
' .  

FtJI-I& 
TA7 
�(:, 
!'?S7 
�,;:;_. 

C-¥,;2_ 
PRELIMINARY MODEL TESTS OF A 

FLUME FOR MEASURING DISCHARGE OF 
STEEP EPHEMERAL STREAMS 

by 
A. R. Chamberlain 

prepared for the 

Rock,y Mountain Forest and Range Experiment Station 

Ci Til Engineering Department 
Colorado A and M College 

Fort Collins, Colorado 

February 1957 

LJBR,\RIES 
.IOWRAOO STATE U�IVERSI1Y 

AI WlUNS. CCLORAliH) 

CER Noo 57ARC12 



PRBLIMINARY K>DBL TBSTS OP A 

PLL� POR MBASURING DISCHARGB OP 

STB.BP BPHBMBRAL STREAMS 

by 
A, R. Chamberlain 

prepared fer the 
Ro�ky Mountain Forest and Range Experiment Station 

Ciwil Engineering Department 
C«�.lcrado A and M College 

P�rt C©llins. C@lorado 

Pebru&ry 195'1' 

CBRS'i'ARC12 



SYK>PSIS 

INTROOOCTION " " ? 

CONTllNI'S 

0 0 0 0 

• o n o ii 

1 

I BRIBP RBYIBW Of SOMB DBVICBS CONSlDBRBD � o o o 2 

II THB TRAPBZOIML V.BNroRI PLUMB , s 

III SOMB NYI'BS ON TH8)R.Y " • " 

IV 'l1IB PR.BLIMINAR.Y K>DBL TBSTS 12 

v RBSliLTS OP PR..flLIMlNA.RY 1tDDBL TBSTS ':l !) 0 ., 0 14 

Vl 

VII StT*'RY Of lABORATORY Dt\TA o o n 

BIBLIOGRAPHY o o • ..., n. ,.., , o n ., <· o ,.., C) 

�i -· 

16 

18 

') 0 � () o o o n 21 

UBRI\RIES 
l()lORI\DO S1 F-i£ UN \VERStT1 
. "" ' I"'S COU>AADO 

alln Cv...,. n '· 



PRELIMINARY MOD'1L T.BS'i'S OP A FLHMB FOR 
.MEASURING DISCHARGE OP STEEP B ··HBMBRAL STREAMS 

by 
A" R� Cha�oerlain 

SYNOPS!S 

A number �.f cpen channel flCl>w �z.suring de., tee� t ere rewiewed in 1tn 

attempt t\Ql find one tha.t ·•..,t.uld func.;tinn satisfae;f...�rilv in sedument�laden 

ephemeral streams (\ .:; cep sl pesn A trnp(!zoidal Ventt:'r.i C aodified WSC ot 

Chamberlain) flume was de�ided upon" 1\\i > designs of thu flume at a 1� u s�Cale 

ration were tested in the Colorado A and M College H�d�auli�s Laboratory The 

bottom of the flume as se at 5 per "'ent. A t.alibratir.,li curve was obtained 

for each design0 with each ().f three approach �thannel rcughnesses. 

The tests indi�ated that a well defined �alibration eurve could be 

established for he fll'lme shown in Fig, L UpstreaM r.oughness ,, howe,er ,, affe�te<2 

e �libration �urve over the super�riti�al fl�1 range 

'lbe wcu·k re rted herein was somewhat exploliat,ary in n& t ure _ It was 

oot the strue;ture0 while at o·,her times t.he flow �b.ange::� from supercr.di�al t�) 

flows the devb;e operates Hke a ccnventi nal c:ritil(;al depth meter·' 

easily adjudge The _ransvetse and oblique standing wave� that exis in �peti 

� ntcred by �rpersont air�tef 



PRBLIMlNARY MODEL TBS7S OF A FUME FOR 
MEASURING DISCHARGE Ol' STB.BP EPHEMERAL STR.BAJ6 

b-p 
A. R, Chamberlain 

!NTROOOC!rlON 

In late 1956 the f.ntmediate need aru�e fvr: a flew measlllri.ng dev!.�e 

that &IQ-Uld be �t:(»nstru<�;i.ed at selee,t�d l.o©:atiro.n:; along soe,me small open t;hannel 

charges were e��imated tv be as high &� 300 �r�� with measurement$ required 

down to ab.r.t.at 0.5 cfs, Hea�y sedimen-t. loads were expet'li:edr including l&rge 

boulders9 trees and e:'ther detrihas" A eontixu.tt:ms re�Eord (;lf dis�Jarge was de= 



Io BRI F REVIEW OF 50MB DEVICES CONSIDBRBD 

The pCSt$ible math·�ti�, 'ha� <POe c;ol!lld 'tilize "�· � be the prc:':>lem 

posed in the Intrndu:eHcn can be comrenientlJ' g .,uped in�o: 

1 � Chemil\;,al method§,-

2" Orifit�::es, 

3� Soni.r;,, 

4" BleGtr�magne�k •. 

s, Wiers v 

6o C\llrrent meters" and 

'?, Fl-wtes. 

Other devicc:es d«l' exist, of ti;;>O<.m:9e, but will not be ��nsidered here" A partial 

bibH.cgraphy (J!f l:itera'fl:lillre is appended at he end of the report .. 

Chemi((;;al Mthoosl) while offering Stlii1JJe pr�mf.sen d{b ntllt appear to be 

pra�tic 1 at this time en ephe tal streams at �it;e$i �hat �zm.r1ot be re·-�ed 

quid:!}',, and sediment €;;\QIDGentrn i� n and memi�al GOJIIflO&liti©n may af ·e<;-l;: restl!l�. 

UD$teady flews add to \he difHcuUies, U$taallr several melll re �equired h» 

G�rt"rf ©lilt the measlllrl!!ctenb� Rooi�." eH-ve isottl!),pe teclmi({Jjue �J�ffers s�me in\terea.<; 

ing P-»·£.iUbilUies f'ttr the futmeo 

Or if it;es a:re 1mprn�t;�ea:·. bef,;cms b10t.!!lders :ond l'cttiks w�U iJlu� them" 

Sedim,:Ilt will \Change appr��>aclt <,;<',n<:.i:d:)ru; be�aust: the stxu<Gturc ��J�n�aillting the 

or if ice ·ill �atllse pending .- � he:c.;e allot4' �redi.r.?ettt t' dep sit 

Sunit; and ele��scc�o.gneb� equil>:.m:lllt If�• y so:.:r.�d:tty be the �'llS\,Jer: to meas 

urins the d1scllarge ·f such streams as ·nose conside!ed hel'e" At the present 

· i e "' tre .ndcu5 amt;}unt filf r�sear1�h i� still n� .;ess: ry, Sedime·'l'.: load will11 1 

.;:Jme cas;esn affe(;,. the ;,;alibn.ti<PU f sud1 eqt.si�en-c == and n«J i:lt'O!rma1:ion is 



present at the rs:Hng staU.cn vf11ea a flood pa:�$e:�, :.:<t:ll'�hez: Q "h�Z stage may 

dlang�! S(.l n.pic.Ur tha.t t'le .ll<ll·cU;y p�:of Hes cnnno\; be l9 Jta.il.nedn Sediment \llill 

ca�ae no end of djffi�ultyo 

We i!'S ( sharp=edgcd ba•tl)rt��C"·.;:;�es tad, p��ttba 1 iG D tr i!.ngwlar v Cclllonb ia ,, 

CipolctU� ree:tangtlllar v et(G;.} tHe in g1'!n:e!L14l \hU5atis;fJI.dory be�2.�se aggJ:adation 

of sed.iim:nt clumges a.ppr�acll G(lnditifllrlS. Agg!f.'adt.ti0-1'1 will o�t;ut- ��ery time a 

sedi1;ent laden �tKeam in sup.ercl'.ir.;f.l;:al regime pus$eS �hlt'ough a hydraulic jUI;?p 
in th�! pend upstrt:am f.rg,m the c;o.n..:te((;tionr S())t!·G fill irrng the pond "'Jith sediment 

s� that the stl!:eam approal!;hes the w,::ir at super�lriti.:.:al velocity. There are 

n� data a.vaHab!e on fhw over ��e;:;zs with �upcrcrit.i(:al api.Jl'Oa.th -welodties .� 

all tho�Ve data avaib.bl� as�u�.e sub�t>itic;al Hctt �om;ditinn.s upstreau cf the 

s tl'll1�t;ure" Furtherm<O reo. on�e �!le �.!Jin1 has f illlmi wi �h sediment� the we �r be� 

comes nothing but a drop struetur.e. 

Flum�s offer a p<>S$i.!l.1e mzans Qf reesuring flrows at all vel.g,cities, 

They «"�an b� designed tlllJ pass �;edin..�!ilt, H'il-•�·eweE' v appm�ent!y none 0;f ti:he flasg.!es. 

�(l!mmcr1ly wUU.zed have been <&:�H!)l:a��ed t�ith s.a:per;.c;;a-iti�al r.ppl!"�sdt ve.lc�it.ie:s. 

s((;;..,till' prtlblens \-1!11 be s��ere U!nle:a:;� the u:t&-�.2�\l:tsi'e� �•lre on rock, tla\ e� can be 

exi!:!:em�ly h:.gh a..Vld d�ngerrg,ws 'i:':Uen ·the fl�t3 is Stip<e.E'IC:1'hf<e;a1., 

The Parshall fllf•l'i!t�! at1d shl.:Hall' f1�t'1e5 httvit<g 'i.re�\:i�al i!Hli.ll .;;;cntz:ZI.([;.c

ticms .at·e noi :sa.ti$fa..:;i;N\'f fQl' ephemez-al stre�:::t?t: b2<;';i.:t.::se the r an�6: c1f dischargt: 

they c:am h�dle i15 vexy liurlited, Iii .1ddition� ff<:'l!�$ ruid b�uldei'..;:. t!ill easily' 

clog thetil, The H���s dev� !oped by Ctu� 7 B:nJ.J..t,Het, Inglis ru&d £! ' i>iJa.t\:hi ��e 

examp;.cs of fl�Ul!S with vaE'tit.al ,.!:aHs b1.!t diffel'!:e:n\t trans.i Ucm f�>lt'OS � The H " 

HS and HL il�s :ar� f11zthcx: e::s.;:ples" 



A limited number �f studies have been �arried �wt on flumes of 

trapezoidal cross=se�tionn A ng the studies reported are the tests on the 

San Dimas flume0 the wort of the U" S� Bureau of Reclamation at Boiseo Idab00 

tests by V. Mo Cone andp more recently0 researeb by A. R. Ch erlain, These 

devices are the ost promising because they can be designed to cover a large 

range of disdbarges9 and pass boulders and trees, Howeverp the standing wave 

problem can be severen 



II� THB TRAP.BZOIDAL VENTURI FWMB 

After �reful consideration a flume of trapezoidal �ross-section 

as shown in Fig" 1 was picked for laboratory testing. The floor of the fl 

and approach channe l was set at a S per cent slope� 

Such a flume can handle a very large range of disCharge o t per� 

haps not quite O.,S to 300 cfs" The lc-tlfer limit is di fficult to attain. A 

slope of S per cent should pas3 most sand and pebble sediments� this slope is 

a �ompromise between 3 and 8 per cent� Large boulders will roll through the 

stru�ture. A recorder can be installed that will operate anyti a flood 

paases0 whether an attendant is present or not. Therefore0 since the trape� 

zoidal Venturi flume may fulfill the conditions set forthp the decision was 

made to try ito first in the laboratory and then in the field. 

In earlier worts Chamberlain (9)o Cone (12) and Parshall (34) all 

tested trapezoidal Venturi flumes with a plane horizontal floor. All these 

earlier .resea�ches were directed toward developing a critic&! depth flume0 i.e�o 

with subcritical velocities in the approach cha el0 critic 1 depth within the 

structure and a hydraulic juap or supercritical flows in the lower reaches 

of the flu.e. No data are available on such flumes when the approach velocity 

is supercritical, further re� the data available for trapezoidal Venturi 

flumes� including the San Dimas flumen are f�r structures with side slopes 

too steep to be Useful for the preble. studied herein" 

Referring to Pi;o 1 and e:omparing it to the st ructural designs e�t= 

ployed by Chamberlain0 Cone and Parshall� one finds that the downstream tran= 

sitions of the earlier designs ha�e been omitted. This was done because s�our 

downstream from the pr(!)pc ed s�ru.=-f;u.res fer :bidl the tests &eported herein · 



stru:. t1 .. u·.:: s to be b1..1.i.lt a.:. n rc.:.:!.it ni ·1e�e tc:H"�; slwu.ld be lc ·c't;ed Jn .;eglo -: 

where �.pxa1' ·and wa1ies :-:a:tt be to!.eru: ed Scout' and upllft ,;an be � serio\l;_· 

pxcblem �he the velocities a.r·e St"pen·r.iti.;-:\1-l thrcughr;,st 'he strl�>bttll�e 



III� SOMB NOTES ON 'IHBORY 

A complete theory for supercriticalo critical and subcritical flow 

through a trapezoidal Venturi flume is not availableo Furthermore� such a 

theory would be extre ly difficult to wort out =- the flow at some stages ,is 

syoonomous to the sonic barrier that is still causing the aerodynamicists so 

llllldl trouble,. 

A theory is readily available for very low 4iscbarges0 because the 

flume will then operate like the c�nventicnal critical depth flow metero Cone 
. 

(12) has derived theoreti�al discharge equatiGns for specific cases on the 

basis of the Bernoulli equation and continuity. His equationsp however9 neg� 

lect the affects of fricticno Cha.berlain (9) used the momentum theory for 

developing a more general treatment of flow through trapezoidal sections< His 

results, however� are about identical to those obtained from the energy concept 

for the tests reported. 

For the high discharges0 which approach the flume at supercritical 

velocityp the work by Ippenv et al (2� is classic. Formulas are presented for 

supercritical velocity flews in transitionsv but all the transitions are con� 

structed of vertical walls� Hence0 the results are not readily applicable, ex� 

cept in principle9 to the problem involved here. 

However0 .... suming a specific flume design has been decided upo�9 an 

adequate criterion for similarity of model and prototype for the purpose of 

obtaining a calibration curve will be the Proude.number 

v. 
Pr = r; r (·1) 



where V is a mean velo�ityp �¥ is a difference in unit weight of two 

fluids0 � is a mass density� A is an area normal to the direction of 

flow and T is the top width of the water surface at the eross�section of 

area A � 

In this study A'll is the difference in unit weight of air and 

water and I' is the mass density of water., For practi�al purposes A1/p = g Q 

the gravitational constant., Letting V be the mean vel©•city at the sedion 

of area A v 

Fr - ��9�= --rg E T 

From the algebra0 letting the subscript p designate prototype0 

m designate model0 and )l the s�ale ratioo one finds 

(2) 

(3) 

where L is any length., Bqs 3 form the basis of all tests reported herein0 

with A = "!! ( x�ta = 13SL 
T.be foregoing dis�ussion does not yield any information on the me-

chanies of the flow through flum.eso Passing to a dimensiclDal analysis of the 

problem one has (referring tc "Nomen�lature for Dimensional AnalJSis" on the 

following page and de�oting by � the dynamic viscosity of the aixture of 

water and sed!ment)0 

(4) 
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(6) 

For most cases studied herein the Reynolds ntJIIt)er uy be dropped d �1( /p � g 

Assuming thiso 

Hen�e�� the dis©barge equation is 

where 

!,8" Q = :ji A -/2g A/T o 

k 1 · b B 
fl.s s !9 � <x n t o i � i 9 .c" jJ o 1t �� .,; v l > n 

T T · 
· 

{8) 

'lbe terti 
A T is the average depth of flow at a section ncraal to the flow of 

area A • 

For suberitical flew conditionsQ. with an observer at se�tion br. 

Crom which 

(10) 



For super�ritict;al flowr1 with the observer again at b and replacing 

! by Yb as read on a piezcmeter at some fixed point en the side slope of T 
the throat se�tion0 

J8 
Q = (� ·A -�b (11) 

In this case it is not possible to derive a simple expres�ion for A • 

Comparing Bqs 10 and 110 realizing that A is somewhat indeterminate 

in Bq 11� it becomes evident why it is more difficult to deal with supercritical 
� 

flows� Even Yb in Bq 11 is somewhat ambiguous 0 in that it does not correspond 

to any actual flow depth. Hcweverr probably the most important point to study 

is the f�nctional dependency of �4 • 

The term �I(A(T) is the relative roughness. In many �asesr partie= 

ularly sub�riti�al flows0 this ter. may be neglected" The parameter 1� is 

illportant only for supercritical flows. Assuming an observer is recording a 

piezometer head at some point in the throat9 the head he sees will d epeo:! on 

the value of la/8 because of the oblique standing waves. The biB term serve� 

as measure of the degree of �ontraetion in the flume and B/(A/T) is a measure 

of the width to depth of flow in the flume. 

In view of the already evident difficulties associated with a theoreti , 

cal analysis of the super�ritical flow regime0 the laboratory phases of the 

work �oncentrated on that regime. Hence0 since only limited laboratory wort 

� possible- on the sub�ritical flow regime0 a theoretical discharge equation 

is presented at this time. Perhaps later wort will permit running laboratcq 

experiments to verify the theory. 

Let v � .l and 11/lac 0.8 with laiD i::"' 1 • These are net severe 

conditions to impose in most appli�ations? Then 

·-10= 



where 

where 

2.:: r�!� _ -L �� :::; }" y.. + L sin .r ... iJ y 
2g i " .-� P. 'l t a :v 4 r..b "?.> j 

Aa = 9'a (3 + lia c:tn � ) 

Thenv substit�ting Eqs 13 in Rq 12� 

(12) 

(13) 

(14) 

(15) 

Plbr a given site both Yb and 8 y �re usually necessary, But o when the flume 

operates as a e;;;r.itiCE:nl deprth �ter., e1:perinenb will calte it pos�ible to drop 

one of the above measurements" Bq 14 is aompa.rable to .Eq lOa 



IV, T:"'ffi PP.liLIMINARY MODBL TESTS 

The flt�mes tested an� designated �s� (1) modified WSC flml!e ud 

(2) secGnd modified WSC flUJm.e (see FigQ 1). Calibration data were obtained 

for three roughness c�ndit t�ns for each cf the above flumes9 ioe"D (1) no 

rcugbnesa (an unpainted plywood approach ��.nnel twelve feet 1ong)0 (2) type 

I rocghuess and (3) type II r�ughness. 

The model flumes were imst�lled in a channel of trapezoidal eros�= 

section with a 5 per �ent slope. The sides �f the �han�e l had a sl�Q,pe of 15 

degrecf"0 h:.cm the h(l,rizctt'Gal. · The flu.e sidewalls had a 30 degree slope wi'Gh 

respe�t to the hariznntal. There w� �� bzupt transition eonsi�ting of a 

vertical wall beh�een the cha�el and the upstream end of the flrime f�r the 

tests on the modified \'/SC flt!lme" The second modified WSC flUJme had the ar.p--

stream section cf the flum� repla�Ced by a sm10cth transition from the chrumel 

to the flUJme made up from two plane 45 degree is�sceles triangleso one on each 

side �f the stream bed. 

The r��ghness may be described as follows� Type I roughness con= 

sisted of l=in .. s�uare pie1r;es of 0"5�,�no ii:h.l«:t ()lywood rrnailed to the floor of 

the chnnnel (notl; in the flume) on 4�in. centerso 1'he·y CGIOVered the bed amd 

s!desllc•pes for a d:ist:w�e rpf 3 H �pstfi:'eam IPf '\:he fl�hll2 n T)''!)e II riOu..ghnes� 

was ide.ntical ill1 ever)" respec'; ex�ept that the piac�s were 0.15 i:tno tb:f.e::t.c 
These roughnes!le� were in��alled in m:der to determine the effec'� cf roo.::gb.ne:ss 
'f'&rintion,!j under field c:Gnd:H:l.on� arad �bo �o change the Fror.:.de nurmer in the 

approach dlanxr.el. Ml.nol:' var:L�J.il:ion:z of slope in the field '"'ot:ld cau .... e �� tt.ore 

variatl.o0n in Fr 2;ht. 1 the ro\.ghnes.-:�es t:�tUized" 



he 

. . J ......... . 



V .. RESULTS OF PRELIMINARY MJDBL TBSTS 

The preH.minary model tests demonstrated that the m�dified WSC flume 

(or Vent�ri fl�me) holds ��ns iderable promise of being a pr�ctical device far 

measuring the flew of $teep epherma,l s�reams over a wide r�ge �f di$eharges, 

Howewer9 several preea�tio�s �st be �bserved0 and additio�al test$ are �eeded, 

While several a� �empt� were made to �orrelate all *he data� regardles� 

cf r��gh�ess. !ns�fficient da�a were �vailable to properly c�mp�te the Pr��de 

ntlmber in 'i!he approAch �e����n. Therefore " the best presenta�i�n of the dah. 

seems to·be a �imple plut of m'Yb ve:r.sllls Qm • Pigo 2 is a summary ploi of 

all the data obtained. 

Pig. 3 is a plo'l: of mYb verslliS <leu for the modified WSC flume, One 

sees that for Gm < 0.1 cfs (approaching flow is subcritical) the ef fect of chan 

nel ro�ghness disappears. This corresponds to the results found by such rep 

searchers as Parshall. Then0 f�r Qm > 3�0 cfs o the eff ect of r10ughness be-. 

�omes negligible� again be�a�se the relative roughness is apprca©bing zero even 

though the app:l:'�actl 't1eloc!Ues arc super.;;rit!�alo In betweeni) which is a l.e ry 

!mp�r�ant range of flows f�r �he imt:ii!:!ipated applicatiQ!Il of these data� r«:�c;gh= 

ness definitel�' has an imp�rtant effe��" A couple Qf points fr�m field eurrent 

me�er K'&'fr;ing.;: duri:ng a sl'Js�ained H:fJ\!'1 wHl0 h<Owe\·er, C!llable 102e1e tQJ g�t <U. cq�!lld 

the rot;ghness pr<o.�lem (abQ see sedi<i}lll VI Recommeuda:Hons). 

Tes-t;s were nwde un f�h.-e se�o;nd D)C!ified WSC fl-ume be�au�e �u:ch a des ign 

�iGt:Jld sn:?'e near:!r 40 per cen'ij: on the· cos� of ei;:O!il�reil:e neG:es�ary �o bt.nild the 

pr.g.�c�rpe s'V:rt�c�ure, The inizis.l res�dh (Fig" 4) were0 �On$eqtl!lilitly11 s.omec

\�hat di.sappo!.nt:ing" The c:a.Hbra�io� ce:rve is '\l:ll).g flat (small depth cht.:.'llge u�r� 

responds to a large ch&1ge i� di�dharge) to be very usable owex an importru1t 



range of discharge. Furthermore0 the waves th�t form in this stru�ture have a 

mue;h greater amplit�de than the waves in the first design0 ps�ti�ula.rly within 

the fl�mc itselfo 

It b felt. that with f1.lirther study it will be possible to u"V:ilize the 

se�ond mpdifit!d WSC f.l�meo See seet5.on VI Reco�ndations, 

The data replArtecl hezein ar:e largely l.n the S\!lper�d.tie:al" vel())citv· 

range0 ibe mP�.t dangerclll$ hosa the strundpo.int of field raU,IllJr. s�otl!r and ·upllfti: 

O!Il the Stru�t'ilre. 1he a:t<Q,j�ls were t\QIJ small.to adeq�ately test tite lttlwer rmae 

of Stilb�riU.eal flows \\<here the flWille azts lite the f.::ouw�mtiona.l �rith:al :f�� 

meter q This :ramge is r:elatively easy' tu rate either in the f'ieldv · labora:il:ory 
or the!Q;retieally � tbc diffi(;ult prGblem is to find a de.vit:e that ope.rates w�ll 

in the super�ritical ra�g�� 
Wave� are large and ve!Q.�ities are· high illl both strudu!l'es tested .. • 

'l'herefore0 i:n tb.e fieldQ thes� flum�s rl.lt2St be placed on sou�d roek or the strut� 

ture will be lost d�e to s�o�rn The flume. ·must. be ade�uately tied into the rock� 
Stagnati.cn pressur.e$ will be l rge a\td �plih �dU. be darilgerotus" 

The �roblem of insti��ntatio�o re�ording oi the trm�$iti�n from s��r� 
eriti��al to s�bll.!r:itie�l apprlf)��h vel@�ities0. Md $�our have been ecrasidered but 

are ��tside the sc�pe�of this rep��to 

The awailable dllta rt'!l!l the t\!Ot:Ufied WSC f'lu1iili� (Pigo 3) are ru:Ieq:!ate f'�Dll: 

pit�l::.mirGilU'f dt;,t�.rrmin.a:t�c�,HJt$ IQJf d�s�tu:..r.�e of E>�ototyp� design$ but r::rore wort !illeetls 

'f::Q be d()ne befc�re di.&cll!U��Je re.r;ord s O>btnined br �ul(;h strtllett!ra� �ara be ,;la.ssifli.ed 

on& '0e:K�e1lc:utn.. Referen�e .sbould be made to sf!ci:!Gu UI for eq�atio-n$ enabli�& 

Oh1.C to compLrt">! a caHb;ratf,g,n ·etl!Ne f.g�r law di:s�h&rges� T� did ll'iOt pe�it 
catrrr!nl!: out the cal�t;talaticns as a pO!.rt of this study" 



Vlo ROCOMMBNDATIONS 

These recommendations are divided into two groups� (A) M�dified �C 

flume0 (B) future ideas to be tested. 

A. Moc1if ied \f)C flume: 

1� Observe the behaviorp if possibleQ cf several flumes installed 

in the field before very much more laboratory data is sought. 

Pictures0 noteso stage datav etc. will be helpful in direet• 

ing further laboratory studies. 

2 • .  Test three hand picked field installatiollS in the laboratory 
at a scale of 1:2.5 ( A = 2.S). Topography at eaCh site woul<'. 

be included. The complete range of prototype discharge eould 

be modeled. This would yield information on the affect of 

roughness9 plus give a complete calibration curve fer �hree 

field siteso These data could be extrapolated to site• �r 

similar topography. 

3. Study better instr&Jmeiltation. Mudl b .needed in ·the way of 

mean� to detect the trannsition fro• sub-"to supercriticP.l 'flow, 

4. The s�ruct�re should be inStalled �aly in pla�es where sound 

roct is available. Wave· act!on0 scour and uplift pres�ures 

need t� be considered further. 

B. Puture ideas to be tested: 

1.. On the basis of wort by lppert)0 Kn ppg · et alv in l'ec;tangular 

flu so it seeas that tbe second modified WSC flume could be 

employed if the position of formation of the oblique standing 

waves could be stabilized by means of slats0 ete. place<f'oo 



ih� side slopes C>'f �he en�ra.uce t:rall1$§tiont of the flt!lme. Thi 

wo�ld !lave seweral lards of c,;�nr;rete int eaq;b. stru�ture built. 

2. Teat ll devi�e of the same �hape as the se�oud mrGdified de�ign 

exeept that at *he downstream end �f the throat a hinged flip 

bu�tet w�uld be b�ilt, This flip bu�tet �uld defleet the water 

jet upward so that any s��ur oe©urring �uld be far d�wnstre� 

of the strueture. Alsov a pressure·transdueer. could be �cn

neeted to the bucket in such a way that the discharge eould be 

plotted against the traD$ducer output �� thus eliainatiug still 

iag wells and water stage recorders. 

3. Incgrporate se�iment dis�arge eq�ipment with the flu� des�gn 

4o Giwe further consideration to the salt dilution tedmiqllle, 

There seems t@ be several possible ways in whi©h this te�niq�e 

��uld be applied to the problem under ©cnsideration. 
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VII . SUMMARY OP lABORATORY DATA 

The da.ta tabl!lated belGw are in every c!Ule the mean of at least fGur 

readings . 'lbe piezometric head readings were taken t positioli'IS corresponding 

to the set of taps nearest the bed0 shoun in P ig. 1 .  To convert these model 

data to prototype for a ��1 s�ale fa�tor0 

IWn No. 

1 
2 
3 
4 
s 
6 
1 
8 
9 

:1,.0 
11 
12 

Qp :s: 135 Qa • 

m.Va 

� ft )  

o.oso 

0.018 
0 . 106 
0. 150 
0 . 204 
0. 287 
0.352 
0.9?'1 
0 . 5 44 
0.$61 

=18� 

mYb Qm 
( ft )  (cfs) 

0.049 0.0634 
0 � 132 0 . 169 
0.093 0.059 
0. 184 0 . 306 
0.208 0. 519 
0.236 0 . 190 
0. 266 1 . 060 
0 . 325 1 .66 
0 . 354 2 . 30 
0. 42!S 3 � 85 
o. 46.5 4. 80 
o . 482 5 .08 



Run Mo o  

21 
19 
18 
20 
12 
16 
lS 
14 
13 

Run No, 

22 
23 
2 4  
25 
26 
21 
28 
29 
30 

R\Ln Nu. 

3S 
36 
31 
33 
3 4  
32 
31 

mY a lllYb Qa 
�-=�== ========= ====-�========== 

( ft )  ( f� )  ( cfs ) 

O . OS1' 
0 .080 
0 � 149 
0 . 19 4  
0 . 351 
0 , 496 
0_413 

o . o-.r5 
Oe 103 
0 . 156 
0 . 19 8  
0 . 2S1 
0 . 285 
0 . 3'8'4 
Oo 441 
0 . 498 

�� � Pl� = Tvr>� .!! !<!.!!rAnes� 
�==zr= 

m."l" mYb =--==---=-
( ft )  ( ft) 

0 , 101 
0 . 06'1 0 . 168 
0 , 099 0 . 22'1' 
0 . 1!52 0 . 2.56 
0 . 226 0 . 296 
o . :no 0 . 351 
0 � 31'4 0 . 384 
0 . 4@ 8 0 . 436 
0._��6 0 . 498 

aYa mYb 
----�--=---·--� ... , D 

( ft ) Ht) 

0 . 157' 0 . 2 1'1 
0 . 185 O o 244 
0 . 212 0 . 282 
0 . 246 0 . 3 13 
0 , 3 19 0 , :31.3 
0 , 3 80 0 . 36 1  
0 . 4-sL._�  0 . 433 

0 ,0425 
0 . 01'04 
0 . 1 44 
0 . 2� 
0 •. 650 
0 . 92S 
2 . 15 
3 . 78 
s.oo 

Qlll 
( efs ) 

0 .0'8'89 
0 . 1'71 
o. l·r� 
0 . 590 
1 . 025 
1 . 6 �$ 
2 . 2 '1' 
3 . 49 
4.95 

Q,. 
(cfs) 

0 . 429 
0 . 100 
0 . 960 
L S 1  
2 . 30 
3 o 3 1  
4 ._15 



�� --�-==-= 

RWJ No o mY a mYb Qlft 
- ��  ...... � 

( ft) ( f't) ( «: h )  

3 8  O o098 O�O<J4 O �OSOS 
39 0 . 228 O o 21'l 0 � 283 
«> O n 216 O o 240 0 . 600 
41 0.� 212 0 " 305 1 .04 
42 0 , 304 0 , 350 l o 49 
43 O o 362 0 " 3'1'4 2 , 20  
44 0 . 396 O o 41S 3 . 47 
45 0 "615 0 . 411 4 o 92 

� 

�-=---=_,_,_. =-� .. 

Ibm NV> c mY a mYo Om 
-="'-=-=--= . ·""'""; �....::= ..... ��=---- �-==....-=: ... 

( ft }  ( ft )  ( � fs ) 

so O n 22'J' O o 266 O n S90 
.!$ 1  O o 2D'S O o 311 0 . 920 
49 0 0 334 00 311 1 . 6 40  
43 O o 382 O o 390 2 " 500 
4'f 0 ., 445 0 . 426 J o 4SO 
� Ool!l _ _  0, 485 4o920 

�·"'�=--� 
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• F i rst m odi f i e d  W SC f l um e  s h o w n  a b ove. S e cond 
modi fi e d  WSC f l.ume has u p stream 5 f e et re moved 
as expl a i n e d  i n  text of re p o r t  . .  
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