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The Constant-Head-Orifice Farm Turnout 1 

E. Gordon Kruse 
Agricultural Research Service 

United States Department of Agriculture 

.ABSTRACT 

The constant-head-orifice tur:iout, a structure used for the control and measurement of 
irrigation water, was calibrated and evaluated in the laboratory. The effects on discharge 
of sediment, high canal velocities, varying downstream water levels and plugg ing of the 
orifice gate by debris were studied. 

The structure provided reasonably accurate measurement of discharge under most 
operat ing conditions. However, when the gate opening was obstructed with debris or when 
the tail water level was increased, d ischarges were much less than indicated by the cali
bration curve. For large di scharges, the staff gages furnished erratic indications of the 
differential head on the orifice gate. 

INTRODUCTION - . 
u 

The constant-head-orifice farm turnout (CHO) is a structure designed to perform the 
dual functions of measuring and controlling irrigation water. It is normally used to divert 
water from canals to smaller farm laterals. The CHO was developed by the U.S. Bureau of 
Reclamati?n (USBR); variations of the device are in use on many USBR projects. 

This paper reports a study of the operating characteristics of constant-head-orifice 
farm turnouts . in use on the Riverton, Wyoming, irrigation project. Des ign drawings for 
the turnouts in use on this project 2 indicate geometries slightly different than for the turn
outs calibrated in the USBR laboratories.' However, the same discharge rating is currently 
being used for both sets of structures . 

Some water users on the Riverton project were doubtful of the water measurement 
accuracy of the Riverton turnouts. This study was undertaken to determine if measurement 
inaccurac ies exist, and if so, if they are caused by use of the incorrect discharge table for 

lContribution from Northern Plains Branch, Soll and Water Conservation Research Division, Agricultural Research Service, U.S,De
partment of Agrirulture, in cooperation with the Colorado Agr icultural Experiment Station, Fort Collins, Colo, This research project was 
supported in part with funds made available from Region IV, U.S . Bureau of Reclamation, Billings, Mont, 

iu:.S, Bureau of Reclamation, Design drawing for Wyoming canal lateral system--farm rurnout--18-inch constant-head-orifice, 
Riverton Project Plan No, 12P-339, 36-D-1642, 1950 (revised), 

s U.S. Bureau of Reclamation, Calibration of the constant-head-orifice rurnout, Engin. and Geol, Control and Res. Div. Lab, Rpt. 216. 
Denver, Colo, 1946, 
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the structure o r by ad ver s e operat ing cond itions in the field. Full scale models of the 
Riverton constant-head-or ifice farm turnouts were calibrated and the calibrations com

.Pared with the d i scharge tables furnished by the USBR.' Deviations from the calibration 
were then determinetj_. for various adverse operat ing conditions such as sediment or trash 
in the structure, varying tail water depths, and varying velocities in the supply canal. 

Modular steel pane l s have been recently marketed by commercial firms for use in 
irrigation structures . A constant-head-orifice turnout constructed of such panels would be 
lower in cost than a reinforced concrete turnout. The steel structure could also be dis
mantled and moved from one place to another on a farm as irrigation development changes . 

~esign and calibrat ion information for such a steel constant-head-or ifice turnout is in
cluded toward the end of this report. 

EQUIPMENT AND PROCEDURE 

A CHO field installation is shown in figure 1. The orifice gate, located at the upstream 
end of the turnout, is used for flow measurement and control. Calibration curves for these 
turnouts are drawn in terms of discharge as a function of height of orifice-gate opening for 
a constant differential head of 0.20 foot across the orifice gate. The turnout gate, located at 
the downstream end i s used to establish and maintain the constant differential head (~h) on 
the orifice gate . The water surface upstream from the orifice gate is assumed to ' remain 
at a co~stant level during operation. 

I 

; , 

,. 

The Riverton CHO, with a 24-inch-wide 
orifice gate, was evaluated in both indoor and 
outdoor test channels. For the indoor tests, the 
structure was constructed to full scale and 
placed in a 4-foot-wide flume. The approach 
flow was in line with the center line of the CHO. 
An orifice that had been recently calibrated by 
means of a volumetric tank was mounted on the 
p ipeline supplying water to the flume, thus 
allowing accurate measurement of discharge 
through the structure. 

• Figure 1.--Field installation of constant-head-orifice farm 
turnout. The orifice gate is in the center of the photograph 
and the turnout gate at the upper left. Flow is from right to 
left. . 

Four geometries of the CHO were cali
brated in the indoor tests. The first (figures 2 
and 3} had the CHO floor level with the floor of 
the approach channel. The sec ond was similar 
to the first except for the presence of a 5-inch
thick wall behind the orifice gate. The dimen
s i ons of this wall are indicated by dashed lines 
in the plan view in figure 2. The third, 

. featuring a steeply sloping approach to the 
CHO, is shown in figures 4 and 5. The fou rth , featuring an approach with an abrupt dropoff, 

► was formed by removing the steeply slop~ng approach to the CHO. It is indicated by the 
dashed line in figure 4. 

As a part of the indoor tests, the effec ts of adverse operating conditions on water meas
urement errors were determined . Sediment deposits were placed in the structure to deter
m ine the effects on the discharge coefficient. Also, weeds were placed in the orifice-gate 
opening to determine the magnitude of reduct ion of discharge that might be caused by this 

► type of debris . 

,. 

The test structures were equipped with staff gages and with piezometers connected to 
stilling wells to measure the d ifferential head on the orifice gate. The staff gages were 
located as indicated in figures 2 and 4. Piezometers were placed on the wall opposite the 
staff gages, 12 inches above the bottom of the gate opening. 

'See footnote 3. 
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Figure 2.--Line drawings of Riverton constant-head-orifice rurnout with horizontal approach. 
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Figure 3.--Riverton constant-head-ori:ice turnout with horizontal approach in indoor 
test channel. 

The outdoor studies of the CHO were conducted at the Bellvue test facility near Fort 
Collins , Colo. where water could be diverted from the Cache La Poudre River to provide 
high flow rates. A trapezoidal canal section was simulated with the CHO at right angles to 

> it. The geometry of a field installation was thus duplicated exactly at the CHO entrance. 

► 

.. 

The amount of flow bypassing the CHO ent::-ance was regulated by a tailgate at the end of the 
canal section. The same CHO was installed in the outdoor laboratory as was used in the 
indoor tests, but with only the horizontal and s t eeply sloping approaches (figs. 6 and 7). Dis
charge through the CHO was measured with an 8-inch trapezoidal measuring flume placed 
downstream from the structure. Staff gages and piezometers were placed in exactly the 
same locations as for the indoor studies. 

Inadditiontotheeffectsondischargeof placing the orifice gate at right angles to flow in 
the canal, the effects of the following two special operating conditions were evaluated in the 
outdoor studies: (l)thevariationofdischargecoefficientwith velocity in the canal, and (2) the 
variation in discharge with tail water leve . 
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Figure 5.--Riverton constant-head-orifice turnout with steeply 
sloping approach in indoor test channel. . 

l [. . - ~-

~J .. 
Figure 6.--Riverton constant-head-orifice turnout with hori

zontal approach in outdoor test channel. 

Figure 7.--Riverton constant-head-orifice turnout with steeply 
sloping approach in outdoor test channel. 
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RESULTS 

Calibration Curves 
The discharge of the constant head orifices of 24-inch width was determined for the full 

range of orific e gate opening- -0 to 1.0 foot. Dimensions of the gate openings were measured 
accurately and different ial heads w ere adjusted to approximately 0.20 foot. Obser ved dis-
charges were corrected by the ratio V0.20 ft./ ~h b d to determine the discha r ge at a 
differential head equal to exactly 0.20 foot. -o serve 

Horizontal Approach 
The calibration curve for the Riverton CHO with a horizontal approach is shown in 

figure 8. Solid data point s represent the indoor tests; open data points represent the out
door tests. The dashed line is the standard calibration curve for CHO' s used by the USBR. 
Data points taken indoors fall within plus or minus 4 percent of the standard curve. The 
indoor data were recorded with the upstream water level in the range specified on the design 
drawings for the structure (that is, 1.8 to 2. 1 feet above the seat of the orifice gate ). A mean 
line drawn through the outdoor data shows a maximum of 6-percent devi ation from the 
standard calibrat ion. Wat er depths in the canal for outdoor tests on the horizontal approach 
condition ranged from 1.46 to 1.67 feet. 

Headwall Modification 
The CHO with a hor i zontal approach was varied slightly for a few supplemental tests to 

conform with structures rated by the USBR. The variation consisted of placing a 5- inch
thick headwall immediately downstream from the orifice gate. The results of the m odifica
tion, presented in figure 9, show :hat the calibration curve is very similar to that obtained 
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Figure 8.--Calibration curve for constant-head-orifice turn
out with horizontal approach. 
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Figure 9.--Calibration cufve for constant-head-orifice turnout 
with 5-inch headwall behind orifice gate- -horizontal ap
proach, indoor tests. 



1 the fir st series of tests. Maximum deviation between these data and the USBR discharge 
ible was 5 percent and occurred at the largest discharges. 

,,. 
/ 

teep Approach /1/ 

The constant-head-orifice turnout was further altered to provide a steep approach to 
:ie orifice gate, corresponding to the steepest approach shown in the Riverton design draw
ngs. Data for this condition again indicate close agreement with the USBR standard dis
½arge table up to discharges of about 4 c.£.s. (fig. 10). The two curves then begin to diverge 
nd finally, at the highest discharge for which the structure is intended, 5 c.£.s., a 7-percent 
eviation occurred for the indoor tests. Extreme scatter in the experimental data appeared 
t large orifice-gate openings for the outdoor tests. 

The structures rated by the USBR did not include any with the steeply sloping approach 
ection. The presence of the steep approach increases the velocity of approach to the orifice • 
. higher approach velocity tends to increase the effective head on the orifice gate and may 
ccount for the data from the current tests showing higher discharges than USBR calibra
ion curves. For orifice-gate openings less than 0.9 foot, the measured discharges were 
,ithin plus or minus 5 percent of the USBR standard discharge table. 

Rather poor flow conditions occurred throughout the structure with the steep approach. 
"he jet passing through the orifice gate struck the downstream wall of the basin between 
ne orifice and turnout gates and was deflected upward, causing boils in the two downstream 
:orners. As a result, a very choppy water surface existed throughout this basin (fig. 11). 
1/ater surface fluctuations on the downstream staff gage were as great as 0.1 foot, making 
t difficult to obtain accurate readings. A stilling device was developed which could be 
,laced in front of the staff gage to provide for a more stable water surface. The stilling 
levice, a basin, is shown in use in figure 12. The dimensions and position of this stilling 
,asin, as well as those of an anti-vortex baffle to facilitate reading the upstream staff 
:age, are shown in figure 13; The stilling 9asin can be easily constructed. It can be placed 

6,-----,-----,----~----.-----.-~ 

oo 4t-----+----'----+--7'<'.'.V-----+-~ ..: 
0 

ci 
. 3t----+---.,.----7'11~--+----l-~ 
~ 
a: 
◄ :r 
0 
V, 

0 2r----+----,---------'----'-~ 
o OUTDOOR TEST 

e INOOOR TEST 

Q2 04 0 .6 QB 1.0 

ORIFICE-GATE OPENING, FEET 

Figure 10.--Calibration curves for constant-head-orifice turn
out with steeply sloping approach. 

in existing constant head orifices or carried 
by the ditch rider from one structure to the 
next when measurements are being taken. 

Poor flow conditions also existed on the 
upstream side of the orifice gate for the 
structure with steep approach flow. Large 
vortices occurred on both sides of the channel 
immediately upstream from the gate, one of 
them in front of the upstream staff gage. This 
vortex caused a reduction in the water level 
at the upstream gage, giving a small error in 
gage reading. No alteration of the structure 
was found that would provide consistently ac
curate readings at this gage. To assure ac
curate head readings at this location, a pie
zometer and stilling well should be provided. 

Abrupt Approach 

When the sloping upstream approach was 
removed, an abrupt dropoff was formed up
stream from the orifice gate. This dropoff oc
curred 36.75 inches upstream from the gate 
and had a height of 9.5 inches. CH0 1 s with a 
similar abrupt drop are currently in use in 
some USBR projects in Nebraska. Since this 
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Figure 11.--Water surface disturbance in basin between ori
fice and turnout gates. 

MINIMUM 

/WATER LEVEL 

BAFFLE 
PREVENTION AT UP-

Figure 12.--Stilling basin device for improving ease and accu
racy of reading downstream staff gage. 

GATE 

- ,..-;L--STILLING BASIN FOR {I -9 .. I oowNSTREAM STAFF GAGE 

3-1" DIAMETER HOLES 

NOTE: BOTH STILLING BASIN AND 
ANTI-VORTEX BAFFLE EXTEND 

COMPLETELY ACROSS CHANNEL 

AND FIT Tl GHTL Y AGAIN ST 

SIDE WALLS 

Figure 13.--Devices to reduce water level flucruations at staff gages. 

modification of the structure was readily made, a small number of data points were taken 
in hope that they might be u seful in evaluation of the structure. Data for this condition, 
shown in figure 14, correspond very closely to the USBR standard di l charge table, even at 
high discharges. / 
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Figure 14,--Calibration curve for constant-head-orifice turnout with abrupt drop upstream from orifice 
gate, ·ndoor tests. 

Discharge Coefficients 

1.0. 

The geometry of the flow pattern in the CHO would be expected to affect the d ischarge 
coefficient, ~Q- A dimens ionless variable descr ibing the geometry is ~~where ~ is the 
depth of water upstream from the orifice gate, and~ represents the height of the orifice 
~ate opening. The variation of discharge coefficient with the ratio~~ is shown in figures 
15 to 18. Figures 15 and 16 present data for the CHO w ith horizontal approach and figures 
17 and 18 present data for the steep approach. In all cases, the discharge coefficient re
mains approximately constant at 0.65 for large values of~~- As ~/~ decreases below 4.0 
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igure 17.--Variation of discharge coefficient with flow pattern 
geometry for constant-head-orifice turnout with steeply 

sloping approach, indoor tests, 

Figure 18,--Variation of discharge coefficient with flow pattern 
geometry for constant-head-orifice turnout with steeply 
sloping approach, outdoor tests. 

he discharge coefficient increases rapidly. The specified minimum upstream water depths 
.n the Riverton design drawings are such that We values will always be large enough so that 
;:;_g will remain nearly constant. 

Weeds 

In field operation,Pf the constant-head-orifice turnout, sediment-laden water may . 
tmake it difficult for the ditch rider to determine that the orifice gate is unobstructed and 

omplet ely open to £lbw. A very likely source of gate-plugging is weeds that have become 
waterlogged and have lodged in the gate opening. Once a few weeds have become lodged, 
smaller trash particles can be filtered out of the flow and the gate can ultimately become 

ompletely plugged. In order to determine the possible reduction in flow from such an oc
currence, several tests were made wherein weeds were stuffed into the gate opening. These 
tests were conducted indoors with the steep approach to the orifice gate. The discharge was 
adjusted to give the standard differential head, and the percentage reduction in discharge 
from that with an unplugged gate opening was determined. The amount of plugging of the 
gate caru1ot be quantitatively described, but a rough description of the test conditions and 
results is g iven in table 1 and shown by photo graphs in figure 19. 

Four tests indicated that a plugged gate opening could easily cause reductions of 40 per
cent or more in d i scharge below that for the same unobstructed gate opening. It is essential 
that the gate opening be kept free of weeds and debris if the structure is to measure and 
regulate flow accurately. 

12 



Table 1,--Effect of orifice-gat e plugging on discharge 

Orifice gate 
ope.ning 

0,259 

- • 259-

Description of test conditions 

Three Kochia weeds placed loosely 
in orifice-gate opening. 

Two Kochia weeds placed tightly in 
orifice-gate opening • 

• 80 

-·-": - -· - --=--- ,: 
. _ Three Kochia weeds placed tightly 

__ -= . _Iii orifice-gate opening. 
- - .... 

.80 Three Kochia weeds placed very 
tightly in orifice-gat e opening. 

- -- ·- -

- 1 ': 

-:·.; ::- -=- - - -

----- -----. • 

Reduction 
in discharge 

Percent 

12.3 

30.6 

46.0 

4" 
___ Figure 19,--Test conditions for study of flow reduction due to weeds plugging orifice gate. 
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Differential Head Readings 
Fluctuations of the water surface at the staff gages can result in errors of several 

hundredths of a foot in the head readings. The magnitude of error likely to occur for dif
ferent discharge conditions was determined by comparing staff readings with the differen
tial head readings from piezometers connected to stilling wells for the indoor tests. Dif
ferent observers read the differential head for five runs, with discharges varying from 
2 to 5 cubic feet per second. The maximum variation in readings was 0.018 foot in 0.203 
foot, a difference of 8 . 9 percent. An error in differential head of this magnitude would cause 
an error in the discharge measurement of 4.5 percent. The average error for 15 readings 
was 5. 7 percent. This corresponds to an average er ror in discharge of less than .3 percent . 

In the outdoor tests it was noted that staff gage readings at higher discharges were 
definitely in error. Figures 22 and 23 show .the relationship between differential head read 
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. -- - with. horizontal approach. - ·----,- - ·-
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Figure 23,--Comparison of Ah as measured by staff gages and piezometers with stilling wells, for constant-head-orifice turnout 
- with steeply sloping approach. 

from the staff gages with that indicated by the piezometers, for both the horizontal and 
steep approach to the CHO. The dashed lines indicate variations in reading that could exist 
and still give less than 5-percent error in the indicated discharge . Staff gage readings are 
quite accurate for orifice-gate openings of less than one_-half foot. For some of the larger 
orifice-gate openings the staff gages showed negative values of differential head when the 
piezometer indicated the standard 0.20. foot. It is apparent that extreme care should be taken 
_in reading the staff gages for wider gat e openings and that some sort of stilling device 
should be provided for the water surface a t these g~ges; otherwise, piezometers and stilling 
wells should be provided for the structure. The differential head measured with the staff 
gages varied most from the true value when the upstream water surface was below the level 
specified on the design drawings. However, even when the depth of flow was that specified, 
the staff gage readings often indicated discha_r ges more than 5 percent in error. 
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Canal Velocities 

The ar rangement of the outdoor test channel allowed the velocity of flow in the canal 
past the CHO entrance (canal velocity) to be varied by adjusting the tail gate. For the CHO 
with the horizontal approach , as the tail gate was opened, canal depth decreased while c anal 
velocity increased. Because depths in the canals for this CHO were already lower than 
specified on the design drawings, the effects of velocity variat ion were inseparable from 
the effects of low upstream water l evels, However, for the CHO with t h e steep approach, 
the depth of water in the c anal could be k ept constant as velocity was varied. Figure 24 
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Figure 24,--Effect of canal velocity on discharge coefficient for constant-head-orifice turnout with steeply 
sloping approach, outdoor tests, 
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shows the variation of discharge coefficient with canal velocity, U, for the steep approach 
!Condition. Each curve in figure 24 represents a constant value oCgate opening, a, as well 
,es water depth, ~- For small gate openings, ~g increases with increasing canaCvelocity. At 
larger gate openings,_.-the discharge coefficient decreases with increasing canal velocity. An 
increase in canal vefocity tends to strengthen the eddy formed in the approach section of 
tpe CHO (fig. 25). This eddy may reduce the effective area of the orifice opening and thus 
account for the computed reduction in the discharge coefficient at the large gate openings. 
T he discharge coefficients deviate as much as 12 percent about the mean values at the 
larger gate openings . This deviation is the cause of the scatter of points about the calibra-

• 

ion curve in figure 1 O. Users of the CHO should be aware of the inaccuracy of the CHO for 
large orifice-gate openings. 

Figure 25.--Eddy formation, at high discharges, in the approach to the oonstant
head-orifice turnout. 

Tail Water Variations 

> One of the purposes of the outdoor studies was to determine the effect of variations in 
tail water depth on the d i scharge through the CHO after the gate openings and 6~ had been 
adjusted. In each test, canal depth and canal velocity were set. The orifice gate was opened 
to the desired height and the turnout gate was adjusted to produce the 0.20-foot differential 
head on the orifice gate. Discharge through -the structure at this setting was measured. 
Then another gate immediately downstream of the turnout gate was lowered to increase tail 
water depth on the CHO. After the flow had stabilized, the discharge was again read without 

i> the position of either the orifice or the turnout gate being changed. This procedure was 
repeateci to give data for two or three increments of change in tail water depth. 

Di scharge was reduced up to 40 percent from the initial flow conditions by increased 
tail water levels, (fig. 26). The discharge reduction was a result of the decreased differ
ential head on the orifice gate c aused by :he increased tail water level. As the depth of tail ' 
water was inc reased, the canal depth upstr eam from the CHO was also inc reased to a small 

► extent, thus produci_ng a smaller change in the 6~ across the orifice gate than would occur 

> 

in the field. Changes in the discharge due to ta il water variations would therefore be expected 
to reach even greater magnitude under field conditions, where canal depths would remain 
more nearly constant. 
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Figure 26.--Reductlon in discharge resulting from Increasing tail water depth after gate openings have ~nset 
for a~!! equal to 0.20 foot--steeply sloping approach, outdoor tests. 

In a field installation, if tl-_e CHO is set at approximately the same grade as the lateral 
ditch being filled, the CHO may not be submerged when the gates ar~ first opened. However, 
when the lateral becomes full, submergence of the CHO will result 'and the tail water depth 
will increa,se. Therefore, the per son establishing the discharge in the CHO may need to make 
adjustments in the set ting until flow conditions in the lateral ditch become stable . 
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Operation Under Other Differential Heads 

One of the factors contributing to inaccuracy of measureme nt by the CHO is the small 
l ifferential head under which it operates. Errors of the order of 0.01 foot in reading the staff 
:ages can cause signi;_icant errors in the calculated discharge. For instance, errors of0.01 foot 
m each staff gage can cause a cumulative error of 0.02 foot or 10 percent in .1h_. This is 
.qui valent t o a 5-percent error in discharge. If the device could be· operated under larger 

111.~ad differentials, this type of error would be reduced. 

The use of a constant .1h_ larger than 0.20 foot would have disadvantages, also. For a 
~ rger t._!:, the velocity of flow through the o::-ifice gate would be greater than for the .1!: now 
:ised. Larger flow disturbances would occur in the basin between the two gates than those 
hat exist under present operating conditions. 

Also, it is desirable to keep head losses as low as possible in all parts of an irrigation 
ater distribution system so that the maximum amount of land can be served by the system. 

A CONSTANT-HEAD-ORIFICE FARM TURNOUT 
CONSTRUCTED OF STEEL PANELS 

The U.S. Steel Corporat ions currently manufactures a variety of modular, galyanized 
heet steel sections that can be bolted together to form small control structures for irriga
ion water. The sections include gates and gate frames to be placed in the structure s. A 
·tudy was undertaken to determine whether or not these gate frames might be suitable for 
i,;,e in measuring irrigation water as well as in controlling it. A constant-head-orifice turn
mt was constructed from the steel sections and rated in the outdoor test channel. Two 24-
.nch x 24-inch gates were used for orifice and turnout gates in the structure. The orifice 
ate was set back 42 inches from the junction of the canal bed and side wall. The turnout 

~ate was placed another 36 inches downstream from the orifice gate. Three configurations 
ere tested : (1) with the floor of the CHO flush with the canal bed; (2) with the floor 6 inches 

Je low the carial bed; and (3) with the floor 1.2 inches below the canal bed. A CHO constructed 
rom the steel panels is shown in figure 27. 

-·· 

.. - :~ -J 

,,:, 'I 

·.,.;A 
!Figure 27.--Constant-head-orifice farm turnout constructed 

from steel panels. 

Gate frames for these structures are con
structed so that the gate may be placed on 
either side of the frame. The gates have a 
flange or lip on one side of the lower edge and 
have spring clips on the other side to keep the 
gate from slipping in the frame. The results of 
these studies are all for the case of the gate in 
the standard position- -with the lower lip facing 
upstream and the spring clips on the down
stream side of the gate frame. Differential 
head data were taken at both the right and left 
walls (looking downstream into the CHO) of the 
turnout structure. The data contained. in this 
evaluation of the steel-panel CHO correspond 
to readings of differential head taken at the 
left wall. 

The calibration curves obtained for each of 
the three geometries of the CHO were nearly 
identical and are shown in figure 28. The solid 

5 Trade names are used in this publication solely for the purpose of providing specific information. Mention of a trade name does not 
constitute a guarantee or warranty of the product by the U.S. Department of Agriculture or an endorsement by the Deparonent over other 
products not mentioned. 
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section of the rating curve, included between values for ~ of 0 and 0.6 foot, represents nearly 
constant values of the discharge coefficient. For values of a larger than 0 . 6 foot, the dis

::: charge coefficient increased. The heavy dashed line in figure 28 represents the calibration 
s eu:rve for the ·cHO for orifice- gate openings greater than o ·.6 foot, assuming that the dis

charge coefficient will rema in constant. (The conditions for constant discharge coefficient 
are -discussed in the following paragraph.) The individual data points in figure 28 plot above 
the·-dashed line, indicating that discharge coeffic i ents are higher for the larger gate open
ings. The ·calibrat ion for~/ ~ values of 2.0 is indicated by the upper line (short dashes) . 

::. :: The effect of flow p a ttern geo-metry on discharge coefficient is shown in figure 29, 
where discharge coefficient is plotted as a function of the ratio d/ a; where d is the flow 

·depth of water immediatel y upstream from the gate and ~ is the -height of the orifi ce- gate 
opening. ·For values of~/ ~ greater than 2.5,- the discharge coefficient is nearly constant al
though there is some sc a tter about the mean value; As the~~ ratio drops below 3.0, values 
of the discharge coeffici e nt increase. This curve can be used in conjunc~ion with the discharge 
equation, g = gd~ V2g A~ to estimate discharge when~/ ~ is less than 2.5. - ' - - - - - : ~ -- - . 

Because of the turbulent flow conditions, it was often difficult to take accurate readings 
of the different i al head by using the staff gages. In figure 30, the values of 6h obtained by 
staff gage readings and by piezometers in the steel-panel CHO are compared. The value of 
· Ah by the staff gages te:::i.ds to be lower than that read by means of the piezomete r s, espe
•cially for the larger or ifice-gate openings. The dashed line in figure 30 represents the point 
at which the staff gage reading would give errors of 10 percent. An error of 10 percent in 
A,h corresponds to a 5-percent error in the measured discharge. It can be seen that errors 
of this magnitude were made for some runs at all gate openings. It would therefore appear 
that if accurate measurements are to be obtained from the steel panel CHO, either the Ah 
should be determined from the piezometers or some kind ·of effective stilling de vice should 
be installed around the staff gages. 

-- --- -- . - --- -. / 
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Figure 29.--Variation of discharge coefficient with flow pattern geometry for constant-head-orifice rurnout constructed with steel 
panels. 

Before the results of this study are applied to any particular structure, the orifice-
te opening should be measured exactly and the area of the opening as a function of the 
~ning height should be determined. Then the discharge coeffic ients obta_ined from this 

-.idy can be applied to determine the discharge. Discharges through gates of other sizes 

10 

n also be estimated by using the discharge coefficients from this study (U.S. Steel Corp. 
~nishes these gates in 12-, 18-, 24-, 30-, and 36-inch widths). It has been shown in other 

dies of the constant-head-orifice turnout that discharge coefficients obtained from large 
:ale models apply also to prototype structures that are geometrically similar . 

Suggestions.- -The optimum elevation of the orifice-gate frame relative to the eleva-
:m of the canal bed is determined by the normal depth of flow in the canal. For canal depths 
>preaching 2 feet, the floor of the turnout structure can be placed level with the canal bed. 

e values of ~E. will still be greater than 2.5 for all except the largest gate openings. The 

,, 
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discharge coefficient increases rapidly as values for W~ go below 2.5. Limitations of the 
experi1mental equipment did not allow determination of Qd values for small _g/~ values. It is 
recommended that the CHO not be used for flow measurement for We values less than 2.0. 
For canal depths of about 1.5 feet, the floor of the CHO should be dropped 6 inches below 
the level of the canal bed. For lower water levels, a drop of 12 inches into the turnout 
structure is advisable. 

Staff gages· within the structure provide rather poor indications of the true differential 
head on the orifice gate. If at all possible, head readings should be made in stilling wells. 
Piezometers, about 1/ 4 inch in diameter, should be placed flush with the inside wall of the 
turnout ·and connected to the stilling wells with tubing. The piezometers should be located 
8 inches upstream and downst::-eam of the gate frame and about 1.2 feet above the floor of 
the turnout but below the lowest anticipated water surface, For existing structures, small 
stilling devices that fit around the staff gages will •improve the accuracy of measurement . 

/ ,, 
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CONCLUSIONS 

The calibration of the constant- head-orifice turnouts studied, constructed with several 
different geometries yi:nd operated under several flow conditions, did not vary greatly from 
the calibration of similar structures reported by the USBR, Under most conditions these 
~onstant-head-orifice turnouts will provi de accurate measurement and regulation of irriga
tion water discharges, 

A CHO constructed of steel modular panels also served as a suitable water measure
'm ent device. The accuracy of measurement wa s not as good as with the USBR gates, Also, 
the steel structures now available cannot be adapted to as wide a range of canal depths as 
the USBR structures, 
.. 

Weeds or other obstructions in the orifice gate opening caused reductions in discharge 
of 40 percent or more, 

Sediment diverted into the turnout was not deposited near the orifice gate, Therefore, 
sediment deposits had no s ignificant effect on the calibration of the orifice, 

._ High velocities of flow in the c anal past the entrance to the turnout did not cause con
sistent effects on the ~alibration for the smaller gate openings . For large orifice-gate 
openings , increasing canal velocity caused a decrease in the discharge coefficient. 

An increase in tail water elevation, after the openings of the gates and the differential 
head had been set, caused a significant decrease in the discharge. Therefore, when the con
stant-head-orifice turnout is operated, all gate adjustments should be checked after the up
ltream and downstream water levels have become stable. 

The coefficient of discharge was nearly constant when the ratio of the water depth im
mediately upstream from the orifice gate (E to the height of the gate opening (_~) was greater 
than 4,0. For smaller ratios the discharge coefficient increased rapidly. The turnout 
.;;tructures should therefore be installed so that the water depth will be adequate to pro-
vide a nearly constant discharge coe fficient. 
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