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WEIRS FOR CCOMBINATICN WATER
CONTROL AND MEASUREMENT i

E. Gordon Eruse &

The cost of structures neaded for proper management of water
on irrigated farms can be reduced if a single structure can be
designed to perform mere than cne function. Structures that control
the flow rate of water ard simultirecusly measure discharge are
examples.

At least three types of structure are in use‘ih the United
States at the present time (1953) that perform the two functions
mentioned above. The constant heed orifice farm turnout 3 & and
the Twin Falls headgate bcih use two gates in series, but in a single
structure, tc regulate the flcw rete of water and to provide for
orifice-type measurement. The adiustable Cipoletti weir is used

by the U. S. Bureau of Reclamatior to serve the same purposes. It

consists of a sharp-crested Cipoletti weir ccnstructed in the top

1/ Contribution from Northern Plains Branch, Soil and Water Conservation
Research Division, Agricultural Research Service, USDA, in cooperation
with the Colorade Agricultural Experiment Station, CER63EGK2S.

2/ Research Agricultural Engineer, USDA, Fort Collins, Colorado.

3/ Calibration of the constant head orifice turnout--cne to two scale
model, Hydraulic Laboratcry Report No. 216, U. S. Bureau of
Reclamation, Denver, Colcrado, November 1946,

4/ Kruse, E. Gordon, The Corstant-Head-Qrifice Farm Turnout, ARS 41-93,

Agricultural Research Service, USDA, January 1965.
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of a telescoping gate. Raising or lowering the gate controls the
rate at which water overflows it. Discharge measurements are made
in the same way as for a stationary weir. The adjustable Cipoletti
weir is not suitable for submerged flow conditions.

A third type of structure for combined control and measurement
of water is used in some parts of Asia and Europe. It is known as
the Romijn weir and consists of a suppressed weir, not sharp crested,
on top of a telescoping gate. i/ 2 Varying the elevation of the
gate regulates the discharge. The weir crest extends across the
entire width of channel and is therefore well adaptéd for use in
rectangular channel crcss sections.

The remainder of this report deals with the calibration and
evaluation of the operating characteristics of such a structure
with weirs of two different shapes=-both possibly suitable for use
as combination flow ccntrol and measuring devices. The difference
in the two weirs is in the cross~sectional shape of the crest. One
is very similar to the original Romijn weir; the other has the same

proportions as the "Crump" weir, currently used in the British Isles.

Figure 1 illustrates the shapes and dimensions of the two weirs studied.

l/ Bos, R. J., The Romijn Measuring Weir, International Organization
for Standardization/T. C. 30/S. C. 1/W. G. 2, Netherlands, 1961.

2/ Draft Netherlands Proposal for an ISO Recommendation on the Measurement
of Liquid Flow in Open Channels Using B3road-Crested Weirs, International
Organization for Standardization, T. C. 113/W. G. 2, Netherlands, 1965.
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A WEIR FOR COMBINED GCONTROL AND
MEASUREMENT OF WATER

Figure 1.




LR EN

.

Equipment and Procedure

The first weir studied, the Romijn weir, (Figure 1) has a
rounded leading edge and a horizontal downstream section with an
abrupt drop at the downstream edge., Dimensions ¢f the weir are
24-13/32 inches in overall length and 24-1/8 inches wide. The
second, tc be referred to as the Crump weir, consists of two sloping
plane surfaces. The upstream surface angles forward and downward
at a slope of 2 horizontal to 1 vertical. The rear surface slopes
sharply in the downstream direction at a slope of 5:1. Overall
length of the Crump weir is 24 inches. -

The weirs were studied in a 20-foot-long laboratory test
channel having 2 rominal widcth of 2 feet. Water was circulated
through the channzl ty pumping from a laboratory sump. A cank
and baffle at the upstream end of the channel provided a smooth
water surface at the upstream approach to the weir.

Flow rates were measured by means of a concentric 10%-inch
orifice in the lé4=inch pipeline supplying the test channel. The
orifice was previously calibrated volumetrically. At low flows,
discharges were measured with a sharp-crested 90° V-notch weir.

The weir crests were fixed in position in the test channel
during each series of runs. By adding shims, the elevations could

be changed from one series of runs to the next.
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A point gage, mourted on a movable carriage above the test
channel, was used for measurements of the water surface and weir
crest elevations. A slotted tailgate at the extreme downstream
end of the channel allowed the tailwater elevation downstream of
the weir to be adjusted to any desired level.

Each weir was set at the lowest elevation possible for the
first run. This placed the Romijn weir crest 1.0 foot and the
Crump weir crest 1,28 feet abcve the channel floor. Both free and
submerged flows were then measured for a range of upstream water
surface elevations. Degree cf submergence was controlled by varying
the tailgate. The weir crest was then rzised to a higher position
and the series cf’flow measurements repsated. The highest weir
crest elevations studied were 2,17 feet and 1.55 feet for the
Romijn and Crump weirs, respectively.

Point gage determirations of the water surface elevation
at a distance of 1.0 fcot upstream from the leading edge of the
weir were used to plot calibration curves of head versus discharge.
The water surface elevation at 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 located at various positions

upstream of the weir in order to define the locations at which the

piezometric head readings would accurately reflect direct water surface

elevation readings. The piezometer was connected to a stilling well

where water surface elevation was read with a hook gage.
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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 elevaticn of the weir crest. Figure 2 includes
data for five different weir elevations relative to the channel bottom.
The calibrations for all weir elevations are represented by a single
line.

Reductions ir discharge caused by varying degrees of submergence
are indicated in Figures 3 and 4. 1In Figure 3 submergence is measured
by the ratio of h3/h1 where h3 is the minimum water surface
elevation just downstream of the weir and h1 is the upstream head,
the same value used to determine free flow discharge.

A similar relaticnship between discharge reduction and submergence
is shown in Figure 4 where submergence is characterized by the ratio
h4/h1 . The value h4 represents the average water surface elevation
through the rollers in the first 2 feet downstream of the weir.

Elevation at the recommended location, just downstream of the disturbed
water surface, could not be obtained because of lack of adequate
channel length. The recommended elevation should be closely approximated

by h however.
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Crump Weir

The head-discharge rating curve for free flow over the
Crump-type weir is zhown in Figure 5. Values of head, h1 , were
again measured by point gage corz foot upstream of the leading edge
of the weir. The data points on Figure 5 represent two different
elevations cf the weir crest.

Figures 6 and 7 show the relation of degree of weir submergence

and discharge reduction. Submergence ratios h3/h1 and h4/h1 are

defined in the same way as for the Romijn-type weir.
Discussicn

The relation between head and discharge under free flow
conditions can be represented by a straighct line on log-log graph

papaer for both the Remijr- and Crump-type weirs. For the Romijn

type the formula expressing the relacicnship is Q = 6.40h11°56

1.486
1 :

The single formula is adegquate for all walues of weir elevaticn

Discharge for the Crump-typs weir is expressed by @ = 7.26h

for the Romijn-type weir and for the Crump-type weir when values
of h1 are greater than 0.40 foot. At lower head values some diver-
gence is evident for different weir elevaticns. For accurate discharge
me3surements a sepacate rating curve should be used for each weir
elevation above the chiannel flcor.

In using Figures 2 and 5 or the rating eguations, it should

be remembered that discharge values are for a 2-foot weir width. The

discharge values could be extended to wider weirs of the same shape
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with litcle loss of accuracy, especially at the lcwer head values.
Howevex, for narrower weirs, where sidewall effects might be important,

independent ratings should be obtained

Submergence

Weir submergence cccurs when the water surface elevation down-
stream of the weir is greater than the weir crest elevaction. Submergence
reduces the effective head causing fiow over the weir, and therefore
reduces discharge frcm comparable free flow cenditions., For low values

of submergence this discharge reduction may be so sliéht as to be
negligible  For higher submzrgence, free flow discharge values must
be corrected if accurzre results are to be obtained. When weir submer-
gence is great enough to significantly affect dizcharge, two water
surface elevation readings, one upstrezm and cne downstream of the

weir, are required for accurate deta2rmination of the discharge. Thus

a weir for which the rating follows the frez flow relationship over

e

a large coperatirg range of submergerce is advantagecus in that head

readings need to be taken at orly ore pcsition, that designated

by hl
In Figures 3, &4, 6, and 7, submergerce corrections for both

types of weirs are plotted as Q/Q0 versus h3/hl or h[_’/h1°

Discharge is determined after values of hl and h3 or hq have

been measuxred, as follows: First the cischarge corresponding to

h1 under free flow conditions is determined from the free flow

rating curve. This discharge is Qo . Then the submergence ratio,
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h3/h1 or ha/h1 is computed and the value of Q/Qo corresponding
to this ratio is obtained frem the figures., The true discharge
occurring under submerged conditions, Q , is then egqual to Q/Qo X Qo
The limiting submergence above which discharge corrections
must be made depends on the desired accuracy of the discharge measure-
ment. Assume that for farm usage, discharges must be accurate to
within 5 percent. From Figures 3 and 4, the limiting submergence
h3/hl or hq/h1 for the Romijn weir can be seen %o be 0.7. For
lower submergence the upstream head resading will be sufficient to
determing discharge. Figures 6 and 7 indicate limiting values of
hy/h, of 0.35 and h /b of 0.30 for the Crump weir. Accurate

dizcharge measurements using only h1 are difficult to obtain with
this weir unless submergence is low.
In many irrigation systems low head lcsses in all structures

and conveyance channels are desirable sc that a maximum amount of

land can be served from a given source of water. Operating all

. measuring weirsz and flumes submerged may preserve head in the system,

For examplz, with a head, hl of 1.0 foot on the Romijn weir and
0.7 submergencs (h&/hl) only 0.3 foot of head loss occurs through

the structure.

Piezometer Lccation

In the original version of the Romijn weir a stilling well
is often connected hydraulically to the channel just upstream of

the weir. The upstream head, hl , on the weir can be determined
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from the water surface in the well. If the scale used in the well
is fastened rigidly to the movable weir crest and the zero point
elevation cf the scale coincides with the crest elevation of the
weir, the upstream head can be read directly, or the scale can be
calibrated in terms of discharge rate.

During several of the experimental runs a piezometer opening
was lccated in the wall of the channel upstream of the weir and
connected to a stilling well by a length of tubing. The location
of the opening was varied to define the range oflio:ations where the
head indicated in the stilling well correspcnded to the water surface
elevarions used tc calibrate the weir. A piezometer opening located

0.50 foot above the floor of the channel and 2.0 feet upstream from

the leading edge of the weir appears satisfactory.

Comparison with Other Data

The results of weir calibrations by Bazin are reported by
King,él Values are given for C 1in the formula Q = CLH1°5 . For
level broadcrested weirs with the upstream corner rounded to a radius
of 0.33 ft., a weir breadth of 2.62 feet and height of 2.46 feet,
Bazin found C wvalues ranging from 2.93 to 3.01 feet for heads
varying from 0.4 tc 1.0 foot. For weirs having a breadth of 6.56

feet, C values were lowered from 4 percent to 8 percent at comparable

heads.

5/ King, H. W., Handbock of Hydraulics, Third Edition, McGraw
Hill, New York, 1939,
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King alsc provides C wvalues for triangular weirs having
equal upstream and downstream slopes of 2 horizontal to 1 vertical.
For heads from 0.2 to 1.0 fcot, C values vary over & range from
3.81 to 3.88.

‘The values given by King are comparable on a unit width

basis tc those cbtairned in the present study.

Conclusions
Weirs of the type studied, mounted on telescoping gates,
should be suitzable for ccmbined measurement and control of irrigation
water in many instances. Measurement accuracy is acceptable and
submergence effects are small using the Romijn-type weir crest. A
lined, rectangular channel section is neceszary at the weir location.
When the flows carry large amounts of suspended sediments, a structure
of this type may not be feasible because of deposition of sclids
in the low flow welccity arez just upstream of the gate.
The Romijn-type weir seems tc be superiocr to the Crump weir
' for water measurement, The two main advantages are a constant
|‘1:aat:ing for different crest elevations and tcleration of a high
degree of submergence without deviaticn from the free flow rating.
Submergerce of the weir should be measured as the ratio
of h4 to h1 . A mean line thrcugh the points in Figure 4 should
provide suitable accuracy in making discharge correction for most

farm usage.
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Summary

Two shapes of weir crests were evalﬁat;d witﬁ regérd té
their suitability as combination flow measurement and control devices.
One, similar to the European "Romijn Weir", has many desirable
characteristics for farm measurement of irrigation wéter. Tﬁe Romi jn-
type éeir has 2 single rating curve over a range of crest elevations
(necessary for a control device) and will operate under a high degree
of submergence without deviation from the free flow rating.

Calibration curve ard submergence corrections are presented

for both weir shapes evaluated.
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