
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




------ ----

:; IIIF8 2
.
5 

11111
1.0 
I~ 1~113.2 2.2
W 
a.:.. 112 

&:,;0 ~ 

::t m~1.1 ... " L:a.. ~ 

111111.25 1/11/1.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 

NATIONAL BUREAU OF STANDARDS-1963.A 


8 

:; 11111 . 11111 .5
1.0 2 2


3 2
I~ 11111 .
 2.2
I"
.?: I~ 
I!,;,i

:: ~~ 

II --
...1.1 " 
~L.:.c.. 

111111.25 111/11.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BURfAU OF SJANOARD5-1%l·A 

http:111111.25
http:111111.25


({[ 

( ~1\, 

lA-~:;,-t 

4/5 &(P 
CAST-IN-PLACE 


2-FOOT CONCRETE TRAPEZOIDAL 

FLOW-MEASURING FLUMES 


Technical Bulletin No. 1566 

rn ~lc:- '. 
s.... 

>- ..0 
0::: co i.:i 
~ 6=;:.. U 

C/) r-'~'::O o I.. =:l 

a.. 0..
CX!.L.J..I U) 

Q.)Cl ro Q.)en W b.O 
LLI c: 

::::l c:I:. 
U) 

0 
--l 

Agricultural Research Service 


UNITED STATES DEPARTMENT OF AGRICULTURE 


In Cooperation \Vith 


Idaho Agricultural Experiment Station 


Iy,

A·.-/.3to~ ISCo~ 




ABSTRACT 

Humpherys, A. S., and Bondurant, J. A. 1977. Cast-in-placc, 2-foot concrete 

trapezoidal flow-measuring flumes. U.S. Department of Agriculture Technical 
Bulletin No. 1566,43 pp., 12 illus. 

Procedures are presented for casting 50-ft3/sec trapezoidal water measure­
ment flumes in 2-foot bottom width lined and unlined ditches. Drawings and 
construction details for the concrete forms used are also presented. Flumes in­
stalled in concrete-lined ditches require about 13 man-hours and cost about $230. 
Flow can be determined for both free and submerged flow conditions from rating 
tables with depth measmed in a stilling well or with a sloping gage on the flume 
sidewall. 

KEYWORDS: 	'Vater measurement, Trapezoidal flumes, 'Yater-measuring 
flumes, Irrigation, Irrigation systems, 'Yater distribution systems. 
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CAST-IN-PLACE 

2-FOOT CONCRETE TRAPEZOIDAL 


FLOW~MEASURING FLUMES 

By A. S. HUMPHERYS Rncl J. A. BONDURANT, ARS agriGull,ural engineers 1 

INTRODUCTION 
'Water measurement is essential for complete 

water resource utilization and for the efficient 
operation und management of irrigation distribu­
tion systems. "'ater measurement has always been 
important, but regulations now require water meas­
urement in many channels that do not have flow­
measuring devices. 

Trapezoidal flumes have several desirable fea­
tures for measuring flow in open channels. They 
have low head losses and provide acceptable ac­
curacies under relatively high degrees of submer­
gence compared to weirs and other flumes. Their 

shapes correspond to most irrigation ditches j they 
do not obstruct trash in the water, and they can 
easily be cast into existing concrete-lined ditches. 

Procedures are available for installing and oper­
ating cast-in-place trapezoidal flume No.1 (ASAE 
Standard designation 0.4 (1: 1) -1.0 (1: 1)) 2 in stan­
dard slip-fonn-lined ditches with a I-foot bottom 
width.3 lVlany of these small flumes have been in­
stalled in farm ditches and are providing good ser­
vice. This report describcs the construction and 
operation of a larger flume for installation in lined 
or unlined ditches with 2-foot bottom widths. 

FLUME DESIGN AND OPERATION 

Trapezoidal flume No. 2 (1.00 (1.25:1) - 2.0 

(1.25:1)) has a 1.0-foot bottom throat width, 2.0­
foot approach floor width, and 1.25: 1 sidewall 
slopes:' The complete flume dimensions nre shown 
in figure 1. The range in flow measuring cepacity is 
0.33 to 52 cubic feet per second. The flume can be 
constructed with less depth for smaller design flows. 
'The discharge for both free and s~lbmerged flow is 
presented in appendix table I for flow depths meas­
ured in the vertical direction and in appendix table 
2 for flow depths measured along the Rloping 
siclewalls. 

The flumes are most accurate (+5 percent) if 
opel'!1ted under free-flow conditions. Free flow exists 
when submergence is less than 75 percent, where 
submergence is defined as the ratio of the down­

t USDA/ARS, Snak!' Ri I'er Conservation Research Cen­
ter. Kimberly, Tdaho 833,11 

, A8AE Standard: A8AE 8359.1. Amer. Soc. Agr. Engin., 
St. Joseph, Mich. 

stream flume depth to the upstream flume depth, 
h.Jhl' in percent. When the channel slope is very 
small, the flumes must be raised above the ditch 
bottom in both lined and unlined ditches to provide 
frce flow. The minimum channel slopes for different 
free flows in lined ditches arc given in figure 2 at 
~ y = o. :Most irrigation ditch slopes are less than 
these minimums so that most flumes must be raised 
to maintain free flow. 

The required flume clevation, ~Y, is the dif­
ference between the normal downstrcam depth and 
0.75 hl (fig. 1). Flume elevations for various lined­
ditch slopes and design flow rates arc determined 
(mm figure 2. Normal depth in the ditch can be 

'BO:-fIlUflANT, J. A., A. S. HUMl'm;flY8, and A. R. ROBIN­

SON. C,IST-IN-I'I,ACE rnNrfl~;T~; TIt,\I'~;znID.u, :'H:AbUflING FLUMES. 

U.s. Dept.. Agr., Agr. Res. Serv. ARS 41-155, 10 pp. 1969. 
• ROllINSON, A. R. TflAI'~;znllJ,\l, I'I.tTMES FOfl lRR.WATION 

CHANNEI.S. U.S. Dept. Agr., Agr. Res. Servo ARB 41-140, 
15 pp. 1968. 

1 
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FIGURE I.-Dimensions for trapezoidal flume .No.2. 
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determined by observing the existing design flow or 
from figure 3 for lined ditches. Flume elevation for 
the maximum design flow is more than adequate for 
all smaller flows. The flumes should be raised only 
the amount necessary to assure free flow to conserve 
elevation head, minimize downstream turbulence 
and erosion in unlined ditches, and eliminate the 
need for e}.i.ra freeboard upstream from the flume. 
Minimum freeboard should not be less than 4 
inches at the maximum design flow. 

Flow can be determined with a single depth ob­
servation, h"l' for free-flow conditions. When suffi­
cient head is not available for free flow, good flow 
measurement (+ 5 to 7 percent accuracy) can still 
be obtained with the flume operating up to 95 per­
cent submergence. However, a serond staff gage is 
required at the downstream, h4' location, as shown 
in figure 1. Flow depths at both the h, and h4 loca­
tions are required to determine the discharge from 
the submerged-flow portion of the rating tables. 

Steady state flow in most ditches that have mild 
or relatively flat slopes is described as normal flow. 
Critical flow occurs on somewhat steeper slopes, is 
unstable, and should be avoided. When the flow 

SLOPE, FT/FT 

velocity is greater than the critical velocity, the 
flow is supercritical. Supercritical flow occurs on 
steep slopes and, sometimes, immediately down­
stream from undershot-type turnout or diversion 
structures. The transition from supercritical to sub­
critical or normal flow occurs with a hydraulic 
jump. The flow upstream from a flume must be in 
the subcritical range. 

Although supercritical velocity is seldom en­
countered, when it does occur, subcritical flow must 
be established above the flume. This can be accom­
plished by elevating and extending the approach 
section, installing blocks in the upstream channel, 
or creating a hydraulic jump by other means to 
convert the flow to subcritical. The conversion 
should occur fur enough upstream so that turbu­
lence and "bulking" from air entrainment are dis­
sipated before the flow reaches the flume. When 
supercritical flows are encountered, additional free­
board upstream from the flume also may be re­
quired. Figure 3 may be used to determine whether 
normal flow in a lined ditch is at or near critical or 
supercritical. 

The flow should approach the flume in a straight 

r 
IJ.. 
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o 
..J 
IJ.. 

IJ.. 


EXOmPle: 
\ S - 0.0015 

a- 22.0 c.fS 
0-1.60 Ft\ 
V-3.4Fps 

FIGURE 3.-Flow capacity of a concrete-lined diteh with 2.0-foot bottom, 1.25: 1 side slope, and n = 0.015. 



4 TECHNICAL BULLETIN 1566, U.S. DEPARTMENT OF AGRICULTURE 

path and be reasonably smooth and uniformly dis­ Flow depths cun be determined most accurately 

tributed across the width and depth of the approach with a stilling well and hook gage. Where surface 

channel. The flow should be relatively free from ripples make reading a staff gage difficult, a tem­

turbulence and eddies that might occ\!!' below a porary baffle or perforated shield can be used while 

control gate. Observe the flow pattern for distur­ making the reading. 

bances before installing a flume in an existing ditch. 


FORM DESIGN 
It is not practical to make an integral "inside" 

form like that for the smaller trapezoidal flume 
No. P because of the required size and the magni­
tude of the uplift pressures. Instead, individual 
forms are med for the throat and for converging/ 
diverging and approach/exit sections. The forms 
can be constructed so that they are reusable. 

A reusable form for the throat consists of two 
vertical end sections, each having metal screeding 
surfaces and holes for steel reinforcing rods. The 
sections are bolted together with spacers at the 
ends and bottom. The single rebar (steel reinforc­
ing rod) in the bottom of the form with the bolts on 
each end becomes part of the flume, and a new one 
is needed for each flume installed. Each section is 
individually removed after the flume throat is 
poured. 

The form for a lined ditch may need an extension 
plate on the bottom as shown in figure 4 so that the 

'See footnote 3. 

form can be raised for different values of AY. 
Flumes poured in lined ditches with this form have 
a minimum raised elevation, AY, of about 2%6 
inches without the extension plate. Most flumes 
neet! to be elevated a greater amount for free flow. 

For flume elevations up to about 4 inches, wood 
strips nailed to the bottom and sides of the lined 
ditch, as shown in figure 5, can serve as forms for 
casting the converging/diverging and approach/exit 
sections. For larger eleYations, forms such as the 
one sho\yn in figure 6 can be used. If wood strips 
arc used as shown in figure 5, screeding is easier if 
a narrow-edge screeding guide is fastened to the 
wood as shown in figure 6. 

The throat form for a flume to be installed in an 
unlined ditch is similar to that for a lined ditch 
except for the bottom, which does not have to fit 
into a fixed ditch sertinn. Construction details for 
this fonn are shown in figure 7. The form for cast­
ing the converging/diverging and approach/exit 
sections in an unlined ditch is shown in figure 8. 

r-- 2" X 2" Xi" i. ~-.~ f x 4f Bolt$ 

9~:::[:Z..:;:;--:z-_;:;,,_~;:;:_;:._~_::;,_::;:~-~- ... 3 ..~~o+::;:F;;:rm~::.---'~~I-L,~__ .. ..-i-=-A~.. ::.~~,.::._~~:;:~I~,_e~~ 
~, -- zi"x zi'"x i\"x sf _fRt'bat "NIIIl fx Jf Bort _2-:X 6-

Clip L's ;f Weldt'd T(I Eat" End Locate ~ End SpQc:~r 
3D· IT' Below Bortom Of Scrf!'edtnq Bolted To ClIp Ls 

Edqe 

; r- F:Jsten 13' Thrtl< Inserr On 
."' InSIde 01 Forrr As Neeaed 

Pion View 

z·xt·xl"l r 
FO~fe" Wtfh 

CcunrerslJnk Scre.... ~~"'r 


r PI/"'ood .. ~ ~ ••. f.~lfns!o" ... 
E_fer·slOn . ~~ • :- ~. P!~le Filsl~r;~1: 

Plate 8ollet1 To Form Wher 
Or NaIled £l,y r~,:eed.'i 2h' 
TQ F'Jrm--",r 

\ 38' 40~:L''''::==~~o/ 
.... 24" ~ 

Elevotlon View
View A - A 

FIGURE 4.-Form for casting the flume throat section in a lined ditch. 
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.: 
PN-6752 

FIOURE 5.-Forms in pillce for costing the flume' in !\. lined ditch. The flt\L wood strips nrc used to form the nppronch nud 
end sedions where the flulilC iH to be elevated only !t small distance abo\'e the ditch bottom. These should hl1l'e nurro\\'­
edge' screeding guides as shown in figs. 0 nnd 8 to facilitate scr('celing. 

1-+----------- 141 r
I' !' 

.... ,
3" 

, 	
'),f

"4 	 Exterior 
Plywood 2" X 6" Top Broce . I 

I"
2" ¢ Holes 

3" 46"12" C.C. For B 

r' X 2" 
B Metal 
Screed Guide 

t 
t -r ­

3" 

IW 

0.78 l:;Y "4 2" X 4" Roils Secured 
WI Concrete Nails To 
Hold Forms In Place NOTE; 2 Forms Needed 

Elevation View 
Side Section View A - A 

( Rotated) 

FWUllE G.-Form for cnsting thl' flume end sections in 1.\ lined ditch for ltlrgc vttlues of AY. 
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3" III r 2" X 6" GUs!.et A if ff X 4'2 Bolts 
,II, Bolted To Form 1 \. 

~~~:::irr:::~-'~'-::~~~'L~~-~,,~~-:-li,,~i:~~r;~::~~~,-::-:-~,,~~~;,:E5::~~~lt~.. :3v;''' ," 3" ," 1 .r- r Rebar With i"¢ X4{ Bolts
2'2 X 2'2 X is X 5"2 )' Welded To Each End. Locate 2" X 6" 

Clip L's If' Below Bottom Of ScreedinQ V End Spacer Baited 
30" Edge. To Clip Angles 

A~ 1 rFasten I~· Thick Triangular 

Ala." : _ " Ins~~~_AS ~~~,~ed .BI IA 
,, T 

A~ 
Plan View 

2" X 2" X r L 
Fasten To Form 
With Countersunk 
Screws 

46"f¢ Holes 
12" On Center 
For i" Rebar 

1 
View A-A 	 Elevation I View 

FIGURE 7.-Form for casting the throat sectioD of a trapezoidal flume in an unlined ditch. 

143ff --------------~I~ IH('----------------- 117Ji' 

o r 
Top Brace 

·r X 3" Metal I 
Screed Guide 46" 
Fasten With 
Countersunk ScreWs i"¢ Holes" I 

12" 	 C.C For t 1
Reinforcing Bars2"X 6" 


Clear Fir 

~~----

38° 40~ ,,,,::",~-'"'b---.J'-" ....... 

L 	 Fasten I f Thick Insert On 
Inside Of Form As Needed 

NOTE: 2 Forms Needed 

Elevation View 

Side Section View A - A 


( Rotated) 

FIGURE S.-Form for casting the end sections of a flume in an unlined ditch. 
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FLUME INSTALLATION 

Lined Ditches 

The dikh section ('hosen 1'01' the flume should be 
of sound t'Ol1el'ete; cl'fit'kecl I:icetiol1s and poorly 
drnined 01' olheI' areal:i sllseeptible to fI'ost damage 
l:ihould be !lyoidecl. The flllme l:iite should be 
thoroughly cleaned to obtain a good bond between 
tile existing CO[l<'I't'le Hnd the cast flume, Moss and 
dirt a('('ull1l1luLiollS, as wPiI as loose cement par­
tie les tllat wou Id in tcrf ('rt' wi th bonding, can usu­
ally be I'emo\'ecl with It wire brush, Cleaning js 
eH~qier if H smull alUount of walel' is flowing in the 
ditch. T11(' roneI'etc slll'facl' in most lined ditches is 
rough enough so that seitri fying is no!; needed to 
obtain It ~ood bond. 

Fluml's with rc1aliYely large !'!lisrd ele\'ations, 
~Y, ean enllsc ponding in the ditch upstream from 
th(' flume, IJ tUl'l1ollls or otheI' mefLIlS iLl'(' not avail­
able fOt' draining til(' ditch, it may be desirable to 
pl'o\'idl' clminage to prl'n'llt ponding, particularly 
in the winter, Thit-l can b(' done by installing a2­
inch pi pe on the original ditelt bOf;.tOlll through the 
{'ntil'(' flume length, 1'11(' pipe can be plugged or 
capPt'cl on tlt(' upstream end when not in lise, 

Aft('1' the ditch lining has been cleaned, the form 
for the throat scetion il' plueed in the ditch, The 
form is ecntl'l'(,(] ut-ling n taut string, as shown jn 
figul'(' 5, in rplatiOIl to the ([iteh both llpstl'Ntm nnd 
dOl\'llstI'('!tIl1 fl'olll (Itt' fiullH'. The form il:i leveled in 
bolh dil'eet,ions and brought to the desired elevation 
lIsing the ~}' t'xtcnsiOIl plates and/or shims, Since 
Lh(' f1ull1(' throat is LIlt' ('ontl'ol s('dion, it must be 
necurately l('v('lpd and nlillt'd, Th(' side slopc should 
also lw dwek"d. If O\\'('I'{'r, if ttl(' COl'ln is c()l1sLruet.ed 
neeu!'utely, Lhe 8i(\(' slope' should be corrcet. when 
tht' fOl'lll i!:l In'l'lod. 

Aft,,!, L1H' form is 1{'\'(·led and ItiiIwfl, it. is held in 
plnC'l' w~ing wood :;lltkPs ri!'iV('1l illto the' (':trtll 
bank nnd tOI' \l'lIod strips fasU'lwel to th!' diteh lining 
with eOlH'rl'(p nails, Heinfol'('inp; sl.('('1 is plnecd as 
HlIoII'l1 in figlll'(' 5 nfh'r th(' forlll iH I'wclIl'ed in ]llace, 
\{!'lllU'H 42 ine1l(1s IOllg providp G-ill(·h ('ltlbeclmouii 
1('lIgt.bg on (':t('11 l'nd to d('v('lop full bone!. Th(' rebnr 
('nds {'xl ('nd L1I1'ough hol('s in Ihe form [or bonding 
to thp n<ijoining HlWI lonH, ",hi(,1t UI'(' (,Hst; lat.er, 

Typ(' TT (,(,IlH'ul is 1'(·eOlIIIll('I.HI(~d, lI11it'HS the soil 

conditions of 20 to 80 freeze-thaw cycles per year, 
Hnd have a cement content of 5%. bags per cubjc 
yal'd,n For Heyen' exposure conditions exceeding 80 
frot'z('-liinw ('yelcs, G% IhlgS of cement should be 
Ut-lt'(1. Ail' ('nt.l'llinn1C'l1t should be llsed for average 
and S('\,('I'(' exposure ('onditions, A relatively stitT, 
2- to 3-inch slump coner('te mix is required, 'rhe 
alllount of eon('I'ete lH'ecl(~d for eaeh scction is given 
in tnble 1 for n full-depth flume, Concrete volumes 
required for ('aell additional inch of flume elevation 
above 2o/t (I inehel:i also nrc shown in the table, 
Volumes for approach sections longcl' than 3 ft 
Iwed 1:0 be.' pl'oportionatt'ly gl'oltttl', 

TABGI!: l.-rolmn.c of COnC7'CLC for flumes 

Conv(~rv;il1g Approllch 
Throat. and dh'erg- llnd ['xii 
St'lllion ing sectiolls HccLiollS Total._-----­
('tiMe Cllaic' ('!laic ell/lie 
fl:ct feel fel)l feet 

(Cll/n'c 
yards) 

FlulTIr Cllst in 
linl~d ditch: 

i\·linimulI1 flUltH' 
elevntion l ___ . La. I 21.0 1.0,2 '14,3 

(1.7) 
Elich additional 

inoh of flume 
I'll'vaLion' _. _ _ 2,1 .1.a a,ll 10.3 

(0.'1) 
Flume CII.~t in un­

lined diLch· _______ Hi,fI .27,0 5\L9 02,:3 
(2,2) 

1 j' ~. 29 11; inell('s. 
• :3-[[; aPllI'OIl(:h H!'cLion. 

'fht' diteh lilling should bt' moistened bcfcll'e plac­
ing t.he (,OIlCI'e(.(', TIIt' lJOltolil i~ pOlll'ed [ll'st, and 
t lIt' fl'('lih (,()Il(~l'l'l(' is ,.(,I'('(·dl'd lip till' I'lojl(' using the 
llIl'tal HlIgh·:-; Oil tilt' [Drill Hli s('l'o<'d guidcR, After 
lil'l'('(·c!ing. fiual tOlll'hlljl nnd l'ln()o(hing enu be clone 
by lIand-[ l'o\l'('lillg. 1';X('PSliiw tl'oll'l'ling should be 
:l\'ojdl'c1 to jl)'('\'('lIl "lillllllping" or thl' eOllcI'etc on 
(ht' :-;idl's, i<:xl\t'i throat diull'IlSiollli should Ill' main­
tahll'd. A curillg ('oltlpoulld ::;1I(,ldd 1)(' nppli('(l im­
1lll'ciiall'ly Hflpr fillishillp: (,H('II /l('('liol1. ('nrc is 
1\(,('(It,d to jll'('VPIl! (itt' {,ul'in~ agl'nt fl'wn gel,t,ing on 

Hlllfatt' (,ntl<'l'lItl'ntioll i~ 0.:) 1)('1'('('01: ()I' greater, in 
• 1,'01' addlllllllftl "OIH'I'I'I<' d('~ip;n illfmlllalloll Itnd HpnciH­II"hieh ('mi(' type' V should IH' lIsm!. Thl' ('OncreLe 

('l~II'HI~, ~('I' AS:\ Jo' Sllllldanl' A~A I'; S2ilD. "Con('I'I'l<' slip­
should nchit'\'(' n 28-dnr ('ompr(,h"in SLI'PllgLh of 

r01'l1l ":lIlal lIud dllc'lI IlllllJ~"," A1111'1', Sew. Ap;r BII/.;in., SL,a,ooo pounds 1)('1' sC[UrLr(1 illeh for t\\'tH'llg(' exposure .Ju,pph, £I·la·lt. 

http:1('lIgt.bg
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the edge of the casting where it could interfere with 
bonding of subsequent. seetions. 

The forms should be left in place 12 to 24 hO\lrS 
to nllow the cone rete to develop enough strength so 
that it will not be damaged when the forms are 
['emoved or when installing the adjoining uonverg­
ing and cli\'erging sections. The forllls are separated 
by unbolting the spacers, and each side is removed 
inelh'idlJally by sliding it off the rdnforcing roels. 

After the throat forms are removed, the converg­
ing ancl di\'erging sections nrc pOUl·ed. Each side of 
the poured throat section scryes as a form for one 
of these sections. Steel reinforcing \\'as used only in 
the throat section for the flume shown in :figures 5 
and 9 because of the small amOltnt of flume eleva­
tion, ~Y. However, for thicker converging/diverg­
ing and approaddexit Se'ctions where ~y exceeds 
4 to 5 inches, it may be advisable to use additional 
reinforcing steel. 

All forms are set level with the throat and are 
alined with the throat ancl the ditch upstream and 
downstream with a taut string and are held in place 
with concrete nails. Encl forms consisting of wood 
strips, such as those' shown in figure 5, can be ac­
cllratC'ly Se't to the C'xact cross section by measuring 
the top width at a given distance up the wall with 
a tapC'. The cotlC'rete is pOll red and finished the 
same as fo), the throat sedion. Screeding is more 

PN-5753 

FWl'm: O.-CoIJlpll't.pd thrend and c()n\·pl'l.(ing/di\,(!I'~in~ 
~('ct ionR fJf !L f1l11nn east in u linNI ditch. The ('neI forms 
m'p in phlC(, for Cltst in~ flIP aPJll'mU'h and cxit sections 
(s('(' fi~. (3 fol' s!!I'(,pdinp: p:lIiclc;l to liSP with thPRP forms). 
Xotp th(' (~tu·ppnt.(,I"R Ipn,1 lind tpmplatp lIsed It" an aiel in 
s('ttin~ thp fmmR to thl' (~(]l'l'r('t side slope. 

difficult because the converging and diverging sec­
tions lie at an angle to the plane of the ditch lining. 
Short, sCl'ceC\ing strokes are used with a short screed 
board working at an angle up the slope. Care must 
be taken not to scufI or damage the edges of the 
throut section while using them as screeding guides. 

Forms used for casting the converging and di­
verging sections can be used for casting the ap­
proach and exit sections of the flume. They are set 
in place in the same manner. To minimize turbu­
lencc at the stafI gage, the approach section needs 
to be longer as the flume elevation is increased. 
Recommcnded lengths are: 

Lenyth of 
Flume elevation, t; Y approach section 

Inches Feel 
0-3 3 

4 4 
5 5 

(3 or greater (3 

A template or dummy gage, the same size as the 
stall gage, can be used to form a recess in the eon­
(Tete for the statI gage (s). The template can be 
placed dming the concrete finishing operution and 
left in place until the end forms are removed. The 
staff gages may be attached to theflulUe sidewall 
with concrete anchors 01' a waterproof cement. If 
they arc cemented, wax-type curing agents must 
first be remo\'ed from the gage area. 

The gage should be accurately "zeroed" and 
plaeed exnctly on a 1.25 to 1.0 slope. Gage place­
ment errol' can be minimized by inst,alling the gage 
so that the sloping depth reading for a specific flow 
within the expected flow range is exactly the cor­
responding vertical distance above the flume bot­
tom. This CM be easily clone by placing a metal 
template of fixed height in the throat section and 
transferring itB exact ('ievatioll to the corresponding 
point on the sloping gage with a straight edge and 
level. When this procedure is used, depth measure­
ments arc most accurate in iJle expected flow range 
where the gage is zel'oed. Whe',) the gage is zeroed 
from the' bot.tom, the effcct of plncement, error pro­
gressiYely increases with depth. EYen very small 
deviations from the exact slope can result in errors 
of 5 percent or more in tbe low flow range. Conven­
tional 21;~-ineh-wicle pnnmelpd-iron gages can be 
used. 

BC'cause of till' abrupt ~Y rise at the upstream 
end of tile' flunw, n transition from the original lin­
ing to the raised end of the approach section should 

http:O.-CoIJlpll't.pd
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be provided. This can be free-formed or hand­
troweled and helps to give a smoother water surface 
at the gage. 

Precautions should be taken to prevent fresh con­
crete from freezing. The ditch lining on which the 
flume is cast should be above freezing temperature 
at the time of installation. The concrete should be 
protected from freezing for at least 3 clays. Protec­
tive measures include heating the Wl1ter and aggre­
gate and covering with canvas, plasticJ and/or 
loosely piled hay or straw. 

Unlined Ditches 

Flumes may be installec1 in unlined ditches or in 
an unlined section of a ditch that is to be lined, 
using procedures similar to those "used for lined­
ditch installations. The subgrade should be ex­
cayated to the eleyation needed to raise the flume 
the desired amount aboyc the ditch invert and also 
proyide for a minimum floor thickness of 3% 
inches. The subgracle for the flume should be level. 
It is advisable to hanel-trim the subgrade at the 
flume site to prevent oycrexcayation. The flume 
!:ihou leI be installed on undisturbed soil. If the soil 
has been disturbed, it ::;houleI be settled by water 
and compacted to its original density. 

The throat form is centered and alined in the 
ditch, brought to the correct elevation, and leveled 
in both directions. This is easier to do if the form 
is rigidly braced to maintain the correct dimensions 
before placing in the ditch. The end forms for the 
cClllycrging and cliYergillg sections can be placed at 
the same time. They arc set level with the throat 
sectioIl. The t'ubgl'acle t'houlcl be moist before pour­
ing the concretE'. Table 1 8ho\\'s the amount of con­
crE'te needed for a flume e!l.!-;t on a level, raised sub­

3figrade with a K -inch floor thickness in the ap­
proach and ('xit 8ections and without cutoff walls. 

After pouring the throat scction,the concrete 
should cun' 12 to 24 hours before removing the 
throat forms. Reinforring t't<\el for the converging 
and dIverging sections is then placed as shown in 
figure 10. after wltirh tbe (1OlWrctc for these sections 
is r<!llr(l(l. The romp\r{NI flume section i~ shown in 
figul"t, 11. BprHW;l' of downstream conditions, this 
particular flume did not r('quire E'levating (uY = 0). 
TI\('l'(\fore, the adjoining dite·1t lining sprtions served 
n~ both thp aPPI'ott('h and exit Rcctions for the 
flutnr. 

Thp hi sLl.ff gage wns piMed at. the required lo­
cation in til(' apPl'o(teh eli tell section. If the flume 

PN-5754 

FlGmn; IO.-C'omplc(cd throat section of a flumc in au un­
lilH'd dill'll prior to cast.ing thc conl'crging and dil'crging 
Hcdions. 

PN-5755 

F](;['llI, 11·-COIllplC'lpd flUIIH' ."pelion in an uulined ditch. 
Tlu' adJ!llIllllg (htc·h [lIImg will 5['1'\ C' :II' til!' approaeh (lnd 
('XII :-(·(·tions of thp finnH'. 

hac! lH'e'n rai~('d, or if til(' diteh w('re noL to be lined, 
the approlleh and end seelions would hayc be.en 
addpd [0 (·otnpl(,(· the il1~lalltttion. rr the ditch is 
not lined ~Lt t1)(' t illl!' tile' flume' is in:::LallC'd, cutoff 
\\'all~ ttl·!' Ill'ct\('d Oil (>[1('11 end of the flume. Rein­
fOl'!'lng t't I'd 1lIl':,h ('an bc' used in the approach and 
('xit :;(,('tion:- w\ten tbey ILl'£' ea"t incliyidually as part. 
of thl' flutn£'. 

Stilling w('lls for \\'alp!, stag£' recorders can be 
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installed as shown in figure 12. The flume and 
recorder well are connected by a pipe finished flush 
with the inside of the flume. The pipe can be in­
stalled either at the same time that the approach 
and exit sections are poured, or later, and is located 
as shown in figure 1. 

A floating raft upstream from the flume, as shown 
in figure 12, can be used to smooth a rough water 
surface and makes reading the gage easier. 

PN-5756 

FIGURE 12.-Completed trapezoidal flume with stilling well 
and recorder. 

COST 
Installation cost for a full-depth flume with a The forms cost approximately $260 for a lined 

6-foot approach section and the floor raised 6 inches ditch flume and about $310 for an tmlined ditch 
in a lined ditch is approximately $230, based on flume, if constructed separately. The lined-ditch 
January 1977 prices. The same flume cast on a throat form can be modified by adding an extension 
raised subgrade in an unlined section of ditch with­ on the bottom so that it also can be used for both 
out cutoff walls costs approximately $200. Costs flumes. Because of the necessity to pour the flume 
are apportioned as follows: in sections, the labor is extended over a 3-day 

period. Experienced workers should require less 
Flume Flume time than the 6% hours shown for a two-man crew. 

in lined in unlined 
ditch ditch 

Concrete (3;Ji and 2;Ji yd3 

@ $31/yd3) ___________________8116.25 $ 85.25 
Reinforcing steel (% in X 

200 ft rebar and 60 ft2 
rnesh)________________________ 26.00 26.00 

Form prorated cosL ___ .;. _______ .. _ 14.00 16.50 
Labor (13 hr @ 85/hr)___________ 65.00 65.00 
Miscellaneous (curing com­

pound, staff gages) ______________ 10.00 10.00 

TotaL _____________________$231.25 
 $202.75 

SUMMARY 

Concrete trapezoidal measuring flumes cast in 

existing slipform roncrete-lined or unlined ditches 
provide economical and accurate water measure­
ment. Procedures are presented for casting 50-ft3/s 
capacity flumes 3n 2-ft bottom lined and unlined 
ditches. Flumes installed in standard 2-ft, bottom­
lined ditches require about 13 man-hours and cost 

about $230. Free-flow operating conditions permit 
flow measurement accuracies of -I- 5 percent with 
well-constructed flumes. With limited head condi­
tions and flumes operating partially submerged, 
good £low measurement accuracy can still be ob­
tained. Recorders can be readily installed with the 
flumes for continuous flow records. 
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APPENDIX 


Conversion To Metric (SIr Units hv = head measured vertically at the h~ fl1::::!lfl 
location, in feet 

Conversion to the metric system of measurements 
in the United States is expected to occur sometime 
within the next few years. The following conversion 
fact.ors are included for the benefit of irrigators 
and others who will be using this pUblication: 

To Convert- Multiply- By-

Inches to millimeters inches 25.4 
Inches to centimeters inches 2.54 
Feet to centimeters feet 30.48 
Feet to meters feet 0.3048 
Cubic feet t.o cubic meters cubic feet 0.02832 
Cubic yards to cubic .meters cubic yards 0.7646 
Feet per second to feet per 

meters per second second 0.3048 
Cubic feet per second to cubic feet per 

liters per second second 28.317 
Cubic feet per second to cubic feet per 

cubic meters per second second 0.02832 
Acre to hectare acre 0.4047 
Acre to square meters acre 4,047. 
Acre-inch to cubic meter acre-inch 102.79 
Acre-foot to cubic meter acre-foot 1,233.48 

Flow Tables 

The discharge for both free-flow and submerged­
flow conditions with the flow depth measured in the 
vertical direction is contained in appendix table 1 
for the flume's design flow range. The corresponding 
discharge with depth measured along the sloping 
sidewalls is contained in appendix table 2. 

The free-flow discharge shown in appendix table 
1 was computed from the equatinn 

Q = 0 + 0 1 h~·5 + O2 hv + 
Os ht·5 + 0 4 he + 0 5 h~·5 

where 

Q = free-flow discharge, in cubic feet per second 

C =-0.07 

C1 = 0.6953 

O2 = -2.6269 

Os = 7.8721 

0 4 = -4.4588 

0 5 = 5.0894 


SUP:ilergeJ-flow discharge was determined from 

Q8=KQ 

where 

Q8 = submerged-flow discharge, in cubic feet per 
second 

K = correction factor for different degrees of 
submergence (h4/hI) determined from 

K = 5.1649 - 16.8116 (h 4 /h 1 ) + 
22.7857 (h,/hl ) 2 - 10.4065 (h4/h].) s 

where 

h4 and hI are downstream and upstream flow 

depths, respectively. 

Discharges shown in appendix table 2 were cal­

culated from the same equations with 


hv = 0.625 h8 

\"here 

h8 is the sloping gage depth 
The free-flow discharge equation in metric units is 

Q", = -0.002 + 0.0357 h ~;5 - 0.244 hm + 
1.3247 h!;5 - 1.359 h;' + 2.8098 h;;;5 

where 

Q", = free-flow discharge, in cubic meters per 
second 

h", = vertical depth at the hI flume location, in 
meters. 

T 8I = 8ysteme International d'Unites. 



Table l.--Free- and submerged-flow discbarge (cubic feet Fer second) witb water deptbs b1 and b measured vertically I-'
4 I.\:)for trapezoidal flume No.2 (2-ft bottom approacb widtb, 1-ft bottom tbroat widtb, and 1.25:1 sidewall) 

Free Submerged f'low (CFS): H4(FT)
HI Flow --------------------------------------__________________________________________________________________________ 

(FT) (CPS) 0.14 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 

0.20 0.33 0.33 0.32 0.32 0.31 0.30 0.28 
0.21 0.36 0.36 0 •. 35 0.35 0.34 0.32 
0.22 0.39 0.38 0.38 g.37 0.36 0.35 
0.23 0.42 0.41 ;a0.41 0.40 0.39 0.37 
0.24 0.45 0.45 0.44 0.44 0.43 0.42 0.40 ~ 
0.25 0.48 0.48 0.47 0.47 0.46 0.45 0.43 
0.26 0.52 0.51 0.51 0.50 0.49 0.48 0.45 ~ 
0.27 0.55 to0.55 0.54 0.54 0.53 0.52 0.51 0.48 
0.28 0.59 0.58 0.58 0.57 0.57 0.55 0.54 0.51 
0.29 0.63 0.62 0.61 0.61 0.60 0.59 0.57 0.54 ~ 

Z 
I-' 
01 
0> 

Free Sub mer g e d flo w (CPS): H4(FT) ~ 

HI Flow q
---------------------------------------------------------------------------------~------------------------------- ---­

(FT) (CFS) 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.37 rn 
0.30 0.66 0.66 0.65 0.65 0.64 0.63 0.62 0.60 0.57 
0.31 0.70 0.70 0.69 0.69 0.68 0.67 0.66 0.63 0.60 
0.32 0 •. 74 0.74 0.73 0.73 0.72 0.71 0.69 0.67 0.64 
0.33 0.79 0.78 0.77 0.77 0.76 0.-74 0.73 0.70 0.67 
0.34 0.83 I0.82 0.82 0.81 0.81 0.80 0.78 0.76 0.74 0.70 8 

0.35 0.87 ~0.86 0.86 0.85 0.85 0.84 0.82 0.80 0.77 0.74 
0.36 0.92 0.91 0.90 0.90 0.89 0.88 0.86 0.84 0.81 0.78 
0.37 0.96 0.96 0.95 0.95- 0.94 0.93 0.92 0.90 0.88 0.85 0.81 
0.38 1.01 1.00 1.00 0.99 0.98 0.98 0.96 0.94 0.92 0.89 I0.39 1.06 1.05 1.04 1.04 1.03 1.02 1.01 0.99 0.96 0.89 ~ 

~ 

http:0.95-0.94


Free 
HI Flow 

(FT) (CFS) 

0.40 1.11 
0.41 1.16 
0.42 1. 21 
0.4] 1.27 
0.44 1.32 

0.45 1. 38 
0.46 1. 43 
0.47 1. 49 
U.48 1.55 
0.49 1.61 

Free 
H1 Flow 

(FT) (CFS) 

0.50 1.67 
0.51 1. 74 
0.52 1. 80 
U.S3 1. 87 
0.54 1. 93 

0.55 2.00 
0.56 2.07 
0.57 2.14 
0.58 2.22 
U.59 2.29 

sub mer 9 e d flo W (CFS): H4(FT) 
-------------------------------------------------------------------------------------------".._-------------­
0.28 0.29 0.]0 0.]1 O. ]2 0.3] 0.]4 0.]5 0.]6 0.]7 0.]8 0.39 0.40 0.41 0.42 0.44 0.45 0.46 

1.10 1.10 1.09 1. 09 1. 08 1.07 1. 05 1. 0] 1. 00 0.97 0.9] 

1.15 1.15 1.14 1.13 1.12 1.11 1.10 1. 08 1. 05 1. 01 
1.20 1. 20 1.19 1.18 1.17 1.16 1.14 1.12 1. 09 1. 05 

1.25 1. 25 1. 24 1.23 1. 22 1. 21 1.19 1.17 1.14 1.10 
1.31 1. 30 1. ]0 1. 29 1. 28 1.27 1. 26 1. 24 1. 21 1.18 1.14 

1. ]6 1. ]6 1. ]5 1.35 1. ]4 1. ]2 1. 31 1. 29 1. 26 1.2] 1.19 

1. 42 1. 41 1.41 1. 40 1. ]9 1.]8 1.]6 1. ]4 1.]1 1.28 

1. 48 1. 47 1.47 1.46 1. 45 1. 44 1.4] 1.41 1. ]9 1. ]6 1.28 0:.­
1. 54 1.5] 1. 5] 1. 52 1. 51 1. 50 1. 48 1.47 1. 44 1.]7 1. ]] ~ 

1.60 1. 59 1. 58 1. 58 1. 57 1. 55 1. 54 1. 52 1. 46 1. 42 1. ]8 .!.. 
Z 
I 

'"d 
t"':.­
0 

Sub mer 9 e d flo w (CPS): H4(FTj t;l 

---------------------------------------------------------------------------------------------------------------- 0 

0.35 0.]6 0.37 O. ]8 0.]9 0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.48 0.49 0.50 0.51 0.5] 0.54 0.56 0 
Z 
0 
;:d 

1.66 L66 1.65 1. 64 1.63 1. 62 1. 61 1.60 1. 57 1.55 1.51 1.47 
1.72 1.72 1. 71 1. 70 1. 69 1.68 1. 67 1. 65 1. 63 1.60 1.57 1.48 ~ 

1. 78 1. 78 1.77 1.76 1. 76 1. 74 1. 73 1. 71 1. 69 1.66 1.58 1. 5] t-3 
;:d 

1. 85 1. 84 1.83 1. 83 1. 82 1. 80 1. 79 1.77 1. 74 1. 68 1. 6] 1. 58 i:d
1. 92 1.91 1. 90 1. 90 1.89 1. 88 1. 87 1. 85 1. 83 1.77 1. 7] 1. 69 1.6] t;l 

N 
0 

1.98 1. 98 1. 97 1. 96 1. 95 1. 94 1. 9] 1.91 1. 86 1.B3 1. 79 1. 74 8:.­2.05 2.04 2.04 2.0] 2.02 2.01 1.99 1. 95 1. 92 1.89 1. 85 1. 74 t"' 
2.13 2.12 2.11 2.10 2.10 2.09 2.07 2.04 2.02 1. 99 1. 95 1. 86 1. 80 "'=j 

2.20 2.19 2.18 2.17 2.16 2.15 2.12 2.10 2.08 2.05 1. 97 1. 92 2; 
2.27 2.26 2.25 2.24 2.2] 2.21 2.19 2.17 2.14 2.07 2.0] 1.92 a: 

t;l 
Ul 

I-l 
00 



Table 1.--Free- and submerged-flow discharge (cubic feet per second) with water depths b and h4 measured vertically I-"
1 .;.:..for trapezoidal flume No.2 (2-ft bottom approacb width, l-ft bottom throat "Jidth, and 1.25:1 sidewall)--Continued 

HI 
t'r~e 

Flow 
Sub mer 9 e d flo w (CFS): H4(FT) 

---------------------------------------------------------------------------------------------------------------­
(to"l') (et'S) 0.420.430.440.450.460.470.490.500.510.520.530.55 0.56 0.580.590.600.620.640.65 

O.bO 2.36 2.35 2.34 2.33 2.32 2.31 2.30 2.28 2.26 2.24 2.21 2.18 2.09 2.04 
0.&1 2.44 2.42 2.41 2.40 2.40 2.39 2.36 2.35 2.33 2.31 2.28 2.20 2.15 
0.62 
u.63 

2.52 
2.59 

2.49 2.48 
2.57 

2.48 
2.56 

2.47 
2.55 

2.45 
2.53 

2.44 
2.52 

2.42 
2.51 

2.40 
2.49 

2.37 
2.47 

2.31 
2.41 

2.27 
2.38 

2.16 
2.28 2.22 

t;3 
0.64 2.67 2.65 2.64 2.64 2.62 2.61 2.60 2.58 2.57 2.52 2.48 2.40 2.35 2.29 ~ 

H 

0.65 
U.b& 
0.67 
0.68 
lJ.09 

2.76 
2.84 
2.92 
3.01 
3.09 

2.73 2.72 
2.81 
2.90 

2.71 
2.79 
2.88 
2.97 
3.06 

2.70 
2.79 
2.87 
2.97 
3.06 

2.69 
2.78 
2.87 
2.96 
3.05 

2.67 
2.77 
2.86 
2.95 
3.04 

2.66 
2.75 
2.84 
2.94 
3.03 

2.62 
2.71 
2.Bl 
2.91 
3.01 

2.59 
2.69 
2.79 
2.89 
2.99 

2.52 
2.63 
2.74 
2.84 
2.95 

2.47 
2.59 
2.70 
2.81 
2.92 

2.42 
2.54 
2.66 
2.77 
2.89 

2.42 
2.55 
2.68 
2.80 

2.56 
2.69 2.63 

~ 
0:1 

.~ 
52 

HI 
Free 
Flow 

Sub mer 9 e d flo w (CFS): 114 (F'r) 

---------------------------------------------------------------------------------------------------------------­

t-' 
01 
0> 
0> 

(t"!') (Ct'S) 0.49 0.50 0.51 0.52 0.53 0.54 0.56 0.57 0.58 0.59 0.61 0.62 0.64 0.65 0.67 0.68 0.70 0.72 0.73 O. 75 d 
~ 

U.70 
u.71 
0.72 
0.73 
0.74 

3.18 
3.27 
3.36 
3.46 
3.55 

3.16 3.15 
3.24 

3.14 
3.24 
3.33 

3.13 
3.23 
3.32 
3.42 
3.52 

3.12 
3.22 
3.31 
3.41 
3.51 

3.11 
3.21 
3.30 
3.40 
3.50 

3.09 
3.19 
3.29 
3.39 
3.49 

3.07 
3.17 
3.27 
3.37 
3.48 

3.05 
3.15 
3.26 
3.36 
3.46 

3.02 
3.12 
3.23 
3.34 
3.44 

2.97 
3.09 
3.20 
3.31 
3.41 

2.92 
3.04 
3.15 
3.27 
3.38 

2.85 
2.97 
3.10 
3.22 
3.34 

2.76 
2.89 
3.02 
3.15 
3.28 

2.79 
2.93 
3.07 
3.20 

2.82 
2.97 
3.11 2.99 I 

~ 
U.75 
0.76 
0.77 
0.78 
U.79 

3.64 
3.74 
3.84 
3.!l4 
4.04 

3.61 
3.71 

3.60 
3.70 
3.80 

3.59 
3.69 
3.79 
3.90 
4.00 

3.58 
3.68 
3.78 
3.89 
3.99 

3.56 
3.67 
3.77 
3.87 
3." 

3.55 
3.65 
3.76 
3.86 
3.97 

3.52 
3.63 
3.74 
3.85 
3.95 

3.49 
3.60 
3.71 
3.82 
3.93 

3.45 
3.57 
3.68 
3.80 
3.91 

3.40 
3.52 
3.64 
3.76 
3." 

3.34 
3.46 
3.59 
3.71 
3.'4 

3.25 
3.39 
3.52 
3.65 
3.7' 

3.14 
3,29 
3.43 
3.57 
3.71 

3.17 
3.33 
3.48 
3.62 

3.35 
3.51 3.3' 

~ 
> 
~ 
6I 

til 
Free 
flow 

Sub mer 9 e d flo w (CFS): 84(FT) 
---------------------------------------------------------------------------------------------------------------­

(r'l') (CPS) 0.56 0.57 0.58 0.59 0.61 0.62 0.63 0.65 0.66 0.67 0.69 0.70 0.72 0.74 0.75 0.77 0.79 0.81 0.83 0.85 

0.80 4.14 4.11 4.10 4.09 4.08 4.06 4.05 4.03 4.01 3.98 3.94 3.89 3.82 3.74 3.64 3.51 
0.81 4.24 4.21 4.20 4.18 4.17 4.16 4.14 4.12 4.10 4.06 4.02 3.96 3.89 3.79 3.67 
0.d2 4.35 4.31 4.30 4.28 4.27 4.26 4.24 4.21 4.18 4.14 4.09 4.03 3.94 3.83 3.70 
0.83 4.46 4.42 4.41 4.40 4.38 4.37 4.35 4.33 4.30 4.27 4.22 4.16 4.09 3.99 3.86 
0.84 4.56 4.52 4.51 4.50 4.48 4.47 4.45 4.42 4.39 4.35 4.30 4.23 4.14 4.03 3.89 



----------------------------------------------------------------------------------------------------------------

Sub mer 9 e d flo w (CFS): H4(FT)--ContinuedFree 
Hl Flow --------------------------------------------------------------------------------------------------------------------­

0.56 0.57 0.58 0.59 0.61 0.62 0.63 0.65 0.66 0.67 0.69 0.70 0.72 0.74 0.75 0.77 0.79 0.B1 0.83 0.85 

\l.85 4.67 

(F'l') (CPS) 

4.63 4.61 4.60 4.58 4.57 4.55 4.52 4.48 4.43 4.37 4.29 4.19 4.06 
4.74 4.73 4.72 4.70 4.69 4.67 4.64 4.61 4.56 4.51 4.43 4.34 4.22 4.08 

0.1l7 4.90 
0.86 4.78 

4.85 4.83 4.82 4.81 4.79 4.76 4.74 4.70 4.65 4.58 4.49 4.39 4.25 
4.97 4.95 4.94 4.93 4.91 4.89 4.86 4.83 4.78 4.72 4.64 4.55 4.42 4.270.88 5.01 

5.08 5.06 5.05 5.03 5.01 4.99 4.96 4.92 4.86 4.79 4.70 4.59 4.45 4.29Ll.8~ 5.13 

Sub mer 9 e dEl 0 w (CFS): 1l4(FT) ~ Free 
III flow 0.94 20.63 0.64 0.65 0.67 0.68 0.69 0.71 0.72 0.74 0.75 0.77 0.79 0.80 0.82 0.84 0.86 0.88 0.90 0.92(E"r) (CFS) .!o 

5.20 5.19 5.18 5.16 5.15 5.13 5.11 5.08 5.05 5.00 4.94 4.87 4.78 4.66 4.510.90 5.24 ~ 5.32 5.30 5.29 5.27 5.26 5.24 5.21 5.18 5.14 5.09 5.02 4.94 4.83 4.69 4.520.91 5.36 o
5.43 5.41 5.40 5.38 5.37 5.34 5.31 5.28 5.23 5.17 5.09 4.99 4.87 4.71 oU.92 5.48 z5.56 5.54 5.53 5.51 5.49 5.47 5.45 5.42 5.37 5.32 5.25 5.16 5.04 4.90 4.72\l.:lJ 5.60 o 

5.67 5.66 5.64 5.63 5.61 5.58 5.55 5.51 5.47 5.40 5.32 5.21 5.08 4.910.94 5.73 i5.80 5.79 5.77 5.76 5.74 5.72 5.69 5.66 5.61 5.55 5.48 5.38 5.26 5.10 4.920.::)5 5.85 
5.92 5.91 5.89 5.87 5.85 5.83 5.80 5.76 5.70 5.63 5.54 5.43 5.29 5.12 ~ U.• 96 5.98 
6.06 6.04 6.02 6.01 5.99 5.97 5.94 5.90 5.85 5.79 5.71 5.60 5.47 5.31 5.120.97 6.11 

6.18 6.16 6.14 6.12 6.10 6.08 6.04 6.00 5.94 5.B7 5.77 5.65 5.51 5.32 ~ 
U.!:>8 6.24 5.32 t;5.32 6.30 6.28 6.26 6.24 6.22 6.19 6.15 6.10 6.03 5.94 5.83 5.69 5.520.99 6.37 8 

~ 
":rj 

sub mer 9 e dEl 0 w (CFS): H4(FT)free 8--------------------------------------------------------------------------------------------------------'-----III Flow 
1. 04 ~ 0.70 0.71 0.73 0.74 0.7~ 0.77 0.79 0.80 0.82 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01(Pt') (CPS) UJ 

6.42 6.40 6.38 6.36 6.34 6.30 6.26 6.21 6.15 6.06 5.95 5.82 5.65 5.441.00 6.50 6.45 6.43 
6.56 6.54 6.52 6.50 6.48 6.45 6.41 6.37 6.31 6.23 6.13 6.01 5.85 5.661.Lll 6.63 6.57 
6.70 6.68 6.67 6.65 6.63 6.60 6.57 6.52 6.47 6.40 6.31 6.19 6.05 5.871.02 6.77 
6.85 6.83 6.81 6.79 6.77 6.75 6.72 6.68 6.63 6.56 6.48 6.37 6.24 6.07 5.861. 03 6.91 

6.97 6.96 6.94 6.92 6.90 6.87 6.83 6.79 6.73 6.65 6.55 6.43 6.27 6.081.04 7.05 

7.12 7.10 7.09 7.07 7.04 7.02 6.99 6.94 6.89 6.82 6.73 6.62 6.47 6.29 6.071. 05 7.19 
7.25 7.24 7.22 7.19 7.17 7:14 7.10 7.05 6.99 6.91 6.80 6.67 6.50 6.291. Ob 7.33 
7.41 7.39 7.37 7.35 7.32 7.30 7.26 7.22 7.16 7.08 6.98 6.86 6.70 6.51 6.281.07 7.47 

7.54 7.52 7.50 7.48 7.45 7.42 7.38 7.32 7.25 7.16 7.05 6.90 6.73 6.511.08 7.62 
7.70 7.67 7.65 7.6j 7.61 7.58 7.54 7.49 7.43 7.34 7.24 7.10 6.94 6.73 6.49~1. 09 7.76 en 



----------------------------------------------------------------------------------------------------------------

Table 1.-Free- and submerged-flow discharge (cubic feet per second) water depths h1 and h~ measured vertically for ..... 
trapezoidal flume No.2 (2-ft bottom approach width, 1-ft hottom throat width, and 1:25:1 sidewall)-Continued 0':> 

Free Sub mer g e d flo w (CFS): H4(FT)
HI Flow 

(F'!') (CFS) 0.77 0.78 0.80 0.81 0.83 0.85 0.86 0.89 0.90 0.91 0.93 0.95 0.97 0.99 1.02 1.04 1.06 1.08 1.11 1.13 

1.10 7.91 7.85 7.83 7.81 7.79 7.77 7.75 7.72 7.68 7.64 7.58 7.50 7.41 7.28 7.13 6.94 6.70 
1.11 8.06 7.99 7.97 7.95 7.93 7.91 7.88 7.85 7.80 7.75 7.68 7.59 7.48 7.34 7.16 6.94 
1.12 8.22 8.15 8.13 8.11 8.09 8.07 8.04 8.01 7.97 7.92 7.86 7.78 7.67 7.54 7.37 7.17 6.91 

~ 1.13 8.37 8.29 8.27 8.25 8.23 8.21 8.18 8.14 8.09 8.04 7.96 7.B6 7.74 7.59 7.39 7.15 o1.14 8.52 8.46 8.44 8.42 8.39 B.37 B.34 8.31 8.27 B.21 8.14 8.05 7.94 7.79 7.61 7.39 	 ::x::z 
H 

1.15 8.68 8.60 8.58 8.56 B.54 8.51 8.48 8.44 8.39 8.33 8.24 B.14 B.OO 7.83 •. 62 7.37 
1.16 8.B4 	 ~ 

B.77 8.75 B.73 8.70 8.68 8.65 8.61 8.57 8.51 8.43 8.33 8.21 8.05 7.85 7.61 ~ 
1.17 9.00 B.92 8.89 8.87 8.B5 8.82 8.7B B.74 B.69 8.62 B.53 8.41 8.26 8.08 7.B5 7.58 ~ 
LIB 9.16 9.09 9.06 9.04 9.02 8.99 8.96 8.92 B.B7 8.80 8.72 B.61 8.48 B.30 8.09 7.84 ~ 
1.19 9.33 9.24 	 9.21 9.19 9.16 9.13 9.10 9.05 B.99 B.91 8.81 B.69 8.53 8.33 B.08 7.80 ~ 

Z 
I-' 
c:n 

Free 	 0>
Sub mer 9 e d flo w (CFS): H4(FT) ~O>

HI Flow 
---------------------------------------------------------------------------------------------------------------- q

(FT) (CFS) 0.84 0.86 0.B7 0.89 0.90 0.92 0.94 0.96 0.97 0.99 1.01 1.04 1.06 1.0B 1.10 1.13 1.15 1.18 1.20 1.23 ~ 

1.20 9.49 9.42 9.40 9.37 9.35 9.33 9.30 9.26 9.22 9.17 9.10 9.02 8.91 8.77 B.59 8.3B 8.11 	 ~ 
1.21 9.66 9.57 9.55 9.53 9.50 9.47 9.44 9.40 9.36 9.29 9.21 9.11 8.9B 8.B2 B.62 B.37 
1.22 9.83 9.75 9.73 9.70 	 ~9.68 9.65 9.62 9.59 9.54 9.48 9.41 9.32 9.20 9.04 8.85 8.62 8.331.23 10.0 	 9.9 9.9 9.9 9.B 9.8 9.8 9.7 9.7 9.6 9.5 9.4 9.3 9.1 8.9 B.6 	 ~ 

t;tj1. 24 10.2 10.1 10.1 10.0 10.0 10.0 10.0 9.9 9.9 9.B 9.7 9.6 9.5 9.3 9.1 8.9 8.5 Z 
>-3 

1.25 10.3 	 o10.2 10.2 10.2 10.2 10.1 10.1 10.1 10.0 9.9 9. B 9.7 9.5 9.4 9.1 8.8 "%j1.26 10.5 10.4 10.4 10.4 10.4 10.3 10.3 10.2 10.2 10.1 10.0 9.9 9.8 9.6 9.4 9.1
1. 27 10.7 10.6 10.6 10.5 10.5 10.5 10.4 10.4 10.3 10.2 10.1 10.0 9.8 9.6 9.3 9.0
1. 28 10.9 10.B 10.8 10.7 10.7 10.7 10.6 10.6 10.5 10.4 10.3 10.2 10.1 9.9 9.6 9.3 i1.29 11.1 11.0 10.9 10.9 10.9 10.9 10.8 10.8 10.7 10.7 10.6 10.4 IIJ.3 10.1 9.9 9.6 9.2 ~ 

~ 



HI 
(FT) 

Free 
Flow 

(CFS) 

Submerged flow(CFS):H4(FT) 
-------------------------------------------------------------------------------------------,.------------­
0.91 0.93 0.94 0.96 0.98 1.00 1.01 1.03 1.05 1.07 1.10 1.12 1.14 1.16 1.19 1.21 1.24 1.27 1.29 1.32 

1.30 
1.31 
1.32 
1. 33 
1. 34 

11.2 
11.4 
11.6 
11.8 
12.0 

11.2 11.1 
11.3 
11.5 

11.1 11.1 11.0 11.0 11.0 10.9 10.9 10.8 10.7 10.6 10.4 10.2 10.0 9.7 
11.3 11.3 11.2 11.2 11.2 11.1 11.1 11.0 10.9 10.8 10.7 10.5 10.2 10.0 9.6 
11.5 11.5 11.4 11.4 11.4 11.3 11.3 11.2 11.1 11.0 10.9 10.7 10.5 10.2 9.9 
11.711.711.611.611.611.511.511.411.311.211.111.010.810.510.2 
11.9 11.9 11.8 11.8 11.8 11.7 11.7 11.6 11.6 11.5 11.3 11.2 11.0 10.8 10.5 10.1 

1.35 12.2 
1.3612.4 
1. 37 12.6 
1. 38 12.8 
1.39 13.0 

12.1 
12.3 
12.5 

12.0 
12.2 
12.4 
12.7 
12.9 

12.0 
12.2 
12.4 
12.6 
12.8 

12.0 
12.2 
12.4 
12.6 
12.8 

11.9 
12.1 
12.4 
12.6 
12.8 

11.9 
12.1 
12.3 
12.5 
12.7 

11.8 
12.1 
12.3 
12.5 
12.7 

11.8 
12.0 
12.2 
12.4 
12.6 

11.7 
11.9 
12.1 
12.4 
12.6 

11.6 
11.8 
12.0 
12.3 
12.5 

11.4 
11.7 
11.9 
12.1 
12.4 

11.3 
11.5 
11.7 
12.0 
12.2 

11.0 
11.3 
11.5 
11.8 
12.1 

10.8 
11. 0 
11. 3 
11.6 
11.8 

10.4 
10.7 
11.0 
11.3 
11.6 

10.6 
10.9 
11.2 10.8 ~ ~ 

~ 

HI 
(FT) 

Free 
Flow 

(CFS) 

sub mer g e d flo w (CFS): H4(FT) 
---------------------------------------------------------------------------------------------------------------­

1.36 1.390.98 1.00 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.18 1. 20 1.22 1.25 1.28 1.30 1. 33 1.42 

r; 
~ 
8 
Z 

1.40 
1.41 
1.42 
1.43 
1.44 

13.2 
13.4 
13.6 
13.8 
14.0 

13.1 13.0 
13.3 
13.5 

13.0 
13.2 
13.4 
13.7 
13.9 

13.0 
13.2 
13.4 
13.6 
13.8 

12.9 
13.2 
13.4 
13.6 
13.8 

12.9 
13.1 
13.3 
13.6 
13.8 

12.9 
13.1 
13.3 
13.5 
13.7 

12.8 
13.0 
13.3 
13.5 
13.7 

12.7 
13.0 
13.2 
13.4 
13.6 

12.7 
12.9 
13.1 
13.3 
13.6 

12.5 
12.8 
13.0 
13.3 
13.5 

12.4 
12.7 
12.9 
13.1 
13.4 

12.2 
12.5 
12.7 
13.0 
13.3 

12.0 
12.3 
12.6 
12.8 
13.1 

11.7 
12.0 
12.3 
12.6 
12.9 

11.4 
11.7 
12.0 
12.3 
12.6 

11.3 
11.6 
11.9 
12.3 11. 9 

~ 
;;5
::; 
~ 

1. 45 
1. 46 
1. 47 
1. 48 
1.49 

14.2 
14.4 
14.6 
14.9 
15.1 

14.1 
14.3 
14.5 

14.0 
14.3 
14 .5 
14.7 
14.9 

14.0 
14.2 
14.4 
14.7 
14.9 

14.0 
14.2 
14.4 
14.6 
14.9 

13.9 
14.1 
14.4 
14.6 
14.8 

13.9 
14.1 
14.3 
14.6 
14.8 

13.8 
14.0 
14.3 
14.5 
14.7 

13.7 
14.0 
14.2 
14.4 
14.7 

13.6 
13.9 
14.1 
14.4 
14.6 

13.5 
13.8 
14.0 
14.2 
14.5 

13.3 
13.6 
13.9 
14.1 
14.4 

13.1 
13.4 
13.7 
13.9 
14.2 

12.9 
13.2 
13.4 
13.7 
14.0 

12.6 
12.9 
13.2 
13.5 
13.7 

12.2 
12.5 
12.8 
13;1 
13.4 

12.1 
12.4 
12.7 
13.1 12.6 

o ...... 
o 
8 
'%j 

2;
s: 
t:t.l 
CIl 

-::t 
f-l 



Table 1.-Free- and submerged-flow discbarge (cubic feet per second) water deptbs b
1 

and b~ measured vertically for ....... 
trapezoidal flume No.2 (2-ft bottom approac~ widtb, 1-ft bottom throat widtb, and 1:25:1 sidewall)-Continued 00 

Free 
Sub mer 9 e d flo w (CFS): H4(FT) HI Flow 

---------------------------------------------------------------------------------------------.---~--------------{F'!'} (CPS) 
1.05 1.07 1.09 1.11 1.13 1.lS 1.17 1.19 1.21 1.23 1.26 1.28 1.31 1.34 1.36 1.39 	 1.42 1.45 1.48 1.51 

1.50 15.3 15.2 15.1 15.1 15.1 15.0 15.0 14.9 14.9 14.8 14.7 14.6 14.4 14.2 14.0 13.7 13.3 12.91.51 15.5 15.4 15.3 15.3 15.3 15.2 15.2 15.1 15.0 15.0 14.8 14.7 14.5 14.3 14.0 13.6 13.21.52 15.7 15.6 15.6 15.5 15.5 15.5 15.4 15.4 15.3 15.2 15.1 15.0 14.8 14.6 14.3 14.0 13.51.53 16.0 15.8 15.8 15.7 15.7 15.7 15.6 15.5 15.5 15.4 15.2 15.1 	 ~ 14.9 14.6 14.3 13.9 13.41.54 16.2 16.1 16.0 16.0 15.9 15.9 15.8 15.8 15.7 15.6 15.5 15.3 15.1 14.9 14.6 14.2 13.S ~ 
1.55 16.4 

16.3 16.3 16.2 16.2 16.1 16.1 16.0 16.0 15.9 15.8 15.6 15.4 15.2 14.9 14.5 14.1 ~~ 1.5E 16.7 
16.5 16.5 16.4 16.4 16.3 16.3 16.2 16.1 16.0 15.9 15.7 15.5 15.2 14.9 14.4 14.0 ~ 1.5716.9 
16.7 16.7 16.7 16.6 16.6 16.5 16.5 16.4 16.3 16.1 i6.0 15.8 15.5 15.2 14.S 14.3 §

1. 58 17.1 
17.0 16.9 16.9 16.8 16.8 16.7 16.6 16.5 16.4 16.3 16.1 15.8 15.5 15.1 14.7 	 ~ 1. 59 .L I. 4 
17.2 	 17.2 17.1 17.1 17.0 17.0 16.9 16.8 16.7 16.5 16.4 16.1 15.S 15.5 15.0 14.5 ~ 

Z 
...... 
01 

Free 	 Sub mer 9 e d flo w (CFS): H4(FT) 0> 
HI Flow ------_________________________________________________________________________________________________________ _ !7' 

q 
(FT) (CFS) 1.12 1.14 1.16 1.18 1.20 1.22 1.24 1.27 1.29 1.31 1.34 1.37 1.39 1.42 	 1.45 1.48 1.51 1.54 1.57 1. 61 rn 
1.60 17.6 17.5 17.4 17.4 17.3 17.3 17.3 17.2 17.1 	

~ 
~17.0 16.9 16.B 16.6 '16.4 16.1 15.8 15.4 14.9

1.61 17.0 17.7 17.6 17.6 17.6 17.5 17.5 17.4 17.3 17.2 17.1 16.9 16.7 16.4 16.1 15.7 15.2
1.62 1B.l 17.9 17.9 17.9 17.B 17.8 17.7 17.7 17.6 17.5 17.4 17.2 17.0 16.8 16.5 16.1 15.6
1.63 IB.3 1B.2 IB.l IB.l IB.O 18.0 17.9 17.8 17.7 17.6 17.5 17.3 17.1 16.B 16.4 16.0 15.4
1.64 IB.6 IB.4 lS.4 IB.3 IB.3 IB.2 IB.2 IB.l IB.O 17.9 17.B 17.6 17.4 17.1 16.8 16.3 15.B I 

~ 

1.65 IB.B lB. " 	 olS.6 IB.6 IB.5 IB.5 IB.4 IB.4 18.3 18.2 1B.1 17.9 17.7 17.4 17.1 16.7 16.2 ~ 
1.66 19.1 IB.9 1B.9 18.B 18.8 IB.7 18.6 1B.6 1B.5 18.3 1B.2 lS.0 17.7 17.4 17.0 16.6 16.0 ~ 
1.67 19.3 19.2 19.1 19.1 19.0 19.0 IB.9 IB.B 1B.7 1B.6 1B.5 IB.3 1B.l 17.B 17.4 16.9 16.4 ~ 1.6B 19.6 19.4 19.4 19.3 19.3 19.2 19.2 19.1 19.0 IB.9 lS.S 18.6 lS.4 IB.1 17.7 17.3 16.B 8
1.69 19.B 19.7 19.6 19.6 19.5 19.5 19.4 19.3 19.2 19.1 1B.9 18.7 IB.4 18.1 17.7 17.2 16.6 	§ 

8 

~ 



Free Sub mer 9 e d flo w (CFS): H 4 (FT) 
HI 

(FT) 
Flow 

(CFS) 1~19--i~2i--i~23--i:25--i~27--1~30--i~32--i~34--1~37--i~39--1~42--i~45--i~4B--i~1--1~54--1~57-~~6o--i~63--i~67 1.70 

1.70 20.1 20.0 19.9 19.9 19.8 19.8 19.7 19.7 19.6 19.5 19.4 19.2 19.0 18.8 18.5 18.1 17.6 17.1 
1. 71 20.4 20.2 20.1 20.1 20.0 20.0 19.9 19.9 19.8 19.7 19.5 19.3 19.1 18.8 18.4 18.0 17.5 
1. 72 20.6 20.5 20.4 20.4 20.3 20.3 20,2 20.1 20.1 19.9 19.B 19.6 19.4 19.1 IB.8 18.4 17.9 17.2 
1. 73 20.9 20.7 20.6 20.6 20.5 20.5 20.4 20.3 20.2 20.1 19.9 19.7 19.5 19.2 IB.7 IB.3 17.7 
1. 74 21.2 21.0 20.9 20.9 20.8 20.8 20.7 20.6 20.5 20.4 20.3 20.1 19.B 19.5 19.1 18.6 18.1 

1.75 21.4 21.3 21.2 21.2 21.1 21.1 21.0 20.9 20.8 20.7 20.6 20.4 20.1 19.8 19.5 19.0 18.5 
1. 76 21. 7 21.5 21.4 21.4 21.3 21.3 21.2 21.1 21.0 20.9 20.7 20.5 20.2 19.B 19.4 18.9 18.2 
1. 77 22.0 21.8 21.7 21.7 21.6 21.6 21.5 21.4 21.3 21.2 21.0 20.B 20.5 20.2 19.8 19.3 18.7 
1. 78 22.3 22.1 22.0 22.0 21.9 21.9 21.8 21.7 21.6 21.5 21.3 21.1 20.9 20.5 20.2 19.7 19.1 ~ 
1. 79 22.5 22.3 22.3 22.2 22.2 22.1 22.0 21.9 21.8 21.6 21.5 21.2 20.9 20.5 20.1 19.5 18.8 ~ 

~ 
~ 

Free Sub mer 9 e d flo w (CFS): H4(FT) 
HI Flow ~ 

(F'r) (CPS) 1.26 1.28 1. 30 1. 32 1.35 1.37 1.40 1.42 1.45 1.47 1.50 1. 53 1.56 1.59 1.62 1.66 1.69 1.73 1.76 1.80 n 

1.80 22.8 22.6 22.6 22.5 22.5 22.4 22.4 22.3 22.2 22.1 22.0 21.8 21.6 21.3 21.0 20.6 20.1 19.5 
o
Z 
o 

1. 81 
1.82 
1.B3 

23.1 
23.4 
23.7 

22.9 
23.2 
23.5 

22.8 
23.1 
23.4 

22.8 
23.1 
23.4 

22.7 
23.0 
23.3 

22.7 
23.0 
23.3 

22.6 
22.9 
23.2 

22.5 
22.B 
23.1 

22.4 
22.7 
23.0 

22.3 
22.6 
22.9 

22.1 
22.5 
22.8 

21.9 
22.3 
22.6 

21.7 
22.0 
22.4 

21.4 
21.7 
22.1 

21.0 
21.3 
21.7 

20.5 
20.9 
21.3 

19.9 
20.3 
20.7 

19.6 
20.1 

§ 
1.B4 24.0 23.7 23.7 23.6 23.6 23.5 23.4 23.4 23.2 23.1 22.9 22.7 22.4 22.1 21.7 21.1 20.5 ~ 
1.85 24.3 24.0 24.0 23.9 23.9 23.B 23.7 23.7 23.6 23.4 23.3 23.1 22.8 22.5 22.0 21.5 20.9 N 

1.86 24.5 24.4 24.3 24.2 24.2 24.1 24.1 24.0 23.9 23.B 23.6 23.4 23.1 22.8 22.4 21.9 21.4 20.7 o 
1.B7 24.8 24.6 24.6 24.5 24.4 24.4 24.3 24.2 24.1 23.9 23.7 23.5 23.2 22.B 22.4 21.8 21.1 ~ 1.88 25.1 24.9 24.9 24.B 24.7 24.7 24.6 24.5 24.4 24.3 24.1 23.9 23.6 23.2 22.B 22.2 21.6 
1.89 25.4 25.2 25.2 25.1 25.1 25.0 24.9 24.B 24.7 24.6 24.4 24.2 23.9 23.6 23.2 22.6 22.0 21.3 ~ 

~ w 

...... 
c:.o 



Table 1.-Free- and submerged-flow discharge (cubic feet per second) water depths h1 and h4 measured vertically for t-:l 
trapezoidal flume No.2 (2-ft bottom approach width, 1-ft bottom throat width, and 1:25:1 sidewall)-Continued o 

Free Sub mer 9 e d flo w (CFS): H4(FT) 
HI Flow 

(F'!') (CFS) 1.33 1.35 1.37 1.40 1.42 1.45 1.47 1.50 1.53 1.55 1.58 1.61 1.65 1.68 1.71 1.75 1.78 1.82 1.85 1.89 

1. 90 25.7 25.5 25.5 25.4 25.4 25.3 25.2 25.2 25.1 25.0 24.8 24.6 24.4 24.1 23.7 23.3 22.7 22.0 
1. 91 26.0 25.8 25.7 25.7 25.6 25.6 25.5 25.4 25.3 25.1 25.0 24.7 24.5 24.1 23.7 23.1 22.5 
1.92 26.4 26.1 26.1 26.0 25.9 25.9 25.8 25.7 25.6 25.5 25.3 25.1 24.8 24.5 24.1 23.6 22.9 22.2 ~ 1.93 26.7 26.5 26.4 26.3 26.3 26.2 26.1 26.0 25.9 25.8 25.7 25.5 25.2 24.9 24.5 24.0 23.4 22.6 
1. 94 27.0 26.7 26.7 26.6 26.5 26.5 26.4 26.3 26.2 26.0 25.8 25.6 25.3 24.9 24.4 23.8 23.1 ~ ..... 
1.95 27.3 27.0 27.0 26.9 26.9 26.8 26.7 26.6 26.5 26.4 26.2 25.9 25.6 25.3 24.8 24.3 23.6 ~ 
1.96 27.6 27.4 27.3 27.3 27.2 27.1 27.0 27.0 26.8 26.7 26.5 26.3 26.0 25.7 25.2 24.7 24.0 23.3 ~ 

1.97 27.9 27.6 27.6 27.5 27.5 27.4 27.3 27.2 27.1 26.9 26.7 26.4 26.1 25.6 25.1 24.5 23.7 ~ 
1.98 28.2 28.0 27.9 27.9 27.8 27.7 27.6 27.5 27.4 27.2 27.0 26.8 26.5 26.1 25.6 24.9 24.2 ~ 

1. 99 28.6 28.3 28.3 28.2 28.1 28.0 28.0 27.9 27.7 27.6 27.4 27.2 26.8 26.5 26.0 25.4 24.7 23.9 ~ 

i-' 
C11 

Free 5 u b mer 9 e d flo w (CFS): H4(FT) '" ~ 
HI 

(FT) 

Flow 

(CFS) 
---------------------------------------------------------------------------------------------------------------­

1.91 1.951.40 1.42 1.45 1.47 1.50 1.52 1.55 1.58 1.60 1.63 1.66 1.70 1. 73 1.76 1.80 1.83 1.87 1.99 
c:::rn 
t:; 

2.00 
2.01 
2.02 
2.03 
2.04 

28.9 
29.2 
29.5 
29.9 
30.2 

28.7 28.6 
28.9 
29.3 
29.6 

28.5 
28.9 
29.2 
29.6 
29.9 

28.5 
28.8 
29.1 
29.5 
29.8 

28.4 
28.7 
29.1 
29.4 
29.8 

28.3 
28.7 
29.0 
29.4 
29.7 

28.2 
28.6 
28.9 
29.3 
29.6 

28.1 
28.5 
28.8 
29.2 
29.5 

28.0 
28.4 
28.7 
29.1 
29.4 

27.8 
28.2 
28.6 
28.9 
29.3 

27.6 
28.0 
28.4 
28.7 
29.1 

27.4 
27.8 
28.1 
28.5 
28.9 

27.1 
27.4 
27.8 
28.2 
28.6 

26.6 
27.1 
27.5 
27.9 
28.3 

26.1 
26.6 
27.0 
27.4 
27.9 

25.5 
26.0 
26.4 
26.9 
27.3 

24.8 
25.3 
25.8 
26.2 
26.7 

24.4 
24.9 
25.4 
25.9 

ttl 

I
8 

2.05 30.5 30.3 30.2 30.1 30.1 30.0 29.9 29.8 29.7 29.5 29.3 29.0 28.7 28.3 27.8 27.2 26.4 25.5 ~ 
2.06 30.9 30.6 30.5 30.5 30.4 30.3 30.2 30.1 30.0 29.9 29.7 29.4 29.1 28.7 28.2 27.6 26.9 26.0 > 
2.07 
2.08 
2.09 

31.2 
31. 5 
31.9 

30.9 
31.3 
31. 6 

30.8 
31.2 
31.5 

30.8 
31.1 
31.5 

30.7 
31.0 
31.4 

30.6 
31.0 
31.3 

30.5 
30.9 
31.2 

30.4 
30.7 
31.1 

30.2 
30.6 
31.0 

30.0 
30.4 
30.8 

29.8 
30.2 
30.6 

29.5 
29.9 
30.3 

29.1 
29.6 
30.0 

28.7 
29.1 
29.5 

28.1 
28.5 
29.0 

27.4 
27.9 
28.4 

26.6 
27.1 
27.6 26.7 

~ 
B
8 

~ 



Free sub mer 9 e d flo w (CFS): H4(FT) 
HI(FT) Flow(CFS) -------------------------------------------------------------------~-------------------------------------------- ---­1.47 1.49 1.52 1.54 1.57 1.60 1.62 1.65 1.68 1.71 1.75 1.78 1.81 1.85 1.89 1.92 1.96 2.00 2.04 2.08 

2.10 32.2 32.0 31.9 31.8 31.8 31.7 31.6 31.5 31.4 31.3 31.1 30.9 30.6 30.2 29.8 29.2 28.6 27.8 
2.11 32.6 32.3 32.2 32.1 32.1 32.0 31.9 31.8 31.6 31.5 31.3 31.0 30.6 30.2 29.7 29.1 28.3 27.3 
2.12 32.9 32.7 32.6 32.5 32.4 32.4 32.3 32.2 32.0 31.9 31.7 31.4 31.1 30.7 30.2 29.5 28.8 27.9 
2.13 33.3 33.0 32.9 32.9 32.8 32.7 32.6 32.5 32.4 32.2 32.1 31.8 31.5 31.1 30.6 30.0 29.3 28.4 
2.14 33.6 33.3 33.2 33.2 33.1 33.0 32.9 32.8 32.6 32.4 32.2 31.9 31.5 31.1 30.5 29.8 28.9 

2.15 
2.16 
2.17 
2.18 
2.19 

34.0 
34.4 
34.7 
35.1 
35.5 

33.7 
34.1 

33.6 
34.0 
34.4 
34.8 
35.1 

33.5 
33.9 
34.3 
34.7 
35.1 

33.5 
33.8 
34.2 
34.6 
35.0 

33.4 
33.8 
34.1 
34.5 
34.9 

33.3 
33.7 
34.0 
34.4 
34.8 

33.2 
33.6 
33.9 
34.3 
34.7 

33.0 
J3.4 
33.8 
34.2 
34.6 

32.8 
33.2 
33.6 
34.0 
34.4 

32.6 32.3 
33.0 32.7 

32.0 
32.4 

33.4 33.2 32.8 
33.833.633.3 
34.2 34.0 33.7 

31. 5 
32.0 
32.4 
32.9 
3;,3 

31.0 
31.4 
31.9 
32.4 
32.8 

30.3 
30.8 
31.3 
31.7 
32.2 

29.4 
30.0 
30.5 
31.0 
31.5 

28.5 
29.0 
29.6 
30.1 
30.6 29.6 

0 
Fn 
>-3 
;!... 
Z, 

Free sub mer 9 e d flo w (CFS): H4(FT) ~ 
HI 

(FT) 
Flow 

(CFS) 

---------------------------------------------------------------------------------------------------------------­
1.67 1.70 1.73 1.76 1.79 1.83 1.86 1.90 1.93 1.97 2.01 2.05 2.09 2.131.54 1.56 1.59 1.62 1.64 2.18 

g 
o 

2.20 
2.21 
2.22 
2.23 
2.24 

35.8 
36.2 
j6.6 
36.9 
3'.'.3 

35.5 35.5 
35.9 
36.3 
36.6 

35.4 
35.8 
36.2 
36.6 
37.0 

35.3 
35.7 
36.1 
36.5 
36.9 

35.2 
35.6 
36.0 
36.4 
36.8 

35.1 
35.5 
35.9 
36.3 
36.7 

35.0 
35.4 
35.8 
36.2 
36.6 

34.9 
35.3 
35.7 
36.1 
36.5 

34.7 
35.2 
35.6 
36.0 
36.4 

34.<; 
35.0 
35.4 
35.8 
36.2 

34.3 
34.7 
35.2 
35.6 
36.0 

34.0 
34.4 
34.9 
35. 3 
35.7 

33.6 
34.1 
34.5 
35.0 
35.4 

33.1 
33.6 
34.1 
34.5 
35.0 

32.5 
33.0 
33.5 
34.0 
34.5 

31.8 
32.3 
32.8 
33.3 
33.8 

30.9 
31. 5 
32.0 
32.5 
33.1 

30.4 
31.0 
31. 6 
32.1 

~ 
~ 
t;5 
>-) 

~ 
2.25 
2.26 
2.27 
2.28 
2.29 

37.7 
38.1 
38.5 
38.9 
39.3 

37.4 
37.8 
38.2 

37.3 
37.7 
38.1 
38.5 
38.9 

37.2 
37.6 
38.0 
38.4 
38.8 

37.1 
37.5 
37.9 
38.3 
38.7 

37.0 
37.4 
37.8 
38.2 
38.6 

36.9 
37.3 
37.7 
38.1 
38.5 

36.8 
37.2 
37.6 
38.0 
38.4 

36.6 
37.0 
37.4 
37.9 

38.3 

36.4 
36.8 
37.3 
37.7 
38.1 

36.2 
36,6 
37.0 
37.5 
37.9 

35.9 
36.3 
36.7 
37.2 
37.6 

35.5 
35.9 
36.4 
36.8 
37.3 

35.0 
35.4 
35.9 
36.4 
36.9 

34.3 
34.8 
35.3 
35.8 
36.3 

33.6 

34.1 
34.6 
35.2 
35.7 

32.7 

33.2 
33.8 
34.3 
34.9 

31.6 
32.2 
32.8 
33.4 
33.9 32.8 

N 

8 
t:l 

~ 
"%j 

~ 
~ 
en 

t-:) 
I--' 



----------------------------------------------------------------------------------------------------------------

Table 1.-Free- and submerged-flow discharge (cubic feet per second) water depths h1 and h4 measured vertically .for ~ 

trapezoidal flume No.2 (2-ft bottom approach width, 1-ft bottom throat width, and 1:25:1 sidewall)-Continued ~ 

Pree Sub mer 9 e d flo w (CFS): H4(FT)
Hl Flow 

(FT) (CPS) 1.61 1.64 1.66 1.69 1.72 1.75 1.78 1.81 1.84 1.87 1.91 1.94 1.98 2.02 2.06 2.10 2.14 2.18 2.23 2.27 

2.30 39.6 39.3 39.3 39.2 39.1 39.0 38.9 38.8 38.6 38.5 38.3 38.0 37.6 37.2 36.7 36.1 35.3' 34.3 33.2 
2.31 40.0 39.7 39.6 39.5 39.4 39.3 39.2 39.1 38.9 38.7 38.4 38.1 37.7 37.2 36.6 35.8 34.9 33.8 
2.32 40.4 40.1 40.0 39.9 39.8 39.7 39.6 39.5 39.3 39.1 38.9 38.6 38.2 37.7 37.1 36.3 35.4 34.4 t?:32.33 40.8 40.5 40.4 40.3 40.2 40.1 40.0 39.9 39.8 39.6 39.3 39.0 38.7 38.2 37.6 36.9 36.0 35.0 @
2.34 41.2 40.8 40.7 40.7 40.6 40.5 40.3 40.2 40.0 39.8 39.5 39.1 38.7 38.1 37.4 36.6 35.5 ~ 
2.35 41.6 41.3 41.2 41.1 41.0 40.9 40.8 40.6 40.4 40.2 39.9 39.6 39.2 38.6 37.9 37.1 36.1 35.0 ~ 
2.36 42.0 41.7 41.6 41.5 41.4 41.3 41.2 41.1 40.9 40.7 40.4 40.1 39.7 39.1 38.5 37.7 36.7 35.6 to 
2.37 42.5 42.1 42.0 41.9 41.8 41. 7 41.6 41.5 41.3 41.1 40.9 40.5 40.1 39.6 39.0 38.2 37.3 36.2 
2.38 42.9 42.5 42.4 42.3 42.2 42.1 41.9 41.8 41.6 41.3 41.0 40.6 40.1 39.5 38.8 37.9 36.8 	 ~ 2.39 43.3 42.9 	 42.8 42.7 42.6 42.5 42.4 42.2 42.0 41.8 41.5 41.1 40.6 40.1 39.3 38.5 37.4 36.2 j

Z 
f-' 
c:n 
0> 

Free 	 ~O>Sub mer 9 e d flo w (CFS): H4(FT) 
Hl Flow c 

(FT) (CFS) 
-----
1. 68 

------
1.71 

------
1.73 

------
1.76 

------
1.79 

------
1.82 

------
1.85 

-----~
1.89 

------
1.92 

------
1.95 

------
1.99 

------
2.03 

------
2.07 

------
2.11 

------
2.15 

------
2.19 

------
2.23 

------
2.28 

-----
2.32 

W
2.37' 

~ 2.40 
2.41 

43.7 
.14.1 

43.4 43.3 
43.7 

43.2 
43.6 

43.1 
43.5 

43.0 
43.4 

42.9 
43.3 

42.7 
43.2 

42.6 
43.0 

42.4 
42.9 

42.2 
42.6 

41.9 
42.4 

41.5 
42.0 

41.1 
41.6 

40.5 
41.0 

39.8 
40.3 

38.9 
39.5 

37.9 
38.5 

36.6 
37.3 ~ 

2.42 4405 44.2 44.1 44.0 43.9 43.8 43.6 43.5 43.3 43.1 42.8 42.5 42.1 41.5 40.9 40.1 39.1 37.9 
2.43 4".0 44.6 44.5 44.4 44.3 44.2 44.1 43.9 43.8 43.6 43.3 43.0 42.6 42.1 41.4 40.6 39.7 38.5 ~ 2.44 45.4 44.9 44.8 44.7 44.6 44.5 44.4 44.2 44.0 43.8 43.5 43.1 42.6 42.0 41.2 40.3 39.2 f-3 

2.45 
2.46 
2.47 
2.48 
2.49 

45.8 
46.3 
46.7 
47.1 
47.6 

45.4 
45.9 
46.3 

45.3 
45.7 
46.2 
46.7 
47.1 

45.2 
45.6 
46.1 
46.6 
47.0 

45.1 
45.5 
46.0 
46.5 
46.9 

45.0 
45.4 
45.9 
46.3 
46.8 

44.8 
45.3 
45.8 
46.2 
46.7 

44.7 
45.2 
45.6 
46.1 
46.5 

44.5 
45.0 
45.4 
45.9 
46.4 

44.3 
44.7 
45.2 
4'5.7 
46.2 

44.0 
44.4 
44.9 
45.4 
45.9 

43.6 
44.1 
44.6 
45.1 
45.6 

43.1 
43.6 
44.1 
44.7 
45.2 

42.5 
43.0 
43.6 
44.1 
44.6 

41.8 
42.3 
42.9 
43.4 
44.0 

40.9 
41.5 
42.0 
42.6 
43.2 

39.8 
40.4 
41.0 
41.6 
42.2 

38.5 
39.2 
3~.8 
40.5 
41.1 39.8 

~ 
> 
~ 
t-< 

23 
~ 

~ 



Free Sub mer 9 e d flo w (CFS): H 4 (FT) 
HI Flow ---------------------------------------------------------------------------------------------------------------­

(FT) (CFS) 1.75 1.78 1.81 1.84 1.87 1.90 1.93 1.96 2.00 2.03 2.07 2.11 2.15 2.19 2.23 2.28 2.32 2.37 2.41 2.46 

2.50 48.0 47.6 47.5 47.4 47.3 47.2 47.1 47.0 46.8 46.6 46.3 46.0 45.6 45.1 44.5 43.8 42.8 41. 7 40.4 
2.51 48.4 48.0 47.9 47.8 47.7 47.6 47.4 47.3 47.1 46.8 46.5 46.1 45.7 45.1 44.3 43.4 42.3 41.0 
2.52 48.9 48.5 48.4 48.3 48.1 48.0 47.9 47.7 47.6 47.3 47.0 46.7 46.2 45.6 44.9 44.0 43.0 41.7 
2.53 49.3 48.9 48.B 48.7 48.6 48.5 48.4 48.2 48.0 47.8 47.5 47.2 46.7 46.2 45.5 44.6 43.6 42.4 
2.54 49.8 49.3 49.2 49.1 49.0 48.8 48.7 48.5 48.3 48.G 47.7 47.3 46.7 46.1 45.2 44.2 43.0 

2.55 50.2 49.8 49.7 49.6 49.4 49.3 49.2 49.0 48.8 48.5 48.2 47.8 47.3 46.6 45.8 44.8 43.7 42.3 
2.56 50.7 50.3 50.1 50.0 49.9 49.8 49.7 49.5 49.3 49.0 48.7 1\8.3 47.8 47.2 46.4 45.5 44.3 43.0 
2.57 51.2 50.7 50.6 50.5 50.4 50.3 50.1 50.0 49.8 49.5 49.2 48.8 48.4 47.8 47.0 46.1 45.0 43.7 ~ 
2 •. 58 51. 6 51. 2 51.1 51.0 50.9 50.8 50.6 50.5 50.3 50.0 49.7 49.4 48.9 48.3 47.6 46.7 45.6 44.3 ~ 
2.59 52.1 51. 6 51.5 51.4 51. 2 51.1 51. 0 50.8 50.5 50.3 49.9 49.5 48.9 48.2 47.3 46.3 45.0 43.5 ~ 

Z 
I 

~ 

~ 
Ij 

~ 

! 
~ 
$ 
N o 
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S 
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Table 2.-Free- and submerged-flow discbarge (cubic feet per second) witb water deptbs b 1 and b% measured on 1.25:1 I.'.? 
II:>­sidewall witb sloping gage for trapezoidal flume No.2 (2-ft bottom approach widtb, 'I-ft bot om tbroat width, and 

1.25:1 sidewall) 

Free sub mer 9 e d f 1 0 W (CfS): H4(FT) 
HI Flow ---------------------------------------------------------------------------------------------------------------­

(FT) (CFS) 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.37 

0.30 0.30 0.29 0.29 0.29 0.29 0.28 0.2a 0.27 0.26 
0.31 D.31 0.31 0.31 0.31 0.30 0.30 0.29 0.28 0.27 ~ 
0.32 0.33 0.33 0.32 0.32 0.32 0.31 0.31 0.30 0.28 C".l 

::r::U.33 0.35 0.34 0.34 0.34 0.34 0.33 0.32 D.31 0.30 Z .....0.34 0.37 0.]6 0.]6 0.]6 0.]6 0.]5 0.35 0.34 0.33 0.31 C".l 

~ 
0.35 0.38 0.38 0.38 0.38 0.37 0.37 0.36 D.35 0.34 0.33 td 
0.36 0.40 0.40 0.40 0.39 0.39 0.39 0.38 0.37 0.36 0.34 fl0.37 0.42 0.42 0.42 0.41 0.41 0.41 0.40 0.40 0.39 0.37 0.36 

~ 0.38 0.44 0.44 0.44 0.43 0.43 0.43 0.42 0.41 0.40 0.39 8.....
0.3~ 0.46 0.46 0.46 0.45 0.45 0.45 0.44 0.43 0.42 0.39 Z 

I-' en 
!j) 

.Y' 
dFree Sub mer 9 e d f 1 0 w (CFS): H4(FT) rnH1 Flow ---------------------------------------------------------------------------------------------------------------- ---­

(FT) (CFS) 0.28 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 0.41 
 0.42 0.44 0.45 0.46 ~ 
0.40 0.48 0.48 0.48 0.48 0.47 0.47 0.46 0.46 0.45 0.44 0.42 0.40 ~ 
0.41 0.50 0.50 0.50 0.50 0.49 0.49 0.48 0.48 0.47 0.45 0.44 

0.42 0.53 0.52 0.52 0.52 0.51 0.51 0.50 0.50 0.49 0.47 0.46 ~ 
0.43 0.55 0.54 0.54 0.54 0.53 0.53 0.52 0.51 0.50 0.49 0.47 8 

0.44 0.57 0.57 0.56 0.56 0.56 0.55 0.55 0.54 0.53 0.52 0.51 0.49 ~ 
> 

0.45 0.59 0.59 0.58 0.58 0.58 0.58 0.57 0.56 0.55 0.54 0.53 0.51 Q 
0.56 0.550.46 0.62 0.61 0.61 0.60 0.60 0.60 0.59 0.58 0.57 ~ 

C".l 
0.47 0.64 0.63 0.63 0.63 0.63 0.62 0.62 0.61 0.61 0.60 0.58 0.55 d 

0.62 0.59 0.57
0.48 0.66 0.66 0.66 0.65 0.65 0.65 0.64 0.63 0.63 E3 

0.68 0.68 0.68 0.67 0.67 0.66 0.66 0.65 0.62 0.61 0.59 c:l
0.49 0.69 ~ 

'\ ~ 



Free Sub mer 9 e d flo w (eFS): H4(FT) 
Hl Flow -------------------~-------------------------------------------------------------------------------------------- ---­

(fT) (eFS) 0.35 0.36 0.37 0.38 0.39 0.40 0.41 0.42 0.43 0.44 0.45 0.46 0.48 0.49 0.50 0.51 0.53 0.54 0.56 

0.50 0.71 0.71 0.71 0.70 0.70 0.70 0.69 0.69 0.68 0.67 0.66 0.65 0.63 
0.51 0.74 0.73 0.73 0.73 0.72 0.72 0.72 0.71 0.70 0.69 0.68 0.67 0.63 
0.52 0.76 0.76 0.75 0.75 0.75 0.74 0.74 0.73 0.73 0.72 0.70 0.67 0.65 
0.53 0.79 0.78 0.78 0.78 0.77 0.77 0.76 0.76 0.75 0.74 0.71 0.69 0.67 
0.54 0.82 0.81 0.81 0.81 0.80 0.80 0.79 0.79 0.78 0.77 0.75 0.73 0.71 0.69 

0.55 0.84 0.84 0.83 0.83 0.83 0.82 0.82 0.81 0.81 0.79 0.77 0.76 0.74 
0.56 0.87 0.S6 0.86 0.86 0.85 0.85 0.85 0.84 0.82 0.81 0.80 0.78 0.73 
0.57 
0.58 
0.59 

0.90 
0.93 
0.96 

0.89 0.89 
0.92 

0.89 
0.92 
0.95 

0.88 
0.91 
0.95 

0.88 
0.91 
0.94 

0.88 
0.91 
0.94 

0.87 
0.90 
0.94 

0.S6 
0.89 
0.93 

0.85 
0.88 
0.92 

0.83 
0.87 
0.91 

0.82 
0.86 
0.90 

0.78 
0.83 
0.87 

0.76 
0.80 
0.S5 0.80 

(') 

>
t:f.l 
>-3 
I ...... 
Z 
I 

~ 
Free Sub mer 9 e d flo W (CFS): H4(FT) t<.l 

Hl 
(FT) 

Flow 
(eFS) 

---------------------------------------------------------------------------------------------------------------­
0.42 0.43 0.44 0.45 0.46 0.47 0.49 0.50 0.51 0 • .52 0.53 0.55 0.56 0.58 0.59 0.60 0.62 0.64 0.65 

---­ (') 
0 
Z 
(') 

0.60 
U.61 

0.99 
1.02 

0.98 0.98 
1. 01 

0.97 
1.01 

0.97 
1.00 

0.97 
1. 00 

0.96 
1. 00 

0.95 
0.99 

0.94 
0.98 

0.94 
0.97 

0.92 
0.96 

0.91 
0.95 

0.87 
0.92 

0.85 
0.90 

~ 
>-3 
t<.l 

0.62 1.05 1. 04 1.03 1.03 1. 03 1. 02 1. 01 1. 01 1.00 0.99 0.96 0.94 0.90 >-3 
0.63 
0.64 

1.08 
loll 

1.07 
1.10 

1.06 
1.10 

1. 06 
1. 09 

1. 05 
1. 09 

1. 05 
1.08 

1.04 
1.08 

1. 04 
1. 07 

1.03 
1.06 

1. 00 
1.04 

0.99 
1. 03 

0.95 
1.00 

0.92 
0.97 0.95 

~ 
>
'"0 
t<.l 
N 
0 

0.65 1.14 1.13 1.13 1.12 1.12 loll loll 1.10 LOS 1. 07 1.04 1.02 1.00 ...... 
t:::) 

0,66 1.17 1.16 1.16 1.15 1.15 1.14 1.14 1.12 1.11 1. 09 1. 07 1.05 1.00 ~ 
0.67 1. 21 1. 20 1.19 1.19 1.18 1.18 1.17 1.16 1.15 1.13 loll 1.10 1.05 ~ 

0.611 
0.69 

1. 24 
1. 27 

1.23 
1. 26 

1. 22 
1. 26 

1. 22 
1. 25 

1.21 
1. 25 

1.21 
1. 25 

1. 20 
1. 24 

1.19 
1.23 

1.17 
1.21 

1.16 
1.20 

1.14 
1.19 

1.10 
1.15 

1. 05 
loll 1.08 

8 
~ 
t<.l 
t:f.l 

t-:l 
C)l 



Table 2.-Free- and submerged-flow discbarge (cubic feet per second) witb water deptbs b1 and b~ measured on 1.25:1 ~ 
sidewall witbsloping gage for trapezoidal flume No.2 (2-ft bottom approacb widtb, 1-ft bottom tbroat widtb, and ~ 
1.25:1 sidewall)-Continued 

Free Sub mer 9 e d flo w (CFS): H4(FT) 
HI Flow 

(FT) (CFS) 0.49 0.50 0.51 0.52 0.53 0.54 0.56 0.57 0.58 0.59 0.61 0.62 0.64 0.65 0.!7 0.68 0.70 .0.72 0.73 0.75 

0.7U 1.31 1.30 1.29 1.29 1.29 1.28 1.28 1.27 1.26 1.25 1.24 1.22 1.20 1.17 1.13 
0.71 1. 34 1.33 1.33 1.32 1;32 1.31 1.31 1.30 1.29 1.28 1.27 1.25 1.22 1.19 1.14 
0.72 1. 38 1.36 1.36 1.36 1.35 1.35 1.34 1.33 1.32 1.31 1.29 1.27 1.24 1.20 1.15 &3 
0.73 1. 41 1.40 1.39 1.39 1.39 1.38 1.37 1.36 1.35 1.34 1.32 1.29 1.25 1.21 ~ 0.74 1.45 1.44 1.43 1.43 1.42 1.42 1.41 1.40 1.39 1.38 1.36 1.34 1.31 1.27 1.22 ...... 

0.75 1.49 1.47 1.47 1.46 1.46 1.45 1.44 1.44 1.42 1.41 1.39 1.36 1.32 1.28 ~ 
OJU.76 1. 52 1.51 1.51 1.50 1.50 1.49 1.49 1.48 1.47 1.45 1.43 1.41 1.38 1.34 1.29 

0.77 1. 56 1.55 1.54 1.54 1.53 1.53 1.52 1.51 1.50 1.48 1.46 1.43 1.40 1.35 fl 
0.78 1.60 1.58 1.58 1.57 1.57 1.56 1.55 1.54 1.53 1.51 1.48 1.45 1.41 1. 36 ~ 
0.79 1.64 1.62 1.62 1.61 1.61 1.60 1.59 1.58 1.57 1.55 1.53 1.50 1.47 1.42 1. 37 ~ 

Z 
I-' 
01 
0> 
~O> 

Free Sub mer 9 e d flo w (CFS): H4(FT) c:: 

HI Flow 
 ---------------------------------------------------------------------------------------------------------------- rn 

(FT) (CFS) 0.56 0.57 0.58 0.59 0.61 0.62 0.63 0.65 0.66 0.67 0.69 0.70 0.72 0.74 0.75 0.77 0.79 0.81 0.B3 0.85 t;j 

0.80 1.67 1.66 1.66 1.65 1.65 1.64 1.64 1.63 1.62 1.61 1.59 1.57 1.55 1.51 1.47 1.42 
0.81 1.71 1.70 1.69 1.69 1.68 1.68 1.67 1.66 1.65 1.64 1.62 1.60 1.57 1.53 1.48 
0.82 1.75 1.74 1.73 1.73 1.72 1.72 1.71 1.70 1.69 1.67 1.65 1.62 1.59 1.54 1.49 
0.83 1.79 1.78 1.77 1.77 1.76 1.76 1.75 1.74 1.73 1.72 1.70 1.68 1.64 1.61 1.56 I
0.84 1.83 1.82 1.81 1.81 1.80 1.80 1.79 1.78 1.77 1.75 1.73 1.70 1.66 1.62 1.56 

i 
~ 

0.85 1.88 1.86 1.85 1.85 1.84 1.83 1.82 1.81 1.80 1.78 1.75 1.72 1.68 1.63 
0.86 1.92 1.90 1.90 1.89 1.88 1.88 1.87 1.86 1.85 1.83 1.81 1.78 1.74 1.69 1.63 
0.87 1.96 1.94 1.93 1.93 1.92 1.92 1.91 1.90 1.88 1.86 1.83 1.80 1.76 1.70 
0.88 2.00 1.99 1.98 1.97 1.97 1.96 1.95 1.94 1.93 1.91 1.89 1.86 1.82 1.77 1.71 
0.89 .2.05 2.03 2.02 2.01 2.01 2.00 1.99 1.98 1.96 1.94 1.91 1.88 1.a3 1.78 1.71 ~ 

~ 



Free Sub mer 9 e d flo w (CFS): H4(FT) Hl Flow --------------------------_________________________________________________________________________________________ _ 

(FT) (CFS) 0.63 0.64 0.65 0.67 0.68 0.69 0.71 0.72 0.74 0.75 0.77 0.79 0.80 0.82 0.84 0.86 0.88 0.90 0.92 0.94 

U.90 2.09 2.07 2.07 2.06 2.06 2.05 2.04 2.04 2.03 2.01 1.99 1.97 1.94 1.90 1.86 1.80 
0.91 2.13 2.12 2.11 2.10 2.10 2.09 2.08 2.07 2.06 2.05 2.03 2.00 1.96 1.92 1.87 1.80 
0.92 2.18 2.16 2.15 2.15 2.14 2.13 2.12 2.11 2.:0 2.08 2.06 2.02 1.98 1.93 1.87 
0.93 2.22 2.21 2.20 2.19 2.19 2.18 2.17 2.16 2.15 2.13 2.11 2.08 2.05 2.00 1.94 1.87 
U.94 2.27 2.25 2.24 2.24 2.23 2.22 2.21 2.20 2.19 2.17 2.14 2.11 2.07 2.01 1.95 

0.95 2.32 2.30 2.29 2.28 2.28 2.27 2.26 2.25 2.24 2.22 2.20 2.17 2.13 2.08 2.02 1.95 
0.96 2.36 2.34 2.33 2.33 2.32 2.31 2.30 2.29 2.27 2.25 2.23 2.19 2.15 2.09 2.02 
0.97 2.41 2.39 2.38 2.38 2.37 2.36 2.35 2.34 2.33 2.31 2.29 2.25 2.21 2.16 2.10 2.02 ~ 
0.98 2.46 2.44 2.43 2.42 2.41 2.41 2.40 2.38 2.37 2.34 2.31 2.28 2.23 2.17 2.10 ~ 
0.99 2.51 2.49 2.48 2.47 2.47 2.46 2.45 2.44 2.42 2.40 2.37 2.34 2.30 2.24 2.18 2.10 ~ 

Z 

Free Sub mer 9 e d flo w (CFS): H4(FT) ~ 
Hl Flow o----------------------------------------------------------------------------_.'-------------------------­

(FT) (CFS) 0.70 0.71 0.73 
o 

0.74 0.76 0.77 0.79 0.80 0.82 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.04 Z 
o 

1. 00 2.56 2.54 2.53 2.52 2.52 2.51 2.50 2.49 2.48 2.46 2.44 2.42 2.38 2.34 2.29 2.22 2.14 ~ 
1.01 2.60 2.58 2.58 2.57 2.56 2.55 2.54 2.53 2.52 2.50 2.48 2.45 2.41 2.36 2.30 2.22 ~ 

1.02 2.65 82.63 2.62 2.61 2.61 2.60 2.59 2.57 2.56 2.54 2.51 2.47 2.43 2.37 2.30 
1.03 2.71 2.68 2.67 2.67 2.b6 2.65 2.64 2.63 2.62 2.60 2.57 2.54 2.50 2.44 2.38 2.30 ~ 
1.04 2.76 2.73 2.72 2.71 2.71 2.70 2.69 2.67 2.65 2.63 2.60 2.56 2.51 2.45 2.38 ~ o 

~1.05 2.81 2.78 2.78 2.77 2.76 2.75 2.74 2.73 2.71 2.69 2.66 2.63 2.58 2.53 2.46 2.37 ~ 
1.06 2.66 2.83 2.82 2.82 2.81 2.80 2.79 2.77 2.75 2.73 2.70 2.65 2.60 2.54 2.46 ~ 
1.07 2.91 2.89 2.88 2.87 2.86 2.85 2.84 2.83 2.81 2.79 2.76 2.72 2.67 2.61 2.54 2.45 ~ 

1.08 2.97 2.94 2.93 2.92 2.91 2.90 2.89 2.87 2.85 2.82 2.79 2.74 2.69 2.62 2.53 ~ 
1.09 3.02 ~2.99 2.98 2.98 2.97 2.96 2.95 2.93 2.91 2.89 2.86 2.81 2.76 2.70 2.62 2.52 

~ 
00 

l.'-:l 
-:] 



Table 2.-Free- and submerged-flow discbarge (cubic feet per second) with water deptbs b1 and h4 measured on 1.25:1 ~ 

sidewall with sloping gage for trapezoidal flume No.2 (2-ft bottom approach widtb, 1-ft bottom throat width, and 00 

1.25:1 sidewall)-Continued 

Free 	 Sub mer 9 e d flo w (CFS): H4 (FT) 

HI Flow -----------------------------------------------------~---------------------------------------------------------- --- ­
(FT) (CFS) 0.77 0.78 0.80 0.81 0.83 0.85 0.86 0.88 0.90 0.91 0.93 0.95 0.97 0.99 1.02 1.04 1.06 1.08 1..11 1.13 

1.10 3.07 3.05 3.04 3.03 3.03 3.02 3.01 3.00 2.98 2.97 2.94 2.91 2.88 2.83 2.77 2.69 2.60 
1.11 3.13 3.10 3.09 3.08 3.08 3.07 3.06 3.04 3.03 3.01 2.98 2.94 2.90 2.85 2.78 2.69 
1.12 3.18 3.16 3.15 3.14 3.13 3.13 3.12 3.10 3.09 3.07 3.04 3.01 2.97 2.92 2.86 2.78 2.68 	 ~ 
1.13 3.2~ 3.21 3.20 3.19 3.18 3.18 3.16 3.15 3.13 3.11 3.08 3.04 3.00 2.94 2.86 2.77 
1.14 	 3.30 3.27 3.26 3.25 3.24 3.24 3.22 3.21 3.20 3.17 3.15 3.11 3.07 3.01 2.94 2.86 ~ 

~ 1.15 3.35 	 3.32 3.31 3.30 3.30 3.29 3.27 3.26 3.24 3.21 3.18 3.14 3.09 3.02 2.94 2.84 
td

1.16 3.41 	 3.38 3.37 3.36 3.36 3.35 3.33 3.32 3.30 3.28 3.25 3.21 3.17 3.10 3.03 2.94 
3.28 3.24 3.18 3.11 3.03 2.921.17 3.47 	 3.43 3.43 3.42 3.41 3.40 3.38 3.37 3.35 3.32 

3.11 3.011.18 3.53 3.50 3.49 3.48 3.47 3.46 3.45 3.43 3.41 3.39 3.36 3.31 3.26 3.19 	 ~ 
1.19 3.58 3.55 3.54 3.53 3.52 3.51 3.50 3.48 3.45 3.43 3.39 3.34 3.28 3.20 3.11 3.00 	 ~ 

Z 
...... 
Cll 

5"'" 
Free sub mer 9 e d flo w (CFS): H4(FT) d 

HI Flow ----------------------------------------------------------------------------------------------------------------

I 
rn 

(FT)(CFS) 0.£4 0.86 0.E7 0.89 0.90 0.92 0.94 0.96 0.97 0.99 1.01 1.04 1.06 1.08 1.10 1.13 1.15 1.18 1.20 1. 23 	 t:=' 

1. 20 3.64 3.62 3.61 3.60 3.59 3.58 3.57 3.56 3.54 3.52 3.49 3.46 3.42 3.37 3.30 3.22 3.11 

1. 21 3.70 3.67 3.66 3.65 3.64 3.63 3.62 3.61 3.59 3.56 3.53 3.49 3.44 3.38 3.30 3.21 

1.22 3.77 3.74 3.73 3.72 3.71 3.70 3.69 3.67 3.65 3.63 3.60 3.57 3.52 3.46 3.39 3.30 3.19 

1.23 3.83 3.79 3.78 3.77 3.76 3.75 3.74 3.72 3.70 3.68 3.64 3.60 3.55 3.48 3.39 3.29 

1.24 3.8!) 3.86 3.85 3.84 3.83 3.82 3.80 3.79 3.77 3.75 3.72 3.68 3.63 3.56 3.48 3.38 3.26 	
~ 

;j 
1.25 3.95 3.91 3.90 3.89 3.88 3.87 3.86 3.84 3.82 3.79 3.75 3.70 3.64 3.57 3.48 3.37 	 > 
1.26 4.01 	 3.98 3.97 3.96 3.95 3.94 3.92 3.91 3.89 3.86 3.83 3.78 3.73 3.66 3.57 3.46 
1.27 4.08 	 4.04 4.03 4.02 4.01 3.99 3.98 3.96 3.93 3.90 3.86 3.81 3.74 3.66 3.56 3.44 
1.28 4.14 	 4.10 4.09 4.08 4.07 4.06 4.05 4.03 4.01 3.98 3.94 3.39 3.83 3.75 3.66 3.54 I3.524.17 4.16 4.15 4.14 4.13 4.12 4.10 4.08 4.05 4.01 3.97 3.91 3.B4 3.75 3.641.29 4.21 ~ 

t?:l 



Free sub mer 9 e d flo w (CFS): H4(FT) 
Hl Flow ---------------------------------------------------------------------------------------------------------------­

(FT) (CFS) 0.91 0.93 0.94 0.96 0.98 1.00 1.01 1.03 1.05 1.07 1.10 1.12 1.14 1.16 1.19 1.21 1.24 1.27 1.29 1.32 

1.30 4.27 4.24 4.23 4.22 4.21 4.20 4.18 4.17 4.15 4.13 4.10 4.06 4.02 3.96 3.88" 3.79 3.68 
1.31 4.34 4.30 4.29 4.28 4.27 4.25 4.24 4.22 4.20 4.17 4.14 4.10 4.04 3.97 3.88 3.78 3.65 
1.32 4.40 4.37 4.36 4.35 4.34 4.32 4.31 4.29 4.28 4.25 4.22 4.18 4.13 4.06 3.98 3.88 3.75 
1.33 4.47 4.43 4.42 4.41 4.39 4.38 4.37 4.35 4.33 4.30 4.26 4.21 4.15 4.07 3.98 3.86 
1.34 4.54 4.50 4.49 4.48 4.47 4.45 4.44 4.42 4.40 4.37 4.34 4.29 4.23 4.16 4.07 3.96 3.83 

1.35 4.61 4.56 4.55 4.54 4.53 4.51 4.50 4.48 4.45 4.42 4.37 4.32 4.25 4.17 4.06 3.93 
1.364.67 4.63 4.62 4.61 4.60 4.58 4.57 4.55 4.53 4.50 4.46 4.41 4.34 4.26 4.16 4.04 
1.37 4.74 
1.384.81 

4.71 4.69 
4.77 

4.68 
4.76 

4.67 
4.74 

4.66 
4.73 

4.64 
4.72 

4.63 
4.70 

4.60 
4.68 

4.57 
4.65 

4.54 
4.62 

4.49 
4.57 

4.43 
4.52 

4.36 
4.45 

4.26 
4.36 

4.15 
4.25 

4.01 
4.12 

&? 

1.39 4.88 4.84 4.83 4.82 4.81 4.79 4.78 4.76 4.73 4.70 4.66 4.61 4.54 4.46 4.35 4.23 4.08 ~ 
Z 
..\, 
t"' 
?>-

Free Sub mer 9 e d flo w (CFS): H4(FT) ~ 
Hl 

(FT) 
Flow 

(CFS) 
---------------------------------------------------------------------------------------------------------------­
0.98 1.00 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.18 1.20 1. 22 1.25 1.28 1.30 1.33 1.36 1.39 1.42 

(") 
o 
Z 

1.40 4.95 4.92 4.90 4.89 4.88 4.87 4.85 4.84 4.82 4.79 4.76 4.72 4.67 4.60 4.52 4.42 4.29 ~ 1.41 5.03 4.98 4.97 4.96 4.94 4.93 4.91 4.90 4.87 4.84 4.80 4.75 4.69 4.61 4.52 4.40 4.25 
1.42 5.10 5.06 5.04 5.03 5.02 5.01 4.99 4.97 4.95 4.92 4.89 4.84 4.78 4.71 4.62 4.51 4.37 ;5 
1.43 5.17 
1.445.24 

5.12 5.11 5.10 
5.205.195.17 

5.08 
5.16 

5.07 5.05 
5.155.13 

5.03 
5.11 

5.00 
5.09 

4.97 
5.05 

4.93 
5.01 

4.87 4.80 4.72 4.61 4.48 
4.964.904.824.714.594.44 

?>­
'"tl 

r.5 o 
1.45 5.32 5.26 5.25 5.24 5.22 5.21 5.19 5.17 5.14 5.10 5.05 4.99 4.91 4.82 4.70 4.56 8 
1.46 5.39 5.34 5.33 5.32 5.30 5.29 5.27 5.25 5.22 5.19 5.14 5.08 5.01 4.92 4.81 4.67 4.51 ~ 
1.475.47 5.42 5.41 5.40 5.38 5.37 5.35 5.33 5.30 5.27 5.23 5.18 5.11 5.02 4.91 4.78 4.63 '"'l 

1. 48 
1.49 

5.54 
5.62 

5.49 
5.57 

5.48 
5.56 

5.46 
5.54 

5.45 
5.53 

5.43 
5.51 

5.41 
5.49 

5.39 
5.47 

5.36 
5.44 

5.32 
5.40 

5.27 
5.36 

5.20 
5.30 

5.12 
5.22 

5.02 
5.12 

4.90 
5.01 

4.75 
4.87 4.70 

~ @ 
rn 

'-"? 
m 



Table 2.-Free- and submerged-flow discharge (cubic feet per second) with water depths b and h measured on 1.25:1 CO 
side,~al1 "lith sloping gage for trapezoidal flume No.2 C2-ft bottom approach width, 11ft bottom throat width, and 0 
1.25: 1 side,~an)-Continued 

Free Sub mer 9 e d flo w (CFS): H4(FT) 

Hl Flow 
 ---------------------------------------------------------------------------------------------~------------------

(IT) (CFS) 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.26 1.28 1.31 1.34 1.~6 1.39 1.42 '1.45 1.~8 1.51 

1.50 5.70 5.65 5.64 5.63 5.61 5.60 5.58 5.56 5.54 5.51 5.48 5.43 5.37 5.30 5.21 5.10 4.96 4.79 
1. 51 5.77 5.72 5.71 5.69 5.68 5.67 5.65 5.63 5.60 5.57 5.52 5.47 5.40 5.31 5.21 5.07 4.91 
1.52 5.85 ~5.80 5.79 5.78 5.76 5.75 5.73 5.71 5.68 5.65 5.61 5.56 5.50 5.42 5.31 5.19 5.03 
1.53 5.93 5.87 5.86 5.85 5.B3 5.81 5.79 5.77 5.74 5.70 5.66 5.59 5.52 5.42 5.30 5.15 4.98 
1.54 6.01 ~ 5.96 5.94 5.93 5.91 5.90 5.88 5.86 5.83 5.79 5.75 5.69 5.62 5.53 5.41 5.27 5.10 ~ 

1.55 6.09 6.04 6.03 6.01 6.00 5.98 5.96 5.94 5.92 5.88 5.84 5.79 5.72 5.63 5.52 5.39 5.23 ~ 
1. 56 6.17 6.11 6.10 6.08 6.07 6.05 6.03 6.01 5.97 5.93 5.88 5.82 5.74 5.63 5.S1 5.35 5.17 ~ 
1. 57 6.25 6.20 6.18 6.17 6.15 6.14 6.12 6.09 6.06 6.03 5.98 5.92 5.84 5.74 5.62 5.47 5.30 ~ 
1. 58 6.33 6.27 6.25 6.24 6.22 6.20 6.18 6.15 6.12 6.07 6.02 5.94 5.85 5.73 5.59 5.43 ~ 
1.59 6.42 6.36 6.34 6.33 6.31 6.29 6.27 6.24 6.21 6.17 6.11 6.04 5.96 5.85 5.71 5.55 5.36 Z 

.... 
01 
O'l 
~O'l 

Free q 
Hl Flow 

Sub mer 9 e d flo w (CFS): H4(IT) 
---------------------------------------------------------------------------------------------------------------- rn 

(IT) (CFS) 1.12 1.14 1.16 1.18 1.20 1.22 1.24 1.27 1.29 1.31 1.34 1.37 1.39 1.42 1.45 1.48 1.51 1.54 1.57 1.61 t;; 
t;:J 

1.60 6.50 6.45 6.43 6.42 6.40 6.39 6.37 6.35 6.32 6.29 6.25 6.20 6.14 6.06 5.96 5.83 5.68 5.49 ~ 
1.61 6.58 6.52 6.51 6.49 6.48 6.46 6.44 6.42 6.39 6.35 6.30 6.24 6.16 6.07 5.95 5.80 5.62 
1.62 6.67 6.61 6.60 6.58 6.57 6.55 6.53 6.51 6.48 6.44 6.40 6.34 6.27 6.18 6.06 5~93 5.75 ~ 
1.63 6.75 6.69 6.67 6.65 6.64 6.62 6.60 6.57 6.54 6.~9 6.44 6.37 6.29 6.18 6.05 5.88 5.69 Z 

>-3
1.64 6.84 6.78 6.76 6.74 6.73 6.71 6.69 6.66 6.63 6.59' 6.54 6.48 6.40 6.29 6.17 6.01 5.82 

~ 
1.65 6.92 6.87 6.85 6.83 6.82 6.80 6.78 6.76 6.73 6.69 6.64 6.58 6.50 6.41 6.28 6.14 5.96 > 
1.66 7.01 §6.94 6.93 6.91 6.89 6.87 6.85 6.82 6.79 6.74 6.68 6.61 6.52 6.40 6.26 6.09 5.88 
1.67 7.10 7.03 7.02 7.00 6.98 6.97 6.94 6.92 6.88 6.84 6.79 6.72 6.63 6.52 6.38 6.22 6.02 
1. 68 7.19 7.13 7.11 7.09 7.08 7.06 7.04 7.01 6.98 6.94 6.89 6.82 6.74 6.63 6.51 6.35 6.16 ~ 1.69 7.27 7.20 7.19 7.17 7.15 7.13 7.11 7.08 7.04 6.99 6.93 6.85 6.75 6.63 6.48 6.29 6.08 q 

~ 



HI Fr eeFlow Sub mer 9 e d flo w (CFS): H4 (FT)--------------------________________________________________________________________________________________________ 

(FT) (CFS) 1.19 1.21 1.23 1.25 1.27 1.30 1.32 1.34 1.37 1.39 1.42 1.45 1.48 1.51 1.54 1.57 1.60 1.63 1.67 1.70 

1.70 7.36 7.31 7.29 7.27 7.26 7.24 7.22 7.20 7.17 7.13 7.09 7.03 6.96 6.87 6.76 6.63 6.46 6.25 
1.71 7.45 7.39 7.37 7.35 7.33 7.31 7.29 7.27 7.23 7.19 7.14 7.07 6.99 6.88 6.75 6.59 6.39 
1.72 7.54 7.48 7.46 7.45 7.43 7.41 7.39 7.36 7.33 7.29 7.24 7.18 7.10 7.00 6.87 6.72 6.53 6.31 
1.73 7.64 7.56 7.54 7.52 7.5\ 7.49 7.46 7.43 7.39 7.35 7.29 7.21 7.12 7.00 6.85 6.67 6.45 
1.74 7.73 7.66 7.64 7.62 7.60 7.58 7.56 7.53 7.50 7.45 7.39 7.32 7.23 7.12 6.98 6.80 6.60 

1.75 7.82 7.75 7.74 7.72 7.70 7.68 7.66 7.63 7.60 7.55 7.50 7.43 7.35 7.24 7.10 6.94 6.74 
1.76 7.91 7.83 7.82 7.80 7.78 7.76 7.73 7.70 7.66 7.61 7.54 7.46 7.36 7.23 7.07 6.88 6.65 
1.77 
1.78 

B.Ol 
8.10 

7.93 
8.03 

7.92 
8.01 

7.90 
B.OO 

7.88 
7.9B 

7.86 
7.96 

7.83 
7.93 

7.80 
7.90 

7.76 
7.B7 

7.71 
7.82 

7.65 
7.76 

7.58 
7.69 

7.48 
7.60 

7.35 
7.48 

7.20 
7.33 

7.02 
7.16 

6.80 
6.95 &2 

~ 1.79 B.20 B.ll B.I0 B.08 B.06 B.03 8.00 7.97 7.93 7.87 7.80 7.71 7.60 7.46 7.29 7.09 6.85 ,!... 
Z 

~ 
tJ> 

iiI FreeFlow Sub mer 9 e d flo w (CFS): H4(FT)-------------_______________________________________________________________________________________________________ ~ 
(') 

(FT) 

1.80 
1.81 

(CFS) 

8.29 
8.39 

1.261.281.301.321.351.371.401.421.451.471.501.531.561.591.621.66 

8.23 8.21 8.19 8.17 8.15 8.13 8.10 8.07 8.04 7.99 7.93 7.85 7.75 7.63 
8.14 8.10 8.04 7.96 7.87 7.76 

7.48 7.30 
7.61 7.438.31 8.29 8.27 8.25 8.23 8.21 8.18 

1.691.731.761.80 

7.07 
7.22 

o z 

§ 
ttl 

1.82 8.49 8.41 8.39 8.38 8.36 8.34 8.31 8.28 8.25 8.20 8.15 8.08 7.99 7.88 7.74 7.57 7.37 7.12 ~ 1.83 
1.84 

8.58 
8.68 

8.52 8.50 
8.60 

8.48 
8.58 

8.46 
8.56 

8.44 
8.54 

8.41 
8.52 

8.39 
8.49 

8.35 
8.46 

8.31 
8.42 

8.26 
8.37 

8.19 
8.31 

8.11 
8.23 

8.00 
8.13 

7.87 
8.00 

7.71 
7.85 

7.51 
7.66 

7.27 
7.43 

;t;­
~."(i 

t;:j 

~ 
1. 85 8.78 8.71 8.69 8.67 8.65 8.62 8.60 8.57 8.53 8.48 8.42 8.35 8.25 8.13 7.98 7.80 7.58 

..... 
t::l 

1.86 
1.137 

8.88 
8.98 

8.81 8.79 
8.90 

8.77 
8.88 

8.75 
8.86 

8.73 
8.83 

8.70 
8.81 

8.67 
8.78 

8.64 
8.75 

8.59 
8.70 

8.54 
B.65 

8.46 
8.5B 

8.37 
B.50 

8.26 
8.39 

8.12 
8.25 

7.94 
8.08 

7.73 
7.88 

7.47 
7.63 

E: 
1.88 9.08 9.00 8.98 8.96 B.94 8.92 B.B9 B.B6 B.82 8.76 8.70 8.62 8.51 8.38 B.22 8.02 7.79 ~ 
1.139 9.18 9.11 9.09 9.07 9.05 9.02 9.00 8.97 8.93 8.BB B.82 8.74 8.64 B.51 8.36 8.17 7.94 7.6B s: 

ttl 
rJl 

CI:) 
I-' 



Table 2.-Free- and submerged-flow discharge (cubic feet per second) with water depths h1 and h~ measured on 1.25:1 co 
I:\:)

sidewall with sloping gage for trapezoidal flume No.2 C2-ft bottom approach width, 1-ft bot~om throat width, and 
1.25:1 sidewall)-Continued 

Free Sub mer 9 e d flo w (CFS): H4(FT) 
HI Flow --------------"----------------------------------'----------------------------------------------------- ---­

(FT) (CFS) 1.33 1.35 1.37 1.40 1.42 1.45 1.47 1.50 1.53 1.55 1.5B 1.61 1.65 1.6B 1.71 1.75 1.7B 1.B2 1.B5 1.B9 

1.90 9.29 9.22 9.19 9.17 9.15 9.13 9.11 9.0B 9.04 9.00 B.95 B.BB B.BO B.69 B.56 B.39 B.19 7.95 
1.91 9.39 9.30 9.2B 9.26 9.24 9.22 9.19 9.15 9.11 9.06 9.00 B.92 B.B2 B.69 B.53 8.34 8.11 ~ 1.92 9.49 9.41 9.39 9.37 9.35 9.32 9.30 9.27 9.23 9.1B 9.12 9.04 B.95 B.B2 B.67 8.49 B.26 7.99 
1.93 9.60 9.52 9.50 9.4B 9.46 9.43 9.41 9.3B 9.34 9.30 9.24 9.16 9.07 B.96 B.Bl 8.63 8.42 8.15 ~ 
1.94 9.70 9.61 9.59 9.57 9.54 9.52 9.49 9.46 9.41 9.36 9.29 9.20 9.09 B.95 B.78 8.57 B.32 

~ 
1.959.Bl 9.72 9.70 9.6B 9.66 9.63 9.60 9.57 9.53 9.47 9.41 9.32 9.22 9.09 8.92 B.72 8.48 to 
1.96 9.91 9.B4 9.81 9.79 9.77 9.74 9.72 9.68 9.64 9.59 9.53 9.45 9.35 9.22 9.06 8.87 B.64 8.36 
1.97 10.0 9.9 9.9 9.9 9.9 9.B 9.8 9.B 9.7 9.7 9.6 9.5 9.4 9.2 9.0 B.B 8.5 
1.9B 10.1 10.0 10.0 10.0 10.0 9.9 9.9 9.9 9.B 9.8 9.7 9.6 9.5 9.3 9.2 8.9 8.7 ~ 

8 6 :j1.99 10.2 10.2 10.1 10.1 10.1 10.1 10.0 10.0 9.9 9.9 9.B 9.7 9.6 9.5 9.3 9.1 8.9 . Z 
f-' 
<:11 
0> 
yo 
q

Free Sub mer 9 e d flo w (CFS): H4(FT) rnHI Flow ---------------------------------------------------------------------------------------------------------------­
(FT) (CFS) 1.40 1.42 1.45 1.47 1.50 1. 52 1. 55 1. 5B 1.60 1.63 1.66 1.70 1.73 1. 76 1.BO 1.83 1.87 1.91 1.95 1.99 ~ 

2.00 10.3 10.3 10.2 10.2 10.2 10.2 10.1 10.1 10.1 10.0 10.0 9.9 9.8 9.7 9.5 9.4 9.2 B.9 
2.01 10.5 10.4 10.3 10.3 10.3 10.3 10.2 10.2 10.2 10.1 10.0 9.9 9.8 9.7 9.5 9,3 9.1 B.7 
2.02 10.6 10.5 10.5 10.4 10.4 10.4 10.4 10.3 10.3 10.2 10.2 10.1 10.0 9.B 9.7 9.5 9.2 B.9 ~ 

Z
2.03 10.7 10.6 10.6 10.5 10.5 10.5 10.5 10.4 10.4 10.3 10.3 10.2 10.1 10.0 9.8 9.6 9.4 9.1 >-3 
2.04 10.B 10.7 10.7 10.6 10.6 10.6 10.6 10.5 10.5 10.4 10.3 10.2 10.1 10.0 9.8 9.5 9.3 

~ 
>­2.05 10.9 10.8 10.B 10.B 10.7 10.7 10.7 10.6 10.6 10.5 10.5 10.4 10.2 10.1 9.9 9.7 9.4 9.1 g3

2.06 11. 0 10.9 10.9 10.9 10.9 10.B 10.B 10.B 10.7 10.7 10.6 10.5 10.4 10.2 10.1 9.9 9.6 9.3 

2.07 11.1 11.0 11.0 11.0 10.9 10.9 10.9 10.B 10.B 10.7 10.6 10.5 10.4 10.2 10.0 9.B 9.5 

2.0B 11.2 11.1 11.1 11.1 11.1 11.0 11.0 11.0 10.9 10.8 10.B 10.7 10.5 10.4 10.2 9.9 9.6 ~ 
2.09 11.4 11.311.211.211.211.211.111.111.011.010.910.810.710.510.310.1 9.B 9.5 q 

gg 

0·'::::' 

http:1.959.Bl


Fr ee Sub mer 9 e d flo w (CFS): H4 (FT)
HI Flow -----------------------------______________________________________________________________________ 

(FT) (CFS) 1.47 1.49 1.52 1.54 1.57 1.60 1.62 1.65 1.68 1.71 1.75 1.78 1.81 1.85 1.89 1.92 1.96 2.00 2.04 2.08 

2.10 11.5 11.4 11.4 11.3 11.3 11.3 11.3 11.2 11.2 11.1 11.1 11.0 10.9 10.8 10.6 10.4 10.2 9.9 
2.11 11.6 11.5 11.5 11.4 11.4 11.4 11.3 11.3 11.3 11.2 11.1 11.0 10.9 10.8 10.6 10.3 10.1 9.7 
2.12 11.7 11.6 11.6 11.6 11.5 11.5 11.5 11.4 11.4 11.3 11.3 11.2 11.0 10.9 10.7 10.5 10.2 9.9 
2.13 11.8 11.7 11.7 11.7 11.7 11.6 11.6 11.6 11.5 11.5 11.4 11.3 11.2 11.1 10.9 10.7 10.4 10.1 
2.14 11.9 11.8 11.8 11.8 11.8 11.7 11.7 11.6 11.6 11.5 11.4 11.3 11.2 11.0 10.8 10.6 10.3 

2.15 12.1 
2.16 12.2 
2.17 12.3 
2.18 12.4 
2.19 12.6 

12.0 11.9 11.9 11.9 11.8 11.8 11.8 11.7 11.7 11.6 11.5 11.3 11.2 11.0 10.7 10.5 10.1 
12.1 12.1 12.0 12.0 12.0 11.9 11.9 11.9 11.8 11.7 11.6 11.5 11.3 11.1 10.9 10.6 10.3 

12.2 12.2 12.1 12.1 12.1 12.0 12.0 11.9 11.9 11.8 11.6 11.5 11.3 11.1 10.8 10.5 
12.3 12.3 12.3 12.2 12.2 12.2 12.1 12.1 12.0 11.9 11.8 11.6 11.5 11.2 
12.4 12.4 12.4 12.4 12.3 12.3 12.2 12.2 12.1 12.0 11.9 11.8 11.6 11.4 

11.0 
11. 2 

10.7 
10.9 10.5 

~ 
~ 
,!... 
Z 
>-\:, 

Free 
HI Flow 

(FT) (CFS) 

Sub mer 9 e d flo w (CFS): H4(FT) 
---------------------------------------------------------------------------------------------------------------­
1.54 1.56 1.59 1.62 1.64 1.67 1.70 1.73 1. 76 1.79 1.83 1.86 1.90 1.93 1.97 2.01 2.05 2.09 2.13 2.18 

~ 
o o@ 

2.20 12.7 
2.21 12.8 
2.22 12.9 
2.23 13.1 
2.24 13.2 

2.25 13.3 
2.26 13.4 
2.27 13.6 
2.28 13.7 
2.29 13.8 

12.6 12.6 12.5 
12.7 12.7 
12.8 12.8 
12.9 12.9 

12.5 
12.6 
12.8 
12.9 

13.0 13.0 

12.5 12.4 12.4 12.4 12.3 12.2 12.1 12.0 11.9 11.7 11.5 11.3 10.9 
12.6 12.6 12.5 12.5 12.4 12.4 12.3 12.2 12.0 11.9 11.7 11.4 11.1 10.8 
12.7 12.7 12.7 12.6 12.6 12.5 12.4 12.3 12.2 12.0 11.8 11.6 11.3 11.0 
12.9 12.8 12.8 12.8 12.7 12.6 12.6 12.5 12.3 12.2 12.0 11.8 11.5 11.2 
13.D 13.0 12.9 12.9 12.8 12.8 12.7 12.6 12.5 12.4 12.2 11.9 11.7 11.3 

13.2 13.2 13.1 13.1 13.1 13.0 13.0 12.9 12.9 12.8 12.7 
13.3 13.3 13.3 13.2 13.2 13.2 13.1 13.1 13.0 12.9 12.8 
13.5 13.4 13.4 13.4 13.3 13.3 13.3 13.2 13.1 13.1 13.0 

12.5 12.3 12.1 11.9 11.5 11.2 
12.7 12.5 12.3 12.0 11.7 11.4 
12.8 12.7 12.5 12.2 11.9 11.6 

13.6 13.5 13.5 13.5 13.4 13.4 13.3 13.3 13.2 13.1 
13.7 13.7 13.6 13.6 13.6 13.5 13.5 13.4 13.3 13.2 

13.0 12.8 12.6 12.4 12.1 11.7 
13.1 13.0 12.8 12.6 12.3 11.9 11.6 

t':l 

&3 
~ 
~ 

~ 
t':l 
N o 
H 
~ 
~ 

~ 
~ 
q,.,. 
~ 
r:JJ 

~ 
~ 



Table 2.-Free- and submerged-flow discbarge (cubic feet per second) witb water deptbs b and b measured on 1.25:1 ~ 
side\~all \~itb sloping gage for trapezoidal flume No.2 C2-ft bottom approacb \~idtb 111ft bot%om tbroat widtb 1 and 
1 .25: 1 sidewall)-Continued 

Free 	 Sub m e (g e d flo w (CFS): H4(FT) 

HI Flow ---------------------------------------------------------------------------------------------------------------- --- ­
(FT) (CFS) 1.61 1.64 1.66 1.69 1.72 1.75 1.7B 1.Bl 1.B4 1.B7 1.91 1.94 1.9B 2.02 2.06 2.10 2.14' 2.1B 2.23 2.27 

2.30 13.9 13.B 13.B 13.B 13.7 13.7 13.7 13.6 13.6 13.5 13.5 13.4 13.2 13.1 12.9 12.7 12.4 12.1 11.7 
2.31 14.1 13.9 13.9 13.9 13.9 13.B 13.8 13.7 13.7 13.6 13.S 13.4 13.3 13.1 12.9 12.6 12.3 11.9 

~ 2.32 14.2 14.1 14.1 14.0 14.0 14.0 13.9 13.9 13.B 13.B 13.7 13.6 13.4 13.2 13.0 12.B 12.5 12.1 
2.33 14.3 14.2 14.2 14.2 14.1 14.1 14.1 14.0 14.0 13.9 13.B 13.7 13.6 13.4 13.2 13.0 12.6 12.3 ~ 
~. 34 14.5 14.3 14.3 14.3 14.2 14.2 14.2 14.1 14.0 14.0 13.9 13.7 13.6 13.4 13.1 12.B 12.5 	 H 

~ 2.35 14.6 14.5 14.4 14.4 14.4 14.3 14.3 14.3 14.2 14.1 14.0 13.9 13.7 13.6 13.3 13.0 12.7 12.3 	 to 
2.36 14.7 14.6 14.6 14.6 14.5 14.5 14.4 14.4 14.3 14.3 14.2 14.1 13.9 13.7 13.S 13.2 12.9 12.S 	 § 
2.37 14.9 14.8 14.7 14.7 14.7 14.6 14.6 14.S 14.S 14.4 14.3 14.2 14.1 13.9 13.7 13.4 13.1 12.7 ~ 
2.3B 15.0 14.9 14.B 14.8 14.B 14.7 14.7 14.6 14.6 14.5 14.4 14.2 14.1 13.B 13.6 13.3 12.9 ~ 

2.39 15.2 15.0 15.0 14.9 14.9 14.9 14.8 14.8 14.7 14.6 14.5 14.4 14.2 14.0 13.8 13.5 13.1 12.7 	Z 
l-' 

C'l"" 
C'l 

qFree Sub mer 9 e d f 1 0 W (CFS): H4(FT) 
HI Flow ~ 

(FT) (CFS) 1.68 1.71 1.73 1.76 1.79 I.B2 1.B5 I.B9 1.92 1.95 1.99 2.03 2.07 2.11 2.15 2.19 2.23 2.28 2.32 
2.37 ~ 

2.40 15.3 15.2 15.1 15.1 15.1 15.0 15.0 15.0 14.9 14.8 14.8 14.7 14.5 14.4 14.2 13.9 13.6 13.3 12.8 
2.41 15.4 15.3 15.3 IS.2 15.2 lS.1 15.1 15.1 15.0 14.9 14.8 14.7 14.S 14.3 14.1 13.B 13.5 13.0 
2.42 	 15.6 15.4 IS.4 15.4 15.3 15.3 15.3 lS.2 15.1 lS.1 lS.O 14.9 14.7 14.5 14.3 14.0 13.7 13.3 ~ 

Z2.43 15.7 15.6 15.S 15.5 15.5 15.4 15.4 lS.4 15.3 lS.2 15.1 15.0 14.9 14.7 14.5 14.2 13.9 13.5 

~.44 lS.9 lS.7 IS.7 15.6 15.6 15.6 15.5 lS.4 lS.4 15.3 IS.2 15.0 14.9 14.7 14.4 14.1 13.7 

~ 


~ 
>2.4516.0 15.8 15.B 15.B 15.7 lS.7 15.7 lS.6 15.5 15.4 15.3 15.2 15.0 14.B 14.6 14.3 13.9 13.4 

2.46 16.1 16.0 16.0 15.9 15.9 15.B 15.B 15.B 15.7 15.6 15.S 15.4 15.2 15.0 14.B 14.5 14.1 13.7 	 § 
2.47 16.3 16.1 16.1 16.1 16.0 16.0 16.0 15.9 15.B 15.B 15.7 15.5 15.4 15.2 15.0 14.7 14.3 13.9 
2.4B 16.4 16.3 16.2 16.2 16.2 16.1 16.1 16.0 15.9 15.B 15.7 15.6 15.4 15.1 14.9 14.5 14.1 ~ 
2.49 16.6 	 16.4 16.4 16.3 16.3 16.3 16.2 16.2 16.1 16.0 15.9 15.7 15.6 15.3 15.1 It.7 14.3 13.B 

~ 
t<:l 



----------------------------------------------------------------------------------------------------------------

Fr ee 	 Sub mel.: 9 e d flo w (CFS): H4 (FT)H1 Flow ------------------------____________________________________________________________________________________________ 

1FT) (CFS) 1.75 1.7B loBI 1.B4 1.B7 L90 1.93 1.96 2.00 2.032.072.11 2.152.192.23 	 2.2B 2.32 2.37 2.41 2.46 

2.50 16.7 16.6 16.5 16.5 16.5 16.4 16.4 16.3 16.3 16.2 16.1 16.0 15.9 15.7 15.5 15.2 	 14.9 14.5 14.1 
L.S1 16.9 16.7 16.7 16.6 16.6 16.6 16.5 16.4 16.4 16.3 16.2 16.1 15.9 15.7 15.4 15.1 14.7 14.3 
2.52 17.0 16.9 16.B 16.B 16.7 16.7 16.7 16.6 16.5 16.5 16.4 16.2 16.1 15.9 15.6 15.3 14.9 14.5 
2. 53 17.2 17.0 17.0 16.9 16.9 16.9 16.B 16.B 16.7 16.6 16.5 16.4 16.2 16.1 15.B 15.5 15.2 14.7 
2.54 17.3. 17.1 17.1 17.1 17.0 17.0 16.9 16.9 16.B 16.7 16.6 16.4 16.2 16.0 	 15.7 15.4 14.9 

2.55 17.5 17.3 17.3 17.2 17.2 17.1 17.1 17.0 16.9 16.9 16.7 16.6 16.4 16.2 15.9 15.6 15.2 14.7 
2.56 17.6 17.4 17.4 17.4 17.3 17.3 17.2 17.2 17.1 17.0 16.9 16.B 16.6 16.4 16.1 15.B 15.4 14.9 
2.57 17.8 17.6 17.6 17.5 17.5 17.4 17.4 17.3 17.3 17.2 17.1 17.0 16.B 16.6 	 16.3 16.0 15.6 15.1 ~ 
2.58 17.9 17.B 17.7 17.7 17.6 17.6 17.6 17.5 17.4 17.4 17.3 17.1 17.0 16.B 16.5 16.2 15.B 15.4 ~ 
2.59 1B.1 17.9 	 17.B 17.B 17.B 17.7 17.7 17.6 17.5 17.4 17.3 17.1 16.9 16.7 16.4 16.0 15,6 15.1 ~ 

Z 
I 
." 

~ 
Free Sub mer 9 e d flo w (CFS): H4(FT) @ 

HI Flow (") 

(FT) (CFS) 1.82 1.B5 1.BB 1.91 1.94 1.97 2.B1 2.04 2.0B 2.11 2.15 2.19 2.23 2.2B 2.32 	 2.37 2.41 2.46 2.51 2.56 
o 
Z 

2.60 IB.2 IB.l IB.O IB.O IB.O 17.9 17.9 17.B 17.B 17.7 17.6 17.5 17.3 17.1 16.9 16.6 	 16.3 15.B 15.3 ~ ..., 
2.61 IB.4 IB.2 IB.2 IB.l IB.1 IB.O IB.O 17.9 17.B 17.B 17.6 17.5 17.3 17.1 16.B 	 16.5 16.1 15.6 tr:l 
2.62 18.5 IB.4 1B.3 IB.3 IB.2 1B.2 IB.1 IB.1 1B.0 17.9 17.B 17.7 17.5 17.3 17.0 	 16.7 16.3 15.B ~ 
2.63 1B.7 1B.5 1B.5 1B.4 IB.4 1B.4 16.3 1B.2 1B.2 1B.1 IB.O 17.9 17.7 17.5 17.2 	 16.9 16.5 16.0 
2.64 1B.B IB.7 1B.6 IB.6 IB.6 IB.5 IB.5 IB.4 IB.3 1B.3 IB.2 IB.O 17.9 17.7 17.4 	 17.1 16.7 16.3 15.7 ~ 

N o 
2.65 19.0 IB.B 1B.B IB.7 1B.7 1B.6 IB.6 1B.5 1B.4 1B.3 1B.2 IB.l 17.9 17.6 17.3 17.0 16.5 16.0 8 
2.66 19.1 19.0 IB.9 IB.9 IB.B IB.B 1B.7 1B.7 IB.6 IB.5 IB.4 IB.2 IB.1 17.B 	 17.5 17.2 16.7 16.2 ~ 
2.67 19.3 19.1 19.1 19.1 19.0 19.0 IB.9 IB.9 1B.B IB.7 IB.6 IB.4 IB.2 IB.O 17.7 17.4 17.0 16.5 I"<j 

2.oH 19.5 19.3 19.3 19.2 19.2 19.1 19.1 19.0 19.0 1B.9 IB.B 18.6 IB.4 18.2 17.9 17.6 17.2 16.7 §;
2.69 19.6 19.4 19.4 19.3 19.3 19.3 19.2 19.1 19.0 1B.9 IB.8 1B.6 IB.4 	 IB.l 17.B 17.4 17.0 16.4 @ 

Ul 

Cl:) 
01 

http:2.152.192.23
http:2.032.072.11


Table 2.-Free- and submerged-flow discharge (cubic f.eet per second) with water depths h1 and h~ measured on 1.25:1 ~ 
sidewall with sloping gage for trapezoidal flume No.2 C2-ft bottom approach width, 1-ft bottom throat width, and 
1.25:1 sidewall)-Continued 

Free sub rn erg e d flo w (CFS): H4(FT) 

HI Flow ---------------------------------------------------------------------------------------------------------------- ---­
(FT) (CFS) 1.B9 1.92 1.95 1.9B 2.01 2.05 2.0B 2.12 2.16 2.19 2.23 2.27 2.32 2.36 2.41 2.45 2.50 2.55 2.60 2.65 

2.70 19.B 19.6 19.6 19.5 19.5 19.5 19.4 19.4 19.3 19.2 19.1 19.0 IB.8 IB.6 IB.4 IB.l 17.7 17.2 16.7 
2.71 19.9 19.B 19.7 19.7 19.6 19.6 19.5 19.5 19.4 19.3 19.2 19.0 IB.B IB.6 IB.3 17.9 17.5 17.0 t;a
2.72 20.1 19.9 19.9 19.B 19.B 19.B 19.7 19.6 19.6 19.5 19.3 19.2 19.0 IB.B IB.5 IB.l 17.7 17.2 o 
2.73 20.3 20.1 20.1 20.0 20.0 19.9 19.9 19.B 19.7 19.6 19.5 19.4 19.2 19.0 IB.7 1B.4 17.9 17.4 ~ 2.74 20.4 20.3 20.2 20.2 20.1 20.1 20.0 20.0 19.9 19.B 19.7 19.6 19.4 19.2 IB.9 IB.6 IB.2 17.7 17.1 ..... 

~ 1..75 20.6 20.4 20.4 20.3 20.3 20.2 20.2 20.1 20.0 19.9 19.8 19.6 19.4 19.1 IB.B IB.4 17.9 17.4 
td

2.76 20.B 20.6 20.5 20.5 20.4 20.4 20.3 20.3 20.2 20.1 20.0 19.B 19.6 19.3 19.0 IB.6 IB.2 17.6 
2.77 20.9 20.B 20.7 20.7 20.6 20.6 20.5 20.4 20.4 20.3 20.1 20.0 19.B 19.5 19.2 IB.9 IB.4 17.9 
2.78 21.1 20.9 20.9 20.B 20.B 20.7 20.7 20.6 20.5 20.4 20.3 20.2 20.0 19.7 19.4 19.1 IB.6 IB.l 
:'<.7921.3 21.1 21.0 21.0 20.9 20.9 20.B 20.7 20.6 20.5 20.4 20.2 20.0 19.7 19.3 IB.9 IB.4 17.8 ~ 

Z 
...... 
8l 
C'> 

Free Sub rn erg e d flo w (CFS): H4(FT) d 
HI Flow ---------------------------------------------------------------------------------------------------------------- rn 

(F'r) (CFS) 1.96 1.99 2.02 2.06 2.09 2.12 2.16 2.20 2.23 2.27 2.32 2.36 2.40 2. 4 5 2 . 4 9 2. 54 2.59 2.64 2.69 2.75 ~ 

2.80 21.4 21. 3 21.2 21.2 21.1 21.1 21.0 21.0 20.9 20.B 20.7 20.6 20.4 20.2 19.9 19.6 19.2 IB.7 lB. 1 
2.Bl 21.6 21. 4 21. 4 21.3 21.3 21.2 21.2 21.1 21.0 20.9 20.B 20.6 20.4 20.1 19.8 19.4 19.0 IB.4 
2.B2 21.B 21.6 21.5 21. 5 21. 4 21.4 21.3 21.3 21.2 21.1 21.0 20.B 20.6 20.3 20.0 19.7 19.2 IB.6 iz2.8322.0 21.B 21.7 21.7 21.6 21.6 21.5 21.5 21.~ 21.3 21.1 21.0 20.B 20.6 20.3 19.9 19.4 IB.9 >-3 
2.B4 22.1 21.9 21.9 21.9 21.B 21.B 21.7 21.6 21.6 21.5 21.3 21.2 21.0 20.B 20.5 20.1 19.7 19.2 IB.5 

~ 
>2. B5 22.3 22.1 22.0 22.0 21.9 21.9 21.8 21.7 21.6 21.5 21.4 21.2 21.0 20.7 20.3 19.9 19.4 IB.8 

2.B6 22.5 22.3 22.2 22.2 22.1 22.1 22.0 21.9 21.8 21.7 21.6 21.4 21.2 20.9 20.6 20.2 19.7 19.1 ~ 2.B7 22.6 22.4 22.4 22.4 22.3 22.2 22.2 22.1 22.0 21.9 21.B 21.6 21.4 21.1 20.8 20.4 19.9 19.3 
2.BB 22.B 22.6 22.6 22.5 22.5 22.4 22.4 22.3 22.2 22.1 22.0 21.8 21.6 21.4 21.0 20.6 20.2 19.6 8 

>-3 
2.89 23.0 22.B 22.7 22.7 22.6 22.6 22.5 22.4 22.3 22.2 22.0 21.B 21.6 21.3 20.9 20.4 19.9 19.2 ~ 

I:=j 



Free sub mer 9 e d flo w (CFS): H4(FT) 
H1 Flow ---------------------------------------------------------------------------------------------------------------­

1FT) (CFS) 2.03 2.06 2.09 2.13 2.16 2.20 2.24 2.27 2.31 2.35 2.40 2.44 2.49 2.53 2.58 2.63 2.68 2.73 2.79 2.84 

2.90 23.2 23.0 22.9 22.9 22.8 22.8 22.7 22.7 22.6 22.5 22.4 22.2 22.1 21.8 21.5 21.2 20.8 20.3 19.6 
2.91 23.4 23.1 23.1 23.0 23.0 22.9 22.9 22.8 22.7 22.6 22.4 22.3 22.0 21.8 21.4 21.0 20.5 19.9 
2.92 23.5 23.3 23.3 23.2 23.2 23.1 23.1 23.0 22.9 22.8 22.6 22.5 22.3 22.0 21.7 21.3 20.8 20.2 
2.93 23.7 23.5 23.5 23.4 23.4 23.3 23.2 23.2 23.1 23.0 22.8 22.7 22.5 22.2 21.9 21.5 21.0 20.4 
2.94 23.9 23.7 23.6 23.6 23.5 23.5 23.4 23.4 23.3 23.2 23.0 22.9 22.7 22.4 22.1 21.7 21.3 20.7 20.0 

2.95 24.1 23.8 23.8 23.7 23.7 23.6 23.6 23.5 23.4 23.2 23.1 22.9 22.7 22.4 22.0 21.5 21.0 20.3 
2.96 24.3 24.0 24.0 23.9 23.9 23.8 23.7 23.7 23.6 23.5 23.3 23.1 22.9 22.6 22.2 21.8 21.2 20.6 
2.97 24.4 24.2 24.2 24.1 24.1 24.0 23.9 23.9 23.8 23.7 23.5 23.3 23.1 22.8 22.5 22.0 21.5 20.9 ~ 
2.98 24.6 24.4 24.4 24.3 24.3 24.2 24.1 24.1 24.0 23.9 23.7 23.5 23.3 23.0 22.7 22.3 21.8 21.2 00 

2.99 24.8 24.6 24.6 24.5 24.4 24.4 24.3 24.3 24.2 24.1 23.9 23.7 23.5 23.3 22.9 22.5 22.0 21.4 20.7 ~ 
H
Z 
I 

~ 
~ 

Free Sub mer 9 e d f 1 0 w (CFS): H4(FT) ~ 

Hl 
(F'r) 

Flow 
(CFS) 

---------------------------------------------------------------------------------------------------------------­
2.10 2.13 2.17 2.20 2.24 2.27 2.31 2.35 2.39 2.43 2.48 2.52 2.57 2.62 2.67 2.72 2.77 2.83 2.88 2.94 

o oZ 

3.00 25.0 24.8 24.7 24.7 24.6 24.6 24.5 24.5 24.4 24.3 24.1 24.0 23.8 23.6 23.3 22.9 22.4 21.9 21.2 ~ 
3.01 25.2 24.9 24.9 24.8 24.8 24.7 24.7 24.6 24.5 24.4 24.2 24.0 23.8 23.5 23.1 22.7 22.1 21.5 ~ 
3.02 25.4 25.1 25.1 25.0 25.0 24.9 24.8 24.8 24.7 24.6 24.4 24.2 24.0 23.7 23.4 22.9 22.4 21.8 ~ 
3.03 25.6 25.3 25.3 25.2 25.2 25.1 25.0 25.0 24.9 24.8 24.6 24.4 24.2 23.9 23.6 23.2 22.7 22.0 > 
3.04 25.7 25.5 25.5 25.4 25.4 25.3 25.2 25.2 25.1 25.0 24.8 24.7 24.4 24.2 23.8 23.4 22.9 22.3 21.6 ~ 

N 

3.05 25.9 25.7 25.6 25.6 25.5 25.4 25.4 25.3 25.2 25.0 24.9 24.7 24.4 24.1 23.7 23.2 22.6 21.9 
o
8 

3.06 26.1 25.9 25.8 25.8 25.7 25.6 25.6 25.5 25.4 25.3 25.1 24.9 24.6 24.3 23.9 23.5 22.9 22.2 ~ 
3.07 26.3 26.1 26.0 26.0 25.9 25.8 25.8 25.7 25.6 25.5 25.3 25.1 24.9 24.6 24.2 23.7 23.2 22.5 ~ 
J.08 26.5 26.3 26.2 26.2 26.1 26.0 26.0 25.9 25.8 25.7 25.5 25.3 25.1 24.8 24.4 24.0 23.4 22.8 ~ 
3.09 26.7 26.5 26.4 26.4 26.3 26.3 26.2 26.1 26.0 25.9 25.7 25.6 25.3 25.0 24.7 24.2 23.7 23.1 22.3 ~ 

~ 
00 

~ -::s 



-----------------------------------------------------------------------------------------------------------------

00 
Table 2.-Free- and submerged-flow discharge (cubic feet per second) with water depths h1 and h~ measured on 1.25:1 co 

sidewall with sloping gage for trapezoidal flume No.2 C2-ft bottom approach width, 1-ft bot~om throat width, and 
1.25:1 	sidewall)-Continued 


Free 
 Sub mer 9 e d flo w (CFS): 84(FT) 
Hl Flow 

(FT) (CFS) 2.17 2.20 2.24 2.27 2.31 2.35 2.39 2.43 2.47 2.51 2.56 2.61 2.65- 2.70 2.76 2.81 2.8i 2.92 2.97 3.03 

3.10 
3.11 
3.12 
3.13 
3.14 

26.9 
27.1 
27.3 
27.5 
27.7 

26.7 26.6 
26.8 
27.0 
27.2 
27.5 

26.6 
26.8 
27.0 
27.2 
27.4 

26.5 
26.7 
26.9 
27.1 
27.3 

26.5 
26.7 
26.9 
27.1 
27.3 

26.4 
26.6 
26.8 
27.0 
27.2 

26.3 
26.5 
26.7 
26.9 
27.1 

26.2 
26.4 
26.6 
26.9 
27.1 

26.1 
26.3 
26.5 
26.8 
27.0 

26.0 
26.2 
26.4 
26.6 
26.8 

25.8 
26.0 
26.3 
26.5 
26.7 

25.6 
25.8 
26.1 
26.3 
26.5 

25.4 
25.6 
25.8 
26.1 
26.3 

25.0 
25.3 
25.5 
25.8 
26.0 

24.6 
24.9 
25.1 
25.4 
25.6 

24.1 
24.4 
24.7 
24.9 
25.2 

23.6 
23.8 
24.1 
24.4 
24.7 

22.9 
23.1 
23.4 
23.7 
24.0 23.3 

~ 
0 
~ 
B 

3.15 27.9 
3.16 28.1 
3.17 28.3 
3.18 28.5 
3.1928.7 

27.6 
27.8 
28.0 
28.2 
28.4 

27.5 
27.8 
28.0 
28.2 
28.4 

27.5 
27.7 
27.9 
28.1 
28.3 

27.4 
27.6 
27.8 
28.0 
28.3 

27.4 
27.6 
27.8 
28.0 
28.2 

27.3 
27.5 
27.7 
27.9 
28.1 

27.2 
27.4 
27.6 
27.8 
28.0 

27.1 
27.3 
27.5 
27.7 
27.9 

26.9 
27.1 
27.4 
27.6 
27.8 

26.7 
27.0 
27.2 
27.4 
27.6 

26.5 26.2 
26.826.5 
27.0 26.7 
27.2 27.0 
27.4 27.2 

25.9 
26.1 
26.4 
26.6 
26.9 

25.5 
25.7 
26.0 
26.2 
26.5 

24.9 
25.2 
25.5 
25.7 
26.0 

24.3 
24.6 
24.9 
25.2 
25.4 

:,u.6 
23.9 
24.2 
24.5 
24.8 24.0 

~ 
i;!j 

fl 
~ 
~ Z 
I-" 
01 
0> 
0> 

Hl 
(FT) 

Free 
Flow 

(CFS) 

Sub mer 9 e d flo w (CFS): H4(FT) 

---------------------------------------------------------------------------------------------------------------­2.24 2.27 2.31 2.35 2.39 2.42 2.46 2.51 2.55 2.59 2.64 2.69 2.74 2.79 2.84 2.90 2.95 3.01 3.07 3.13 

~ 

~ 
~ 

3.20 
3.21 
j.22 
3.23 
3.24 

28.9 
29.1 
29.3 
29.5 
29.7 

28.7 28.~ 

28.8 
29.0 
29.2 
29.5 

28.5 

28.7 
29.0 
29.2 
29.4 

28.5 

28.7 
28.9 
29.1 
29.3 

28.4 

28.6 
28.8 
29.1 
29.3 

28.3 
28.6 
28.8 
29.0 
29.2 

28.3 
28.5 
28.7 
28.9 
29.1 

28.2 
28.4 
28.6 
28.8 
29.0 

28.1 
28.3 
28.5 
2B.7 
28.9 

27.9 
28.1 
28.4 
28.6 
28.8 

27.7 
28.0 
28.2 
18.4 
28.7 

27.5 
27.7 
28.0 
28.2 
28.5 

27.2 
27.5 
27.7 
28.0 
28.2 

26.9 
27.1 
27.4 
27.6 
27.9 

26.5 
26.7 
27.0 
27.3 
27.5 

26.0 
26.2 
26.5 
26.8 
27.0 

25.3 
25.6 
25.9 
26.2 
26.5 

24.6 
24.9 
25.2 
25.5 
25.8 

24.7 
25.0 

~ 
Z 
>-3 

~ 
3.25 29.9 
3.26 30.1 
3.27 30.3 
3.2830.5 
3.29 30.7 

29.6 
29.8 
30.0 
30.3 
30.5 

29.5 
29.8 
30.0 
30.2 
30.4 

29.5 
29.7 
29.9 
30.1 
30.4 

29.4 
29.6 
29.9 
30.1 
30.3 

29.3 
29.6 
29.8 
30.0 
30.2 

29.3 
29.5 
29.7 
29.9 
30.1 

29.2 
29.4 
29.6 
29.8 
30.0 

29.0 
29.3 
29.5 
29.7 
29.9 

28.9 
29.1 
29.3 
29.6 
29.8 

28.7 
28.9 
29.2 
29.4 
29.6 

28.5 
28.7 
28.9 
29.2 
29.4 

28.2 
28.4 
28.6 
28.9 
29.1 

27.8 
28.0 
28.3 
28.6 
28.8 

27.3 
27.6 
27.9 
28.1 
28.4 

26.8 
27.0 
27.3 
27.6 
27.9 

26.1 
26.4 
26.7 
27.0 
27.3 

25.3 
25.6 
25.9 
26.2 
26.5 25.7 

>
§ 
8 
~ 
~ 



HI 
(FT) 

Free 
Flow 

(CFS) 

Sub mer 9 e d flo w (CFS): H4(FT) 

---------------------------------------------------------------------------------------------------------------­
2.31 2.35 2.38 2.42 2.46 2.50 2.54 2.58 2.63 2.67 2.72 2.77 2.82 2.87 2.93 2.99 3.04 3.10 3.16 3.22 

3.30 
3.31 
3.32 
3.33 
3.34 

31.0 
31.2 
31.4 
31.6 
31.8 

30.7 30.6 
30.9 
31.1 
31.3 
31.5 

30.6 
30.8 
31.0 
31.3 
31.5 

30.5 
30.7 
31. 0 
31. 2 
31.4 

30.5 
30.7 
30.9 
31.1 
31. 3 

30.4 
30.6 
30.8 
31.0 
31.3 

30.3 
30.5 
30.7 
31.0 
31.2 

30.2 
30.4 
30.6 
30.9 
31.1 

30.1 
30.3 
30.5 
30.8 
31.0 

29.9 
30.2 
30.4 
30.6 
30.9 

29.7 
30.0 
30.2 
30.4 
30.7 

29.5 
29.7 
30.0 
30.2 
30.5 

29.2 
29.5 
29.7 
30.0 
30.2 

28.8 
29.1 
29.4 
29.6 
29.9 

28.4 
28.7 
28.9 
29.2 
29.5 

27.8 
28.1 
28.4 
28.7 
29.0 

27.2 
27.5 
27.8 
28.1 
28.4 

26.4 
26.7 
27.0 
27.3 
27.6 

26.4 
26.8 

3.35 
3.36 
3.37 
3.38 
3.39 

32.0 
32.2 
32.5 
32.7 
32.9 

31.8 31.7 
31.9 
32.2 
32.4 
32.6 

31.6 
31.9 
32.1 
32.3 
32.5 

31.6 
31.8 
32.0 
32.2 
32.5 

31.5 
31.7 
32.0 
32.2 
32.4 

31.4 
31.6 
31.9 
32.1 
32.3 

31.3 
31.6 
31.8 
32.0 
32.2 

31.2 
31.5 
31.7 
31.9 
32.1 

31.1 
31.3 
31.6 
31.8 
32.0 

30.9 
31.2 
31.4 
31.6 
31.9 

30.7 
31.0 
31.2 
31.5 
31.7 

30.5 
30.7 
31.0 
31.2 
31.5 

30.1 
30.4 
30.7 
30.9 
31.2 

29.7 
30.0 
30.3 
30.6 
30.8 

29.3 
29.5 
29.8 
30.1 
30.4 

28.7 
29.0 
29.3 
29.5 
29.8 

27.9 
28.3 
28.6 
28.9 
29.2 

27.1 
27.4 
27.8 
28.1 
28.4 27.5 

~ en 
>"'l 
~ 

~ 
HI 

(r'1') 

3.40 
3.41 
3.42 
3.43 
3.44 

Free 
Flow 

(Cr'S) 

33.1 
33.3 
33.6 
33.8 
34.0 

sub mer 9 e d flo w (CFS): H4 (FT) 

---------------------------------------------------------------------------------------------------------------­
2.38 2.42 2.45 2.49 2.53 2.57 2.62 2.66 2.71 2.75 2.80 2.85 2.91 2.96 3.02 3.07 3.13 3.19 3.25 

32.9 32.8 32.7 32.6 32.6 32.5 32.4 32.3 32.2 32.0 31.8 31.6 31.3 30.9 30.4 29.8 29.1 28.3 
31.1 30.7 30.1 29.4 28.6 
31.4 31.0 30.4 29.7 28.9 

33.0 32.9 32.9 32.8 32.7 32.6 32.5 32.4 32.3 32.1 31.8 31.5 
33.3 13.2 33.1 33.0 33.0 32.9 32.8 32.7 32.5 32.3 32.1 31.8 
33.5 33.4 33.3 33.3 33.2 33.1 33.0 32.9 32.7 32.6 32.3 32.0 
33.7 33.6 33.6 33.5 33.4 33.3 33.2 33.1 33.0 32.8 32.6 32.3 

31.7 31.2 30.7 30.0 29.2 28.3 
32.0 31.5 31.0 30.3 29.6 28.6 

3.32 

o o 
Z 
o 
gg 
t?a 

;d 

~ 
N 

3.45 
3.46 
3.47 
3.48 
.3.49 

34.2 
34.5 
34.7 
34.9 
35.1 

34.0 33.9 
34.1 
34.4 
34.6 
34.8 

33.8 
34.0 
34.3 
34.5 
34.8 

33.7 
34.0 
34.2 
34.5 
34.7 

33.7 
33.9 
34.1 
34.4 
34.6 

33.6 
33.8 
34.1 
34.3 
34.5 

33.5 
33.7 
34.0 
34.2 
34.4 

33.4 
33.6 
33.9 
34.1 
34.3 

33.2 
33.5 
33.7 
34.0 
34.2 

33.1 
33.3 
33.6 
33.8 
34.1 

32.8 
33.1 
33.3 
33.6 
33.9 

32.6 
32.8 
33.1 
33.4 
33.6 

32.2 
32.5 
32.8 
33.0 
33.3 

31.8 
32.1 
32.4 
32.6 
32.9 

31.3 
31.6 
31.9 
32.2 
32.4 

30.6 
31.0 
31.3 
31.6 
31.9 

29.9 
30.2 
30.5 
30.8 
31.2 

29.0 
29.3 
29.7 
30.0 
30.3 29.4 

~ 
~ 
~ 

~ 
en 

CI:> 
c.o 



Table 2.-Free- and submerged-flow discharge (cubic feet per second) with water depths h1 and h~ measured on 1.25:1 ~ 
sidewall with sloping gage for trapezoidal flume No.2 (2-ft bottom approach width, 1-ft bot~om throat width, and 
1.25:1 sidewall)-Continued 

Free Sub mer 9 e d flo w (CFS): H4(FT) 

HI Flow ---------------------------------------------------------------------------------------------------------------- ---­
(FT) (CFS) 2.45 2.49 2.53 2.57 2.61 2.65 2.69 2.74 2.79 2.83 2.88 2.94 2.99 3.05 3.10 3.16 3.22 3.28 3.35 3.41 

3.5U 35.4 35.1 35.0 34.9 34.9 34.8 34.7 34.6 34.5 34.4 34.2 34.0 33.7 33.4 33.0 32.5 31.8 31.1 30.2 
3.51 35.6 35.3 35.2 35.1 35.0 34.9 34.9 34.7 34.6 34.4 34.2 34.0 33.7 33.3 32.8 32.2 31.4 30.5 ;a3.52 35.8 35.5 35.4 35.4 35.3 35.2 35.1 35.0 34.9 34.7 34.5 34.2 33.9 33.5 33.1 32.5 31.7 30.9 o 
3.53 36.1 35.7 35.7 35.6 35.5 35.4 35.3 35.2 35.1 35.0 34.8 34.5 34.2 33.8 33.4 32.8 32.1 31.2 30.2 ~ 

Z3.54 36.3 36.0 35.9 35.8 35.8 35.7 35.6 35.5 35.4 35.2 35.0 34.8 34.5 34.1 33.6 33.1 32.4 31.6 30.6 ...... 

~ 3.55 36.5 36.2 36.2 36.1 36.0 35.9 35.8 35.7 35.6 35.5 35.3 35.0 34.8 34.4 33.9 33.4 32.7 31. 9 30.9 
to3.56 36.8 36.4 36.3 36.2 36.2 36.1 36.0 35.9 35.7 35.5 35.3 35.0 34.7 34.2 33.7 33.0 32.2 31.3 

3.57 37.0 36.7 36.6 36.5 36.4 36.3 36.2 36.1 36.0 35.8 35.6 35.3 34.9 34.5 34.0 33.3 32.6 31.6 §3.58 37.2 36.9 36.8 30.7 36.7 36.6 36.5 36.4 36.2 36.1 35.8 35.6 35.2 34.8 34.3 33.7 32.9 32.0 
3.59 37.5 37.1 37.1 37.0 36.9 36.8 36.7 36.6 36.5 36.3 36.1 35.8 35.5 35.1 34.6 34.0 33.2 32.3 31.3 Z 

..... 
c:n 
a> 
~a> 

Free Sub mer 9 e d f 1 0 W (CFS): H4(FT) d 
HI Flow rn 

(FT) (CFS) 2.52 2.56 2.60 2.64 2.68 2.73 2.77 2.82 2.86 2.91 2.97 3.02 3.07 3.13 3.19 3.25 3.31 3~38 3.44 3.51 ~ 

I 
~ 3.60 37.7 37.4 37.3 37.3 37.2 37.1 37.0 36.9 36.8 36.6 36.5 36.2 36.0 35.6 35.2 34.6 34.0 33.2 32.2 

3.61 37.9 37.6 37.5 37.4 37.3 37.3 37.2 37.0 36.9 36.7 36.5 36.2 35.9 35.5 34.9 34.3 33.5 32.6 
3.62 38.2 37.8 37.8 37.7 37.6 37.5 37.4 37.3 37.2 37.0 36.8 36.5 36.2 35.8 35.2 34.6 33.9 32.9 
3.63 38.4 38.1 38.0 37.9 37.8 37.8 37.7 37.6 37.4 37.2 37.0 36.8 36.5 36.1 35.6 34.9 34.2 33.3 32.2 >-3 
3.64 38.7 38.3 38.3 38.2 38.1 38.0 37.9 37.8 37.7 37.5 37.3 37.1 36.7 36.3 35.9 35.3 34.5 33.6 32.6 ;J 
3.65 38.9 38.6 38.5 38.4 38.4 38.3 38.2 38.1 37.9 37.8 37.6 37.3 37.0 36.6 36.2 35.6 34.9 34.0 33.0 > 
3.66 39.2 38.8 38.7 38.6 38.5 38.4 38.3 38.2 38.0 37.8 37.6 37.3 36.9 36.5 35.9 35.2 34.3 33.4 § 
3.67 39.4 39.0 38.9 38.9 38.8 38.7 38.6 38.5 38.3 38.1 37.9 37.6 37.2 36.8 36.2 35.5 34.7 33.7 o 
3.68 39.6 39.3 39.2 39.1 39.0 38.9 38.8 38.7 38.6 38.4 38.2 37.9 37.5 37.1 36.5 35.8 35.0 34.1 
3.69 39.9 39.5 39.5 39.4 39.3 39.2 39.1 39.0 38.8 38.7 38.4 38.2 37.8 37.4 36.8 36.2 35.4 34.4 33.3 ~ 

~ 



Free Sub mer 9 e d flo w (CFS): H4(FT) 

Hl Flow ---------------------------------------------------------------------------------------------------------------­ ---­
(FT) (CFS) 2.59 2.63 2.67 2.71 2.76 2.80 2.85 2.89 2.94 2.99 3.05 3.10 3.16 3.22 3.28 3.34 3.40 3.47 3.53 3.60 

3.70 40.1 39.8 39.7 39.7 39.6 39.5 39.4 39.3 39.2 39.0 38.8 38.6 38.3 37.9 37.5 36.9 36.2 35.4 34.4 
3.71 40.4 40.0 39.9 39.8 39.8 39.7 39.6 39.4 39.3 39.1 38.9 38.6 38.2 37.8 37.2 36.5 35.7 34.7 
3.72 40.6 40.3 40.2 40.1 40.0 39.9 39.8 39.7 39.5 39.4 39.1 38.9 38.5 38.1 37.5 36.9 36.1 35.1 
3.73 40.9 40.5 40.4 40.4 40.3 40.2 40.1 40.0 39.8 39.6 39.4 39.1 38.8 38.4 37.8 37.2 36.4 35.5 34.3 
3.74 41wl 40.8 40.7 40.6 40.5 40.4 40.3 40.2 40.1 39.9 39.7 39.4 39.1 38.7 38.2 37.5 36.7 35.8 34.7 

3.75 41.4 41.1 41.0 40.9 40.8 40.7 40.6 40.5 40.4 40.2 40.0 39.7 39.4 39.0 38.5 37.8 37.1 36.2 35.1 
3.76 41.6 41.2 41.2 41.1 41.0 40.9 40.8 40.6 40.5 40.3 40.0 39.7 39.3 38.8 38.2 37.4 36.5 35.5 
3.77 41.9 41.5 41.4 41.3 41.2 41.1 41.0 40.9 40.7 40.5 40.3 40.0 39.6 39.1 38.5 37.8 36.9 35.9 
3.78 42.2 41.8 41.7 41.6 41.5 41.4 41.3 41.2 41.0 40.8 40.6 40.3 39.9 39.4 38.8 38.1 37.3 36.2 ~ 
3.79 42.4 42.0 42.0 41.9 41.8 41.7 41.6 41.4 41.3 41.1 40.9 40.6 40.2 39.7 39.1 38.5 37.6 36.6 35.4 ,!... 

Z 
I 

"'d 
t"';.. 

Free Sub mer 9 e d flo w (CFS): H4(FT) @ 
Hl 

(FT) 

Flow 
(CFS) 

--.------------------------------------------------------------------------------------------------------­
3.49 3.56 3.632.66 2.70 3.13 3.18 3.24 3.30 3.36 3.432.74 2.79 2.83 2.88 2.92 2.97 3.02 3.07 3.69 

(') 
o 
Z 

3.80 
3.81 

42.7 
42.9 

42.3 42.2 
42.5 

42.2 
42.4 

42.1 
42.3 

42.0 
42.2 

41.9 
42.1 

41.8 
42.0 

41.6 
41.9 

41.5 
41.7 

41.3 
41.5 

41.0 
41.3 

40.7 
41.0 

40.3 
40.6 

39.8 
40.1 

39.2 
39.6 

38.5 
38.8 

37.6 
38.0 

36.6 
36.9 5 

3.82 
3.83 

43.2 
43.4 

42.8 
43.1 

42.7 
43.0 

42.6 
42.9 

42.5 
42.8 

42.4 
42.7 

42.3 
42.6 

42.2 
42.5 

42.0 
42.3 

41.8 
42.1 

41.6 
41.9 

41.3 
41.6 

40.9 
41.2 

40.5 
40.8 

39.9 
40.2 

39.2 
39.5 

38.3 
38.7 

37.3 
37.7 

36.1 
36.5 ~ 

3.84 43.7 43.3 43.2 43.2 43.1 43.0 42.9 42.7 42.6 42.4 42.2 41.9 41.5 41.1 40.5 39.9 39.0 38.1 36.9 ~ 
N 

3.85 44.0 43.6 43.5 43.4 43.3 43.2 43.1 43.0 42.9 42.7 42.5 42.2 41.8 41.4 40.9 40.2 39.4 38.4 37.3 ~3.86 44.2 43.8 43.7 43.6 43.5 43.4 43.3 43.1 43.0 42.7 42.5 42.1 41.7 41.2 40.5 39.6 38.8 37.7 

3.87 ~4.5 44.1 44.0 43.9 43.8 43.7 43.6 43.4 43.3 43.0 42.8 42.4 42.0 41.5 40.9 40.1 39.2 38.1 

J.88 44.8 44.3 44.3 44.2 44.1 44.0 43.8 43.7 43.5 43.3 43.1 42.7 42.3 41.8 41.2 40.5 39.6 38.5 ~ 
3.89 45.0 44.6 44.5 44.4 44.3 44.2 44.1 44.0 43.8 43.6 43.4 43.1 42.7 42.2 41.6 40.8 39.9 38.9 37.6 ~ 

Ul 

~ 
f-I. 



Table 2.-Free- and sUbmerged-flow discharge (cubic feet per second) with water deptbs b1 and b~ measured on 1.25:1 ~ 
sidewall with sloping gage for trapezoidal flume No.2 C2-ft bottom approacb widtb, 1-ft bot~om tbroat widtb, and 
1.25:1 sidewall)-Continued 

Hl 

(FT) 

3.90 
3.91 
3.92 
3.93 
3.94 

3.95 
3.96 
3.97 
3.98 
3.99 

H1 
(FT) 

4.00 
4.01 
4.02 
4.03 
4.04 

4.05 
4.06 
4.07 
4.0B 
4.09 

Free 
Flow 

(CFS) 

45.3 
45.6 
45.8 
46.1 
46.4 

46.6 
46.9 
47.2 
47.5 
47.7 

Free 
Flow 

(CFS) 

48.0 
48.3 
48.6 
4B.8 
49.1 

49.4 
49.7 
50.0 
50.2 
50.5 

Sub mer 9 e d flo w (CFS): H4 (FT) 

2.732.77 2.812.862.902.953.003.053.103.153.213.273.33 3.39 3.A5 3.523.58.3.653.72 3.79 

44.9 44.8 44.7 44.7 44.6 44.5 44.3 44.2 44.0 43.8 43.5 43~2 42.8 42.3 41.7 40.9 39.9 38.8 
45.1 45.0 44.9 44.8 44.7 44.6 44.5 44.3 44.1 43.8 43.5 43.1 42.6 42.0 41.2 40.3 39.2 ~ 45.4 45.3 45.2 45.1 45.0 44.9 44.8 44.6 44.4 44.1 43.8 43.4 42.9 42.3 41.6 40.7 39.6 38.4 @
45.7 45.6 45.5 45.4 45.3 45.2 45.0 44.9 44.7 44.4 44.1 43.7 43.3 42.7 41.9 41.1 40.0 38.8 
46.0 45.9 45.8 45.7 45.6 45.5 45.3 45.2 45.0 44.7 44.4 44.1 43.6 43.0 42.3 41.4 40.4 39.2 ~ 
46.3 46.2 46.1 46.0 45.9 45.7 45.6 45.5 45.3 45.0 44.7 44.4 43.9 43.3 42.6 41.8 ~0.8 39.6 

§ 
bj 

46.4 46.3 46.2 46.1 46.0 45.9 45.8 45.6 45.3 45.1 44.7 44.2 43.7 43~0 42.2 41.2 40.0 
46.7 46.6 46.5 46.4 46.3 46.2 46.0 45.9 45.6 45.4 45.0 44.6 44.0 43.4 42.5 41.6 40.4 

~ 47.0 46.9 46.8 46.7 46.6 46.5 46.3 46.2 45.9 45.7 45.3 44.9 44.4 43.7 42.9 41.9 40.8 
~ 47.3 47.2 47.1 47.0 46.9 46.8 46.6 46.5 46.2 46.0 45.6 45.2 44.7 44.1 43.3 42.3 41.2 39.9 Z 
.... 
c:n 
C'l 
~C'l 

Sub mer 9 e d flo w (CFS): H4(FT) ~ 
---------------------------------------------------------------------------------------------------------------- ~ 
2.80 2.84 2.89 2.93 2.98 3.03 3.08 3.13 3.18 3.23 3.29 3.35 3.41 3.47 3.54 3.61 3.67 3.74 3.Bl 3.B8 ~ 

47.6 47.5 47.4 47.3 47.2 47.1 47.0 46.8 46.7 46.4 46.2 45.8 45.4 44.8 44.2 43.4 42.4 41.2 
47.8 47.7 47.6 47.5 47.4 47.3 47.1 47.0 46.7 46.5 46.1 45.7 45.2 44.5 43.7 42.8 41.6 
48.1 48.0 47.9 47.8 47.7 47.6 47.4 47.3 47.0 46.8 46.4 46.0 45.5 44.9 44.1 43.1 42.0 40.7 ~ 

Z48.4 48.3 48.2 48.1 48.0 47.9 47.7 47.6 47.3 47.1 46.8 46.4 45.8 45.2 44.5 43.5 42.4 41.1 8 
4B.7 48.6 48.5 48.4 48.3 48.2 48.0 47.9 47.7 47.4 47.1 46.7 46.2 45.6 44.8 43.9 42.B 41.5 ~ 
49.0 48.9 48.8 48.7 48.6 4B.5 48.3 48.2 48.0 47.7 47.4 47.0 46.5 45.9 45.2 44.3 43.2 41.9 
49.3 49.2 49.1 49.0 48.9 48.8 48.6 48.5 48.3 48.0 47.7 47.3 46.9 46.3 45.5 44.7 43.6 42.4 ~ 

o49.5 49.4 49.3 49.2 49.1 48.9 48.8 48.6 48.3 48.0 47.7 47.2 46.6 45.9 45.0 44.0 42.8 
49.8 49.7 49.6 49.5 49.4 49.2 49.1 48.9 48.6 48.4 48.0 47.5 47.0 46.3 45.4 44.4 43.2 ~ 
50.1 50.0 49.9 49.8 49.7 49.5 49.4 49.2 49.0 48.7 48.3 47.9 47.3 46.6 45.8 44.8 43.6 42.2 c:: 

~ 

http:3.523.58.3.653.72
http:2.812.862.902.953.003.053.103.153.213.273.33
http:2.732.77


HI FreeFlow Sub rn e c 9 e d flo w (CFS): H4(FT) -------------------_____________________________________________________________________________ 

(FT) (CFS) 2.87 2.91 2.96 3.00 3.05 3.10 3.15 3.20 3.26 3.31 3.37 3.43 3.49 3.56 3.63 3.69 3.76 3.84 3.91 3.98 

4.10 50.8 50.4 50.3 50.2 50.1 50.0 49.9 49.8 49.6 49.4 49.2 48.9 48.5 48.0 47.5 46.8 45.9 44.9 43.7 
4.11 51.1 50.6 50.5 50.4 50.3 50.2 50.1 49.9 49.7 49.5 49.2 48.8 48.4 47.8 47.1 46.3 45.3 44.1 
4.12 51. 4 50.9 50.8 50.7 50.6 50.5 50.4 50.2 50.0 49.8 49.5 49.2 48.7 48.2 47.5 46.7 45.7 44.5 43.1 
4.13 51. 7 51.2 51.1 51. 0 50.9 50.8 50.7 50.5 50.3 50.1 49.8 49.5 49.1 48.5 47.9 47.1 46.1 44.9 43.5 
4.14 52.0 .51. 5 51.4 51. 3 51.2 51.1 51.0 50.8 50.6 50.4 50.2 49.8 49.4 48.9 48.2 47.4 46.5 45.3 44.0 

4.15 52.3 51.8 51. 7 51.6 51. 5 51.4 51.3 51.1 51. 0 50.7 50.5 50.1 49.7 49.2 48.6 47.6 46.9 45.7 44.4 
4.16 52.6 52.1 52.0 51.9 51. 8 51. 7 51.6 51. 4 51. 3 51.1 50.8 50.5 50.1 49.6 49.0 48.2 47.3 46.1 44.8 
4.17 
4.18 
4.19 

52.8 
53.1 
53.4 44.7 

52.3 52.2 52.1 52.0 51. 9 51. 7 51. 6 51.4 51.1 50.8 50.4 49.9 49.3 48.6 47.7 46.6 45.3 
52.7 52.5 52.4 52.3 52.2 52.1 51. 9 51. 7 51.4 51.1 50.8 50.3 49.7 48.9 48.0 47.0 45.7 
53.0 52.8 52.7 52.6 52.5 52.4 52.2 52.0 51.8 51. 5 51.1 50.6 50.0 49.3 48.4 47.4 46.1 
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