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‘ Sub:]oct.: Progrese ot studies of the flow of water in open Ll
channels with high gradisnts with pu't.:lcnhr rafarenca
to observations at. Black Cmm Dam. -

on the Tittitas wastway daacribed in a mmoranﬂm to tha chief ﬂaelgn- V :
“ing engineer, dated July 27, 1938 under i‘.he subjuc‘t "Progrsta Repnrt m 5
Studies of the Flow of Water 4n Opan Ghl.nnela with High G‘r&dienta..:‘ In
this utructure the elactroden were of 1-1neh by 1/&-inah extruﬁed a,lm- _
irvom ‘belt moulding fastaned securely to ‘the eides of the channel ‘l'hey
extended above the water nurrace thus facilitating sttaehmnt or the
alectricsl hada to tho ouc:lllograph. In the caaa o:t meamring vmlo-
citiee on the race of an overfall dam uhere t.he training mlls m
eesparated by a copsiderable dietance and the prahe.bility of the flcn _
extending from one training wall to the o'hher im Nmbo, the instan.a-
~tion of elsctrodes and eloctr:lca.l conductom from them becoma a mtter
difficult of solution, Fm't.hemoro , it 1m not nonven:lan* to attaeh
elsctrodes to the face of an overfall dam although the test matmlmim
amy be of ] t.-mporary natun. Tharefore, pcrtable electrodey avependod
in the neu by s cable mm proposad Develoment of ,a suit.&b‘.l.a 'bypa
of eloet.roda and; 1and was naeeanry Cunsiderable thougbt- wau givan to
‘thess details in conmc:tion wvith the contemphtad tam at Nmia L
" A'brief description of the propossd equipment. 1s fim in o letter
frem ’tha chief engimr to M. T. B, Puker, @mr ‘w.naer, Tsnneam e




2. 'The lsborxtnry studies-donsis#ﬁﬁ essentiﬂlly'of ohperﬁ-'

ing the wuction of different types of electrﬁdes in the Tlow over the
1:40 and 1:68 scule models of Shusta Dam Spillway. The originul type
tested was a Strenmlined weight pmportioneﬁ" such thut the width at the
maximum section was one-fourth of the Length and the -helght ut the max-
imum section wrns one-sixth of the lenygth. &He hottom was a plane sur-
face. It wus up;arent that thm ratic of neibht to length wes too preat
for the velocities existing :n the models. i number of" curved plates
were tried with varying degress of success. %“Thasa tlates were ellipt- -
ical in plan =nd were curved in loqaxtudlndl and transverse eross-
sections such that the rutic of heibht to lentth wus small (the heightl
being from one-tenth to one-twenty-{ifih of mhe length). The r tin,of
length to width was rouphly three . to one. mhe plutes were.suSpgndedﬁip ,
the flow with the long axis of the elllnse @“rallel to the 4tre£mline§;
.The degree of curvature perpendicular. to the long axis had little o
apparent effect on the behnviﬁr of the electroue in the flow. hawever,
the degree of curviture on the long axis of-tbe plate governed -ts uctlan._f"”
The downwar? force on some of the Flates aas aufi'icient to cause them to
adhere to thg.face of the dam. Thig preven‘t.ed lowering them to the
degsired position on the spillway. Afiter a:serles of tests it was con-
cluded that 2 curved pl.te electrode could’ be cesignerd to Flve a:tis-
fretory results for & definite velocity in &he model, but would not be
satisfuctory for a randge of velncities, The ‘mast Batisfactory type of -
electrode for the runge of V€1OCitLE$ in the models was found tc be ; _
llghtwelght tuhe open at both ends und»helqg;n the flow with the long o
axis parullel to the streamlines."The'flo?Aof weter through;the:iﬁbaé”i
produced a stabilizing effeet. .3uch an aI%vtrode‘offer 1ittle‘§gaiat; :
ance to the flow.consequantly.the pull on the cub1e was siight.'ﬁ

3. ‘Befare the obhgervitions in t? ivhorutory uere cnmfletpd‘
a geries of vibrition-testa at Black Canyou Fam - Boise ?ro*act - Id&ho-
mnecessitated the use of the osciilobruph ’f
salt-velocity tests in the fileld. B
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> dam with the salt-veloecity app+rstus for the purgose -of studyinb tha
action of the electrodes and -cables under field ¢onditi na.

L. As there is no bridge over the spillway 7t Black ‘Canyon
Dam, & cable was suspanded across Gate No. 2 from Fler No. 2 to Pler
No. 3 (fiéure 1l =nd 2). This céble suyjorted two traveling carriagesh
equipperd with sheaves thr-ugh which the ceblaes to the electrodes .were
pussed. The carringes were f stened -together by & lenygth of rope.
The position of the carriages on the cable and hence ‘the leteral
rposition of the electrndes was contronlled fromiFier No. 2 by .two :hand
lines secured to the carriages. One line jassed thrﬁugh u.snatch ‘hlock
on Pier No. 3 and buck 'to Piler No. 2. The other extende’ from the :
carricges to Pier N&va. This system of rigging prermitted control of
the lrteral movement irrm Pier No..Z. The electrical cables to the
slectrodes -extended from Pier ‘No. 2 to the sheaves in the carriage and
thence down the f.ce of the dan to the electrodes. ‘Movenent of the
electrndes up or down the face of the dam was Eontrolleﬁ by hind from
Fier No. 2. simplex-Tirex 18-Z, 5. J. Cord, round, rubber-covered
cable was used for electrical conductors from the eleétrodes to the
oscillograph located in Fier Ne. 2. Two-conductor cord wus used
hecause of the sdditlonel strength of' this type as compuréd to 2 single
conductor .cord. The two condﬁctcrs‘were bonded:together at the ends to
serve 45 & single conductar. ‘The electrodes ware‘l—B?/-inch 0. I,
1/8-inch wull seamless bra35‘£ubiug and were 18 .inches in length. Tha
cable was attached to cne end:by a bail of 1/8-inch braass rod welded to
“the tubing. The "Tirex" cord;was tied to the bail of the electrode. A
3olderin: lug was atiamched toibbth conductzrs In the cord and fastenesd
to the . electrode with u'machige sorew . Fof.theaiuitlal»testiug four
eiectrodes, arranged as two p%irs,_were used. 'Two "Tirex" cords were
fagtened slde by side with mé%.l clips to .serve as . sihgln eable. ‘This
ceble extended from the oscillo gr-ph through the ghenve won the carr*-ge
to one electrode. One cord W&b secured to this electrode whiie the other

-cord passed through the‘electrode and extended fifteen feat Jownstrenn

to the -second.electrode. This constitutes the negative terminals of the




two;$nirs al' ejaetroies. The prnusitive terménnls‘were urrangen in the
samﬁ minner. The posiiiverand negative gle ctrude ofoa :ir were Tt the
saﬁg elevati n and wep& rated’ hOPLZDﬂt&llj 0; a tenufont Lvtvrval rurxna
Ankticl test*ng.\ The - enulpment WS JUoLEﬂﬁU” o the fce-of “the dam on
the centerline of Gmte:No. 2. :

5. Initialﬁtestsiildicdteﬁ“that«téﬁ-foot'horiznntal.spucing
between the two électrédes of - pair necgsslt&ieﬂ-thé.usé of an -excessive
amrunt of selt. “The distance waS reducéd to’five'feet._ By using approx-
im.tely oune g llon of fiour salt rer tmll a suitible:defleﬁtion Was
fecurded by the oscillbdraphselemedt. It was dlso.nécessﬁry tn move both
ruirs of esecirndes closer to Fiér No. 2 iin order in<control the location
of ‘the sult hall as it was thrown into the flow. OhsarVFtiuné werérmmﬁa

E(L) using the eiectrndes as 150 pirs; (2) using ‘the two uwner and the
two lower eleatrodes xs ‘two rositive electrudes and completing the
J‘clrcult by a ground connection tnvtha dnm; ﬂnd‘xﬁ)'uélug‘tHE'fourfélect—
.'rodesgas‘pdsitlvé.eieétrﬂdes Sap&r¢ted by!kuownlelevutiutm und conpleting
“the Llrcult by « grounﬁ connectwou to the dar. ¥est of the abservntioﬂs_
.were ‘muzde with the drumgate cuompletely ¢ower°d, tut -a few were aaqe with-
the gate sllghtLy-ralseu‘to ascertzin 1{ the electrories would reamain in
the jet or bre:zk thraugh“ﬁhe uncer side of ‘the nappe. No ‘indieaiion of
‘the electrodes bresking ‘through was observed. Observations were m:l~ for
‘a1l three of the-cohditipns‘eﬁumaruted abave with ‘the electrades ut
;VﬂriOUS elavitions on ‘the Tsce of the dam. The ‘heud on theicrest~varied
from 62 to 7 fest. The:ﬁiacharga‘wus apyroxim&fely 4,000 second~feet;

6. Observations indicuted that the tﬁbular elecirodes -were
not entirely stable in the flow. The L/8-tnch brass rod btails were
-badly damaged in-a short timerdue.to a tendency of the elactrode to
repeztedly strike ‘the face of "the dam. They were replaced by s éﬁinch
‘plate Welded‘to‘the~electrode Anc extendiug two inches upstream. :The \

front ;end was rounced andground smooth. This type'of bail, -altheuph

ant ﬁﬂtlrely'sﬁtigfactqu was much betier thun the origin-1l, particul—“‘

-arly for the downstream:electr-des. The.cbrds‘ﬂéﬂthe lower electrodes
rassed through the upper,electrndes, thus_pfevenﬁing them from striking
the fuce of the dum at =n angle. For this reuson the'balls.dn‘theaupper

-electrodes were.not bedly cam:ged. The electrical‘cpnductors_nefe;fust—'




ened through holes drilled ih.the upstream ends of the pleties, ‘Theff
plates, and the knots in the'canductors, caused di:turbances in the flow |
at the upstream ends of the elactrndes and prevented the flow from pass—
ing through the tuba us intended., In faet, the Histurb«nce WAS 80
severe in hlgh velocities thet mir pockets were formed sround the majJor
portlon of the electrodes when they were held 8livhtly below the water-
surfuce. The result of this ‘condliion was that only a amall part of the
surfuace of the electrode we:s n contact with the water and the yreuter
part was not effective &s an -electrode. No observatinns ware possible
at depth, but similar cnnditions avidently existed because the amount of
Balt necessary to Pproduce a readable deflectinn was large.

7. An electrode made of 33-inch 0. D. galvanized pipJ 30—'
inches lony, with u plute bail was attached to the cable ~nd the actidn o
observed. This electrode was more strble in thn flow than the smaller
electrodes and a2lthough the pull on the cord was not actuully measured
it appeured no more then ‘with the smaller electrodes. The additional

weight of the lurger electrode ceused it to be more stahle for posttlons .

at or ne:r the sirfwce of - the flow. Gb%ervitions at depth were not
possible but by plaecing an eur to the cord .less vibration was observed
with the larger electrode. Failure of the cable resulted in ihe loss of
the electrode before observut;ons were made regarding its elactric&l
properties. : .
8. The most iroﬁble way experienced with +he eléctrié#l
connection to the electrode. The originel connectinn was by means of
a soldering lug on the end of the cable screwed to the hraas tubing
The copper corductor was broken from the lug after = fon minutes in the
water. The lug was then screwed to the plate that serveﬁ B3 & bail ano
the lead securely fratened wﬁth frietion tape This connect;on withstood
the acticn of the water for a Jonger perioa of time, but was stlll “ o
suacaptible to ‘breakage bec&ube of demage to the tape By dri;ling amull' 
holes through the plate and. :astenlne the conduutor bacurelv wlth wire,
breakage wes reduced but was never eliminated. , ‘; “} :
9. . The streas in tha rubber .covered cable naa ouite higb
when the electrodes were at low positions -on the S&cg of the dam.“';= -




Yengurenents of the znrunt of pull om the -cuble were made with differ-

ent lengths of eahle in ‘the flox. These vesults mre pivon in'Teble I.

Length of . Full on i Approximate

Cord in : Upper End S Average Velocity

Flow in Feet. . ~ 1In Pounds . Aiong Cord :
‘ In Feet ler Second

2D N 36
75 ¥ 43
90 . : L9
100 . 53
160 3 57

QO s
~] AG = 2 nh

The rull on the cord WHE .06, 5Ured with = yair'ofﬁspring-scalas. All
neasurements were made by suspending known lengths of ‘one double cord
with two alectrodes attnched in the flow. The rnrdb hnd a tendency to
twist around one another which undoubtedly increaqu-the friction

between the water and the cords. Also the metnd. clips holding the two
~cords together offered adcitional resistance. No trouble was exverienced
with breakuge of the cables axcemt ut the polnt mhere the electroces were'”
.attuched. Fricticn ut ihis ;,nm‘l, chused chafing. of the ruthar cable end'
althoupgk a irotective cover of-tnge was eprlied, hrenkage occurred. TFour
electrodes were lost in the stresm due to feilure of £he‘cableAu£Nthé ﬂ
point of attechment. Difficulty‘was.also experienced with one cuble
‘because of & splice. The cord;when purchased was Bpeclfizt to be in
continuous lengths of at leust 250 feet. V¥hen i&.was~rem6ﬁed from theJ
reels one Teel was found to contuin two lengths,kone 150-feoot nﬁd‘one
100-foot. This neceasitnted'sﬁlicing. It was very difficult to make
any kind of & splice that mould be watertight "ﬁﬁ traﬁsmit the stress.
3ince the electrades were used neur the pler r“ther thian o the centerline .
of the g-te ithe 150-foot lenyth of cablie ﬁownsbreum from the splice waa ‘
sufiicient, and it was never necessary fnr the ;p;lce to curry sny strﬁss.‘
h wrepped splice such as was emjioyed would pro "‘)ly ‘huve fﬂllec ir
3subjected to the stress found to exist.

1Q. Nith the =lectrodes conuected suenithat the 4two &t the

same elevition oo the fﬂce of the dum served ug&'; airy that is, one

negative und one posztbye, & sctisfactory deflection of the oscillogref




element wns aht:nined if spproximstely cne gullon of s8lt, moistened -
~and formed into a bll, was used. ?When the two uprer and two lower
elsctrodes were used us Lrositive p;ertrcdea and the circuit comp)eted
by w ground .connection to the dam the amount of 8alt necessary to
produce a reuduble deflection was diminished alizhtly but not e much

a5 would be expected in view of the fect thut the positive electrode

&TEnL WAS doﬁbleﬂ ‘nd, since the f»ce ‘of the dum served 25 » negutive
electrode, it wus relatively quite lurge. Fvldently the fuce of the dum j
was con51derubly less efficlant as an’ exectrode then a metal electr-de of
similar area. - With ‘the four ‘elsctrodes :uaxended in the flow one above
the other at 15-foot interv11b along the cord anq useﬁ 45 positive
electrodes, the face of the dam used as a negatlve electrode, the umount
of salt necessary to produce reudable deflections was approximete 1&‘the
same a4 when the electrodes were used in pairs.. Since 2ll observetinns
were visual, it wus not possible to tell ir tha different methods of
connectiny the electrodes g=2ve different velocities.

11. 'Connections to the osclllogrzph vere mude throuwh a
control box whereby the resistance of one LlPLUlt could be balanced
aguinst the resistance of another Cirvu*t hy WeRnS of a bridge rircuit-
The control worked very well, out 4t Wi, 1¢ff1”ult to get a circuit such
th:t the uefiect1~n of ane element would uot influsuce the other elementg.

The only test #ilms th:t were made Erve no results becauie of thig ALy

culty in meking connsctions. Luring the vibration tests recnris were
keit .of the temperatures ut which lhe osciliogr.,h operated. It was

found that the best results were obt~1ne1 ‘when the temperatur: was main-
tained &t 15 aebrees Centigr.de (59 degreea Febrenheit). If the tempera.
ture fell below 13 degrees Centigrude (55 degrees Fahrenheit) the tr-ce
of the light be-m on the film widened perdépt‘bly. An increase in
temperaturs to 17 degrees Centigrade (63 degrees” Fahrenhelt) caused some
change in the width of the truce of the light beum. The refractive ounlity
of the dumping oil 1n the elements apyareatly changes with tempersture.
The temperature of-ﬁhe ogcillograph was coutrolleﬁ by weans of & light
bulb -placed 1nside-§;g osclllogruph case &5 needod Some kind o* heat-
ing device should % nstalled in the oscillpgraph.caua_naar the

g




elnments in srder that a: more c*ﬁstant temperature mLJ be maintained
in the !astrument during future field tests Very little trouble was
lex;ariencaﬂ Aith the camera in'the osc:llogra"h The main drlve belt
and the small belt to the tnke-up spool fajled urln; the vibr&tion
tests sntd were reriaced. The ingtrumevt is very awkward to movn from
one rlace to another and should be equip;eﬁ with hendles on the enas‘
of the cmse.

3 lzm Flow conditions on the face of the dam were observed
for ﬂifferent gute elevqtinns, dlfferent combinzti-ns of gate openings,
and ﬁiﬁfarent reservoir elevutions curing the time the v1bra£;on tests.
were in’ Hrogress Alr entralnmnnt in the flow, aerution of the Jet
when the 2 tes were ;Lrtlallv riised and conditi-ns relative to point
gaging the [low were noted i1 perticuler and u few pictures were tsken
to record some of the copditi-ns. Vhen the gutes were completely low-
ered the edges ﬁnd'ﬁpper surface of the jet contuined considerahle air.
Just how f-r the air penetr.ted the jet was not determineﬂ fhan the
gates were slightly raised the condltlons were gresxtly .changed. Air
entering fr.m the uuder side was carried through the det «nd emerges!
from the upper surfuce causing = hoiling appearsnce. A similer condition
was noted ne.r the edge of the jet when the gates vere conpletely lowered.
Thé air in this case w&s.evidently carried in from the;si4es‘by turbulence -
caused from the piers. Motion pletures wers made of the flow conditions
to show & comparison of the surfuice conditions .-nd the sction of the boils.
These pictures sre on file in the hydraulic laboratory. The comparlson
mey &lso be seen in figure 3. Another condition noted at Black Canyon
and elsewhere is the irregular line formed where tbe water surfuce first
becomes’ roughened and begins to entrain air. The top of the jat presents
& ¢lassy appesrunce for a short distance below the crest .nd then small
waves or ripples begin to,cpﬂear. The mzgnitude of the ripples incresses:
as the jet crntinues downward. ‘The line m:y be seen in- figure 4-B and
in the ﬁotivn’pictures This surf :ce conrditicn is uadoubtedly caused
by frlction along the air—water:gomtact The line was  b=erved to

'.‘

move up ‘the Jet when & wind wags blow1ng upstream thus igdzcating thet
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the condition ig a function of the relative water gnd'nlr velocities.
The degree of serntion of the je£ was prestly influenced by the thick-
nese and by the position of the gute. Flow conditions for one gate at
different elevstions wre shown in figure 4. |

13. No weter surface messurements were mude during the tests.
Visual observatlons of flow conditions on the fuce of the dam and
experience with the ceble equipment used‘to suspend the electrodes
Fielded gome Information of vulue in further planning for water surf:ce
measuremsents. It wes noted that ihe hand lines used to control the
location of the carriage on the cable hud a tendency to swey consider-
abiy. For this reagon the use of hund lines to control the swing of the
plumb bob, us suggested in the letter from the Ghigf Engineer to T. B.
Parker, dated Januury 23, 1939 (copy includec in the appendix of this
report), may not be advisable and en alternate means of coutrnliiug the
swing muy be necessary. The carriage used on the cable at Blsck Canyon
Paw had only one sheave on the mrin cable and one sheave [or the elect-
rical econductor to pass through; With the pull of the electrodes acting
downward and the pull on the conductor between the sheave und the pier
acting in & horizontal directiom the resultsant force was at 45 degrees.
The hand line ueting in w horizout:l direction and the cable supplied the
reaction. An overturning force was exerfed on the carriage causing it
to clamp on the cable. Wlik a2 heavy pull on the slectrode lines it was
lopossible to move the carriage by meuns of the hand line without first

slacking the electrode lines. In the design of ecuipment for measuring

the water surfaces on the fuce of a Jum curefil considersticn should be

given to the design of the plumb bob carrisge. The carriage should huve

two sets of rollers or sheaves separsted by rigid side piates possibly

two feet in length. The sets of roliers should consi.t of one roller

above und one below the cable to provide for the overturning force and

insure smooth operuti-n of the carriage. Considerable lateral sprezd of

the jet was noted (figure ). This spread was more pronounced for the

higher heads. The spread was ulso greater when the gites were raised.

This sprerd caused & tiinning near the edges but apparently did not effect




the greater pari of the jet. The fact thut the spread was eviﬁent on

the slope of 1/2 to L may Lndicate that it would be &pprﬂﬂlzhle on dams
having 2 flatter slope on the downstre.m fnce, The point gage readings
shiould be made near the centerline of the gute in order that they may

not be infiuenced by the thinning of the jet due to the luternl spread.

In the case of short g.tes nt the crest an? .- {lat glope downstream, it ;'
is posaible that even the canter'of the jet muy be affected by the;spremél
The spray conditians were st uo time severe ind fluctuatirns of the water
sur! ce were not larpe. It uppesred thut little diffieculty should be
encourtered in obtiining w very good surf™ce rrofile.

14. The jets from the drum g:tes were rernted for rll con-
ditions of fiow observed. The velocity nf the air'enterinﬁ cnrler the
jets was wuite hiph ut times as indiceted by chserving bits-of' paper
thrown from ithe tops of the plers. Evidently = large cusntity of alr
14 absorbed by the underslde of the nnppe. Turbulence on this surface '
i3 gre=tly increzsec hy the rivet heuds on the lip of the drum g=te und
air entrainment stairts 1mmeﬂintely. This 2ir i cerried through the jet
"by turbulence and produce the boiling effect at the upper surf-ce. ’
A typicel example of the flow {rom ihe drum gates is shown in figure 5.

15. The results of the series of ohaervetinns lend to the
conclusion that the tubular electrodes m:y be developed tonpvoduce‘
satisf-ctory results. ‘However, points thut W-ve been considered minor
det:ils nre relativaly asz imftrt"nt in evolving % satisf-ctory electrode
as the progortions snd shape. The upstre.m end of +he elactrode =nd .
the mech.nicnl connsction to the cable must be plven further cousidrra-
tion. Strenmlining should bélemployed to reduce the turbulence and
lessen the friction betwesn the electrode and the water. If streamline
flow along the surface of the electrode can be obtained, the amount of.:
salt necessery for deflsction of the osciliogr.ph elements should be -
grently reduced znd the pull on the cuble would he lessened. The

electrical connection between the cable znd thezgioctroﬁe mst be uell

LY

protected =uid should ve completely enclosed to a$ 3d breakuge in the

high velacities. It Is also possible thut « specicl cabie with
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enlurped portions wropred with bare coprer or brass wire could be made
up for a nominsl cost. Thls type of equicment could be streamlined
more easily .nd wosuld permit the use of 1ntéfnalvconnectinns to the

electrodes. It would offer 1ittle resistance “to the flbw-aud, there-

fore, should proiuce leys puil on the euble. The prabticﬂbility of

develping such » cuble should be considered Turther. If velocities
are higher or if the lenpgth of cord in the flow is greiter thun ut
Black Cunyon, the electrical cuzhle shauld he stronper. All splices
‘8hould be avoided particulnrly where high stresses or high velocities

:1may be eucountered. I two or more conductors are f.steuec topether,
the clips shoul” be mwade such that they offer u minimum resistance ‘to
the flow,

16. The use of flour ualt was satisfaclory. However, in
cases where the distunce betwean piers is gre.t and there is no brldge
across the spillway, it will be necesszary to vrovlde sume means of drop—
ping the salt balls frsm A cable or employing the elevtrodes ne.r u pier
so the locuti n of ‘the salt in the water maey he contrenlled.. The use of
rositive electrodes in the I"low and completing the circuit by ut{iizing
the fuce of the dam us ¢ negative electrode was satisfactory. Since the
ohservalirng nt Black Cauyon were for the most part visuul, it wonld not
be well to adopt this practice for gener-l use until 2 number of records
are mafle and anilyzed to determine if velocities recorded by this method
are identiczl with those obtained by the use of duul electrodes -nd if the
deflection curves bear the same characteristics.

17. The use of a 128-frame motion plcture camer: and e tele-
photo lens on n 64-frame motlon pleture camera produced n geries of
pletures that add much to the study of ‘hirh veloclty flow, This film
has been titled and is filed in the hydrzulic luboratory.







UNITED STATES ,
DEx sRTMENT.:OF "“THE' INT:RI0R
BUREAD OF RECLAMATION
© CUSTOMHOUSE
UZNVER, COLO.

January 23, 1939.

Mr. 1. B. Tarker,
Chief Enginesr,
Tennesses Valley ﬂuthority,
.fnaxville, Tennessee.

-

Daar Mr. Parker:

Reference ia mede 1o cur office letter of' ‘November 30, 1938,
and to telegrams of December <0, and 21, 1938, in reg&rdéto proposed
‘me..3urements of velocity -nd flowtoverfﬂorrig‘Dam.r

In accordance with the suggestiecn in the last prr.gr.ph of
your November 15 letter, Mr. Varnock of this office discussed the
problen with members of your staff bothain Knoxville and at the
hydraulic labor:tory dn Horrls on December 28 and 9. A verbal
agreement of cooperition was reached which 1s believer #ill result in
-8 further step in the study of the cheracteristics of sunercritical
velocities in channels with steep gradients. The ﬁetaiis ol thevplah
-evolved by your hydraulic st ff ond Mr. ®aruock ure offeredqﬂqf your .
BPETOVIL . , : o |

The problem of ‘high-velacity flow as previous!y studied by the
‘hydraulie luboratory staff in this office is divided in two nﬂrts: (1)
the meagurements of actuzl velocities on the . slope of stesp chutes or
sspillways; and (2) the measurement of the actuzl depths of flow under
Jthﬂ same -conditions. Observation ol the bPL1v1ﬂr of the high-velocity
'shent Aown the ‘free of the s5pillway of such ﬁams as Norris, Cle Elum,
.and Alcova dams shown th:t a flow conditicn is reashed at which GBULAT-
ently a large quantity of air is.absorbed by the water and the stream
ﬂis changat frzom one of golid water to one of an sir-water zixture. It
iis believed that the_coéfficlent of friction of this wir-water mixture

is .greutsr than that .of 801l water in which cuse the veiocity of




approach to a: hjdrahlic jump stllling pool wouldtbeuleaa than “thut
computed uaing the standard .equations.cf 1low In spillwnyﬂ orfchutes.
with low heunds this: condition is of ‘mo: cmnsequenca, hut-in'a structuret}‘
of the magnitude of Shasta Dam, the :proposed : Fontana’Dam, ‘and ceertain -
“irrigaticn canal chutes, the absorption of air. mnf reduce “the velocity
-and increase the‘depth sufficient to require higher training walls than
have previously been used, and ‘the ‘hydraulic Jump in the stilling pool
may be affected by the .reduction of entrance ‘velocity.

The method of measuring the depth of flov =greed uponiin tha B
discussion will be to point-guge the water surface using 8. marcury—
loaded plumh ‘bob suspended from e carriage on & cableway over the spill—  b:
wey. This cableway will be suspended above the ‘centarline of the:middlq~
drum gate with the upper end attached ‘to e ring tolt mn'thé:pndersiﬂarof.
the highway bridge aoross the dam. The lower znd of the‘miin:cahlswﬁy
will be attached to a second cable suaspendec from ahchors én ‘top of ‘the

spillway training walls. The position of the carriage on ithe ‘mzin ceble- .

way will be conirolled by a rope or hand line extending from dhe‘carriggéj,f o

.through a block att.ched to - the junction of ‘the main cable aud cross
cable, up to the control station on the-highwayfbrldge'aﬁd'backito'the |
‘carriage. The position of the point ‘gage below -the carriage will ‘be
controlled by 2 single line attached.to the c&rri@ge-and'pnssedxtﬁ}ough'
a block on-the point gapge, through s shezve on the carri&ge:and‘upito-the
control atation on the bridge. It is also considered advisable .to .attach |
‘two light hand lines to the point guge So that it can be pulled away from
the water surface when it begins to swing in pendulum fushion due to. |
impact with the high-velocity water. One man will be atuticned on .each
training well ‘to handle these lines. The point guge will consist of a .
mercury~loaded plumb bob with .a target so designed.thatlitsfreference
point can be sighted from any angle by tvo transits, one located over a -
refersnce hut on each spillway truining wall. The control atation on

the bridge and the two ‘transit atations on the training- walls will be
connected by telephone to. coordlnate the activities of the personnal .

during the point-guging. The persunnel to handle this apparstus will

conalst of a supervisor, two transitmen, one tur.et linemnnrbn-fhe

briige, and two target Jinemen cn the training walls.

R




The procedure of determining the witer surface profile down. .-

the f-ce of the srillway lor a purticular dischurge will he to lower the

roint gage at successive points along the cubleway until it touches the
weter surface and determine the elevation angd pesition of the reference
“target at each point, und hence the elevution of the water surface by
trisngulution ‘from the trensit points at the ends of & base line extend~
ing Irom one training wall to the other and parallel to the‘axisvdf the
dan. .-

The profile of the spillway will be point-gaged with no flow
over the crest -and the subseguent plotting of these data with those from
the measurement ol the water sﬁrfucESiwill;produce the depth-bf flow.
The use of triﬁngulatiqn will produce a considerable amount of original
data which should be nnslyzed immediutely to detérmine the consistency
of the mensurements, but advantage can be tacen of the intervals between
runs to make this necessury annl}sis. 7 '

The vslocity .f the water will be me.sured by the salt-velocity
methad utilizing tso puirs of electrades suspended in the flow by cubles
sugpended from the upstre .m side of the highway bridge with an interval
of upproximately ten feet between the two sets. The two electrodes in each
pul.r will be connected to the ends of individual -conductors and 50 |
arranged that the imterv.i between the two electrodes can be V“Pied to
produce the most satisfactery results es indicated by prelimlnary tnsts.
The upstre:m terminails of the electrode conductors will be connected to.
an oscillograph #hich records photographleally the pesssge of the sult
cloud between the electrande sections. The sult eloud will be produced
by dropping # bull of flour salt into the water at & suit=ble intervil.
above the first e ectrode section. The zmount of salt in each injectinn-"
and the proper point of intreducti-.n will be determined by -experiment
Just prior to the actual record test. fThe oscillogreph has u reflact-
ing mirror aud ground glass in which the -imjulses .can be studied with-
out recording on the gensitized film in the cumers. |

During the conference an DecemE;;.EB ~nd 29, thernecessary
enuipment and peraonnel res discussed andvn fuirly definite pl&n;of
cooperztion was d@welo;ea. The followinyg pl-n which is offered for




your apnrovil is based on thut discussion. The cuble rigging und poini-

guge carriage with necessary personnel for the water surfice mewsurements

will be designed .m:! furnished by your orgrnizetisu. "The telephone system )
for tha water surfxce:measuremnnté %11l bve furnished hy this Bureuu. The
mercury-lo~ded : roint-gaze will be cwnqtrurteﬂ in the Ly?rulic lsboratory
of thls Bureau.and shilpjed to Norris, Tenneasee. The O:LLLlObr<rh, elect-
rodes, conductors, and sult for the velocity ‘mezsurements will ‘be furnlshed
by this Bure-:u. Model studies will be made in this hjﬂrqulmc lpboratory
to design the electrodes to procure good perf:rmaace in the fiald me: sure—
ments. JIwo enginesrs from this.officebwillibe availsble 1o aasist In
this test program, partlculariy :to make’the:oaclllbgraﬁh records of
‘valocity. One of these engineers, #r. Thomas, was in charge of similar
tests on the Kittitas Waateway nenr Cle Elum, Wushlnbton,‘dur1ng Mey 1938,
anéd 1s thoroughly fumiliay with the test procedure. Ho cefinite ngree-
ment was reuached au to the ‘two transits to be used. The avallabhility and
necesslty of precision eguipment will be checked by both interested p"rties
and & l-ter decision reunched as to where they will we procured The
deslgn nd inst llation of the point- gaglnb equipment wlth the exce tlon_
of the point-grige Itself will ‘be handled by your organlration.

It 'is uncderstond that the ojportunity to make these tests
depends on the cccurrence of fioods of sufficient magnitude as to require
the filling of the reservoir to a sufficlent depth over the spiilway to
provide witer for the experiments. It is further understood th.t if
cowlitions warrant, there ls & possibility of filling the resecvoir u
féw feet above the dpilis:y crest at the end of the spring flooc season .
alter there sppears to be no further flood run-off. The litter would:
be expressly for the purpcue of‘providlng-sufficient water to obtain
a {ew observatl-ns.

In cur letter of Noveaber 30, lé}B,.ﬁ cory -of each of two
‘reports prepured hy meabors of the Burean hydraulic lubor~uory ataff

were - i~ted, These reports desl.with the present stmtus;of-thAa;problem;




Detailed criticism of the snulysis and results as-outlined'by intérest-:

0 engine-rs of your orgsnization will be aperecisted.

Very trily yours,

Chief Eng;neer.f




