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VERTICAL AD.TUSTABLE WEIR
SUN[MARY AND CONCLUSIONS

SO .A Z-foot ad;lustable C1p011ett1 weir was mstalled ina 4-foot w1de flume
"+ in the labaratory, Figures 1 and 2. ‘The.weir was installed according
.+ . 'tothe recommendations listed in the first edition of the Swter Meas— ‘
' "_‘_urement Manual pubhshed by the Bureau of Recla.matmn. S

The purpose of ‘the mvestlgatmn of the we1r was to study the ﬂow char- R
 acteristics and establish a head-capac1ty curve for the normal dlscha.rge

- . rangeof a- 2-foot Cipolletti weir, A means of sta.ndardmmg the method .

.-.of relating the adjustable crest elevatlon to the hea.d a.bove the flxed c‘rest
was developed as part of the study. -

L "Dlscharges measured w1th -the ad;usta.ble C1pollett1 we1r were in good
.. . agreement with discharges measured by Venturi meters, volumetr:.cally
‘“calibrated in'the laboratory. For adjustable crest elevations 0.1 foot
and:greater above the fixed crest, the discharge indicated by the weir -
-exceeded that’ measured by.the Venturi meters by about 6 ‘percent at-a’
‘head of 0.2 foot; and 1 percent at a head of-0. 6 foot, Figure 6. For
Twelr: crest elevations less than about 6.1 foot, the indicated d1scharges
f the weir were less than measured by the meters and the difference .
in- dlscharges ranged to about 15 percent Figure 7 and 8. Leakage DN
etween the, ‘adjustable crest plate and the f1xed crest pla.te was appre-f




B In 1rngat10n systems where the necessary head is avallable the"
adjustable Cipolletti weir can be used for regulatmg and measurmg

i dlSCha.I‘gES with a reasonable degree of accuracy.

o When more than one we1r is. conta.lned ina d1v151on box, Flg'ure 4,

... the necessary proximity of the weirs could have a detrimental mﬂu4 |
- .ence on the head-capacity rela.tlonsh:lps of each weir, depending on

- the weir dlscharges and the size of the d.w1510n box.  This: 1nﬂuence

" would undoubtedly vary as the separate weirs are adjusted through™.

. their ranges of discharge. Whether thls,mﬂuence would be greate
" than the acceptable range of discharge measurement accuracy cou1
o probably be determ.med by laboratory tests. i : --

o
!i

INTRODUC'.PIOST Pl
'_'Two types of ad;ustable we1rs have been employed for the purpose of

-'-"“__measurmg and regulating flow in' 1rr;1gat10n systems. The first has a

i horizontal fixed crest and r:).dJus’i:al:'.f.lel vertical s1des which may be moved: |
“tochange. the size of the rectangular opening. -The’ 51des are adJusted

- by hand mak:mg fme ad;ustments qmte cumberSOme

- - 3’ -
The Bureau of Reclamatlon uses a second type ca]led a vertlcal adJust- .
. able weir, Figures:1, 2, 3, and 4. A study of the available literature
“-indicates the weir to be unique in 1ts apphcatlon to irrigation. The weir
~assembly includes a movable plate with‘a Cipolletti weir notch cut out
~of the center portion (movable weir); ther fixed plate (stauonary

~ weir) has'a. large r ectangular notch cut out of the central area, Flgure 1. T

- The movable weir plate bears agamst the. stationary. weir plate and can.
- be, adJusted vertlcally by means of an At.me thread screw;and a hand- - °
“wheel. placed on a frame at the top: of he structure. Although the weir - -
serves as‘a measunng dewce, “the prlmary purpose is to ‘control or
- ""check'"the flow in a lateral or pump tur out. where a va.nable depth
is .probable, Flgures 3 and 4 : Do, SR

: has been accomphshﬂd for "
oot adJustable Clpollettl welrs,_usmg ‘an- economlcal
0 & '

j’rstem is that 1at-_'ff o
et :square.- 'I‘he S




 INVESTIGATION

' LaboratOry Insta]iatiOn |

A 2 t‘oot adJustable weir, obtamed on loan from the Black Canyon
- Irrigation District, .Notus, Idaho, was installed in a 4-foot-wide flume -
" in the laboratory, Figures 1 and 2. The flume provided weir pooldi- -
- mensions equal to those recommended in the first edition of the Water
" Measurement Manual pubhshed by the Bureau of Reclamation. For a
field 1nsta11at10n, the thickness of the downstream support walls for .-
' 'the weir showed thé poss1b111ty of affectmg the flow by preventing aer-
ation of the weir nappe. The concrste weir wall thickness shown in- @
‘Section A-A of Figure 1 was simulated in the laboratory by a horizon- .
o ta1 piece of wood on the downstream side and at the bottorn of the open-
i 1ng of the flxed weir, Flgure 2A '

In the or1g1na1 fabr1cat10n of the weir, a dlstortlon of the adJustable -
".fcrest blade prevented- contact between the fixed and movable metal
‘plates. In operatlon, water flowed between the plates, ' This water S
© was . not measured as part of the weir discharge. To correct this, the ..
. yoke: and stem of the weir were removed to check the bolthole aline-
- ment Inspect1on showeéd both a misalinement and a bent yoke.” When
-the yoke was straightened, ‘and the boltholes were alined, the clearance
‘between the metal plate of the weir .and the fixed plate was commensu-
~rate with the ordinary waviness of No. 12-gage galvanized iron. Leak— :
age’ betweenxthe fixed and movable plates occurred for a]J. p051t10ns of
the weir, crest however, Flgure 5 ' :

RS Flow through the ﬂume and weir was measured by volumetrlcally ca11—
.. brated Venturi‘meters. The head corresponding to'a measured flow
through the, movable weir. was read from an enameled staff gage mounted ' i
.0 feet upstream on the side of the flume.. A second enameled gage was = = -
flrmly attached to the frame: of the movable weir to provide an accurate =~ ' "
“’indication:of the elevation of the movable weir crest above theieleva- i
‘tion of the crest of the fixed plate A pointer attached to the movable
plate allowed ‘a dlrect readlng of the crest elevation, Flgure 2B. The = ...
o difference in: readlngs (us1ng the water surface as an indicator) between AR
the: upstream gage and the one mounted on the weir frame, both hav1ng _

a zero referénce to the elevation of the crest of the fixed blade, pro- .
vided a measurement of the weir head. The discharge indicated by S
-the? weir head ‘was then obtained from standard: Cipolletti tables: fora .

2 f_oot \we1r for c0mpar1son to the d1scharge measured by the Venturl '

,:he,‘ ystem for measurlng the rnovable weir, crest elevatlon in the lab—
ratory, as: described in the precedmg paragraph, differed from that -
which has been’ employed in‘the field.. In field installations the’ adJust-fl
able wel_”crest is: set at’ the same elevatlon as the f1xed we1r crest e




-A nut is turned down on the Acme thread screw to the top of the nut
- of the ‘handwheel, F1gure 1, and is then pinned or welded in place. e

o . After the weir blade is ralsed the height of the adjustable crest

. above the fixed crest can be measured as the distance from the bot- .-
_tom of the nut to the top of the handwheel., The ‘upstream staff gage,
referenced at zero to the same elevation as the stationary weir:crest,.

" is used to measure the head on the fixed weir. The head on the mov- | N
" . able crest is obtained by subtracting the stem measurement from the

. height of the water surface on the upstream staff gage. Dlscharges o

:are then determined, using the head, from a Cipolletti weir dlscharge
- -table. -Both.the laboratory and field methods of determlmng the weir

.' “head are satisfactory, but the one used 1n the laboratory can prov1de :
"{' _the greater accuracy of measurement . :

: i'I‘est Procedure

In a typlcal ca11brat1on test the movable weir crest was set at the
‘. elevation of the top of the stationary crest and a constant flow was -

.~ allowed to stabilize through the flume. The weir head was: then meas- .

o '_ured on the staff gage located 5 feet upstream from the weir, The

.. ‘weilr crest.was then raised to elevations of 0.05,7.0.1, 0. 2,°0.3, 0. 4 _

+-0.5; and 0.6 foot above the statlonary crest without adJustmg the. dls-f' :
-charge ‘and the head on the weir was measured for each crest posltlon

This’ procedure ‘was- repeated for eight flows, ranging from 0.06 cfs

2. (cubic feet per-gecond) to a flow of 3.42 cfs, correspondmg toa max---' e
- imum head of approximately one-third of the weir crest length, This =~

' ..1s the ma.x:tmum head recommended for accurate we1r measurements

. The leakage ﬂow between the ‘weir bulkhead plate and the movable crest

- -plate. was not separately measured because such a measurement would -

' apply directly only to the weir calibrated in the laboratory. It would "
-not apply to other weirs. having larger or smaller clearances Thus,

“the’ dlscharge obtamed from the tables for the. measured head above -

the weir crest was not the total flow passing the weir structure but:
epresented the dlfference between the Venturl measured ﬂow and the
eakage ﬂow Et S wo BT DYy . ST :

indicated by the measured we1r ‘head. were generahzed in‘three:
..:graphs Flgure 6 is for the weir crest: 0.10 foot. ot higher above the :
' tatlonary crest Flgure T1is for the weir: crest 0 05 foot above the
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| ‘_\ ,:. _.Proper ventllatlon of the weir nappe occurred when the weir: crest eleva-'
- tion'was.equal to'or. greater than 0.1 foot above the elevation of the fixed
o _7crest Figure 5C to F. "The dlscharge indicated by the weir was in good- ‘

- agreement with the Venturi measured dlscharge in the rated range of-
. head (0.2 to 0, 67 foot) for a 2-foot- Cipolletti weir, although the total o
'flow included the leakage, Figure 6. Use of the weir at crest.elevations

"+ “higher-than 0:1 foot-above the fixed crest would produce a means of con-" "~ "k
. trolling the flow and d1scharge measurement. The measurements in '
.. ‘these tests showed the weir-indicated-discharge to be about 6 percent
- .”"_=greater than the Venturi- measured dlscharge for a head of 0. 20 foot and_
PR to be about 1 percent greater for a head of 0.6 foot ' -

The agreement between the we1r 1ndlcated dlscharge and Ventur1 meter |
_-was less satisfactory for weir crest elevations of -0..05 and 0.0 foot above

".‘:-;_-_"the fixed crest elevation, Figures 7 and 8. ' For a crest ‘elevation of. -

0,05 foot and ‘heads larger than-about 0. 4 foot, the agreement between the £

“discharges 1nd1cated by the weir and the d1scharges measured by the © %

-,?_‘Venturl meter was good, Figure 7. Below a head of 0.4 foot, the differ-
... énces between the measured dlscharges increased and the weir indicated

"_":jabout '10 percent. less flow than the Venturi meter. The suspected cause
o wasg’ ‘the interference between the lower surface of the. nappe .flowing over. .

oL the weir erest and. the upward ﬂow of the leakage from. between the weir :_:;. ]
o "-_’plates, Flgure 5B : : : - - PR

il ,':'The dlscharges 1nd1cated by the weir ranged from about 15 percent to

0,5 ;percent greater than the ‘Venturi-for flows of 1 to 3 cfs, respectwely, e
"_'-*when the elevation of the weir and fixed crests were equal F1gure 8. =
”‘For d].scharges ‘below about 1 cfs, the difference between the weir-and. . ..

Y’entum dlschar;ges was decreased and the weir indicated was about 10" '_

“ percent;less than the meter at.a: dlscharge of 0.6 cfs:* The weir operatmg

]'_"Wl‘[‘.h the crest. ﬂlevatlon equal to the fixed crest d1d not produce accurate L

.;-;fdlscharge measurements, because the: th1ckness of the walls, supportmg

. the* _ad]u;t&able welr assembly prevented proper aeratlon of the we1r nappe, T

CFigures LA o R : N .
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Figure 2
REPORT HYD-553

B. Staff gapges on upstream side of adjustable weir

ADJUSTABLE CIPOLLETTI WEIR STUDY

- Laboratory Installation of Weir




ik Figure 3
REPORT HYD-553

A, Four-foot adjustable weir used as a combination check and
measuring structure--North Side Pumping Division Minidoka
Project, Idaho

ADJUSTABLE CIPOLLET YL WEIR STUDY

Field Installation of Weir ir Open Channel
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ADJUSTABLE CIPOLLETTI WEIR STUDY

Weirs Installed in Pumping Plant Division Box
Columbia Basin Project

Figure 4
REPORT HYD-553

Pumping plant and
adjustable weirs
installed in divi-
sion box

Adjustable weirs
in division box at
discharge end of
small pumping
plant




Figure 5
REPORT HYD-553

0. 00 foot B, 0.05 foot

Weir Crest Flevation above Fixed Crest

£.20 foot E. 0.40 foot F. 0.60 foot
Weir Crest Elevation above Fixed Crest
ADJUSTABLE CIPOLLETTI WEIR STUDY

Flow Conditions for Weir Crest Elevations of 0.0 to
0.6 Foot at a Discharge of 1.4 cfs




for Ventirl and Weir.
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! ﬁ.e follc!‘!.ng wn'reraim fa.ct.ora l.d.upted by ﬂ:.e ‘Bu::enu u.{' Reelm‘t.im are t'bnse publ:l.shed tw tht American Soclety for
“Pegting epd Materials {(ASTM Metric Practice Cadde,. Jarmmry 1964) exceptthat sdditional factors («) ceumonly ‘wsed in .
~4he Bureau bave been adjed, h:rt.hﬂ-d.-l.anmainn of deﬁ.niﬁma of qu.unti.td.esa.nd lnd.tai.s givenm;ngea].o-nur t.ha

L AST Mewrle Practice Suide,

"ﬁe mtrin units lmd canversicrn ru.ctors a.d.apteﬂ hy the L':Tm are bnned an the "_‘!:menntiunal Eyatux ot Units“ (demte#

. -S1 for.Systeme Toterpetional’ d'Umtes), . fiyed by the Imternaticral Comnmities for Welghts and Meammes; this gystem 18
: .mmummmm(mmm {mane}-second-ampere) . a:ratm. m.sqystmhuheanadupwdhym

' Toternsticnal Orgenisetion for Standardization in 150 Beomendation B3l

’ . The metidc technica:l. nnit nr rurca 10 the ki1bgian rcu-ce' this'1s the raroa Ih.inh, w‘.han appued to'a "bod;-,r haﬂng

eass of 1°¥g, ‘gives it wn seceleration of 9,80655 nfsac/m, the gta~dard scceleraticn of free f£all towsrd the esrth’s

" center for sea level at 45 deg lstiiude, The metris uxdt of farce in ST urdts ib ‘thé mewton (N}, which ig defined ag =
“-that: force which, when applied:-to a body having.a mess of 1 Xg, glves it an accelerationm of ‘1 m/sec/ m. These units

_'mmbequtm(mcmnm)lmﬂ'dmnt‘abnmrlnﬂ.ngnmaoflkg,tm-his, welght of &

g bo(tyisthsﬁime'ithmchnbuxyis attructed to the earth and iaemmltothemssofabodymltipliedbythe
ar:nelmtim due to gravity. However, becmuse 1t .is generel practice to use “pound" rather itben the techuieally. : .-

Gérrect term Ppound-force, ™ the term . Mdlogran®. (or derived mess unit) has been used in this gulde Instesd of "klogram=

forea” :in’expressing tbe ccm-enﬂon factorsm rcrces. m newtcn unit of force will fird increasing use, acd is°

essmtiaiin&!unita. i o L - S R T
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investigation'ir ! head 1 of
he weir and a eans of §tahdirdizing the method of relating elévation
f the movable welr crest to head of water oti the creati, Discharges .
ndicated by the welr head weré in general in good dgFdement with dis-
charges meagured by volinmietrdcally callbrated Venturl mietera for .
movable:crest elevations greater then 0.1 ft above -the stationary weir;
‘Reliable discharge mensiremeénts could not be mads for movable welt:
cregt elevatioris_;}leas than-about:0, 1 ft ‘above the atatiohsry crest:

: ..§BSTRACT' L

Diacharge measureément accuracy of & verticeily adjustable’ Cipoll
‘weir having a 2-ft creat length waa investigated in the laboratory. T}
Investigation included determination of héad-discHarge relationahip of
ihe weir and a meanas of standardizing the method of relating elévation
‘of the movable weir crest to head of watér.on the crést. " Dischurges.
indicated by the weéir hedd were in géneral ih good agreement with dis-
charges measired by volumnetrically calibrated Vernturl méterd for - -
movable crest elevations gréatei than. 0.1 ft above the statichary.weir
Reliatle dischirge mieasuraments could hot be made for movable weir
‘erent elevations 1ebs thax about 0, 1.1t above the statlorary erest
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