 
the weir. Alternate C. 
Discharge= 7,500 c.f.s. 

Photograph.34. View looking 
downstream showing flow over 
the weir. Alternate B. 
Discharge= 7, 500 c.f . s. 

Phot ogr aph 36. 
stilling ba sin 
bl ocks and end 
design. 

View of the 
showing baffle 
sill. Basic 



Photogra~h 38. Basic design 
H.W. = 35 .5 T.W. = 340.0 

Q = 4,980 c.f .s. 

Photograph 37. Basic design 
H.W. = 3~9.0 T.W. = 334.4 

Q = 2,500 c.f.s. 

" -· 

\ 
\ 

Photogr~h 39. Basic design 
H.W. = 3 2.0 T.'f. = 344.2 · 

Q = 7,480 c.f.s. 



Photograph 4o. Basic design 
H.W. = 367.7 T.W. = 347.0 

~ = 10,000 c.f.s. 

Photograph 41. Basic design 
H.W. =liOl.4 T.W. = 347.0 

~ = 10,000 c.f.s. 
Gate l open 

Photograph 42. Basic de sign 
H.W. = 381.3 T.W. = 350.0 

~ = 14,550 c.f.s. 



Photograph 44. Basic design 
H.W. =l+lo.O T.W. = 369.0 

Q = 20,000 c.f.s. 

Photograph 43. Basic design 
H.W. = 391.0 T.W. = 350.4 

~ = 17,000 c.f.s. 

Photograph 45. View showing 
the eddy at right wing wall. 
Basic design. 



Photogra;h 47. Basin t ype DD. 
H.W. = 35 .6 T.W. = 340.2 

Q. = 5,000 c.f.s. 

Photograph 46. Basin type DD. 
View of the dry bed. 

Photogr aph 48 . 
H.W. = 362.0 

Bas in t ypi DD . 
T.W. = 344.2 

Q. = 7' 500 c. f .s. 



Photograph 49. Basin type DD. 
H.W. = 367.7 T.W. = 347.0 

~ = 10,000 c.f.s. 

Photograph 50. Basin type DD . 
H.W. = 381.3 T.W. = 349.5 

~ = 14,500 c.f .s. 

Photograph 51. Basin type DD. 
H.W. = 391.0 T.W. = 350.4 

Q = 17,000 c.f.s. 



Photograph 53. View showing 
eddy at rounded wing wall. 
Radius at top of wall = 30 ft. 

Photograph 52. Basin type DD . 
H.W. = 405.2 T.W. = 366.0 

~ = 19,620 c.f.s. 

Photograph 54. View showing 
spl ash on spray walls for a 
discharge of 10,000 c.f.s. 



- ' 
Photograph 56. Basin type GG. 

H.W. = 349.0 T.W. = 334.0 
Q. = 2,500 c.f.s. 

Photograph 55. Basin t ype GG. 
View of dry bed. 

Photogra~h 57. Basin typ~ GG . 
H.W. = 35 .5 T.W. = 340.2 

Q. = 5,000 c.f.s. 



Photograph 58. Basin type GG. 
H.W. = 362.5 T.W. = 344.0 

Q. = 7,500 c.f.s. 

Basin type GG. 
T.W. = 347 .O 

Photograph 59. 
H.W. = 367.5 

Q. = 10,000 c.f.s. 

Basin type GG. 
T.W. = 350.0 

Photograph 60. 
H.W. = 381.3 

Q. = 14,500 c.f.s. 



Photo~ra;h 62. Basin type GG. 
H.W. =li'.O .1 T.W. = 366.0 

~ = 19,700 c.f.s. 

Photograph 61. Basin type GG. 
H.W. = 391.0 T.W. = 350.4 

~ = 17,000 c.f.s, 

Photograph 63. View showing 
steps on t ype GG basin,design. 
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MODEL STUDY 
WAPPAPELLO DAM -OUTLET STRUCTURES 

TEST NO. 4 
BOTTOM VELOCITIES 

NATURE Q = 4,980 C.F.S. 
TAILWATER ELEV.=340.0 

30 + 50 
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- 30+ 00 

PLATE .24 



60 
I 

- I 

80 
I 

100 
I 

DISTANCE- FEET 
120 

I 
140 

I 
160 

l 
180 

l 
32+25 

32+00 

31 +75 

31+50 
z 
0 
I-
<( 
I-
Cf) 

31 +25 

31 +oo 

30 +75 

ELEV.1=321.0 STA. 30 +60 

MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 3 
SCOUR PATTERN 

NATURE Q = 10,000 C.F.S. 
TAILWATER ELEV.= 347.0 

LENGTH OF RUN= 50 MIN. 

1 - 30 +so 

PLATE 25 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 3 
BOTTOM VELOCITIES 

NATURE Q = I0,000 C.F.S. 
TAILWATER ELEV.= 347.0 

PLATE 26 
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MODEL STUDY 
WAPPAPELLO DAM -OUTLET STRUCTURES 

TEST NO. 7 
SCOUR PATTERN 

NATURE Q = 14,550 C.F.S. 
TAILWATER ELEV.=-350.0 

LENGTH OF RUN:: 50 MIN. 

'- 30+50 

PLATE 27 
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MODEL STUDY 
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WAPPAPELLO DAM -OUTLET STRUCTURES 

TEST NO. 7 
BOTTOM VELOCITIES 

NATURE Q:: 14,550 C.F. S. 
TAILWATER ELEV.= 350.0 

PLATE 2B 
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MODEL STUDY 
WAP PAPELLO DAM- OUTLET STRUCTURES 

TEST NO. 31 
SCOUR PATTERN 

NATURE Q = 17,000 C.f.S. 
TAILWATER ELEV.= 350.4 

LENGTH OF RUN= 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.31 
BOTTOM VELOCITIES 

NATURE Q = 17,000 C.F.S. 
TAILWATER ELEV.=350.4 

- 30 +so 

- 30+25 

- 30 + 00 

PLATE 30 
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MODEL STUDY 
WAPPAPELLO DAM -OUTLET STRUCTURES 

TEST N0.37 
SCOUR PATTERN 

NATURE Q = 19,700 C.F:S. 
TAILWATER ELEV. =366.0 

LENGTH Of RUN= 50 MIN. 

, _ 30 + 50 

PLATE 31 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 43 RUN I 
SCOUR PATTERN 

NATURE Q = 10,000 C.F.S. 
TAILWATER ELEV. =347.0 

LENGTH OF RUN= 50 MIN. 
PLATE 35 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 43 RUN II 
SCOUR PATTERN 

NATURE Q = 17,000 C.F.S. 
TAILWATER ELEV.=350.4 

LEN.GTH OF RUN = 50 MIN. 
PLATE 38 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 45 
SCOUR PATTERN 

NATURE Q = 17,000 C.F.S. 
TAILWATER ELEV.= 350.4 

LENGTH OF RUN= 50 MIN. 

30+25 
/ 
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'- 30+00 

PLATE 37 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.47 
SCOUR PATTERN 

NATURE Q= 17,000 C.F.S. 
TAILWATER ELEV. =350.4 

LENGTH OF RUN = 50 MIN. 

PLATE ~8 
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MODEL STUDY 
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WAPPAPELLO DAM - OUTLET STRUCTURES 

TEST N0.34 
SCOUR PATTERN 

NATURE Q = 10,070 C.F.S. 
TAILWATER ELEV. =34 7.0 

LENGTH OF RUN= 50 MIN. 

PLATE 39 
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MODEL STUDY 

WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 38 
SCOUR PATTERN 

NATURE Q = 10,00 0 C.F.S. 
TAILWATER ELEV.= 347. 0 

LENGTH or RUN= 50 MIN .. 
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PLATE 40 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 48 
SCOUR PATTERN 

NATURE Q = 17,000 C.F.S. 
TAJLWATER ELEV.= 350.4 

LENGTH OF RUN = 50 MIN. 
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PLATE 41 
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MODEL ST.UDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 51 
SCOUR PATTERN 

NATUREQ ~ 17,000 C.F:S. 
TAJLWATER ELEV.=350.4 

LENGTH Of" RUN= 50 MIN. 
PLATE 42 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 49 
SCOU'R PATTERN 

NATURE Q = 16,89 0 C. F. S. 
TAILWATER ELEV.=350.4 
LENGTH OF RUN= 50 MIN. 

PLATE 43 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 54 
SCOUR PATTERN 

NATURE Q= 17,000 C.F.S. 
TAILWATER ELEV.= 350.4 

LENGTH OF RUN= 50 MIN. 
PLATE 44 
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MODEL STUDY 
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WA PPA PELLO DAM -OUTLET STRUCTURES 

TEST N0.35 
SCOUR PATTERN 

NATURE Q =I 0,000 C.F:S. 
TAILWATER ELEV.= 347.0 

LENGTH OF RUN = 50 MIN. 

PLATE 45 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 
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. MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 69 
SCOUR PATTERN 

NATURE Q = 17,000 C.F.S. 
TAI LWATER ELEV. =350.4 

LENGTH OF RUN = 50 MIN. 

PLATE 47 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 71 
SCOUR PATTERN 

NATURE 0.: 17,000 C.F.S. 
TAILWATER ELEV. =350.4 

LENGTH Of RUN = 50 MIN. 

30 + 25 

I_ 30+00 

PLATE 48 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 70 
SCOUR PATTERN 

NATURE Q = 17,020 C.F.S. 
TAILWATER ELEV.=350.4 

LENGTH Of RUN= 50 MIN. 
PLATE 49 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 58 
SCOUR PATTERN 

NATURE Q: 5,000 C.F.S. 
TAJ LWATER ELEV. =340.2 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 58 
BOTTOM VELOCITIES 

NATURE Q= 5.000 C.F:S. 
TAILWATER ELEV.= 340.2 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.59 
SCOUR PATTERN 

NATURE Q = 10,000 c.r.s. 
TAILWATER ELEV. =34 7.0 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 59 
BOTTOM VELOCITIES 

NATURE Q= I 0,000 C.F:S. 
TAILWATER ELEV.= 347.0 

PLATE 54 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 60 
SCOUR PATTERN 

NATURE Q = 14,500 C.F.S. 
TAILWATER ELEV.=349.5 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 60 
BOTTOM VELOCITIES 

NATURE Q= 14,500 C.f.S. 
TAILWATER ELEV.= 349.5 

PLATE 56 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 53 
SCOUR PATTERN 

NATURE Q= 17,150 C.F.S. 
TAILWATER ELEV.:350.4 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 61 
SCOUR PATTERN 

NATURE Q =I 9,420 C.F.S. 
TAI LWATER ELEV. =366.0 

LENGTH Of" RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 64 
SCOUR PATTERN 

NATURE Q. = 10,0 00 C.F.S. 
TAILWATER ELEV.= 347.0 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 80 
SCOUR PATTERN 

NATURE Q = 5,000 C. F.S. 
TAILWATER ELEV.=340.2 

LENGTH OF RUN = 50 MIN. 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.80 
BOTTOM VELOCITIES 

NATURE Q = 5,0 00 C.F.S. 
TAILWATER ELEV.= 340.2 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.81 
SCOUR PATTERN 

NATURE Q= 10,000 C.F.S. 
TAILWATER ELEV.= 347. 0 

LENGTH OF RUN= 50 MIN. 
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MODEL STUDY 

WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.81 
BOTTOM VELOCrTIES 

NATURE Q:IO~OOO C.F:S. 
TAILWATER ELEV.= 347.0 
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MODEL STUDY 
WAPPAPELLO DAM- OUTLET STR,UCTURES 

TEST N0.82 
SCOUR PATTERN 

NATURE Q = 14,50 0 C.F.S. 
TAILWATER ELEV.= 349.5 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 

WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 82 
BOTTOM VELOCITIES 

NATURE Q = 14,500 C.F.S. 
TAILWATER ELEV.= 349.5 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 77 
SCOUR PATTERN 

NATURE Q = 17,000 C. F.S. 
TAI LWATER ELEV.= 350.4 

LENGTH OF' RUN= 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 77 
BOTTOM VELOCITIES 

NATURE Q =17, 000 C.F'.S. 
TAI LWATER ELEV. =350.4 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.84 
SCOUR PATTERN 

NATURE Q = 19,620 C.F:S. 
TAILWATER ELEV. =-366.0 
LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 83 
SCOUR PATTERN 

NATURE Q = 10,000 C.F.S. 
TAJ LWATER ELEV.:: 347. 0 

LENGTH OF RUN= 50 MIN. 
PLATE 77 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 88 
SCOUR PATTERN 

NATURE Q= 17,000 C.F.S. 
TAJLWATER ELEV. =350.4 

LENGTH OF RUN= 50 MIN. 
PLATE 78 
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WAPPAPELLO DAM - OUTLET STRUCTURES 
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MODEL STUDY 
WAPPAPELLO DAM- OUTLET STRUCTURE 

TEST N0.104 
SCOUR PATTERN 

NATURE Q = 5,000 C.F.S. 
TAILWATER ELEV.=340.2 

LENGTH OF RUN= 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM- OUTLET STRUCTURES 

TEST NO. 104 
BOTTOM VELOCITIES 

NATURE Q = 5,000 C. F. S. 
TAILWATER ELEV.=340.2 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURE 

TEST NO. 105 
SCOUR PATTERN 

NATURE Q = 10,000 C.F.S. 
TAILWATER ELEV.=347. 0 

LENGTH OF RUN = 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM -OUTLET STRUCTURES 

TEST N0.105 
BOTTOM VELOCITIES 

NATURE Q = f0,000 C. F. S. 
TAILWATER ELEV. =347.0 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 106 
SCOUR PATTERN 

NATURE Q = 14,500 C.F.S. 
TAI LWATER ELEV. =349.5 

LENGTH OF RUN= 50 MIN. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 106 
BOTTOM VELOCITIES 

NATURE Q = 14,500 C.F. S. 
TAILWATER ELEV.= 349.5 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.107 
SCOUR PATTERN 

NATURE Q = 17,000 C.F.S. 
TAILWATER ELEV.=350.4 

LENGTH OF RUN= 50 MIN. 
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PLATE 87 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.107 
BOTTOM VELOCITIES 

NATURE Q = 17,000 C. F. S. 
TAILWATER ELEV.= 350.4 
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WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST NO. 109 
SCOUR PATTERN 

NATURE Q = 19,550 C.F.S. 
TAILWATER ELEV.=366.0 

LENGTH OF RUN= 50 MIN. 
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MODEL STUDY 

WAPPAPELLO DAM-OUTLET STRUCTURE 

TEST N0.108 
SCOUR PATTERN 

NATURE Q= 10,000 C.F.S 
TAILWATER ELEV.= 347. 0 

LENGTH OF RUN= 50 MIN. 
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STATION 30 + 60 

STATION 30 t 29 

STATION 30 + 09 

STATION 29t95.5 

STATION 31 +so 

BASIC DESIGN 

-
STATION 31 t 50 

TYPER BASIN 

STATION 31t50 

TYPE DD BASIN 

STATION 31 + 50 

TYPE GG BASIN 

MODEL STUDY 
WAPPAPELLO DAM OUTLET STRUCTURES 

VELOCITY DISTRIBUTION 
NATURE = 10000 C.F.S. 
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MODEL STUDY 
WAPPAPELLO DAM-OUTLET STRUCTURES 

TEST N0.112 
SCOUR PATTERN 
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TAILWATER ELEV.= 347.0 
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TEST N0.112 
BOTTOM VELOCITIES 

NATURE Q=I0,000 C.F.S. 
TAILWATER ELEV. =347.0 
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TEST NO. 113 
SCOUR PATTERN 

NATURE Q = 17.000 C.F. S. 
TAILWATER ELEV.=350.4 

LENGTH Of RUN= 50 MIN. 
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