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'Re'~,eved .~.: . . . .  , . .  , , .i " 

P~og~esm o f  ~,studt,es .of the  ~Ao~ o f  w a t e r  . in open . . . . .  . . . . .  : i,"! 
.channels with high ~adiente wlth par%~cula~ re~eren~ ~- ':-" 
to  observat ions  at  Blaok Cam,yon Dem+, , : . . . .  ' 

. ++ 

//. 

1.  The s a Z t - v e ! o ~ t , t y  :~thod ,of ~ a ~  " v e l o c i t i e s  ~a open:~i,".~:'.:~.:i ii: .: .... 

~he °.~.itt~tas ~astway .described i n  a :aemoran~'um ~,o ~l~e ©li-lef desi.gn- "" :": ..... ~ "  

:in~ enginee~., dated Ouly 2 7 ,  1938, .~mdeP t h e  ',,ub~e~, " P ~ s s  ~,epei.t , ~  . :  .'.~:+.:..':.' ~': 

Studies  of .the ,Flow of Wa%e~ :in 'Open 6~m~nel~ .wlth ~i~h !O~ad~auts=:~" ~ ..-.:...:: s:::.. 

Imm 'belt"mould~ ~utene~.eeour~7 to the :elde~ of the Channel. 'Theyi .... 
.... .::.?: 

ex~ended above ~he .Water eu~face ~hu~ facilitating ~at~achment of the. i :~ ,::::., ..... + 

electrical leads to ~he 0ec111o~raNh. 'In:: .the eas~ of. me,eurImE.,. . .'welC~. : : .' + .:,.~. . .+/: ,:+.+: .::!i.ii:.il I 

c i t i e s  on the  f a c e  of' an  ~ o ~ r f s ~ l  +dam :~here the  t~alnir~.wall. s .mi":: ' .~ ./: J: " :~:~ i 

separated by a considerable distance and the'-pr~babillt~ of the .fi~w .... .... + .~ ..,' :.:.+. + +~":: : ",:.+.~:~ 

e x t ~ n d ~  fr~n one t ~ i n ~ g  wa i l  to  the  o ther  ~s  ~ ~  the ~ m a ~  . . . . . .  ~+'~-,.~~~' 

+ -. ~;+~i' i~i:~!ii//! ~ ti~ :of electPodes .and ele~br~Acal eonduotoPs 'i~ ,thela become a ~tteP ~,~<" : ~,,-:++., 

difficult Of solution, Fu~thermo~, .it is .not .convenien~ to  attach. : :' q: :ii.i '~i.: 

eleotmode.  %o the  fa~e o f  an ow~.fal,i dam al though the .tei~ .in~all-~i~n .-:: ~i!i:.:i?.'/i.(i:. 

~¥al le¥  A u t h o r i t y ,  d a t e d  Oanua2.~ +23, i ~ ?  

. ~ai a c c o r d ~ e e  with. +~h~s l e t , ~ r j .  '~" . .+  : !el m t ~ i , e B : N ~ i l  ~ 
~he 
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2 '~ 'The i~bor,~tory studies coasls~ed essentt,llly of  observ- 

lag the 'action of different types of electrodes in the flow over ~he 

1:40 and 1:68 scale models or Shasta Dam Spli,hlway. The origln~l type 

tested was a streamllned weight proportioned such ~that the width at the 

maximum section was one-fourth of the ~ength ..~nd the .height at the max- 

Imum section was one-sixth of the length° ~he bottom was a plane sur- 

fnce. It was apparent theft the r~tio 'of be'lAriat to length was too greqt 

for the v~loclties existing in the mndels. ~A vumber of' curved plates 

were tried with wrying degrees ~of success. These ~lates were ellipt- 

ical in plan and were curvefi in ioa~itudinn'l and transverse cross- 

sections such that the r-rio of ~hei~ht to ie~igth .was small (the height 

being from one-tenth to one-twenty-fifth of~!,the lenb~th) ". The r,~±~ir~ of 

length to width was rou~:hiy three to one. ~he plates were suspended in 

the flow with the long axis o. ~' the ellipse ip~'~rallel to the stre~.-.~lines, 

.The degree of curvature perpen:?icular. ~to the long axis h~d little 

apparent effect ¢~r, the behavior of the eled~rode ~n the flow.o However,~ 

the degree of curvature on the long a~i~ of/~he plate goveAuzed i~ action~. 

The downward force on some of the plates ",;as sufficient to cause ~hem to 

adhere to the I face oJ" the dam. This preve:~ted lowering them to ~he 

desired position on the spillway. ~ter a :serie~ of test-~ it was :con- 

cluded ~that .u curved pl.~te clectrode coul~ !be designed to ~.;ive s:~tis- 

factory result-~ for ~: defi:,ite velocity in ~he model, but wouldnot be 

satisf,~ctory for a r~n~e of velocities. The most satisfactory ty.pe of 

electrode for t~e r~nge of .velocities in the models was found tc, ~:be 

lightweight tube open ~t both ends ,,u~d held'.!in the ~lo',.' with the lon~ 

axis par.~llel to the streamlines. The flo'~.i~of •water t hrough"the ~ube ~ 

produced a stabilizing effect. ,Such an e],~i~trode offer little ~resis',t- 
, # j ~ ' )  . , 

ance to the flow .consecuently the. pull on ~I~ cable was ~light. ~" 
• ?~:~.,  

3. Before the obserwti,~ns iu ~h~ !abor~tor-~ were cnmpleted 

a series of vibr::.tion.tests at Black Canyq~ P~,m- Boise P, ro~'ect -Idaho 

necessitated the use o~ the oscillograph ~d other ef:uipmen.t ,u~ed for 

salt-velocity te~t.~ tn the field. Since ~.ck Canyon Dam is cf ',the 

overfill type ~nd ~sufficieut w:~.tec was a~able for test purpos~ i~ 

was considered ad.vzsab~e to ~ke ~ few observations o~ the face o~.~the 
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. dam with the salt-velocity ~@,r~tus for thr~ pur~ose <of studying !the 

action of t~ie electrodes and,cables ~der field conditi ,ns. 

4. As there is no bridge over .the s~illway ,~,t~'Black iCanyon 

Dam, a cable was suspende:1 across Gate No. 2 from }'let No. 2 to Pier 

No. 3 (figure 1 an~ 2). This cable su;;',orted two traveling carriages 

equipp.erl with sheaves through which the cables to the electrodes ,were 

~assed. ~he cartilages were. f ~stened together by ~ length of rope. 

The [:osition of the carriages on the cable anti hence !the lateral 

positio~ of the electrodes was controlle, ~. from !~ier No. 2. by two~ha:,d 

l~.nes secure~] to the carriages. One line ~assed thr,~u.~h a.~snatchiblock 

on Pier No, 3 and back ~to Pier No. 2. ~The other exten~e~ ~ frc~m the " 

carriages to.l~ier N6:.'.2. This system of ~ri~ging ~ermitted. control of 

the lateral;movementi{'rcm Pier ~o..~. The electrical cables to the 

electroc;es extencled ifrom Pier ~o. 2 ~o the sheaves in the carriage and 

thence down the f,.ce of the dam to ~the electrr,~ies, ~ovement of the 

electr,~les u~, or down the face of the 6am was controlleg, by h:~nd Crom 

.~ier No. 2. 5i:nplex-Tirex 18-2, S. J. Corc~, round, rubber-covered 

cable -~s usec' for electrical cond.uctoro from the eiectrode~ to the 

osciilogr~2.~h located in ~'ier No. 2. Two-c,~n.'~uctor ~cor~.~ was used 

because of the .~dditioual strength of" th~.'~ type as com~,ared to a .single 

con,~uctor cord. The t.~'o conductors were bonded :together at the en,~s to 

serve a5 a sir:~le conduct.:~r. ~Zhe electrodes ,^'ere ~l-3/4-inch O. D. bY 

l,'8-inch wall seamless brass tubi::g and were 18 ~inches in length. The 

cable ~a~ attache,~ to ,~ne end~by a bail of 1/S-inch bra-~s ro~:~ wel~e~! ~to 

the tubing. The "~Tirex" cord..was tied to the h'~il of the electrode. A 

solderi:~..L lug -w,a~ attache~, to:'iboth condu::t~r-~ in the cord an~. fastened 

to the electrooe.with a machine sere,^. For the !initial testin~.~ four 

electrodes, arraz~ed as :two p~irs, ~ere used. Two "Tirex,' cor4s were 
. [~,: 

fastened side by si~e w~th met~-~l clips to serve as :~ single cable. :.This 

cable extende~ from the oscilllogr:~,h thr~'ugh the sheaw .n~ the carri::ge 
. . . . .  ~,~ ~i i ~ -5 

~o ,~,e eiec~roee. One co... w&~ secure(: to this electro,.]e while the other 

cord pas~ed through the electrode a,:r.1 extended fifteen feet. '.':own~treum 

to the secnnci electrode. This con~titute~ the negative term] ~'~Is of the 

;•3" • 

5 
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t~o, ' , , l . ' . ' , i~s o'.' e l  e c t r o 4 e s .  T h e  ] , n : ; ~ t , i ' z e  t e v m t r m l s  ",~ere ~zrr~..ng, ed  i n  t . h e  

sam~., m'~nner 2he positive and neg.qtlv~, electrode c, r ,~ p::ir ,~,ere ~t :the 

same e].evnti n :.rod separ:',ted :'horizontally by a ;te~,-font interval during 
% 

in~;t.iul test!nz. The .equipment ~, s suJ~;ende,, on the f,ce of'the dam on 

the centerli:te of" Gate!No. 2. 

5. [niti&l.~tests i,~icate4 th:.t .sen-foot horizontal s!,~,cing 

between the two electrode~ of .J I:a~r n~.cessltate,] the use o£ an excessive 

a ln..-unt of salt. [The distance was reduced to ~give feet. By using approx- 

.i.,y..tely one g llon of flour salt ;or ball a suitable [~eflect{-on was 

~.cec.';rded by the oscillo&ra~,h ~element. It was also necesssrt' to sov.e both 

F..,-.irs of electrodes closer to Pier No. 2 ,in orr|e~ to <contro]. the location 

of the salt '.~ll ,,u it was throwr, into the flow. Observati~:ns were-~Jde 

(l) usins the electrodes as t'~'o p:.irs; (2) usin~ the~t.mo up[;er and the 

t'~,o lower ,electrodes :is two positive el ectr..4es and Comple~i[,g the 

circuit by a grotu~(] connection to the dam; :-~nd ~(~)usi,~, the four elect- 

ro, l~.sl as positive ele6trodes ~ ' seI:.:r-:teu by ~owu~el~vatiur~ and complet~:ng 

the dircuit by '~ ground .connection to th; ,]am. Moat. of the observatio|[s 

.were made with the drum:gate c,;mj,~ete~y ~owered, but a re'^' ~'ere m;~de with 

~.the "~" , ' - g.-.~e slightly raised to ~scert:-,~in if the el~.ctr,~rlej w,buld ~eraain i~ 

_u.]~ ~tion of %he Jet. or bre'~k through the und, er side of the na]:]..e. No "~ '-" 

the electro~Jes brer&kingtthr,sugh was obser,ved. Observations were maze fo~" 

all three of the conditions enumerated ab..q.ve with the electrodes a.t 

,w~rio~Js elew~t~ons ,~r, the f,,ce ,~£ the dam. The-'head on the ;cre~t-v~;.ried 

from 6~. to 7 feet. The.discharge was ag, i;roxia~ztely A,O00 second-feet. 

6. Observabi,~ns tndic;~te~ that the tu~lar electrodes .were 

.not entirely stable in the fio~. The I/8-inch brass rod bails were 

.badly damaged in-a short time.-due .to a tenr]ency .of the electrode to 

~epe-~tedly strike tthe face oi'..t.he dam. They ,-ere replace~]-by a {-inch 

.plate welr]ed to the .electrode an~; extendlno~ two inches upstream..The 

front:end ~'as rounded and.: <ground sm~~oth, this type of bail, altheu6h 

not entirely s.~tisfac~o~&~ was much better than ~%he or.igin'~l, particul-- 
.t~ 

:arly for the-r.lo~,natream~.~'~ectr,,des. ~he cords ;%6 .the &ower electro,~es '"~! 

[,assed thr,'ugh the upi:.er, electrodes, thus preventing them from striking 

the f~ce of the .4~ at ~-n a:~gle. For thi~ ~reason the bails on the ~u~per 

electrodes were not badly da~,ged. The electric~il con~uctors were f~st-- 

@ 
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ened through holes drilled in the upstream ends of the .pl~tes~ The .. 

plates, and the knots in the iconductors, .caused disturbances in the ~'low 

at the upstre~Am ends of the electrodes ~nd prevented the flow from pass- 

ing throu~:h the tube ~s intended. In fact, the dlsturl~u~ce was so ~ 

severe in hlgh velocities that air pockets were formed around the m~J~r 

portion .of the electrodes when they were h,~.id slightly below the water- 

surf,,ce. The result oJ" this :condition was that only a small part of the 

surf;.~ce of the electrode was fin contact ~ith the water and `the ~re~ter 

part ~as not effective as an ..electrode. No observations were possible 

at depth, but similar c,~nditions .evidently existed because the ~mount o f  

salt necessar-/ to ,produce a readable deflectinn .was large. ., 

7. An electrode made of 3~-inch O. D. g.~ivanized pipo .30- 

inches lon~., wlth a pl-:te ba~l was attached to t.he cable ~d the action ":" 

observed. This electrode was more st~ble in th~,~ I'low than lhe smaller " " : 
, • . . 

electrodes ,,nd although the pull on the cord was not actually ~aeasured, '. .' 

it appeared no more .than with the smaller electrodes. The additional 

weight of the l~.rger electrode c~used it ~to be more stable for ~po~itions ,. " 

at or near the surface of the flo:v. Ob.~erv.~.tlons ~t depth ,were-.not 

possible but by placing an ear to the cord •less vlbr~tion was observed 

with the larser electrode. Failure of the cable .resulted in the loss of 

the electrode before observations were made regarding its .elec.tr~cal ': 

properties . . . . .  

8. The most %rouble wa~ .exi~rience~ .with the elec.tri~cal ..?.~ . 

connection to the electrode. The ori~in~l connection-was ,by /  means of ii..- ~ 

a solderi~%g lug oz, the end of the cable .screwed to the ~brass- ubin.g. . ~'/' ' 

The copper conductor was 'broken from %he lu~-after a few ,minutes ~n-,the '" .. 

water. ~he lug was .then screwed ..to the pla,te that served as a ~b~ii:,l an4 : 

the lead .securely fastened with 9riction tape. T.h:Is connection ~,wlths%ood " : -  

the action of the water for ,a.:longer. peri6d of .time, ~.~t was. still - ~'~ 

suscept~ble to breakage because of damage ~:to the ,%ap~. ~By ,dri~liing : ~' 

holes through the plate and ~¢Astenin~ the conductor .~ecu~ely ,wi~h.wi~e.~ i 

breakage was reduce~ but was:~ne.ver eliminated. ~~/!.~'~'.~. 

9. The stress in~ the rubber covered .cable ,was ouite i~high • - 

When ~,the electrodes .were at 'lOw positions on .the f..-~;~e..of ,the .dam . . . .  , 
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%{e:~surements of the ::r~ount :~(" f..ull on %ihe cable were m:,de with di;f.fer- 

.ent lengths of c~,hle in ~the f lo,~'. These results :,~r~, ~;~ ~-e:~ in:Table I. 

qABLE I 

Length of Full on 
Cord in Upper End ,i~ 
FIo'~ in Feet. in Pounds i,/. 

Approxi mate 
Average Veloclty 

Along ~Cord 
In Feet Per Second 

15 20 
32.5 ~ 75 
~7.5 90 
62.5 i00 
77.5 ,i60 

36 
Z3 
~9 
53 
57 

\ 

The full on the cord was .me,.sured with ~', ~air of,~spring scales. All 

measurements ~were made by .~i~npending known lengths of one double cord 

with two electrodes attached in th~ flow. ~he cords ~hn~. a tendency to ~: . , .  

twist around one ~nother which un~ubtedly increased the friction 

between the water and the cords. Iklso the met,~], clips hoRqlng the two 

cords together offered ~dditional resist.~nce. No trouble wns exnerlenced 

with breakage of the c,tbles except ~t the point where the electrodes ,were 

attached. Friction at this point c~,usec] chafir~ ,of the rubber cable .an.4 ~ 

al.th:)ugh a srotective cover of ~a~e was applied, .breakage occurred. Four :~ 

electrodes were io~t i:t the stre~:n due to f~i!ure of the ,cable at %he 

point of attachment. Difricu':ty 'a'as also experienced :.~'it.h one c~ble 

because of u splice. The cor~1 when purcha~e(l was specified to be in 

continuous lengths of ~t le~t i;:50 feet. When i,~ was removed from the 

reels one reel was found to contc,.in two lengths, (one 15U-foot :mS o:~e 

lOO-foot. This necessit.~,ted splicing. It was very difficult to make 

any kind of a splice that ~o~].d be watertight --rid transmit the stress. 

3ince the electrodes were u,:~ed ne~r the pier .r~tther the,:, o, the cenSer'line 

of the g,~e the 150-foot lenm%h of' c~ble -~o-nst~im I'rom the ~ [ l i c e  ~a8 
sufiicient, ~na it was never necessary: for the ~p.iice ~o c~.~rry any stress. 

A wrar, ped splice such as ~:aa am I Joyed ~ouid pra .,ly huve :failed if 

subjected to ,the stress ,furred to exist. .~,~, 

I0.. With the electrodes connected sug,n~-that Lthe ~wo at ~he 
• ~.'~,~,~ - • 

same elev:-tion ~:n the f~ce of the d:~m served a~:~:p~ir; that i~, one" ~:~' 

negative -~nd one positive, a satizfactory deflec~t~ion of :the oscillogra 

8, 
. : { "  " " .  . . ~ . ,  - , ' ,  ~ " " ~: , . ' "  : c . .  
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element w:~,s oht'~ine:] if spl,roximetely one g,.llon of s.~lt, moistened 

and i'orme~ into a b,dl, was u~ed. ~en the two u~:~r, and two lo~er 

electro,des were used ~s ~po~itive e~:ectro,les an~ tbe circuLt-comp].e~eL~ 

by a groun~i ,connection to the dam the amount of" salt necessary to 

pro,~une a read.~ble deflectinn was diminished slightly but not ~.~s much 

as woul~} be expected in vie,, of the :fact that the positive e-!ectrode 

are.~, was doubled .:nd, since the f~ce:of the d:',m serve,] ~s ~ negative 

electrode, it w~s relatively Quite large. Evi~-Isntly the f;~ce of the dam 

was consi¢]erably less efficient as an electrode• th,~n a metal ,e2ectr.-~de of 

similar area.. With the four :electroc~es. suspended in the flow one above 

the other at 15-foot intervals along the cord and .usea :~s positive 

electroc]es, the face of the dam ~.used as ~ negative elec.trode~ the amount 

of salt necessary to produce readable deflections was approxlmatel 7 the 

same as when the electrodes ,~ere use'.i in l~airs, Since all observations 

were visual, it "~as not ~ossible to tell if the differellt methods Of 

connecti,,5 the electrodes g~ve dilfe:-ent velocities. 

ii. Connections to the osciilogr:.~ph were made throuzh a 

control box whereby the resistance of one circuit could be balance4 

ag,~inst the resistance of another clr,-uit by ,,cans of a br~d~e clrc~it. 

The control worked very well, but it ~as difficult to get a circuit such 

th,~t the deflection of o:~e elemen~ would ~ot i*~'lueuce the other elements. 

The only test films th'~t were ma~e gave no results becau-:e of this dlff~- 

cuity in making connections. 5~ring the vibration tests records .were 

kei.~t of the tem~,e~ature~ at ',~hich the osciliogr~,~h operate,:~. It was 

found that the be~t results were obt:~.ine,,-] when the tem;.eratur~, was main- 

t.eine4 at 15 degrees Centigr-,de (59 degree~ Fahrenheit). If the tempera_ 

ture fell below i~ degrees Centigrade (5~ degrees Fahrenheit) the tr, ce 

of the light be:~m on the film wldene~ perceptilqy. An increase in 

tem::,eratur.~ to 17 degrees Centigrade ~,62~ degrees Pahrenhelt) caused some 

change in the ~idth~ o~" ~the trace of the light beam. The refractive Qu~,l~ty 

of the d.,mping oll ~ the elements ap},area~iy changes with tem~:erature. 

T-he temperature of i~e oscillograph was co~,~rolled by means oe a light 

bulb place~ insi~e:~e oseillogr~ph case as~meeded. Some kind o, ~' heat- 

• ng device should ~!~nstalle~ in the oscillograph ca:~.s near the 

'L" : 
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elements i~ ,,rder theft a more ~c~nstant temperature may be maintained 

lu the instrument during future field tests. Very little trouble was 

ex~eriencod ~.'ith the camera in the oscillograph. The ~in drive belt 

and the smsl], belt to the t~ke-up spool failed during the vibration 

tests and were re~iaced. The ~nstrument is very awkward to move from 

one place to .~nother ~.nd shottld be equipped 'with han~!les on the ends 

of ~he case. 

. 12.. Flow conditions o:~ the face of the dam Were observed 

for different g~te elev, tinns, different combin:~ti ns of g~te openings, 

and dlf~'erent reservoir elevations during the t~me the vibration tests 

were in progress. ~ir entrainmen~ in the flow, aer~tlon of the jet 

when the. ~-tes were p2rtially r.~ise~J ~nd conditions relative to point 

gagin~ the flow were note~ i:, particul~r and ,A few pictures were t~ken 

to record some of the con~iti ~ns. When the g~tes ~ere completely low- 

ere~ the edges ,~n~ Upper surface of the jet con~-~in~d Considerable air. 

Just hot f,r ~the air penetr'.ted the jet was not determlne~. When the 

gates were slightly rsised the conditions were greatly ~chan~,ed. Air 

entering fr,~,m the uu~der side was carried through the Jet ~:nd emerge~! 

from the upper surface causing a boiling a~:pe~r;.~zzce. A similar condition 

was :soted ne:r the edge o~" the jet when the gates were coml.letely lowered. 

The air in this ,case was evidently carried -~n from the :sides ~by turbulence 

caused f~om the piers. Motion :pictures w~re m~de of the flow conditions 

to sho~ a comparison of the surface conditions ,.nd the .~ction of the boils. 

These pictures are on file in the hydraulic l~boratory. The comparison 

may also be seen in figure 3. Another condition noted at Black Csa~yon 

and elsewhere is the irregular line formed Where the w~ter surface first 

becomes ~roughened and begins to entrain air. The top of the ~et presents 

a glassy appear,]nce for a short distance ~lo'~ the crest ~nd then small 

waves or ripples begin to appear. The magnitude of the ripples increases 

as the _Jet cc:ntinue~ downward. The line ~-~y be seen in figure 4-B and 

in the motion pictures. This su~f':ce conditi~,n is undoubtedly causeM 

by friction along-the air.water ;C.ontact. The line was ~hserved to 

move ,up the jet when a wind was blowi:~g up~tre.-'~m thus in~ic~ting that 
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the condition is a function of the relative water a:Id ~Ir veloclt~es. 

The degree of .~eratio,~ of the Jet was greutly influenced ~rj the thick- 

ness ~nd by the positi,'.n Of the g~te. Flow conditions for one g~te at 

different elew~ti~ns are ~shown in figure 4. 

13. No ~later surface measurements were m~e during the tests. 

Visu~l observations of" flov~ con~.i~tions on the face of the dam nnd 
,i i 

experience with the cable equipment u~ed to suspend the electrodes 

yielded some Information of value in further pla~,ing for water surf:.,ce 

measurements. It was noted that the h.'.nd line:s used to control the 

location of the carriage on the cable hud a tendency to sway consider- 

ably. For thi~ reason the use of hand line~ to control the swing of the 

plumb bob, as ~ugge~ted in the letter.from the Chief Engineer to T. B. 

Parker, dated January 23, 1939 (copy included in the apl,endix of this 

report), may not be advisable ~d an alternate means of controllin~ the 

swing m,~y be necessary. The carriage u~ed or, the cable at Black Canyon 

Dam had only one sheave on the main cable and one sheave for th.~ elect- 

rical conductor to pass through. With the pull of the electrodes acting 

do~ward an~ the pull on the conductor between the sheave ~md the pier 

acting in a horizont~Al direction the result:~t force wa~ at 45 degrees. 

The hand line act~ in ,~. ho:'izont;_l direction and t~ie cable ~upplie~ the 

reaction. An overturning force was exerted on the carriage causin~ it 

to clamp on the cable. With e heavy ~uli on the electrode lines it was 

impossible to move the carriage by means of the hand lin~ without first 

slacking the electrode lines. In the ~esi6n of equipment fo~' ,neasuring 

the water sure'aces on the face o~ a dam c-',refui cons ider~ti~,n sh,~ul<~ be 

~iven to the desi~, of the plu,~b bob carria6e. The carria6e should have 

two sets o~ rollers or sheaves ~ep-~r~ted by rigid ~ide plate~ possibly 

two feet in length. The ~ets of rollers should consi.,t of one roller 

above ,rid one be].o~v the cable to provide for the overturning force and 

insure smooth oper~ti-,n 'of the carriage. Considerable lateral spread of' 

the jet was noted (~'igure 2). This spread was more pronoun, red for th~ 

higher heeds. The spread was also grea%er when the g'.'.tes ~ere raised. 

This spread caused a t~,inning near the edges but apparently did not effect 
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the greater p:~rt o[' the Jet. The fae'~ that ~he sI~read ~was evi~.ent .on 
. o 

the slo~,e oF 1/2 to i may indicate th&t it w-uld be ~appree[:ible on .dams 

havin~ a flatter slope on the downstre.m 1"~ce, The point g~ge re:idings 

shou]d be m,.~.de near the center'Iine of the g'..te in order that ±.hey may 

not be £nFiuenced by the thlnrllng of ~he jet due to the latem~l spre.~d. 

In the ease of short g'.~tes nt the crest, au'~ .- Cl.-~t .siope downstream, it 

is ~oss~ble that even the center of' the jet may be .affected by the.s~read. 

The spray conditions were at I:o time severe ;~n¢! Fluctua~:l.r, us of the water 

s~rf" ce were not l~ri;e, I~. s.~,eared th,(t little difflculty should 'be 

encou::tered, in obt,'..ir~£ng ~ very good surf-.'ce ~rofile. 

1L. The jets from the drum g.'.-tes were e.ernted for ~,].l con- 

ditions of flow observed. ~he velocity of the air enteri:w" under the 

jets was culte hiL.~h ~.-t times as iri~,icate~ by observing bits oi' paper 

th:-own from the tops o~" the piers. Evidently ,~ 1,~rg~. cu~ntity of air 

is absorbed by ~he underside oF the nnppe. Turbulence on this surface ,: 

is gre::tly increased hy the rlvet heads on the lip of the drum g~te ~nd 

air entrainment starts imme:!i~.tely. This ~,ir i-, carried through the Jet 

by turbulence .nnd pro6uce the boiling effect at the u~per surfuce. 

A typical example of the flo:~ Crnm the drum g'-,tes is sho~, in figure 5. 

15. The results of the series of observati,:ns lead to the 

cenclusi,,~n that the tubular electrodes m~y be developed to :p-educe 

satisf~,ctory results. However, poir,ts th:~t .h~.ve been considered minor 

det-" ils ~..re rol':tively as i~r,~,crt"nt in evo!vin~ :~ satlsf" cto~ electrode 

as the pro;orti,,ns and shape. The upst~e:_m en:~ of the electrode ~nd 

the mech.~:|ical eonnecti,-,n to ,~the c~ble must be £iven further considera- 

tion. Stre:,mlinlng should be em~loyed to reduce the turbulence and 

lessen the friction between the electrode and the wster. If streamline 

flow along the surface of the electrode can be obtained, the amount ~of~:~ 

salt necessary for deflection of the osciliogr',ph elements should be 

gre-~tly reduced ".-~nd the pull on the c:,ble would be lessened. The 
..o 

electrical connection between the cable ~nd the;~ectro~.e must be well ~ 

protecte~ :,:,d should be completely enclosed to ~dd breakage i~, the !~', 

high velocities, it is also possible th~t ,,. =pe~c!;,l c:~bie with 
q 
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enh~.rged port.~ons ,.vr,~;~,~e~ ~. ~'ith by.re copper or ~brass wire could be m~de 

u~ for ~ nomln,~l cost. Thl.~ type of equipment cou].c.~ be streamlineL~ 

more easily ,nd w.nuld •permit the use of ~interna] con~ectlons to the 

electro~]es. It ~.~uld offer ii~tle resist~dnce %0 the flow aud, there, 

fore~ should ;~ro~.uce less ~uil on the c~ble ~Th~ pr~ct[icability of 

develping such .~ ca~,le sh~ul:] be con~i~]ered further. If velocities 

are hi~.her or if the length of cor(] in the ~flow i~.~ gre.'...ter than at 

Black C~yon, the electrical cable shnu]~] be stron;:er. ~ll splices 

shoui,~ be avoi~ed particularly where h~=h~ ~ st~'esses or high velocities 

i.may be encountered. If two or more conductn~s ~.re f'.stener; todether, 

the clip~ shoui: ~, be ,~de such that they o~fer a minimum resistance ito 

the flow. 

16. ~he use oi" flour salt was m~tlsf:~ctory. Ho'.','ever, in 

cases where the distance ~twesn piers i~ g~e .t and there is no brid~e I 

across the spillway, it will. be necessa~/ to yrovide some means of ~:ro~- 

ping the salt balls f'rn~a a cable or em~'loyinF, the electrodes ne'er .a pier 

so the loc~ti, n of the salt in the water may be controlled.. The ~t1~e of 

~ositlve e].ectrcde.~ in the flow and comi:letln £ the circuit by ut-~iizing 

the f:~ce of the dam as a negative electrode was satisfactory, Si:,ce %he 

observati,-ns ~.t Black Canyon were for the most p.~:rt visut~l, it would not 

be well to adopt this practice for gener,1 use-until a number of records 

are m:~de and an-~lyzed to determine if velocities recorded by this method 

are identical with those obtained by the use of dual electrodes -.~nd If the 

deflection curves bear the same charact~.ristics. 

17. The use of a 128-frame motion picture camera and. e tele- 

photo lens on ,.~ 6l,-frame motion picture camera produced n series of 

pictures that add much to the study of hig.h velo,:]ty flow. This film 

has been titled and is filed in the hydraulic labor.,~tory. 

~!~i•~ i~i!~• ¸ 



'" H - J 
m 

APPENDIX .'i 



UN ITED STATES 
DE}'ARTMENT;OF THE INTZ.q!OR 

cUSTO~OUSE 
DEN'~E~, COLO. 

Mr. ~. B. Parker, 
Chief Eugineer, 

Te:messee Valley Authority, 
Knoxville, Tennessee. 

january 23, 1939. 

De.iv Mr. Parker: 

Reference is made to cur of r ice l e t t e r  of November >0, 1938, 

and to telegr;~m~ of December 20, ~d 21, 1938, in reg.~ra %0 proposed 

measurements of velocity .,.nd flow over Norris D~. 

In accordance wlth the suggestion in the last par:. gr.: ,,:h of 

your November 15 letter., Mr. Warnock of this ~office discussed the 

problem with members of y,~ur staff both in Knoxville .and at the 

hydraulic labor;:tory ~in .~lorrls on December 28 and 29, A verbal 

.a~reement of cooperation was reached wl~ich is believed will resu]t in 

a f.urther step in the study of the characteristics ~ot" su~,ercritical 

.velocities in channels with steep gr-dieat~. The det~,ils of the plan 

,:evolve~] by your hydraulic st.'ff ,,rld Mr. War:,ock are offered ~!,~r your 
~ .  

, approw,1.  -" 

.The problem of  h i g h - v e l Q c i t y  f low as  previou~±y s t u d i s d  by t h e  

: h y d r a u l i c  l ' : b o r a t o r y  st~.~.ff i n  t h i s  o f f i c e  i s  divlde~, in two p , r t s :  (.1) 

'the measurements of actual velocitle:~ ~)~ the slope of steep chutes or 

.~spil].ways; and (2) the mea.~urement of the actual depths of flow under 

~the same conditions. Observ~tlon of the behavior of the high-velocity 

~sheet down the T,.~ce of the spillway of such dams as Norris, Cle Elum, 

and Alcova d~ms shown that ~ flow condition is reached at which a/.,p~r- 

ently a large quantity of air is absorbed by the water ~,nd the stream 

,is ch;,nge~ ~ fr:;m one .~f solid ~ater to on,, of ,,.n ~ir-water m~×ture. It 

;is believed that the coefficie::t of friction of ~%hi~ air-,.~,ater mixture 

is gre~t.~r than that :of:~so]i.:~ water in wh':,;h c~&e the veiocit F of 
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approach to !a ~hydraullc Jump +stilIlng .pool ~would !'be ~less '~than,~th~ +=+ I 

computed usin~ the standard .equations ~of ~l~low. ~In ',spi~llways "or (chutes ii 

with low heads ••this condition ~is of.no ~consequense, ~but itn~a ~structure ~'~. i 

of the magnitude of Shasta Dam, :the proposed Font~na~Dam , and ~eertai~ I 
i 

irrigation canal chutes, the absorption of air,may .reduce•the velocity ! 

and increase the 'depth sUfflcient to require higher train'ing waI, Is than 

have previously been used,-and the ~ hydraulic Jump in ,the ~st:~!~ing i;pool I 

i • may be affected by the ~reduction of entrance ~veloci~ty. 

The method of measuring ,the depth o f  ~flow agreed ,upon iin ~the 

discussion will be to point-gage the water surface using a mercury- 

loaded plumb bob suspended from a carriage on a cableway over the spi~I1- 

way. ~hls cableway will be suspended above the centerline,of the .mi~dle ~ + 

drum gate with the upper end attached to a flag bolt ot~ +the u:~dersi~e Of 

the highway bridge aC~oss the dam. The lower end of the main cableway " ~i 

will be attached to a second cable suspended from anchors on '~top ofithe i 

spillway training walls. The position of ~the carriage on,the ~main cable- i 

way will be controlle~ ~. by a rope or hand ~ine extendin~ from ~the . c a r r i a g e + + ,  - i 

+through a block att-,ched to the junction of the main cable a~d cross ~J 

cable, up to the co~trol station on the hi&hway bridge and back to the i! 

carriage. The ~sltion Of the ~int gage below the c~rria~;,e will .be 

controlled by a single line attached to the carriage +and .passed ~hrough ii+,.'~,i~+I 

a block on.thepoint gage, through a sheave on the carriage:and .up ~to the ?++.,.;,~,+ 

control station on the bridge. It i~ also considered advisable ~,to attach a f'~+~. ~ " 

two light hand lines to the point +gage so that it can be pulled away f~rom .. i 

the water surface when it be~in~ to swing in pendulum f~s~.ion due to. i 

impact with the high-velocity water. One man will be stationed on each .... i 

traini:,g wall to handle these lines. The point gage will consist of a 

mercury-loaded plumb bob with.a target so designed that ~i~s reference ! 

point can be sighted from any angle +by t~o transits, one located over a i 

reference hub on each spillway trainin~ wall. The control station on i 

the bridge and the two transit stations on the tra~ning+walls wi'll",be i 

connected by telephone to coordinat~ +%he activities of the ,personnel , 

during the point-g~ging. The per~,~nnel to handle ~his ap|mratus ~will 

consist of a +,supervisor, two tr~nsit~en, one ,tarset lineman+~on ,the il, 

brid~e, and two target ~Inemen on the training walls. ,~ +i 
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The p r o c e d u r e  o f  d e t e r . , i n i n . ~  t h e  w a t e r  s u r f a c e  p r o f i l e  down 

t h e  f..,ce of.  t h e  s p i l l w a y  f o r  a pa r t i cu l=Lr  d i s c h a r g e  w i l l  b e  ,to l o w e r  t h e  

point g~ge at successive points along the cahleway until it touches the 

w~..ter surface and determil,e the elevation and posit~[nn of the reference 

.target ~t each point, and hence the elevation of the water surface by 

triangulation Item the transit points at the ends of a base line extend- 

ing from one training wall to the other and parallel to the axis of the 

dam. 

The profile of the spillway will be point-gaged with no flew 

over th~ crest.and the subsequent plotting of these data with those from 

the measurement of the water surf-ces will produce the depth of flow. 

The use off triangulatb~.n will produce a consider.~ble amt~unt of original 

data which should be an.~lyzed immediately to determine the consistency 

of the measurements, but advantage c~n ,be ta,~en of the intervals between 

runs to make this necessary analysis. 

The veloclt- of the water will be me.~sured bY the salt-velocity 

method utilizing two puirs of electrodes suspended in the flow by cables 

suspended from the: upstre .m side of the highway brid~e with an ixfcerval 

of ~Approximately ten feet between the two se~s. Yhe two electrodes in each 

pa~.r will be connecte~ to the e:,ds of individual-conductors 7and so 

arranzed theft the interv-,1 between the two electrodes can be v.~,.riec] to 

produce the most satisfactory results as indicated by prelimlnar 7 tesZs.. 

The upstre:,m terminals of the el~.ctrode con~uc%ors will be connected to 

an oscilloGr-~ph which records photogra~;hically the pass~.~ge of the. salt 

cloud between ~the electrode sections. The salt cloud will be pr~oduced 

by dropping ~ b~tll of flour salt into the water at s suitable Interva.! 

above the first e:ectrode section. The amount of salt in each injection 

and the proper Feint of introducti .n will be determined ~by experiment 

Just prior to the actual record test. The oscillograph has s reflec.t- 

log mirror and ~round glass in which the Im},ul~e~ c~n be studied with- 

out recordin~ on the seasitized film in the camera,. 

D~ring the conference on December .28 .~-nd 29, the neces~a~, 

equipment and per.sonnel was discussed and ;, f~,irly definite plan~:iOf 

cooper:~tion was ~veloped. The following pl.n which iz offered for 
,=~.~ ~9-, 
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your approv.~l is b:~sed on th~.,:i discussion. The c,~ble ri~ing an6 po~nt- 

g:~ge carriage with necessa1~ 'personnel for" the water surface me~surements 

wLll be designe~ ,n:: furai.~hed by.your or~r~nizatioL~..~The teleph.~ne system 

for th~ water ~url' ~ce :me:~surem::nts will be furnished by this Bureuu. The 

mercury-lo~,ded lolnt,gage will be c~-~n3tructe.~ in the hy;r',ul:!c ':l:~bor~.tory 

"" t of th].s Bureau an~J shxp,=o-to Norris, Tennessee. The osciZlogr...ph, elect- 

.redes, conductors, .and salt for '.the velocity'measurements ~;::ill lbe furnished 

by this Bure-~u. Model studie.~ will be made :in this :hydraul'ic l~.boratory 

to desiga the electrodes to procure good perf:~rma:ice in the ['ield me: sure- 

meats. .Two engineer~ from this ~off'ice will i.be av~i.lable to assist ~r, 

this test progr.~m, particularly 'to make the-oscillogr~i~h records of 

velocity. One of these engineers, ~r. Thomas, was in charge of similar 

tests on the Eittita~ Wa~teway ne,~r Cle Elum, Washington, 8uring ~ay 1938, 

and is thoroughly faro[liar with the test procedure. ~o definite agree- 

ment was re~ched ao to the two trnnsits to be used. The r, vailability and 

necessity of precl~ion equipment w~ll be checked by both int~.reste.~ pt~rt~les 

an~ a 1.-ter decision reached a~ to where they will be procure~.. ~The 

design ,rid inst llation of" the point-gaging equipment with the exception 

of the ~oi~:t-g,L~e Tt~elf will be h~ndled byycur org:mlzat~on. 

It is understood that the oi~-ortunlty to make these tests 

depends on the occurrence of floods of sufficient magnitude as to re:~uire 

the fillln~ of the reservoir to a sufficient, depth over the spillway to 

provide w'~ter for the. experiments. It is further understood th,t if" 

co:~]itions ~arr'~:t, there i~ a ~:o~sibility of filling the reservoir .~. 

fe~ feet above the ~ili~,y cre~t ~-t the en:! of th~ ~pring flood season 

after :there appears to be :~o further flood rua-o'ff. The 1,'~tter would 

be expressly for the purpo=~e of pro~i:~ing ~uf':'icient ~'ater to obtain 

a f e w  observutl-ns. 

Ln ¢,ur letter ~,~' November 30, 1938, ~ co~y of ~e~ch of two 

~rePorts prepared b-z members c~" the Bure~u hydr..uiic labor>.to'r# st;,ff 

,were .... :,--',~d. These reports deal~,with the present st',.tus of this problem. 
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Detailed criiicism oi" the am~iysis ,md results as outlined by ir~erest- 

e8 engineers ofyour org~nlzation wail be apprecl~tte6.. 

Very trulM y¢',u.-,',sp 

C: 

C h i e f  E n ~  n e e r .  
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