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WEIRS FOR CGMBINA I'IOtJ WATER 

CONTROL AND MI:ASUR...~ENT l/ 

E. Gordon Kruse ll 

The cost of structures needed for proper management of wate= 

on irrigated farms can be reduc ed if .a single structure can be 

designed to perfo::m more t han one: function . Structures that control 

the flow rate of water and !imul t ~ceously measure discharge are 

examples . 

At leas t three type s of st:ru=ture are in use in the United 

States at the present time (1965) that perform the two functions 

mentioned above. h h d . ~- f 3/ 4/ d Te c onst3nt e£ orir1 e arm turnout - - an 

the Twin Fall s headg.ate be th use cwo g3tes in series, but in a single 

structure, to regi:late the :low- r e te of wa ter and to provide for 

orifice-type measurement . The ad~ustable Cipoletti weir is used 

by the U. S . :Ou:rcau of Recl.amstior. to ser·.re the s ame purposes . I t 

cons ists of .a ~h~rp- c r ested Cipolet t i wei r constructed in the top 

l/ Contribution from Nor t hern Plains Branch, Soil and Water Conservation 
Resea rch Division, Agricultural Research Service, USDA, in coo peration 
with the Colorado Agricultural Experiment Station , CER65EGK25 . 

j/ Re search Agricultural Engineer , USDA , Fort Collins , Colorado. 

1/ Calibration of the conet:ant head orifice turnout- - one to two scale 
model, Hydraulic Labo ratory Ret'or t No . 216, U. S . Bureau of 
Reclamation, Denver i Colorado, November 1946 . 

!:}j Kru se, E. Go r do n , The Con.st:a nt -He ::.d-Orific e Farm Turnout, ARS 41 - 93, 
Agricu ltural Re.s earch Service , USDA ,. Ja:rnary 1965. 

CER65E:GK25 



-2-

of a telescoping gate . Ra ising or lowering che gate controls the 

rate a t which water overf l ows it . Discharge mea surements are ma de 

in the s ame wny a s for a stationa ry weir , The adjustable Cipole t ti 

weir is not suitable for submerged flow conditions . 

A third type of s t r ucture for comb i ned control and mea surement 

of water is us ed in some parts of Asia and Eur ope. It is known a s 

the Romi jn weir and consists of a s uppre s s ed weir » not sha rp crested , 

f 1 . l/ 2/ V . h 1 . f on top o a te escoping ga te . - - arying tee evation o the 

gate regu l a te s t h e discharge . The weir cres t extends a c ross the 

entire wi dth of channel and is therefore well ada pte d for use in 

rectangular cha nnel crosa sections. 

The remainder of thi s r eport dea l s with the c a libra tion and 

evaluation of the opera t ing characteris tics of such a structure 

with weir s of t wo di ff eren t shapes - -both po s s i b l y suitable for use 

as combina tion flow contro l and measuri g devices . The differenc e 

in the t wo weirs is in t h e cross- sec t ional sha pe of the crest . One 

is very s imila r to the origina l Romijn weir; t he other ha s the same 

propor tions a s the "Crump" weir , currently us ed in the British Isles . 

Ff gure 1 illustra tes the sha pes and dimens i ons of the two weirs s t udied . 

1/ Bos, R. J . , The Romijn Measur i ng We ir, Internat i onal Organizat i on 
for Standard i za tion /T . C. 3O/S . C. 1/W . G. 2, Netherla nds , 1961. 

ll Dra ft Nether l ands Pr oposa l for an ISO Recommendation on the Meas urement 
of Li quid Fl ow in Op en Channels Us i ng Broad-Cr ested Weirs, Inter national 
Organiza tion for Standardization, T . C. 113/W . G. 2, Netherlands, 1965 . 
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A WEIR FOR COMBINED CONTROL AND 
MEAS~EMENT OF WATER 
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CRUMP TYPE WEIR 

Figure 1 . 
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Equipment and Procedur e 

The first we ir s tudi ed » the Romijn weir, (Figure 1) has a 

rounded leading edge and a horizontal downstream section with an 

abrupt drop at the downstream edge . Dimensions ci the weir are 

24-13/32 i nches in overall length and 24- 1/8 inches wide . The 

second , to be referr ed to as the Crump weir , consists of two sloping 

plane surfac ,es . The ups t ea rn surfa ce angles forwa rd and downward 

at a slope of 2 horizonta l t o 1 vertical . The rear surface slopes 

sharply in the do;,,'ns tream direction at a slope of S: 1. Overall 

length of the Crump wei r i s 24 inches . 

The weirs were s tudied in a 20-foot-long laboratory test 

channel having a r~omina l width of 2 feet. W:ater was circulated 

through the channel by pt:mping f il'.'om a labor ator y sump . A tank 

and baffle .at the upstream end of the chsnne l provided a smooth 

water sur face a t the upst r eam approach to the weir . 

Flow rates were mea sure:! by me.ans of a concentric 1%-inch 

orifice in the 14=inch pipeline supplying the test cha~,.nel . The 

orifice was previo 1.1 s ly calibrated volu.111,etrically . At low flows, 

di h d i h h t d 90° V-notch ueir . sc,arges were measure wt as arp-c re s e -

The weir cre s ts were fixed i.. position in the tes t channel 

during each series of runs . By adding shims, the elevations could 

be changed f rom one serie s of runs to the next . 
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A poin t gage , mo unted on a movable carriage above the test 

ctu:innel, was used for mea aurements of the water surfa ce and weir 

crest elevations . A slotted tailgate at the extreme downstream 

end of the channel a llowed the tailwater elevat ion downstream of 

the weir to be adjusted to any desired level . 

Each weir was s et a t t he lowes t eleva tion possible for the 

first run . This plac ed the Romijn weir crest 1 . 0 foot and the 

Crump weir crest 1 . 28 feet above the channel floor. Both f r ee and 

submerged fl ows were ther. measured for a range of up_stream water 

surface elevations . Degree of submergence wa s controlled by varying 

the tailgate . The weir crest was then r ais ed to a higher position 

and the serie s of flow measureme~ts repeated . The highest weir 
I 

crest elevations st died were 2 . 17 feet and 1 . 55 feet for the 

Romijn and Crump weirs , res pectively . 

Point gage determinat ions of the water surface elevation 

at a distance of 1. 0 feat ups tream from the l eading edge of the 

~eir were used to plot calibration c urve s o f head versus di scharge . 

Tpe water surface elevation a t this location varied by not more 

than 0 . 001 foot from the elevation in the next 2- foot reach upstream. 

In addition a piezometer opening was loca ted a t various positions 

upstream of the weir i n order to define the locations at which the 

piezometric head readings would accura te y re fl ect di r ect water surface 

eleva t i on readinga . The piezometer wa.s connected to a stilling well 

where water surface elevation was r ea d with a hook g~ge. 



.--< 
✓ 

.,. 

' . 

L 

[ 

C 
[ 

[ 

[ 

L 
[ 

[
-, 

- I 

-6-

Results 

Romi jn Weir 

A graph of free flow discharge over the Romijn weir is shown 

in Figure 2 . Values of head used for this plotting were taken by 

point gage 1 foot upstream from the front edge of the weir and are 

referenced to the elevation of the weir crest . Figure 2 includes 

data for five different weir eleva tions relative to the channel bottom. 

The calibrations for all weir elevations are represented by a single 

line . 

Reductions i n discharge caus ed by varying degrees of submergence 

are indicated in Figures 3 and 4. In Figure 3 submergence is measured 

by the ratio of h
3
/h

1 
whe re h

3 
is the minimum water surface 

elevation just downstream of the weir and h
1 

is the upstream hea d, 

the same value us ed t o determine free flow discha rge. 

A similar relation.ship bet.ween discharge reduction and submergence 

is shown in Figure 4 where submergence is characterized by the r at io 

h4 /h1 . The value h
4 

repre s en ts the average water s urface eleva tion 

through the rollers in the first 2 feet downstream of the weir. 

Eleva tion at the recommended location, just downstream of the disturbed 

water sur f ace , could not be obta ined because of l a ck of adequate 

channel length . The reconnnended elevation should be closely approximated 

by h
4 

, however . 
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Crump Weir 

The head- discha rge rating cur ve f or free flow over the 

Crump- type wei r i s ::hown in Figure 5. Values of head, h
1 

, were 

aga in measured by poi nt gage on,e foot upstr eam of the lea ding edge 

of the weir , The da t ,g point s on Figur e 5 rep r esent two different 

eleva tions of the weir cres t ~ 

Figur es 6 a~d 7 s how the elation of degree of weir submergence 

and d i sc ha r ge reduc t ion , Submergenc e ratios h
3

/ h
1 

a nd h
4

/h
1 

are 

defined in the s.:ime way as for the Romijn-type we-ir . 

Discus.s ior.:. 

The relation be tween head an i di schsrge unde r free flow 

conditions can be represented by a stra ighc li ne on log- log graph 

p<tipe I" for bo t h the Rc-:nijr, ~ ,'ind C:-:ump- type weirs . For the Romi j n 

type tne formu la exp r e ~s i ng the rela c ionship is Q ~ 6 .40h1
1

·
56 

Discharge fer the Cr.u:::D.p~::ype we i r is expre Baed by Q .,. 7 . 26h
1
1.

486 

The s ing le formula i s adequa ~e for al l va l ues of wei r eleva tion 

for t he Romijn- type w,eir and for the C::·ump ~t ype weir when va lues 

of h
1 

a re g~eater t han 0 . 40 foot . A l ower head values some diver ­

genc e. i s evident for differer. t weir el e.vat i orrs . For acc ura te discharge 

me.asuremen·!:s a s epa:ca te rating curve should be us ed for ea ch weir 

elevat ion a bove the ch~nnel floor . 

I n usir.g Figur es 2 ,and 5 or t c.e ra t i g equa t ions, it should 

be remembered t hat di~ch:arge va lues are for a 2- foot weir width . The 

discha r ge va l u 0 s could be i:.xtende d to vi<le r weir s of the same shape 
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with little loss of ace r acy, especial~y at the lower head values o 

However , fo ~ arrower we i rs , where s idewa ll effects migh be important, 

independen t =a tings should b e ob tained . 

Subme rgence 

Weir s ubmerg·ence occ urs when the wa-cer surf,ace elevatio n down -

stre.am of t he wei r i s greacer t.han - h~ wei r cree.c. elevac ion o Submer·gence 

reduces the effec tive head c a us i ng flow over the weir , and therefore 

reduces discharge frcm compa rable free fl ow c onditiocs . For low values 

of s ubmergence t h i s discha rge r educ t:ior:. rm:iy be so s li gh t as to be 

negligi ble For higher ::: ubm<:::-gence , f ree fl o di sch,arge v.s lues must 

be corr ected if accut:-i. r.: e :-e ;: ults are to be obtained . When weir submer -

gence is g-cest. enough t o :;, ignific.a,.t ly a f fe -~.t di s ch,nge ~ two wa ter 

surface elev ation readi ~gs , one ups ~resm and one downstream of the 

weir, are required f or .ac ct -:-:ate det.ermi n.ation of the di s c.harge . Thus 

a weir for which the rating follow s the frE: -2 fl.ow relationship over 

a l arge Gµe-::-a tir.g r e r ge of ,,:i:brr.e ::- ge r:ce i .s a dvantageous i i: that head 

readi 3s need to be taken at only one position , that des igna ted 

In Figures 3 , 4, 6, and 7, s 1.1bmerger..c e c orrection s for bo th 

Dis cha:-ge i s dete-;;,mined after va l ue.s of h
1 

and h
3 

or h
4 

have 

been mea f m:ed, :as fo l lows : Fi r s t the c i sch.arge cor :cesponding to 

h
1 

under fre e flow conditio~s is determined from the free flow 

r ating curve . Thi s disc~arge is Q
0 

Then the submergence ratio ~ 
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h3'h1 or h
4

/h
1 

is computed .and the value of Q/Q
0 

corresponding 

to this r.atio is obtained from the figures . The true di scharge 

occurring under 3ubmerge.d conditions » Q , is then equd to Q/Q x Q 
0 0 

The limi ting sub~ergence above which discharge corrections 

must be made depends on the desired accuracy of the discharge measure­

mer;t. Assume thgt for £.arm us~ge » discha rges mus t be accura t e to 

wi thi n 5 percen t . From Figures 3 and 4, the limit ing submergence 

h3/h1 or h4 /h1 for t he Romijn weir can be seen t o be 0,7. For 

lower s ubmergence the ups t=e~m head rea di ng wi ll oe suf f icient to 

de termine discharge . Figur es 6 and 7 indicate limi t ing values of 

h3/h1 of 0 . 35 and h4/ h1 of 0 . 50 f ~r the Crump weir. Acc ura t e 

di9charge me!lsurements us ing on ly h
1 

are difficult to obtain with 

this weir unles s subme:.gence is low. 

I n rr3ny irr i gs~ion systems le~ hea d lo sses i ~ all structures 

and conveyance chsnnel s are desirable so that a maximum a:noun t of 

l and can be served f rom a given source o f water . Operating al l 

me,asuring wei~s a nd fl umes .submerged may p r =.s er ve hea d in t he s ys tem. 

For ex.ampl,e , wi t h a hea d, h
1 

of 1.0 foot on the Ro:.nijn wei.r and 

0 . 7 submergence (h4 /h1) on l y 0 .3 foot o f hegd lo ss occurs t hrough 

the structure . 

Pi~zometer Locstion 

In the original vers ion of the Romi jn weir a s till ing well 

is often connected hydraulica lly to the channel jus t up~tream of 

the weir . The ups t r eam he.9.d , h 1 , on the weir can be determined 
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from the wa te r s urfac e in the well . If the scale us ed in the well 

i s fastened igidly to che movable weir cres t and the ze r o point 

elevation of t he sc :alE> coinc ides wi t h t he c r est elevat ion of the 

we ir » the ups t r eam head sn be read dir ec t ly , or t he scale can be 

calibrated i n terms of discha r ge rate . 

During severa l of the experimen t al r uns a piezometer opening 

was located in the wall of the ch3nnel ups t r eam of the we i r and 

conn,ected to a stilling weil by a lengt h of tubing . 'rhe location 

of the opening was var i ed to define the r a nge of locat ions whe r e the 

hea d indicated in the st illing wel l cor r eef cnded to the water s urface 

elevations us ed to calibrate t he weir . A piezomet er opening located 

O. 50 foo t above the floor of t he ch.ar1ne l a nd 2 . 0 fee t upstream from 

the leading edge of the we i r a pfears sati s factory . 

Compa ri son ~ith Ot her Data 

The r e sults of we ir ca libra tions by B~zin a re reported by 

King)/ Values a re given for C in the fo rmu l a Q =<> CLHl.S . For 

level br oadcrested weirs with t he ups tream co rner rounded to a r a d ius 

of 0 . 33 ft . , a we i r breadth of 2 . 62 fe e t and height of 2 . 46 feet , 

Bazin found C value s ranging from 2. 93 to 3 . 01 feet for heads 

varying from 0.4 to 1 . 0 f oo t . For weirs hav i ng a breadth of 6 . 56 

feet, C values were l owered fro:n 4 percen t to 8 percent at comparable 

hea ds . 

2,./ King , H. W., H.a dbock cf Rydr aulic:: 9 Third Edi tion , McGraw 

Hill , New York i 1939. 



l. 
[ 

[ 

[ 

[ 

[ 

[ 

[ 

L 

-15-

King .also provides C values for tria gule.- weirs hav ing 

equal upstresm and dow01stre,am s lopes of 2 horizontal to 1 vertical. 

-
For he.ads. from 0 . 2 to 1.0 foot ~ C value~ vary over a range from 

3. 81 to 3. 88 . 

The va lues given by King a ·r e comparable on a unit width 

basis to those obtained in the pr e s en t study . 

Conclusions 

Weirs of the t ype s tudied, moun ed on telescoping gates , 

should ha suitable f or combined measuremen t ad control of irrigation 

water in many instsnces . Me1.:1 s urement accur.acy is acc ept.able and 

submerge ce effec s a re _s_w.:1 11 ~;;ing the Romijn=t.ype weir crest . A 

lined , rectangula= ch3nnel sec tion is neces ~ary .at the weir location . 

When t he flow ;; c.arry Large smounts of .. u~ pended sediments ~ a structur e 

of thi type msy not be fea s ible beca us e of deposition of solids 

in the low flow velocity are.£. jus t up:1t : e.am of the g.ate . 

The Romijn-~t:ype w,eir seems to be. s uperio r to the Crump weir 

1 for water measurement. rhe tw·o main a dvantages are a constant 

1 rating for differ ent ere.s t elevations and tclera tion of a high 

degree of s ubmergence without deviation from the free flow rat ing . 

Submergetce of the weir should be meas ured as the ratio 

A mearu line through the points in Figure 4 should 

provide sui table accuracy i D making discha rge correction for mo s t 

farm usage . 
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Su~ry 

Two sha pes of weir cres t s we re eva lll.!lted with r egard to 

their s uitabi l ity as combination flow measurement and control devices . 

One , similar to the European "Romij. Weir", has many desirab le 

chara c teristics for fa rm measur ement of irriga tion water. The Romijn ­

type weir has a single rating curve over a r ange of cres t eleva tions 

(necessary for a cont rol aevice and will operate under a high degr ee 

of s ubmerge ce witho t deviat ion from the free fl ow rating. 

Calibr~tion curve and subme genc e ·orrections are presented 

-for bo-th weir sha pes e:v3 lusted . 
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