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'I.'hs hydmulic axperimntal progm daacribed 111 th:lu m-u m
sonduotad in the hydraulic Lubomtaw 01’ t.he Bumau uf Reclmtion ar

the United St.utaa nepamm or tbe mtarior m fDanvar, columno. under B

‘the dimut auperv:lsi.on Qf m author.

P&rtinnlur amdi'b 15 extendsd I. N. Bmﬁley, Anaooiata ‘.Engineer,
trho hes baan usaociated with ﬁhe authur fm ﬂhe instigat:lon o:!‘ thin
‘progrnm, ‘and - whoae untiring sfrortq and i.ntamaat hm maﬂe ponaiblo
" the ampmhansiw traamnt giwn th;,s ‘;mb,jnot. Appmoi.trbiun im allo
oxtendod to.Asaoctato Enginsam Ca W. Thomas snd 3., wf' Ball; . Aﬁai!tant

"Engimra J. He Douma. H. Ga. Daway, :rr. and A. n. Smath; anﬂ W‘tm“" '

Bagingers R, Ae Gooﬂpastum and D. L'.. Lanoaater for thair aaswaanno S

dn the perromance of tho axperimants an:l mlyﬁin or the ﬂntn.

Tham studias mm made uudor the gemml suparviaim iof !mtlmr

Ruettgors,. B:mior Bngimar, and I. I.. Savagn, Chiaf ‘Denigning Engineer. :

A1 engimermg work: of the aumau of Realamtion 13; der the
airestion. of R. r. vzalter, ohmf Engmsor““ and a.‘l.l ‘the ac't;:j,vi-bies ,, ﬂ,,_‘_r- )
._Bureau are dimcted by :rqhn c_ ?a@, 00miasiom;-, s A et e _

| VThe atrbhor parhicularly appmiatas tha oourtaey ;s and‘f;oooparatmn |
__eof the Bumnu 111 Erantins him pomissicn “to u&a tha_material.nomamd

‘-:ham!.n T a gradtmte thna:ls.. !bapcnsibility ror‘.s"uli'abatmnts anﬂ "
' ‘,ccncluaions pmsanted ara aemﬂ by ‘bhe author es entimly persoml.
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Wlth the tmnd 1n maen* years toward gmater deptha or rlow L
.over flood apillway craat.s, the lmpcrtancs ar pmiding the uormn‘o
: profile has" been materiully memnued. It haa beaﬂ the aucuptad pﬁ&
'jtico for many yaars ‘ho ﬁesign the cmat ar an overrall ﬁam with “bha
assumption that ‘the spaca' “'beneatn the ot trom & aharp«cmated weir - |
‘is fa.lled with the builaing material usaf‘:‘ :'1n ﬁhe fdam; i’)eanita nll tha ; ';;:'

;atudiea famviouﬂly ms.de*on” the chumctoristins o' flow mrer‘

“the ‘m'ie"' ““*fa"e °f 'bhe nﬂppe, beinp‘ d;i’t’ioult t.o obsam has ra..ﬂ}”f:f i

-caivnd a mlativaly mull amount- or nttumtion. '

A derinieney ar aeat.ion.‘“f tany noint :mder the napm will m—
‘ault in the. fomation of”_a _n&éﬁtivé preasum betwaan the downat:\::eam
,rm.wof the dam ami t‘t ‘rnap'pe of watar. B With this condit_ianwthma‘ '
unﬂesimhm conﬁitions mn abtain' ' |
(l} 'i'he msultam'. pmssum An the.‘; .
'he 1ncrsma dus tu tbe mducstiun ot back pmal‘ o o
| (2} 'I’hﬁ inatshility of the nagu‘bive pmssure with 1ts ‘
dntemlttsnt pmssure chtmge wt.ll cause B vibmtion accump&nied
5 oy a 1ooalimd ﬁlslntamtion of thﬁ boﬁnﬂuxw " knmm aa cavi-‘;f_ o
.._mtion,; s , : ‘ : | _t
- (3) ‘l‘he intermitbemy‘ of t‘;e nagative prelmm muaad
_;_'h'y' the unstable con&ltlon mavailmg beneath the flow sheet g B ‘:‘.?_
e .':‘-,f;_mu cause 0 state or vibratlon m thﬁ ﬁm. mna the ampli-:

vit.u&s of t.his vibm’c.ion 1s exceedingly small t-he uccmmlat,:,m )




s rd,

of roma within the dam can prodma secondary fumaa, gertiuulur-

: .?ly 11‘ the natuml fmquenoy of tb.a atmotum ;:bears a partlsmlarj:f'f_’ |

"_:rslation to that. oi‘ the vibratinn "of t!m xmpm, Th‘ig 59‘."31_,“?.-(#% e

| /may give Tlae to s movement ‘remcmbling an ewrthqueké in b
Tna under aur'raca or the nappe *as it laavoa the wair cmst. riaaa

sllghtly, than bacomas horizontal und i'inally ralla, follmring ‘:a__?i'-"' '

‘ ‘path appmximatinp a parahola. To tha uuinitiatad tnia curm oi’

‘tmml i 1naign1rioant and scamelv notieeable, but 11: nonm:itutea _:E"' o
an axtmmlv 1mportant phuaa of the ﬁmdamntals of - tho nontmot:ton i

of & Jet oi‘ flmr over a; sharp-aaged contro]..- !:’hila :b"__ |

“for cormrative pu“posea-

The tor "nappa“ as &ypli@d to t.km sheet of wat.er passing, a wir R
appamntly originated wit‘n Bazin. In the tmnalation of m_a wnrka
. from t:tua aneh to the English “tho tmmlator'a corzmant on the"?uaa

"'of t.ne ward "napm" is "For 'waut of a convenient English eq,uivalent‘




: we nrmll dea;ignate this shaet by 11:5 var',r appropriute !l‘mnch r.xa‘me,w
_,:nappe, a naz'un apo] iad primrﬂ.y to B table-cloth. tna fom of whi‘_
as 1t. paaseu :{'rom 0 hortzcntaL to - vortical plarm 1n pnssin,g ove:.-. t.hé
adgo - of tha ‘cable, ia wrell i,minatod bv the ﬂhaot 01' vmtar pasning i

'DV‘GI‘ ‘the 'We!l

B&zin, ‘An discuueing Lb su‘ojecf,, atumﬂ, "'The upper.aurraca
of the nappa has alraady beon Bt.uﬂ':l.aﬂ by oertuin a:qmrmentare, but
| the undar mxrface, while lous_.‘ aaay to ohaerm, ia, parhapa, af.' grraatar ﬁ“ |
fmtereat rrmr. a ttwomtical sbandpoint. ifor 11,:3 Lom shows accnmtaly

‘the aontraction m-, tma c:-amm :{n 1‘nming thia contmction, the sunder

side of the nappe laavas the- mat at e 'eruaiu ang;le, risin{z at ‘“'m;t,

then baooming borizontal, anét rinally fﬁllimr,. 'l’his urmxrﬂ ouwe ui‘ thm K

undexr- side of tha :mpfse, acamaly notined until now, oonrtitutag Pt ST
navnrthele:aa, ona ef tha funéLu.mantal data of‘ thra phennmanou.,

Q.

:Bounsinneq hae made 1t the hasia of e naw tz.earv of the «fltm mrar e

welra.”

80 far-as iza }cnm-n, 'L:m first at.tampt mada 1n Amarican litamtum -

- tCn dewa”mp tne ahape oI‘ an overfall dum to fit the ovarflm:ing”-ahaat B

‘g,was that of wmllar in 1908. He attsmpbad ..o extemd ts curve fm _19‘
_:;uppor seei,inn or the lewer ,aappo thmugh anln'a dm'.u. Hiﬂ expmssi‘on‘ -
_?lﬁ for the auﬂm ‘link"he tarmizwlogy of this tmutise vras E .
| ‘ . x2 ...'?:2 Shﬂy - 0 (S:igum l&'L} | s

:‘.'for ‘hhc tl mad oi' meun valocity wi-r.h the origin of coorﬁinutes at

-] . .‘T_upnroximatal}r o ssn above aud o,c:n_mEg do.:natrenm fmm the -nheommal
‘:_‘mi.r cmst,. Ile masumd downmm onu-third tlm fhioknesa of the nappa

.':rnorml ta tha thread of meean velocity to lsc&te tha curve oi‘ tha




jtowor sustaco.  Parkor roprotuoed Mullexts ourvp and ddmoistadten

‘:ufeet. anﬂ buller appllns-them tc thick notohaa, under naaasfar-s or

.10 roat.; The principla 1a a goud ono. and the, proueas 1aaﬂsvtowa7f"

)nice GU.I‘VG«

‘§ ‘f_ Jorxiaon and Brudie° offer a parnbolic equntion for the 1ower

| aurfaua of the nappe uf

: ‘.nighaat pnint or the lowar nappa aurraea. "."Aa‘a fantor oi‘ Barety "ror :

;:d&-n dasign, they mumnﬂ thnt the aquation be inomassd to
xz 8I "055]10?. ";f,,=,r

_ 'rhe aquation x2 - l.BOhuy was”also used by the E!iami consemmy

';nistriauﬁ in ths dasign of their spi lwaya._ It‘wna_uaad u&tnau.“any'“”” ‘

-."éincmaﬂm for ractor of_‘ aafety 3 ‘It' cmx?he” -Bhowm 'bhat aot.nally the

ulmr nappa rurraae uan ba only upproxim o

| Flaod?:ard :m hia uiami Gonaamncy D:!.atrict-' ‘:rar.;c:rt., aaya,
l_‘;profiles of ths ma wairs WOTE - desigued to "oonrom approximataly

?wto the prufile or the lowar'nﬂppﬁ of the DVBrf1°W fL,,‘é'ﬂh“’P' e

- ;;_craatmi wair ‘as - datamimd hy Bazin B8 axperimen'ba. Tha proﬁles as S

‘ 'j-;qgsignaﬁ ugma approx:lm\taly An; ’bheir upper porbiuna wi.th tha fomzla_ Lo
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.B hy, whare x nnd y are hor zont;al "'nnd vcrticnl no'minatas

discharge over ths sn:lllway we:lra pEr i’qot; of J.angth waa camputedi ‘

by the rumula tE q, = 5.

cmager'? :pmposea en aqnatinn

i‘or the l.‘r.ne m gva*aga velocity i.n tha nappe with the nrigin of
' ooorﬁinates 0.06'5 units tmst;ream fmm the race oi‘ t‘«e woir aud 0,.251

E uni‘bs abova the higheat mint or tha lawar nappe urf‘ane. 8cifnamia

in which tma origin o 'bha ccardj.na;tea g at -.ths ahaz'p “;z-ast ‘or the
' weir. Unfortunately. th,is yequabirm doos" not -"eover;tha ] ost. -ﬁupo tant
port.icm of t.ha cmst;__na;mﬂ'ly “ ‘:t.na ;Jortmn betwean the

ana the hlgh point or 'bhe tmjem-,ory. D

An emnirieal equﬂ‘c-ion i’ar \ne m.m ‘-_st.rfaue of. thra uappe vies .

derivad bv Re R. Randolph, Assiﬂt&nt aninee

y - 0.525 H“O“BBE 1‘323




with the nrigin of tha coordinates at 'ohe mgn-st pos.nt ur the lmr

sumw. A s:lmilnr oquaticn w.‘n.th t.ha name origin oi‘ aoordiuates duriwd R

by Aaa:lstant Eng:ineur H. L. Davls. Bursau of Raclamt-ion, 15"
y =0, 435 H«o.azs ,1.8'?.; " o

There evidantly mwt be a ratiozal equmtion i'or '!:ha a.hnpe ar the

J;zs oi' an ‘dea.l :t‘luid.. J.Jimbg

darivad 8 uet ai‘ paramatrin aquatiaua
for the ‘sheps -of the surraee or e jat issuing fmm a sharp-adgud
.oririoe. : w:nm scme modﬂ.ﬂcaﬂmm and t.ho mclusion or the ei‘i‘eot of
pravity, equat: ons mlgx,ht he dariv&d wnieh V‘Oﬂlﬁ fit t.he ubaemﬁ dat.a.
.‘Tha d.avalopment oi' sunh equaticms orfara a ﬂm c:pportuni‘.:y ror ra-

asardh to aome enﬂ'inoer or mnthematieian, A '

Naeﬂ ﬁnr Additiona.l Ezparimnt.a -

In tha aarlier daya ot’ dam ﬂesie;n. tha practice ﬁm tke &elm;n ar
_the swaliaﬁ "ogas" umst or a apillway was to use & vertical up— g
‘stmam face‘ Tha dam croun aectian waa deaigned to I‘it amctly or to
e Bltghtly J.arrar 't.han the spaea banaat.h the 1mmr nappa of a aharp- iy ;
_“,created wair wi:t‘ : _"flow equal to t.he maximum diacham._ ‘J.’he shepe I
| -‘was. in maﬂt inatanoes. computaﬂ 1n accordnnea v:ith Bazin's eluasic

o gn:arimnts, which cmrad a considerable mnae of mxppe ahapes,

Rauantly J.arga dama havi.ng othsr than pla:l.n vertiaal upstmum‘ :
,1aees hava baan built Tor which the da'ba ot Hazin 1& not uppliea‘bla.
in one rorm, the crest ovarhangs the upstream f&ca oz’ the dzun ‘
'(figure JJF). frhia ‘type has baan evol.vad ms 3 mault of‘ its sa.vina o!‘
~maber1al, : ‘J.'he t,.zaomtioal !‘om o:t‘ stable nanmz-m,ow ‘dam‘ 13 'i;hg

trie.ngle with the mter aurt’acﬂ at tkm apex as mam in fs.gum lca Eex’

s




.an uvaruf'low dam., “the ahapa wnuld be approximr wly mha tmpomom
romd by removinp the . apox from t,he uppar pm:-t oi‘ tha triung,la to B
-distnnce equul to the ﬁesign heud ho' on’ tha nmst us .shmm 1n rignru
11). Wf.th an ovan?low navinp; a dupth or ho, hmvever, tlua dmtmum
B:lda of tho tmpezoid doos nnt. have auri’iciant w*dth and the nappa
-would Jnmp claar of tlm dum, as shawn 1n rigum :IE, ral_ing on a cum
eztanding a mnximum diatanou N autside t,he f.mpazoid. To inmms rm-
doxt rrmn undaairable vacuum ai‘facts thia apaoe between the nuppe cmd
the dum shnu .d ha ﬂllad with ooncrete. Th.‘.z; ooncmta 15 not locatad
m the mrmt nfi'icient; pcsition to mslst mrbuming or the dum. By
mwing tlm point oormsprmding ‘bo tha we:lr cmst upstmam 8 dista:we
‘N, the. zmppa oan ba brought tangent to t.he d.ownst.ream taoo oi' the :
:tmpezoid. Thta maults in a harizontal orrset in the uppar portion
of the spillway aection aqual to the di.z:tanoe H. ’I'he upatmam e&m
1a oo'mnonl& normact.hd to 'bhe upstmam ruoe of the dam eit,her by 8 ‘ ’; ; i
'single 1mslined aumaoe or by a snom soctian a" verbicul face balw.
which 1o en :maunaa :Enoa. The first rom, uutlinad hy the haavy ' 
"b:ml'en J.ine tm I‘igure lF was usad on the cOnwingo Dm on the Suag_un‘
hamna | Rivar ard t.he ook Ganyon Barrier on’ r.he Arkansaa River. 'l‘he
eaand fam, tha sol:ld linus on.: I‘igum lF, was uaad’-an the w:llaen

_Dam: 1:; the Temmame Riwr, the &are Harbor De.m on tha uusquehﬂnna

Ri?er and tlm Bul.l Hun Bam on tha Bull Ru.n River in Qmsw' . Iu thiu e

z’csm‘ tha ncnemw mquimﬁ unde.r tha nappe 15 plaaed wham it is
*nos!t efreotiva to re(sist orverturn:‘.ng and thsmfow:a’" 'results in a. mom
‘»econorxieal émn.. The pro,jectimr, upatream ;port.ion :»f the ﬂem usually

altam the ahape oi‘ t,he nappo, and cnuses it to no longer rollow

‘exactly the "‘om whmh would. mault rmm a weir :'Hith e mrtical upw | o




atrnam-xaoaaﬂ-’ -

It was to detamina bha nappo shapes aﬁﬁ t.na eoofficlanta of dﬂ.a-

ahargs fur sonh nvarhan{ring crest- thfst &n extanaiw seri\aa or axpuri-

monhs were :Lnutigutaﬁ hy tha Bu:mau oi‘ Peclnmutian. R ‘

sxtent of E rhwantnl gren =

~In 'bha dauie;n of varions praliminary roms cif spillwaya eon- Bl e

uidemd for Bouldar Dam, mgny qmationl arasa in cummatimn wit.h mrer-

rlow crast ahapus; anncuming which ﬂa’ra waa m'aﬁ.'ieiont t.o permit

amt solutiona. I)uring the com:-so of the dmaisn wark, experimen‘ball ‘
dam wes - collectad wnioh prcsvad nr value in thn pmpumt:tan af ..ha»,iater; .
desip'ns of the siﬁa«-ﬂhﬂnnal npillway, and thia ahoulcl be help:ml 1!1
.pm'mr_ine' ru'r.ure desi::cns, not only or s*de-channal apillmys. bu‘o or

Uthﬂr fﬁm am‘plowing. gvari‘all ﬂﬂﬂ'bions, __\(":;,:"._ ..

‘  The ain 1n Lhe oriﬂizml program was to com-alate n11 available
'_infarmation an the ﬂubjact and treat it rrou the praotical stnntpcint |
_7,01‘ the dssigmr:' Aﬁmitt-eﬂly, tha progx;am has tullen rar short; or t.ha
| orig;iml intention, but sut‘h circu'nstances wem uuavoidnble due *bo .
| ,constunt intormp‘oi,on bv mo:ce m'gent worx "’I‘I:'-’ Tt 1:4 plmmad e.+ thiﬂ ti.ma
Lo complete studiea o.. ,‘Lhe more com"mn sna‘pes as opnortunity pamits
,and r:v.nally nubliah the ent.i'; rannlw as a porbion of tha final reporba " - 

" on Boulder Dam. B

The principal uhaaes or spillmy design eo.widemd 1n tne expe-ri.-

*‘ments bv ﬁhe Burmm 0r Roclamt.ion wem as fcllowsz S 7
Xa Detemm the shlipa «ot cmat req,uimd to Best. fit the -

lmr nappe of the overralling stream uaine sharp«cmstad weirs




N

' mprusentmg dam mtimn wm; vart:ucl upnmm fmn ann a).m

* ‘with mrhangina umi ofrut mm _ L _ .
£, Study t;na awiutiuna of thn nnzxpa ah:spu nwn tn n vulu-
city of B@FMﬁh. : an!.n cmrad ) partion or 'hh.ta neld but :m;
‘_ amrmnts wam not ax‘bannivs cnung!; to aomplnmly analym ths CERE
Dat.emma the nosfuc.wnt.s nr dlsctmm i‘or aama m.tn"" e
wranirml and ofraut npatmwu :‘noaa- ' _ ,
_ -9 mlm thu vucuum uffects éhiﬁh mn:,f mur m: t.he: dm—-
"-ntmnu Sace - of mrarmll dm. ‘ = _ ‘ : o
- 5. ﬂaaemm t}m mﬁueuon or pmwm whiuh usm un tbs_' L
upstmum rm ot;‘ a dum dm: to 'clm mcmmm nf velucity ovar f.ha
-oragt. Th,in nrfnut. mm al..f;ht, daamuws the ovart-nmina:
xamunt o:_* 't.ns dtm m*d 13 cunduniva t;o B small mduction 1:1
- jauntinn. ‘\ SN e |
B, Bom:nm the (iinmnr@u awt‘fiomtu rur madala ut‘
*&i.rfomnt ahapad uraatn with wul wit.hcvut oontml gtst.as. m
mmﬁioa wOrs 'ho mcludo the m“'eet uf a(! jmmnt tarmin. mm:a,
and: poaition ar ﬁru:,u gatau. B e EIRERee -
T In t.m am af aupslmntnry mats n'n mam.a gr mm “fl":"\“:‘"l: '
;dnaignn, the - p:msaumﬂ oz, thn cmut uuﬁ :m ﬁm drum ﬂutan ﬁam~
to be obaemd to yrovma mrnmtien for tna uaa uf 'hhe mm

‘demﬁmm iﬂ ﬂmﬂm B‘&mnan un t.he nt.ruotu-nl mmbers, i

E to rimnt@m S :
';Ehe labbmt.ory WB‘%S on t‘.km W,mm ware :ln.itw‘baﬁ in the ?orb:_ G

caum mmuue h&bomtury 1 1952 us 8. muna  of ymvidins umnta.y" )




needed. nmtorial for the . cmplbtion o:P the spillvmqr dani(;ns ror Bouldar

. Dam, Bacauae of tbe rout:l.na natura oi‘ the stucuea, thuy vrem aubject

0 cona idemble intemption by ottmr mom urgont worl-:. Thasa demnds
‘pmvantad tno ccmpleta nnalysis or t.‘m 'naasummantn at tha tiﬁ trhe:r‘ _
wWere mada In the rollawing yenra, ag tlm and personnal HGI‘B aiailnblo,
the matorial vmq analyzﬂﬁ ﬂomplatnly to pmpam 1‘.: for publiuution. A.
thurough study 1ed to the belier that parts wem :I.ucunsistant und .nm; -
worth publiahing. Anau.ndingly, m 19"56 au'bhor:lty ma acmsht und :muaur- "
ed to repeat cartuin of tho taat pmgrana to provida a aompleta raco:rd.

This new progmm vms canductad 1n tha Humau'*o;. Heclamation hyﬂmt.lie_
‘Astructums .mboratom i.n tha basomn:ﬁ of 'bha "cuetmthousé\. i.n Deuva_r,,-

_colomﬂo. cognimnce vma takon or the atmrtnominga of tha original

yaats to avoid a mpetition 01‘ trm failuras.

Tha "principnl difficultiea in t.he original atudies m:ce laok or
e:g)ariﬂnce .’m plnnnine a: utuﬂy of 'bnia type, lack or defiui‘ba prcgram,
and tne derioiency or ti:ne and peraonnal with which ta analm “tzhe

m&tarial coinni&ant. r:ith tha actual nmaauz-amen‘bs, e SO ERIE:

In rull appreciation of thaae troublaa, tho m,)etitipn 01’ thoaa‘
tests: wm praoaded by 1 caref'ul plan or procadum, As oac}i\ maasum-
mant was completod, _un annlysis wa.: mado beforo proceedina
-s‘bep. _ ln 't.hat way, mxy inocnsiutent or irmlevan'h m&turial
natnd ;lmmdintely. Ii‘ the maultu of a pmicular t.ost uﬁm

sistent, the test was mpeated. R

Be m ot‘ Thasia
N In thia tmatiae, the diaouasion hns baan 1imited to the awim




mada on tha vm:lr v:ith the vartical upstmam race. , The shupe oi\ :
.unﬂer Loppe ‘tha proi'ilo of.' thu upper vm’r.ar aurrane' tb.e ﬁavintiam‘.'ot
tho nappa duo to the valaoity oi’ approau}r thu ncurfioiants of dia-o
nharga- nnﬁ. t}ua mduotion of pmnsuro on ths *upstmam’raan o‘t“

have a1l voen aunmderaﬁ. o P

Tha tmm:mnt ni‘ \npillwey umaha ‘With other upstmam ahapaa

would be a mpetition of nrocodum mxd anelyaia. henu %1@ -qoqsmexjﬁdf_'. W

:beyonu the auope of thiﬂ tbeais.

- The tests on mndela of nut.unl dnsimus ho detamizw ﬁm nntimnti- f ey

city of thi vmthod Gf aapmncb hm'a baan *tmnta& 1n other pa})ar-;.

A mcent. arbicla by the wri.term d;aala wnh the aolutj.un of a apeci.i‘ic

pmblem in the dasig,n of the Bpil.lvmy cmet mr &mnd coula ‘Dam b;-

the maasummant of tha m:der nappe of flm-r over o aharp-*cms:_ 'd mir. o




e -wﬂmmmmmsmmmmm G

Goloraﬂo Btate prioulturel Ex ’ri.mnt Station
'L'he original expermhts mmie b& the Bumuu nt‘ Reclamnt:lon l |
woxe, mrromud .m tha hydmulic 1abomtory or the Golorﬂdo Btat
Agricultuml Experiment Btntinn, E’ort collina E.oloro.do. Thn weir‘ o
appuratua vmn inata.]_lnu :m ‘bhﬁ weir box within the lnborat.ory thuild’
‘_bing. The Bxparimntﬂ ware uonduotcd on wairn t\m: feet 1n"1_ength
this. baing, “the gmat.eat 1angth over whinh a oonsiﬁarablefhea-ﬁ':could
be mmtainad v:ith 't.he water mmply uvailabl&.z ‘I‘he approﬂnh nhﬂnnsl |
4o tha weir nrui tne channal dmmatrsnm from t.ha weir ware also two‘_
faat wide v ao that tha contractions at. the wair wem suﬁpﬁeasa .
'in‘bsrior of the uhanml wem raeed -aulth l-:lneh finished lumbar
- was. agnmximately 16 faet lon.g, 'mha sides axtending rmm tne bottcm S
oi‘ the concmim tunk up«nm to \a height or 6 feot 11 mnhea, in omer’,‘
that the wuter might: antar rtha a—foot o!mnml wiﬁh the least ponnible_;;i”‘“:{;_;;-: |
'.distnrhanae. The an‘bmnce was I‘larad with a’ ahort roundad aection o.nzi"{» f‘- L
each side enﬂing tangeut to tha channal sidewalls. 2 Tha channol wua
‘fitted with a movable floor ndjusmble to dirferant positions 1n omarg‘_i‘_‘ .
40 vary tba velocity of uerOach to the we!.r fj."rhis floor «aa hald in B
' ‘-plaoe at. eauh end t:y two cablas whioh exbendad *f‘ram the movable flcor-_i_"”_.:‘
;‘thmugh mulays f&atemd to tha bottom of the concmte to.n‘* and thenealjj D
_' thmugh holaa 111 hha uppmaeh ehannel walls 1;0 ancshors maa.r tha top or b
J:the tanin. “Lhe bnoyancy of the “1oor combined wi.t.h tha nat umxﬁ
:.l-='traasuxe due to dii‘*’arance in velocity abmm and be:‘mw he.;.d the floor
et t.he eniis of the nablaa. At tha upstmam end or this movable rloor,

',.:‘a mmablz incliued ranp s inae:fbad to exwml fm tha flaor to the B




buttom of the connreta tank. Thia mmp Qm‘bmd wmh Mrmg side- [

walls mde & uanvarging Bntmnca to t;ha m:l.r channoii‘or all posi.t:lons

iand of tha 2—foot nhannel. Tha teat- wair f(figure 2) waa hald 1n plm

edge ‘on t_ha WB!.I" -

In the original atudiaa, the t.ep oi‘ ﬁ.t;he mir waa mada with a
vidth of wJ./‘J}r,-mcu and - alupa o 45 dagm;s ;on.;‘hhé lam: 061 , |
atudy hy Rnuse and zzomll at Maasaehuaatté ‘rzmatituw or Taéhnolagyﬁ
_shnwed the.t “---, aurf’ace *tonaion_»causos the nappe ta apr ;
short dintanoe mlaw the craat mt;har t!mn at the nhnrp upatmum aﬂgo, NS
due pr&ncipallv to tha small width or the creat wbiah is ncwer mnde
absolutely smarp TO ov'arc ome 'bhlﬁ dirf'ioulty 1n tha taa'bti ;"‘in; tha
‘Dammr lehoratonf, ‘hhe weir crast waa gmumi to, a lmifa adge r.v%ith a :

'vertical upstream facc to elimimta tha viscous ei'fact . PO

'i'he sidawnlla of the z-foot. onunnal wam eontinua& domxstream
~1-.o pmant the apmuﬁing of the nnpps..‘ A hole :Ln ona wall dcwnstmam
frcm the weir and belom the craat pamit.tsa access to the 1cmer aids

: oi‘ tne nappo for opemt 10:1 of the lowar nappa coorﬁinom&ter. )

The mf.ar ﬂupply for the Eort aanms oxperimnts wma obbained




rm 8 storage maervcir 1ncatad above tha la'ncmtary.‘ The outflmr
.:rrum the resarvoir 1nto the laboratnry vms uontmlled hy tmanually‘: ’
.operatad cirnular sliﬂa gntas.. r.iajog ndjtmtmnts nf fww ‘mmk\ mnde
“with those Q,Htﬂﬂ. .*.&:lnar aﬁjustmnts mr the tes‘b weir wara_maﬂn"by;i?
‘-nﬂnipulution 01‘ an adju.stnblev "B'be uair zmd valve. The waz:te wair was
hinp;ud e-.t the base and vag ndjust.ed. i haight. hy rotatmn ,“oi‘ A;‘h nde
whael nem* tha !xaad gaga. "'hs valm cﬁuldalao baadjqud-fmthu
: gagm{r 5tati<m throu,gl* u ha'Val gaa a.d '“ou}:zrmsa-nbly. '_Lm-ga d‘juat-
monLe. ﬂ-c:ra mmio with the movable waate 'ﬁeixl'litand fine a.djustmk 's ,W,

"i-.he wasta valva.

“‘wo i‘laat ggagaa and one hook ge.ga mm installed .1.n mlls nun- Lo

_nect.ad through 3/4«111:111 haae te ths channal lO feat upst'mum rromthe

' jweir. The fla&t gng.aa werc tbe type dsvelu;_md at uornell 4111?&378117#4;%_”?.

I-Ieads ware read dimutly ta thoum ths of & foo* on _;a"vemier. |

of the gagas wore umuctad to cponme's 1n the mmble channal t‘loa:.'

anrl the "tnird vms cozmaa'tad to an opaninr, m tha ehannel wall 9 :Lnnhes

' belfm’ thﬂ weir creat. When the noor ms placeﬁ a:hm ‘thia opening,

. -the thim gaga w&s not uaed.

_ '.Bumau o*‘ Reclamtion hydmulic Laaoratozy J.n Dan'-ar, colomﬂo
In mpaating tlaz m;gna ﬂeasummants 1n tshe Imnver 1a‘nomtmry

'}ractically tha Bnna arra.ngemnb of 'éppumtus wss amployad as in th :

original experimnts. 'l"he"‘»:two-root‘ cnannel vms auplicnted exoept that

s‘the approuch channal ms t.he same v'iﬁth as tbe tsst ohamel thamhy
ulhninatins ﬁhe naoeasity ror the tmnsition alls and fle:or. ‘uuit&’ble .
_-baffles at the upstmam (md oi‘ the u_ppmacli channel-?’u 1patuﬂ tha

,enem from tha aupplyupipo mtdmﬁm%uted "he flm*t uni.fomily in t.he '
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‘aha.n'nél. Tha wata*r was uuppliad t.hrough a

\mstéi__j.ea;bn: :;mé*fcié;wﬁ;;g:amz‘fa_c&so_” ‘the weir.

j"“!m Gmrdinamaterw | :
Tne prufila ci‘ ths nappe A as ?'mnasum g by specs.ally oonstruoted
' instmmnte !mmm as. cuoxﬂinam ers. "Ih mﬁtnment_ by which the- :

' suri‘acas mre measumd -in dm lr‘ort colla.na asts

"1n i‘iguran 3. 5 and: s. by ;.ccnaisted aasan*ially o nah horizﬁn‘bal e

'“frd.imetion oi' tne rlmv_ Th_“'beama ‘_wam made suﬁ‘i-

- a maa.aumble defleetion. : Tha csrriags sup*:orbi' ;
was oommete& throug,h a hariaontal slm’-mt-i_ 7 m to a clemzp on

tne E-—“ocam hy whiah fina acjustmeuta of‘ ths horizonta.l position cimld
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_for mﬂﬂurin&’ tha cmmnindsr ur .,ha l:mar aurrane. ‘In una thj,g'. ogmi..‘gf,,

nomtez' was - aet at a civan horizontal pnsiticm a.nd 'hhe tip of the e

hoak or point, a5 the caae might bo, wey 1cwared unt11 1t tuudhediud
the mt.ar surfuua. f::ha vertiual mading mae mn&a the aarriage »nnve
to.a naw positlon and t!vs pmcens rapeated unt.il the ,ent. m nappa
wag tmvemeﬁ. In mkiug tm meaaummsnta n:".' 'bha 1mr. eurram ths‘
1nstrumani: was insartad in t.he jet un‘l:iJ. tbe t*‘ p or tha J:ook touched
the 1awar nuri‘ace. For the lower heads, tk s cam;act _‘vma :claarly
visible .fI'O”! ubove, buf:. for the hig:her lmaﬂzl' it “was neaasnary: tu view :,";::

the haoi' througn the obsar\mtian porb :Lu the aidewml.

_ ThB oaordiuometar shmrm 1n ﬁ.eures 3 5 and B‘W:as used in‘t!m;
ox-icinal "l:sata to trave:rae both the upgm' and J.:m:r nappas; ‘

nob entiraly satisfncﬁmy, partinularly m the aaation af the ‘,lowarﬁ:f-
nappe batwsen tha elmrp cmst of the "baat mj.r and the vam oantme‘ba

'whieh is tha importﬁnt portion of tha crast, I that partinn of the

- ;apillway doeu not i’it tha :lat wi"h.tn e maaonnbla degrae, Quite 113@_&:3"_ e




..-nég’aﬁ'ife".vpxéﬁéui-és'*wiii'\bcr"devélbpéﬁ‘. ’l‘hm was provan m 8 aoriea'or‘-fﬂ "'

E ‘atudias on a modal or the f:lzml uroua mution oi ftha omst for tho

‘. ‘Bouldar Dam aide-uhannel spill*uaya, A profile davelopad fram tha ‘
.' “-original nappa atuﬂ.i.nxap when mcorpomted mta @ cmat. ﬂtted satia-"«f__,, .
I’aatoruy bayond t.he vem contmota hut nroducad mgutiva pressums
' batmaen the aprine; J.ane and the oeak. Nmnemus t"ials fﬂi.lad to e
producxa a camplataly zat.isfactozv pmasum dmtribntiun. Them mm
_' tWo' poesible salutionw (1) au pmv:lm.sly mantjonnd, Rr:uae and Ra:ld L :‘f‘} |
- !fm:nd ?hat the water tﬂoul& cling to the flnt top o:t the taat '.mir and
Produae emmma results, and { u-) the origimzl coorﬂim:mtar 'm:a}:' e

not adapbed to tl*e e:ceudingly emi‘ul maamummnn‘ba naaded in ttmt “

g on. The first dii‘ficulty uas remadi.sti by grindlns the top nf S ,

| 9-"]1@ tast weir to @ hm:l.fe edga* the eauond. by oonatruotmg a new

caordi*mma er to"fbe i’&stﬁmd to thc\,.dawnstmam fam m the mi. an

‘:shuwn in f.;g;ura 2..

Thia lurwar caunlmomter conamtau of B ﬂt-andn:ﬂ labumtary

- point page mounted on: u carriage v:rbh tnﬁ point up. 1he mrrlaga

was monnted ona horizontul ber with hand wheals to cuntml tha hori-'-;'v.f- e

;zan“h&l and vertical movemuntsp : not.h the vart.ioul’.‘and_ Iwri.:onte.i b&rs q

~were. gmduat@d %o hunﬂmd*hs of a. t‘ootmi‘bh vemmrs ta mad tha thou- o

{samlths or 8 fuat. ‘l‘wo minbs m‘am pmlded for 'bhﬁ vartiaal baro

g Dns point wes ntmight and conﬂtit.ubad un extenaion n ‘?ﬁhe bar i.n 'bha e

. Yaam vartical lim. ’!‘he second pomt m bnm; to ﬁn ansle of espprexi":

" ;;_mately farty-.ﬁve degreas a:xd aculd m plaoea in posiﬁion alopim: w-—

iwnm or mmy from. 'bha weiza In figums %2 and. (\ ﬂm bent pu!.nt 13 1n‘

_position amy from ’ths wair. T

it




A rmacm gluw 1axap vrae connncteﬂ by *a sinsle 1nsu.1ntaa ‘mﬁw to T

‘aat aumw on tha po_nt :Ln usa wh!.ch wes alscmiaally inauluﬂ*d f‘ran
1ts muntine;. By oomwoting the naon s‘lmi 'lanp to tha u:ngronpdad
sida of a llﬂ-vnlt. Bingla-phaao. e.me rioal cirauit .. tma lnmg woulﬂ

‘_zlaw o8 tha coordinomeﬁer painm ﬂnu brought in uautant wiyp th {undaru"‘

b

aide oi‘ the ovm*ilaw uheet. ’I.'hiu glow J.mnp 'mm esmeialls{ uaattﬂ. !.n
t-marsing the 1uwar rmppe when tha fluw was ﬂuatuating &onsiﬂo}ahly -
as wop’ tlxa aase whsn the qunntity or flcm wﬂs largza mmi m{an .‘ttm
valocit-y of aupmaoh wus gmat. &:inca‘ mter wnuld drivul'f&m ths_
| point as it oame 1n nantunt witi.tfshe. "wafmr surruua, unn #atabnﬂh ‘un
elootrical ahort-cimuit ex-ound .f;ha‘ :Lnaulntad mm.n'ting, g d.rip; up
| D aced arrmnd tha poim, just #hove tma ".baua., The mt,ar :i schurg-—
: 1ng *rom ﬁhia uup,?ir aufficxentiy ataady,; bs

1cu1t to the hami or am oi‘ tha a':oemtor, ao a langth m: mhhar hrwa

:, on- the outlxat from the nup mndaraﬁ tne matrument hamleaa.

;tmjaotnry to t.he 11::1‘1: gcf the matr\ment..

The unﬂer nappe waa tmversad :i.n :t‘caur utops. Uaing “the .hmxt'
point in t.he ;Lawer cwrdiumtar with tha r;lupe upstmam, the J.o?ér
:aide or tb.a jet. waR carefully -urvayeﬂ "rom th.a crast of tha wem- ta
& mndm poim; near f‘ue Vann contmqta, "‘he bont po:lut ,waa rspi;‘aﬂed |

by the atraight paintﬁ the 1nstrument ahiftsd hcrizonhnlly namaga thc




[ covemﬁ by ths ben'b ,min‘r., ’Ihe nbaawatiem mm continueﬂ ta ‘b?m:

am&:y was amnplatad ut 111,2:5@9: the up*)ar eaordiucmtar _quippad

_t.hc-: hook :aoint A s:hcmn on i‘tgum '?.

H.The nbsemticns wam mcorded on. euitabie; r-sx'm mlma Eg | 'Smn B
‘cbsawem wem mquixed to make & c»omnlnte ae'b ci‘ Dhssz'm*iom'_twn |
'. to opam o and moorc{ the lowe:r_oocrdinomatmr madings' | twa to. ope; tas e
aud rar:nzﬂ tm uppm coordinmmr m&dlng&; une o ml:e(a m&::
" ‘-:neter tmve*ss m‘ t.he %ast chﬂnml z'lmsr for 'srelm'ity cmnputatium,
‘.'nne ’m mad and heaord 'b}-a hemd ':‘on tha woir and ths pmsaume on tha:‘”;f.' |
_n.ux;stmam faoa af‘ ths welr- and zmﬂ ta obfaem tha .tmad rm _tha V;notdh L

-wair i‘ar the i‘law measummant.

, .‘Relatinu ’ltsatman __z_&_gga and lﬂeir Crot

.l:t '?.was nrri'. pmut.icable to mice he‘r,,am.aa ‘af the s@alea on- tha
: -\j_coordinmm‘tars, zmaﬂ‘gagas and preasure: piaamnat.am oeineﬁde w.'zth t.ho
‘i'-‘er%t cu the tast; 'wei«r, 7 Priox- ts‘ the I‘irﬂt test,it and at fmqwant‘ Mtam;
‘vula tzz:ougnout tha pmm,‘»tra elevatiau umi harizontal msltion ef
the tast mir vrem aacuvatsly detemmed witb remxwame to eaeh c.vf tha ui
.coord:iv:omter pai.nts,, The e emtion ot' 1:116 mir mt.h ‘refwmncé to thei :

; ;ehanna.l head gﬂge and fthe mnameter tu‘ma eannecﬁ:eﬁ*to t.ne,piezomt Nrs

opening on ttw upstmam f&ce or the wa-ir w&s alao ﬁommmﬁ a't




L

ueﬂt ttw L‘lrm vms

ar.ijustud ,bv obaemtian ,_;oi‘ the diframntm gngﬁ

‘undar ths .'Lana'e.tary i‘loor, : }.i‘rom the stomga cha_rmal, the watez-

out - thﬂ test.
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Since tha principal purpuse of theae axpariments waa ‘.to‘ detan-
' - nine the nffect 01‘ ‘tha approauh ve.r.ocity on tha profi;.a of the lamr
nappa, thn dapth Df approaah was var:l.ed by plan(inrr tlw movubla :‘locr
at - a ﬁifi’amnt elsvnti:m mlative to tha "vréda.' .acz'ést :I'.’cr each seriea
'test:;'.- ﬁurimg a sez‘ieu or?tassts, tha diaeharga over the mirwas  ‘ =
'variod to pruduce Q. range or mlatinnﬂ betwaen- \thebhaau dua to va].o-

:oit.y and the totnl baad on 'l‘.he crest.

"‘he taminology uaaﬁ .'m cczmpiline* the tV"‘mml‘l:.a 19
f“rigurs B. A numary of. the test mlul*:.s ;Ls lshmm m ta.ble .
ot tba axcaption oi‘ t'na ox'iblnal naardinatas of the uppar e;nd 1owe:r nappe
-which aro tahulm:.ed in ta'ule a. Hapr:a tm-mraaa v'em not mﬂe on tha
_:enti:ea 'saries, ;as tm}r wam not maﬁaﬁ to cmnyleta tha analysia.
- ‘Thoaa ta‘sts j_n v:hmh rmly wei:r calibmtion manaummnts wem mde a;;é
‘ inﬁioateﬂ in column ao of table 1 without asnerxsks-'those in which

Zboth calibm 1on smé nappe« mansuramants vmra mada are dasumatad by

' '-‘astariskaa "'-‘

.By varviag tshs tdepnh cr "‘appmach hulm«"-“thel sharp‘_’emst “fof‘ the
"-.tasu weir, P from cme aerias «of te@ts to tha naxt nnﬁ by va:ﬁying
---nr.he disoharge qunntit '_, within Ia aeries =of testa, a range ai“vele-ﬂf-j o
city 01’ approach V,'and henca heaé d*le tonv.e ocity oi‘ &p«émﬁh h&,
'mm obtaineag E By varying Lhe dioﬁharge throngh R semes of . 3,

_mge of obaam heada on the cmat . (hs, 'ms obtaj.nad
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Thﬁ rise of' tha J.mmr napps_. E, ahaveﬁ ha "mharp erest af 't.‘:e m.{.r &sf

In like me.nner, aolumn 15 1:: a etap m tna eompntation af the mtfm

/PvE in eoltmn 15 which 15 the rutio or thg t.atal :ma oa the

csvarfail u“ast to the appxmuh ﬂapth 3.\"4-%-' the cmst. Tha towl hmd '




on the aharp-crestad wweir,, 1-1 s in uolumn 1'7 mm obtaiuaﬁ by nﬂﬂ@ng h‘,

‘and hge The rat,ios h.,‘/ﬂ,3 1n co.lwnn 18 aml E/ﬂg ;m colwm 3.9 am salr-‘

er{plnnatory.

erlat:l.on bamman hﬂﬂ and Efﬂ

A connidorablc nwnher ar dnma nm duaignad whiuh hmva ® heip,ht

quite small in uompurison with bkm dapth of watar flowinc mmr tham..“‘_'“

The. velmity of auprnach in thuae rwma 15 appmolaula nnﬂ ahuuld ba“‘

aonsidamd in tha dealgn. With thia in mimfi the compututiunn 1n t&bla

which th.o Imad hm wog tiw haslc masummnt, In 'l'hﬂ dusig.rx or &
splllvay crasi., 11: is . more oonvenient o nmrt tu«a daai.gn wrt;h the
agtual hemi an t.ha top of the cmat, ha.:“""It 15 themrom mceaaary t‘ :
tmm,far the oxp-rj,mantal maulta i‘rcm t}w first to tha maoml rpoint..
This has bﬂeu donn by ewaluat n{; the rme Of xha lm'em nappe mbm

tho aharp c:mnt ln tarms -of the uotal Ia.eud on the ma.r%: crest,, whmh
’xot only tams into uccmmt the valocity of appmmh blut aaiao mlatas
Ry ©0 By or Ho o Hg, vgm the m i hﬂfﬂs ‘,m column 13. J..aua ;1. 88’
the ubscissa and thn x‘atio E/IIB An colupm 19; tab..e l, an tha cr&inute,

LG curve ahcwn on I‘;Lgum 9 w&a *Jlutt.ed,

Relation af G tn__g/?ﬂ“
“The curve ia rigure 30 was alao mctteﬁ :fmm tabla la The di— ’
mensionless mt‘io_, ‘Haf’P-#E, in colwnn 16 vas uaad as tha abaai,asa and

the eaefficiant of . diemhurgs, G, in colmnn l%, a8 tha ordin&m.
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_ Tne napps mlatlonshipa 1n riguroa 9 :md 10 fcempsm fswornbly
with t‘wsa obtnimd by an.in m 1q oxparimonts in lBBEu : 'I'he msults

-oI‘ cemain c:f' hia axperimnta 1?1.1:.h a: vmir wi*h 8 varticnl upstmam

faceo hnve bﬂun incll.dad in tahle J.'und plﬂtted un ’hoth I'igmwn 9 and 10, '

Bazin, 1n his experimants on thc: wmical »mir,
of ha/ﬁa betwa':cn 0.,001 and 0.080, smmu h&m pmven to be ‘too mll for

& numbar 01‘ apillwayn dasigmad by thn %um&u 01‘ Reclamtiou o

I Tha Linits of hﬂ,_{__;,

The - mlutionshipa shovm 1n rimms 9, and J.B ha asm carrind to

pmc‘cical limits of xﬁ")p mabilit:r.‘ As hu/Hg and HQM uappmnh zero
&as 8 linit thn valuaa of E/Hs ansd béuoma aom;tanta i'or nll pmctica.l
urpoaes. In figure 9 tha tmamgo valu:a oi‘ E/ﬂm ir 0 116 i‘or mp‘,l:l-
‘gibla velacity of approauh and m fimxre 10 C kmcomas approximataly
4.05 far the sams Bon&ition. A& tha depth of?nppmab '15 dacmawd and
_ the velocity of apm-oaah 1ncmm«sd tha vnluua oi‘ E/fﬂg and G dacreasa
and valuss oi‘ hﬂfng mzd HQIPW am appmaﬁhaﬂ. w!mre the mlationﬁ &m
no lomr‘mxm. ’rhiu 11.mit ie the urit:lual dapth 01' i‘low in. thea taat
c,hannal. Kingl3 darims eri’ciﬂ&l dep"h an "il) the. dapth at which, for
‘a gi‘mn energy nontont vf the mtar 1.u tha channa:l., maxn:\um é.iaaharge |
oecura. or (E; *the dapth at whiah in a given nhumwl a gi.vun quant.ity

of.water flm:s with the minﬁmm m:enf.ant of‘ orwrg:,r In hia d;suumsien

of. crlticml dapth, ha aay’a "It wj.ll be obaamﬂ f‘rom botb of. .thw ﬂgums‘ |

fmgums 91 anﬁ 98 ng-s Kandbaak of‘ hjdxmzlms, 3::3 at}iﬁj.un, paga :
:571) that at or near: uritical damh a’ mlat,m»lj “J.areﬁ & angs m aamn

comepon&s to- a mlative].y amll ahan{;a 1;1 enar@rg E‘lnw 1‘:1 tb;ia m- |

gion ig thamfo:m rather unstabla. aa m uauall;y mmama hy chnmctar- B

- Y
e
i
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3

4
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:isﬁig‘wﬁtur—auifﬂcp;ﬁnﬂﬁlﬁtionn;ﬁf f‘

Tbiﬂ lhnit wnﬁ vury ruudily deteoted 1n the t-nt wnir Cluma uud
_wua nauircnteu by tho surxnco undulutions daucribea b Yina.
:toat reaults wera anulyzaﬂ this limit bacumn nppurﬂnt rrum fhe 1ned;4.
“sistancy'or the ranults bayond "\ cartain ranga of hE/HB. A limlt of
fﬂs of 0.220 in t&ble 4 wnu thereforn eat hayonﬂ whinh it wns nﬂt

,cunsidernd Bafe to evuluate the rauulta ror'dauign purposas..’”

In figurn 9 the curve xavarsoa heyomﬂ halﬂa - 0e D and ahuws

A tendeuuy to becoma naymptotin, Thia wua the. condition in teat 11
“but in tast 1” the r@lation chﬂnged ocnwlﬂtalv.; In taat ll ths

'depth ‘of apnraach, Pfﬂg, wag angraaching thﬂ criticul dupth, whila :~ -
'in taat 12 it hed pussad criticul ﬁnpth and waa Tlnwing halow it. Iﬁ;
figure 10 test 12 ahows o bahaviar nonsiatontly dif arant frum

praoeding tosts.

This 11m1t is also ahnwn ln ficure 11 whnrn Q, thu dinuhurga
ovar the shnrp»urested weir, hﬂﬂ bacn plohtah as the abamiaau against

Jhﬂ, the astual obsarvnd haud nbove unﬂ eharp craat af the weir, ag thaj:'

ordin&ta. The curvaa fur taata l to 10 inclunive,‘ lot aonsistuntly,,f i

huh @ partion o‘ test ll anﬁ nll or teat 12 nre erratic, L he firﬂt
'thras pointa of taut 11 aro quita consiatenm but beyond ?hnt the curva];«
braukﬂ und snowa littla cnnaiatenoy,; In glotting tha nuppe shapes for?
‘ndividuul teata, tba curvas follawud n ragular pattarn until tast 11 ;
was reachad, aftar whioh tno urajectory rlnbtensﬁ vary maxkﬂdly and
beha7ed iifferently from tho pravioua tauta. Toate 11-2, lleS 11-4.

and 11+5 are chown. in table as huving been used to ontnblish
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the finﬂl nappa ah&zpos. fmly taat. llwﬁ v»it;h hafﬂg o8
tha li.mit. antabliahad. : It wus thaae vnrioue inﬁicationa ’chﬂt leﬁ to ‘}-‘
: deciaion to eatablmb ha/H - OMBD an ﬁ camamtive upper ll.mtt;.

:;’Raduntlon of Nappa Prufilsu to Unit !Hami

CIb hus 1onc, baan mcog;n.tzfaﬂ thmt the xmp'm f wut,ar flmving

-r_:fraely over 8’ sharp-creswd woir bvus ‘a aimilnr ahaps I.'or difiemm;

3 haadn,- T*Lis 'ms demanstmtad by Baﬂ-ina whe xad.zead all hiﬂ a.r,;mri;nente .

e "to tha sams bnsua by sxpmsning thf mnsianiz Jin tama o: the head on
tlm weir. 'r'!hem 'this ;.a dnna tha rerm...-bts am sxpz-easad :Ln ﬂimanaionleaa

8 ‘*units r.u; m the caaes Qf figures 9 ur-d 10 squnlly anplioable to :my

' :syswm of units.

' ing the 'mfamnca mlues m zuma _‘I‘he msul*ha ﬂmn ubt&:!m_,f_fl_nnd
:_\_i-atill considsrad to be m“iginul\datn am cm:pilaﬁ in table 3 fcr buth
. ‘tkm upper and z.omr nappa. ’l'ha tam:a P mcnr&aﬁ_um tbm nutm 1:1

".:cmlumn 2(2' of tabla 3.-

‘_:sxmoth quwe :or each teat and d&viei@ﬁ hy' 5 the bot&l haad ‘on, tha

- experimntal wair i‘or- thut. pﬂrtimﬁﬂr tes 1:,9 iebtn:ﬁ,n ‘*mlma 01? x‘.ﬁiﬁ
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