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Subject: Flow characteristics and limitations of .vertical screw lift 
metergates 

PURPOSE 

To determine the flow characteristics and establish operation and 
installation limitations and capacity curves for various sizes of screw 
lift vertical metergates (Figure 1). 

CONCLUSIONS 

1. The present commercial m:etergate design, with the downstream 
. pressure tap located a constant distance of 12 inches from the pipe 
entrance, is not an optimum design for best fl.ow measurement 

_ accuracy. 

2. The practice of locating the downstream pressure tap 12 inches 
from the pipe entrance makes each gate sjze and setting a separate 
problem requiring strict operational limitations or individual calibra­
tion. 

3. The influence of several factors on indicated capacity vary widely 
with gate size when the 12-inch pressure tap distance is used. The 
influence of these factors decreases rapidly as the gate closes from 
the wide-open position and becomes negligible at about 50 percent 
opening in all cases. . 

4. Appropriate and accurate location of pressure taps and accurate 
zeroing of gages and gate opening indicators are important factors 
influencing the fl.ow-measuring accuracy of I¥etergates. · 
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5. The pressure distribution iri the pipe near the entrance of a 
metergate determines the d~erential head for the gate, . and' any 
change in entrance condition that influences the pressure distri­
bution influences the measured differential head. Although the 
changes in pressure distribution may not affect the flow quantity 
to any degree Jar a given headwater· and tail water condition, the 
change in the measured differential head would be reflected in the 
discharge coefficient. In many. cases, a rating curve ma.de from 
calibrations on one inlet design cannot be used for another design 
without error being introduced, particularly if the gate is to be· 
operated at openings greater ttian about 75 percent. ·This is 
especially true for small submergences {less than ld) of the­
engrance .1/ The inlet design should be standardized and the 
various sizes made geometrically similar for best results. 

6. The pressure- distribution within the pipe of a metergate, and 
thus the discharge coefficient curve, is influenced to various 
degrees by the following: 

a. Gate design 

b. Approach design, including position of walls and floor 
relative to entrance 

c. Relative submergence of entrance 

d. The velocity of the flow 

The shape of the gate {circular or flat bottom leaf) is a factor of 
gate design that affects the capacity. This factor has little if any 
influence at wide-open gate. 

When the gate entrance is confined by the walls and floor of an . 
approach, the degree of confinement influences the entrance con­
traction and thus the discharge coefficient and indicated capacity. 
The influence is evident at larger gate openings and decreases as 
the gate .opening decreases, becoming negligible at about 50 per­
cent gate opening {compare curves for 24-inch gate, Figures 20 
and 21). 

The nearness of the approach channel walls to the edges of the 
pipe inlet has minor influence on pressure distribution for wall 
distances of d/4 and greater when the upstream submergence is 
greater than about 1.0d. 

yHydraulic Laboratory Report Hyd-422, "Flow Characteristics in 
a Pipeline Downstream from a Square Cornered Entrance. " 

2 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



The position of the approach floor with respect to the invert of the 
entrance affects the pressure distribution within the downstream 
pipe and thus changes the magnitude of the discharge coefficient 
The effects of these confining ~actors are significant only at large 
gate openings. 

The pressure distribution within the pipe near the entrance of _a 
metergate is· irµluenced greatly at upstream submergences less 
than 1. Od (relative to top of entrance). When the upstream water 
surface is less than one pipe diameter above the crown of the pipe 
entrance and the gate is at large openings, the discharge coefficient 
varies with the amount of submergence (Figures 6 and 7). 

The pressure distrioution varies slightly with velocity (viscosity or 
Reynolds number). When flow velocities are low (low Reynolds · 
number), the discharge coefficient varies slightly from the constant 
value obtained with ample submergence at higher velocities, Fig­
ures 6 and 7. Viscous effects will be relatively small for most 
installations. 

7. A metergate must have sufficient submergence of the pipe exit; 
or sufficient back pressure, to give a measurable water surface in 
the downstream.measuring well. This required submergence, or 
back pressure, varies with differential head, gate size, gate opening, 
longitudinal location of the downstream pressure tap, and the height 
of the measuring well bottom above the crown of the pipe. 

An outlet submergence of 1 foot above the crown of the pipe relative 
to the downstream tap location is sufficient for all gate sizes and - · · 
openings at differential heads, ~H, up to and including 18 inches, 
provided the bottom of the downstream measuring well is less than 
6 inches above the crown of the pipe. If a depth of water is needed 
in the well to permit recording of the water surface by a gage, the 
bottom of the. well should be set lower. by the amount needed for the 
gage; or tiJ.e submergence increased to provide the additional 
depth in the well. Greater submergences must be provided when 
higher differential heads are used. 

8. The degree of submergence of the pipe exit does not in itself 
affect the accuracy of a metergate . 

9. With minimum downstream submergence, the pipe downstream 
from the gate should be at ·least 7 pipe diameters long to assure that 
the discharge end will run full and at minimum veloc1ty. This 
length is based on the data shown on Figure 25 and assumes a level 
installation. · 
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10. The pressure tap to the downstream measuring well should 
be on the top vertical center line of the pipe. It is least affected 
by pressure distribution changes when placed in this location. The 
pressure tap to the upstream measuring well should be so located 
that it records the true head in the canal above the metergate 
approach. 

11. An optimum metergate design that would provide best accuracy 
without strict limitations or individual calibration would be one which 
had complete geometric similarity including the position of the down­
stream pressure tap. For best results, the downstream pressure 
tap of the various gate sizes should be placed at geometrically similar 
locations, preferably where the hydraulic grade is not steep. 

The optimum position for the downstream pressure tap is about i 
from the entrance, where dis the pipe entrance diameter (Figure 14). 
This location of the tap allows the use of a general coefficient curve 
from which the capacity of any size gate can be determined within a 
reasonable degree of accuracy (perhaps to about plus or minus 2 and 
1/2 percent) when the approach walls are approximately ~ distance or 
greater from the edges of the entrance opening, the sloped floor is 
about 0.17d below the invert of the entrance opening, and the upstream 
submergence is one pipe diameter or greater. This is particularly 
true_if the maximum gate opening is limited to about 75 percent. 

The coefficient curve, Figure 20, is based on a tap located at the 
top center line and g distance from the gate seat, with 8 to 1 flaring 
walls set i distance 'from the edges of the opening, a. floor that is 
0. 17d below the bottom of the opening and is on a 2 to 1 slope down­
ward from the canal to the metergate, and submergences greater 
than 1 diameter above the top of the opening. Values from this curve 
can be used in the equation Q = CdA V2g6.H with the area for the 
particular size metergate to prepare discharge tables or curves for 
the various sized gates in similar settings. 

12. The rating curves, Figures 27, 29, and 31, are for unconfined 
entrances with the tap located on the top center line and 12 inches 
from the inlet (standard for present commercial gates). Figures 28, 
30, and 32 are for confined entrances similar to that shown on Fig­
ure 2. 

ACKNOWLEDGMENT 

Members of the Canals Branch and Hydraulic Laboratory Branch 
collaborated in the study of the screw lift vertical metergate. The 
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Morse Brothers Machinery Company, Denver, Colorado, supplied 
on loan the 18- and 24-inch gates used in the study. 

INTRODUCTION 

The problem of accurate and economical measurement of irrigation 
water has become more important in recent years. One of the main 
factors contributing success toward the solution to this problem has 
been the introduction of simpler and more accurate measuring 
devices. Because of its simplicity of design and low maintenance 
cost, the metergate is one of several devices used. The screw lift 
vertical gate ( Figures 1 and 2) is one of several metergate designs. 
Flow quantity for a metergate is determined from the pressure 
differential between the canal or reservoir from which th~ flow is 
taken and a point within the metergate pipe a short distance down­
stream from the entrance and regulating gate. Two measuring 
wells, one connected to the canal and the other connected to the pipe 
downstream from the gate, are provided for determining the differential 
head. The location of these wells for the metergates tested is-shown 
on Figure 2. The downstream well tap in most commercial gates is 
located 12 inches from the gate seat regardless of size. Since there 
was little information concerning the hydraulic characteristics or 
limitations of this type of metergai!e, a laboratory stuay was initiated 
to evaluate them. Accuracy and capacity of the gate were of par­
ticular interest. Two sizes of the gate,. 18- and 24-inch, were 
tested and the data were used to prepare rating curves and determine 
the hydraulic characteristics of other sizes. A 10-inch transparent 
plastic conduit with numerous piezometers installed along its length 
was used to evaluate the influence of the entrance approach design on 
flow capacity. y 

INVESTIGATION 

The Problem 

In order to use the data from metergate test installations to establish 
limitations of the design and prepare rating curves for the various 
sizes and settings, it was necessary to adopt some general method of 
analysis. The following relationship seemed most suitable and was 
used throughout the study. 

1]Hydraulic Laboratory Report Hyd-422 "Flow Characteristics in a 
Pipeline Downstream from a Square Cornered Entrance. " 

5 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



where 

Q = Cd 1Td2 V2g fl H . 4 

Q · = discharge in cfs 
Cd = discharge coefficient 

d = nominal diameter of gate 
g = acceleration of gravity (32. 2 ft/sec2) 

l:lH = differential head, feet 
( Canal water surface to pressure head 
at downstream tap) 

Preliminary consideration of the problem indicated that the dis­
charge coefficient, Cd, would be influenced by the upstream sub­
mergence, Hs; the gate opening, a; the entrance arrangerp.erit and 
configuration; the nominal di~eter of the gate, d; the location of 
the pressure tap in the downstream pipe, x, measured from the 
gate seat; and the mean velocity in the pipe, V. To facilitate the use , 
of the variables, they were expressed in dimensionless parameters 
as in the. following relationship: 

Cd= f (Hsia, a/d, x/d, Re) 

Reynolds number, Re, is a parameter of the following terms: 

where 

~ = ~d 

V = mean water velocity in the pipe in feet per second 
d =nominal.diameter of gate, feet 
r, = kinematic viscosity of water 

It was anticipated that there would be numerous variations in the 
metergate. installations in irrigation systems. so studies were made 
to determine the effect of the above-listed variables on the capacity 
of the metergates. Discussions of these studies are contained in 
subsequent sections of this· repo:rl. 

The Laboratory Installation 

The laboratory installation used for the study of the metergate is 
shown schematically on Figure 3. Water to the test gate was supplied 
by three 12-inch and one 8-inch centrifugal pumps. Venturi meters 
in the supply systems near the pumps were used to determine the flow 
quantities. Accurate flow measurement was possible over a wide 
range of discharge because of the various sizes of Venturi meters 
available (p-, 8-, 12-, and .14-inch). Good flow distribution just 

6 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



upstream from the gate, . with negligible velocity of approach, was 
obtained by passing the water through a rock baffle in the head box. 
The upstream end of the metergate pipe was placed in one side of 
a head box 7 feet wide, 11 feet long, and 10 feet deep with the gate 
over the entrance. The downstream end of the conduit terminated 
in a tail water box 4 feet wide, 6 feet long, and 6 feet deep. A 
hinged gate in the side of the tail water box opposite the pipe exit 
provided a means of varying the downstream submergence and chang­
ing the hydraulic grade in the pipe . 

Piezomeier taps were placed in the crown of the pipe at different 
distances from the gate seat to record the pressure gradient in the 
pipe .and to provide a means of applying the data to other gate sizes. 
The pressure taps were confined to the crown of the pipe because this 
location had been determined to be the most desirable in previous 
metergate tests. Rubber tubing connected the taps to glass tubes 
mounted on a manometer board which was graduated in 0. 01-foot 
increments. Carborundum disks inserted in short plastic cylinders, 
3/4-inch inside diameter, were used in some of th~ piezometer lines 
to dampen pressure fluctuations and permit more accurate reading 
of the average pressures. In field installations, a 3/4-inch pipe 
connects to. a 10-inch-diameter well;. thus, a fairly constant average 
pressure will be expected. 

Test Procedure 

The 1;3.boratory tests were made over a range of differential heads 
of from 2 to 48 inches. The hydraulic gradient in the pipe was 
controlled by the hinged gate in the tail box to give readable water 
depths in the downstream measuring well. 

The 18- and 24-inch gates were tested for every 2-inch increment of 
gate opening. The 24-inch gate installation is shown on Figure 4A. 
The gate position indicator is shown on Figure 4B. A section of trans­
parent pipe was placed immediately downstream from the 24-inch 
gate ·so that.flow conditions in the pipe below the gate could be observed . 

. Smooth pipe was used downstream from the test gates. 

Influence of Gate Design on Capacity 

The mairi difference in metergate capacity due to gate design occurs at 
partial openings and results from the shape of the gate (whether the 
leaf is circular or has a square bottom). Some influence is also 
introduced by the configuration and :rdative sizes of the structural 
members of the gate framing and the gate seat casting. For a given 
head differential, the gate with a circular leaf will discharge about 
twice as much water at 20 percent_ gate opening as a gate with a square 
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bottom leaf. The gate framing usually has a minor influence unless 
some of the framework is placed too close to the pipe entrance. 
Structural members of gate frames should be kept away from the edge 
of the opening to have the least influence. 

The gate seat casting shape, including width of seat, its projection 
from the headwall to which it is attached, and its general configura­
tion, will have some influence. on the discharge coefficient. This 
factor should not be of major concern but may cause differences in 
discharge coefficient of 2 to 3 pereent. The influence of variations 
in entrance configuration is illustrated to some degree in Figure 5 
and Tables 1 and 2. 

Influence of Upstream Submergence, Hs 

In tests made previously, it was found that the discharge for com­
parable values of ~H was affected at larg~ gate openings by the 
amount of subme-:rgence of the pipe entrance. For a given installa­
tion, the discharge coefficient remained constant for large submer­
gences arid varied for small submergences. This effect of upstream 
submergence has also been observed by other investigators. 2/ The 
same characteristic was noted in tests on the screw lift metergates 
with a flat bottom leaf and in tests made on the 10-inch pipe entrance 
(Figures 6 and 7}. In all cases, it was found that the coefficient of 
discharge varied widely for submergences less than 1. 0d and that 
there was little -variation in coefficient when the submergence was 
greater than d above the entrance crown. The effects of the sub­
mergence changed somewhat with pressure tap location, and 
approach wall and floor arrangements; however, the variation was 
al ways apparent. One means of illustrating the influence of small 
upstream submergences is to plot the ratio of the discharge coeffi­
cient for any submergence "(Cd), and the average discharge coeffi­
cient for high submergences Ca, against the submergence expressed 
in terms of pipe diameter. Figures 8, 9, 10, and 11 show the sub­
mergence effect for the 24- and 18-inch gate 100 percent open and 
10-inch pipe entra,nce for various locations of the downstream 
pressure tap. The data show that each geometric arrangement of 
the approach, the entrance configuration, _and tap location will have 
an individual coefficient curve which may or may not vary widely. 
The effect of the various factors can be minimized by maintaining 
a submergence of at least 1 entrance diameter above the top of the 
entrance opening. The influence of the submergence decreases as 

.Y"Ausfluss, Curchfluss, Strahlrea.ktion and Strahldruck in neuer 
Betrachtung" (Discharge, Underflow, Jet Propulsion and Jet 
Forces from a New Viewpoint) by Von Theodor Musterle, Die 
Wasserwirtschaft, September 1960. 
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Table 1 

DISCHARGE COEFFICIENTS--VARIOUS WALL, 
FLOOR AND PRESSURE TAP LOCATIONS 

Wall 
position 

d 

Floor D.S. Tap Coefficient of dischar e 
position position -inch -inch -inch 

d x meter ate meter ate 

0.61 
0.62 

0.64 . 
1.0 0.71 
0.63 0. 70. 

.2 
1.0 0.76 
0.63 0.77 
1.2 o. 

3 1.0 0.81 
2-1/4 0.63 0.83 
3 1.2 0.81 
1.0 1.2 0.6 
1.0 1.0 0.75 

76 
• d 

2/3 1.0 2/3d*** 0.77 78 
1/4 .2 2/3d*** 0.70 
1/3 1.2 2/3d*** 0.76 

77 

76 indicates coefficient estimated. 
-* Standard for 3q-inch metergate. 

** Standard for 24-inch metergate. 
*** Standard· for 18-inch metergate. 

**** Standard for 10-inch metergate. 

Note: Values are for upstream submergence greater than d 
-- above crown of entrance • 
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Table 2 

DISCHARGE COEFFICIENTS--VARIOUS WALL, 
FLOOR AND PRESSURE TAP LOCATIONS 

Wall 
position 

d 

Floor D.S. Tap Coefficient of dischar e 
position position -inch 8-inch 2 -inch 

d x meter ate meter ate 

1/4 
1/4 
1 4 

1 
1/4 
1 4 
1 
1/4 
1 4 

0.60 

.6 

0.80 

76 indicates coefficient estimated. 
-* Standard for 36-inch metergate. 

** Standard for 24-inch metergate. 
*** Standard for 18-inch metergate. 

**** Standard for 10-inch metergate. 

61 
0.61 

62 
0.63 

65 
0.66 

75 
0.76 

80 
0.80 

Note: Values are for upstream submergence greater than d 
above crown of entrance. 
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the gate is lowered over the entrance. It is believed that the 
influence becomes negligible when the gate is about 75 percent 
open. 

The effect of the upstream submergence was indicated first by log 
plots of AH against discharge for various openings of the test 
gates. These plots gave straight lines for the higher values of 
~H, and a variable deviation from a straight line at small values 
ofAH and Hs, particularly at large gate openings. An investigation 
made to learn the cause of this deviation showed that for the small 
values of AH and Hs, the value of AH could be changed by merely 
changing Hs, when the discharge was kept constant. In other words, 
the same discharge could occur at different values of AH, depend­
ing on the value of Hs when Hs was small. From this investigation, 
it was concluded that for small submergences of the metergate inlet 
and large gate openings the amount of submergence influenced the 
discharge coefficient. 

Since the equation Q = Ca ~ V2g AH was used in this case the Q, 
ca, and AH were the only variables, any change in LlH at a con­
stant discharge must result in a change in Ca. It was found that 
as Hs was increased in. the range Hs less than d, the deviation of 
the plot from a straight line decreased and became negligible when 
Hs was equal to or greater than d. The deviation was more notice­
able on the 24-inch than _on the 18-inch gate because of the difference 
in location of the taps for the downstream measuring wells. The 
distance was 12 inches in each case, which placed the taps at rela­
tively different locations on the pressure grade lines. Measuring 
well taps placed at the same relative locations on the pressure 
grade lines of the various sizes should give comparable deviations. 
Placing the taps at distances which would give a constant .value of !. 
for all sizes of gates would fulfill the condition. The influence d 
of submergence on Cd for the 24-inch gate is shown on Figure 6. 
A more recent research study of this phenomenon made on a 10-inch 
pipe showed the same characteristics. Tests were made for numer­
ous degrees of submergence for three different discharges. A plot 
of the data that includes the influence from botb submergence and 
velocity is shown on Figure 7. These data indicated that the influ­
ence of upstream submergence was negligible for submergences 
greater than about 1 pipe diameter above the entrance crown, that 
the influence was appreciable at submergences less than 1. Od, and 
that the velocity (viscous) influence was minor. 

The plots on Figures 8, 9, 10, and 11 show that the location of the 
pre$sure tap for the downstream m~asuring well influences the 
natu.re of the coefficient curve in the region of low submergence, 
This, in part, explains why the effect of submergence varied with 
metergate size. . 
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Influence of ApProach and Entrance Design 

Initial tests to determine the effect of approach design on the capac­
ity of the screw lift vertical metergate were made on the 24-inch 
installation with the approach having a 2 to 1 downward sloped floor 
and 8 to 1-flaring vertical sidewalls set 6 inches <¾> from the edge of 
the pipe entrance {Figure 12). Tests were made with the. floor and 
walls in place, the walls removed, and then the floor removed. 
The tests indicated that at large gate openings and upstream submer­
gences less than 1. 0d, the walls caused a substantial reduction in the 
coefficient for comparable values of LlH and that the floor alone had 
little effect. · 

Tests on the 18-inch installation for similar upstream submergences 
without the sloping approach floor and with and without the 8 to 1 
flaring walls were not in good agreement with those on the 24-inch 
gate. Tests on the 18-inch gate showed that 8 to 1 flaring walls 
placed at j, f, and d distance from the edges of the entrance opening 
had very·httle influence on the discharge coefficient {Figure 13}. The 
sloping floor was not installed in this case because tests on the 24-inch 
gate had indicated negligibl~. influence and because of the additional 
work involved in making and changing the test setup. 

Later tests on the 10-inch pipe entrance (without a gate), with and 
without the s~oping floor, .and with and without the flaring sidewalls 
placed at distances of 1, ~' and d from the edges of the entrance 
showed that for submergences of d or more, the walls in th~se posi­
tions had only minor influence on the coefficient (as in the tests on the 
18'."'inch gate) and that the floor position had considerable influence 
regardless of wall position (Figure 14). 

It is unfortunate that the sloping floor was not used for tests on the 
18-inch installation so as to permit direct.comparison of the floor's 
influence. However, with.good agreement between tests on the 10-
and.18-inch installations concerning the wall influence without the 
sloping floor it is difficult to account for a 9. 5 percent change in 
discharge coefficient, attributed to the wall position, indicated by 
tests on the 2~-inch metergate with the downstream tap 12 inches­
from the. entrance. This discrepancy rnust necessarily go unex­
plained at this time. Moreover, the 9. 5 percent wall influence 
indicated in the tests on the 24-inch gate must be considered in 
error (or not comparable due to physical differences in the setting) 
in light. of the good agreement between other tests on the 10-inch 
pipe entrance and the 18- and 24-inch metergates. 
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A plot of the average value of Cd for submergences greater than 
1. 0d, against the relative position of the downstream pressure tap 
disclosed several interesting facts (Figure 5). One of the most 
important of these is that good agreement in capacity and pressure 
characteristics can be obtained only when the various size install_a­
tions are geometrically similar. The solid lines of the graph show 
the variation in Cd for various tap positions with_ only the walls and 
floor of the head boxes forming the approach to the entrances of the 
10-inch pipe and 18- and 24-inch metergates. There are several 
physical differences which contribute to the variations in the curves 
for·the separate installations. First, the entrances varied; secondly, 
the relative distance of the sidewalls from the edges of the entrance 
openings varied; and thirdly, the relative distances of the floors 
from the bottom edges of the entrance openings varied. These phys-
ical differences are discussed below. · 

The structural angles and other physical features of the 24-inch gate 
· in the vicinity of the entrance were not: geometrically similar to those 
on the 18-inch gate and, of course, did not represent the unobstructed 
sharp entrance of the 10-inch pipe. Also, the metergate .entrances 
were of nominal dimensions of 18 and 24 inches, while the 10-inch 
pipe entrance was an exact measured dimension. 

The sidewalls of the head boxes were about 3, 3, and 2. 25 pipe 
diameters from the edges of the openings of the 10-, 18-, and 24-
inch installations, respectively. This factor, however, proved to 
be minor when negligible change in the coefficient was observed on 
the 10-inch pipe and 18-inch metergate when walls were placed within 
the ·boxes and 1 diameter from the edges of the entrances, and only 
slight changes resulted for walls placed as close as 1/ 4 diameter. 

The floors of the head boxes were 1. 2, 1. 0, and 0. 6 diameters below 
the inverts of the entrances for the 10-, 18-, and 24-inch installa­
tions. Comparison of the data used to plot the curves of Figure 5 shows 
that the floor position may affect the coefficient considerably. In fact, 
the agreement of the data from the 10- and 24-inch installations is 
quite good when the floors and walls were arranged geometrically 
similar (sloped floor 0. 17 d below invert and 8 to 1 flaring walls at i _ 
from edges of entrance) even though the configurations of the headwalls 
near the entrances were quite different (dotted lines, Figure 5 and 
Figure 20). The headwall for the 10-inch pipe was flat and smooth, 
while that for the 24-inch gate contained the support angles, seat 
casting, bolts, and gate. It. is reasonable to conclude that very 
close agreement would result for all sizes in which good geometric 
similarity .of the entrances exists. The foregoing discussion is 
limited to the case where the pipe entrances have submergences 
greater than 1. 0d above their crowns. 

13 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



Tests on the 10-inch installation, with the downstream pressure tap 
12 inches from·the entrance, showed little influence from the approach 
walls when the submergence was greater than about 1. 0d, but showed 
considerable influence from the floor position (Figure 15). The tests 
also showed considerable influence from both the wall and floor posi-
tions for submergences less ihan 1. 0d. · 

The influence of the wall and floor positions at submergences greater 
than 1. 0d, particularly the floor position, varied with the positioning. 
of the downstream pressure tap (measuring well), (Figure 14). Tests 
on the 18-inch metergate showed little influence from.the walls for the 
one floor position tested (Figure 13). The floor arrangement in this 
case was not geometrically similar to any tested on either the 10-
or 24-inch installations. The maximum wall itµluence for all posi­
tions of the downstream pressure tap and two floor arrangements in 
tests on the 10-inch pipe entrance was about 3 percent, while the maxi­
mum ·influence of the two floor arrangements for various positions of 
the walls and downstream pressure tap was about 10 percent (Figure 14). 
From the data on Figure 14, it is concluded that the influence of wall 
and floor !ositions can be minimized by placing the downstream pres­
sure tap -g- from the entrance near the lowest part of the hydraulic grade 
and providing submergences greater than d. Results were most 
inconsistent and the influence was most pronounced when the pressure 
tap was located on the steep portion of the pressure gradient from 
0. 4d to 1. 5d from the entrance. The data also show tha.t a minimum 
.error in determining gate discharge at large gate openings (100 per­
cent open in this case) will be realized for a wall position of .d from 
the edges of the entrance and a downstream pressure tap loccftion of i. 
The influence ·of. approach floor elevation is also a minimum. The 
maximum scatter of individual test points with this arrangement was 
approximately plus or minus 2 and 1/2 percent. 

From the information and data presented above, it is concluded that 
a constant discharge coefficient of 0. 61 can be used for 100 percent 
opening for all metergates which are geometrically similar and are 
contained in geometrically similar settings as shown in Figure 12, 
when the downstream pressure tap is a distance of g. from the entrance 
and the entrance submergence is d or greater. 

Placing the downstream pressure tap a constant distance of 12 inches 
from the entrance and the use of submergences less than d make each 
installation and size a special problem and may necessitate special 
in-place calibration in cases which differ appreciably from the tested 
arrangements. The influence of the various factors decreases 
rapidly as the gate leaf is closed from the wide-open position, becom­
ing minor at about 75 percent gate opening. (Figures 13 and 16). 
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Influence of Outlet Submergence 

The tests on the different size gates disclosed that submergence oi 
the downstream end of the discharge pipe· (hs, Figure 3) would be 
a.Ii important factor in providing a measurable water surface eleva­
tion in the downstream measuring well. Because of structural 
limitations, it was assumed that the water surface within the down­
stream measuring well should be at least 6 inches above the inside 
surface at the crown of the pipe. The submergence needed to give 
this condition at various gate openings varied according to a pres-
sure facto~ i~ (Figures 17, 18, and 19). The plots of this factor 
against gate opening show that the greatest submergence of the 
downstream end of the_ discharge pipe is needed for gate openings 
between 6_0. and 80 percent. The outlet submergence required to 
give a measurable .water surface in the downstream well is influenced 

. by the position of the pressure tap along the hydraulic grade line. 
With all taps 12 inches downstream from the gate seat, relatively. 
greater submergence is required for the larger gate sizes. How­
ever, the difference is small. 

Since Hn is the difference between the pressure head upstream from 
the gate and the maximum pressure head in the pipe below the gate, 
the frietional resistance of the downstream pipe, particularly if the 
pipe is long, and the elevation of the center line both at the gate and 
at the pipe exit, are important factors to be considered. For a given 
gate .size and discharge, the maximum value .of LlH and the minimum 
value of hs (downstream submergence) can be computed to give a 
downstream measuring well water surface 6 inches above the crown 
of the pipe at the measuring well connection. This is illastrated in 
Figure 26. 

Influence of Velocity 

In the tests on metergates there was an indication that flows at very 
low velocities affected the capacity of the metergate when it was 
operating at large openings. The effect of velocity, or variation 
with Reynolds number, however, could not be isolated using the data 
taken. By exercising extreme care in obtaining the pertinent data in 
a more recent study concerning the pressure distribution in a 10-
inch pipe ~ntrance placed flush with a headwall, .Y it was possible to 
isolate the effect of low velocities for small submergences and large 
gate openings. The influence was noticeable at very low values of Re 
only, in this case below about 2. 0 x 105 for the unobstructed entrance. 
The influence of Re would vary some with downstream pressure tap 
location, but would be minor in any case. 

ljHydraulic Laboratory Report Hyd-422, 11 Flow Characteristics in 
a Pipeline Downstream from a Square Cornered Entrance. 11 
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Influence; of Downstream Head-measuring Pressure Tap Location 

The nature of the pressure grade line in the crown of the pipe line 
immediately downstream of a metergate leaf results in a change in 
differential head, ~H, with location of the downstream· pressure 
tap. This is particularly true for large gate openings. With the 
pressure tap located 12 inches from the gate seat for all sizes of 
g~tes, it is not possible to make a direct comparison of the coeffi­
cient curves for the various sizes. However, with taps placed at 
relative positions along the pressure grade lines (at same value of 
~}, a comparison can be made. The variation of the discharge coeffi­
cient with tap position for a 10-inch pipe, and 18-inch gate, and a 
24-inch gate for varioul? openings is shown on Figures 20, 21, 22, 
and 23. The comparison of the coefficient curve-s for the 18- and 
24-inch gates based on pressure taps placed at the same~ value is 
shown also. There is good agreement considering the various 
differences in the test installations. ·Excellent agreement was noted. 
between the 24-inch gate and the 10-inch pipe when the settings were 
geometrically similar ( Figure 20). Calibration curves for one gate 
may be applied to another bnly when the pressure taps have the same 
relative locations (same value of~). From these data, it is evi-
dent ti;l.at the differential head, ana thus the coefficient of discharge, 
varies with pressure tap location. Therefor~ it is important that 
calibration curves or tables be based on the particular tap location 
for the gate in question. · 

The data from the 10-inch pipe entrance indicated that the positioning 
of the downstream pressure tap for the measuring well is extremely 
important when the distance from the entrance to the tap is from 
about 0. 4 to 1. 5 pipe diameters. In this range, the tap will be in the 
region where the hydraulic grade line is steep and a small misloca­
tion can introduce a substantial difference in pressure head and 
error in indicated discharge. 

Locating the tap for the downstream head-measuring well a constant 
distance of 12 inches from the entrance for all gate sizes places them 
at different relative positions along the hydraulic grade line. This 
in effect makes a special problem for each size. For example, an 
8-inch gate will have a tap positiop. 1. 5d from the entrance with a 
coefficient for full opening of about 0. 80, a 24-inch gate will have 
a tap position 0. 5d from the entrance on the steep part of the 
hydraulic grade line with a coeffiqient of about 0. 65, and a 48-inch 
gate will have a tap position 0. 25d from the entrance on a fairly 
flat portion of the hydraulic grade line with a coefficient of about 
0. 60. The exact.location of the tap would be less critical for the 
8- and 48-inch size than the 24-inch size. With the constant tap 
distance of 12 inches, the coefficient will vary with metergate size 

16 

Sam Peng
Sticky Note
None set by Sam Peng

Sam Peng
Sticky Note
MigrationNone set by Sam Peng

Sam Peng
Sticky Note
Unmarked set by Sam Peng



from about 0. 6 to 0. 8. The logical conclusion is that the tap should 
be placed at a geometrically similar position, such as g for all sizes. 
The position chosen should be that which would be least affected by 
the physical characteristics of the entrance. It was concluded that 
locating the downstream tap at g would accomplish this. The differ-
ential head for this location would be about the maximum, and more 
accurate readings would be expected. While tap positions beyond 
about 1. 5d would give fairly constant values of the discharge coefficient, 
the differential head for a given discharge would be a.minimum and 
less accuracy for small discharges would be expected. In either case, 
it is believed that one coefficient curve could be used for all sizes of 
gates provided the entrances have. reasonably close geometrical simi­
larity, the tap is located at a constant relative distance from the 
entrance, and the upstream submergence is maintained greater than 
about 1. Od above llie top of the entrance. A plot of all values of the 
ratio g~ against submergence in terms of d for the 10-inch pipe 
entrance with various wall and floor distances is shown on Figure 24. 
The plot shows that nearly all points fall within plus or minus 2 and 
1/2 percent for upstream submergences greater than d aboye the top 
of the entrance and a tap distance of x = g. The same is true for simi­
lar data taken from the 18- and 24-inch metergates (Figures 8, 9, 10, 
and 11). 

Point of Pressure Recovery Downstream of Gate 

It is important that an installation have sufficient pipe length below 
the gate to prevent drawing the water out of the downstream measuring 
well at partial gate openings and to minimize erosion when the water 
is released into an earthen ditch. For a given average velocity, the 
erosion of an earthen ditch will be a minimum when the velocity leaving 
the end of the pipe is uniform. Such a uniform distribution is not 
attained until the point of pressure recovery on the hydraulic grade 
line is reached. The point of pressure recovery was noted for various 
openings _and discharges for both the 18- and the 24-inch gates. From 
the results shown on Figure 25, it was concluded that 7 pipe diameters 
could be used as a criterion. This is in good agreement with similar 
data obtained previously for metergates with circular leaves. The 
plotted poip.ts in both cases were based on interpolation of piezo-
metric data and thus the curves are not as smooth as might be expected. 

Installation Instructions 

A typical metergate installation, which will meet discharge require­
ments and have all operating characteristics within the limitations 
indicated from these studies, can be determined from Figure 26. 
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Rating Curves 

Rating curves for the 18- and 24-inch gates were obtained by labo­
ratory calibration of these gates. Discharge curves for differential 
heads up to 18 inches and various gate openings for _metergates with 
and without confined approaches have been prepared.from the test 
data (Figures 27 through 30). By knowing the gate opening and differ­
ential head for a given installation, the discharge can be obtained 
from the curves. The curves are based on data which minimize the 
influence of upstream submergence (submergences greater than d}. 

The rating curves for the 30-:i.nch gate (Figures 31 and 32} ·were 
developed from the pressure data taken from the 18- and 24-fuch 
gates. The data were plotted in dimensionless form and values for 
an ~ of 0. 4 use_d to compute points for the rating curves. The dis-
charges obtained by ·using these curves should be quite accurate for 
settings similar to the test facility. 

Appropriate location of pressure taps and accurate zeroing of gages 
and gate opening indicators are important factors in assuring the 
accuracy of metergate :installations. Zero gate opening is defined as 
position of gate when bottom of leaf is level with entrance invert. 
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T.Qto Rf. ELEVATIONS Outlet PIPE Col/or DELIVERY TYPEC TY~C 

STATION Laterol or or M 
A 8 Type D L Dist' Mox.Q 'Wl:."!f· EU. Slope FU.No. Lt. X f!I; C 

I+ 4.3.73 Rt * /J08.70 /305.95 A/2) /8" oo;. 4 /.908.36 - - -
/5+75.00 EL6.:JA IRt II.BB 1306.4/ /304.()3 A(Z' 21' It.' 5 1306.08 - - -

42 +2.2-SO EL,,.98 Rt /I. 77 1306.4/ I303.G!J ,4(2) 18" I Z- 5 /305.99 - - -
62+70 EL,.9D . Rt //,8/ 1306.3/ /.30:3.5'2 C (I) 15" B' ~t 5 1302.82 - - l!J00.93 

74+00 Rt. /0.t.3 /.305.58 /303.tJ~ A /8" .2.0' 4 1305.30 - - -
/04--t-50 Nt. /0,2.!J '130.5.58 /30/,9/ A 24' , .. 6 /305.3I - - -
117+86 £L6.SE IRt /0.l.3 /304.57 /.301. '4 A 24" /6' /0 1904./5 - - /302.84 

/35+39.35 £L6,9EE Wt. I0,Z.2. /304.57 /30/.71?. A 18" Ji' 6 /304./7 - - -
I52+70.5.J EL6,SF ILt. /0.t.S /$04.57 /301.4/ C t8· /2' 4 /30,f.30 - - -
/80+'f9,$S 't. * /293,74 1289.74 ·c /8" 8' 6 /293.-36 - - -
/80+4.9.~ ' * 1293.74 /28!1.74 B 3d' 8' 24 1292.93 30• ./47/ -
2/0+7».29 Lt * /285.25 1282.7.5 ,4 18H 28' 6 128~.79 - - -
J,f. +3S.55 '- * /302./9 1299.69 C /8N 8' s 1,/30/,9.3 12.~ .20 -
2/+75.8 Lt. * /297.43 1294.+3 C 24· 8' 4 11297./6 Je.l!ld 07 -
26+27.97 E * 1287.80 '28$./30 A /8" 20' 5 V287.50 - - -
35+6£,./4 Lt. * V283.56 1279-31 A /8" s' s /283.28 - - -
57+50 Nt * 1/280.5() 1278.00 C /8" t.tf 2 /280.24 - - -
57+50 Lt. * '1280.50 1278.00 A /8" 13' .3 12eaJW. - - -
941-11., £L6.9HI ~t. * V27J.OO 126.9.00 C 21· 24-' /3 127/.97 - - 1270.37 

94-+l/.6 IRt. * 1/273.00 12,9,00 C /8" zo 4 1272.74 - - -
/06+81,.07 ' * 1266.74 /263.74 C 15' 12' 4 1266.41 - - -
/22+6/.,f.7 Rt. * 1262.,83 112.60.33 C /8N zo' 4 1262..55 1£,0., 00 -
l37+50./7 Rt, * 1255.80 1253.30 C /8" 8' 4 /255.54 It.SJ. .ss- -
/3-t-77.2.S Rt. * /268.67 /266.42.. C ,s· 12 4 /268.37 l90 //l.r.J -
25•14.98 ' * 12.66.52. 1263-52.. A ;s" ,,,., 

4 126,.2.0 - - -
34+77-4-8 Lt. • /265.68 1263.4.3 A Is" /2' 4 /265.37 - - -
46+33.38 flt. * /263.84- /2.6/./0 A(e) /8" s· ~ V263.3t. - - -
* T.O. from division box. See Division Box drawing for gate data. (I) Omit Measuring Wells. 

(Z) Outlet Str. to be pl4ced at rmd of' Road Crossin9. 

i----------5' ------~ 
' ' I J, Min w.c;/:'J : 

ounET TYPE ·c· 

, --Lateral 
I'--: section 

NOTES 

All reinforcement shall be placed in the center of 
slab unless otherwise shown. 

All exposed bolts ta be galvanized 

Turnout shall be connected to road crossing at 'L' 
distance from headwall where directed. 

Number ani:J location of collars to be as directed. 

This structure limited to o of 30". 

Measuring wells to be omitted where directed. 

Gate anchor bolts to be set in positiori before concrete 
is placed. 

TO LATERAL OR WEIR POOL ONLY * Pipe shortn on Rd.-X-ing Owg.222-116-8589 

f D I beth way,. • ... ~ 
~ ., '"'" ·--t. 2J',21•·· *i ··-----1-+.L 

I8.M' l r-2{ TABLE OF DIMENSIONS ANO ESTIMATED QUANTITIES* 

.for wells,--_,. 

SECTION 8-8 

See gate dwg. 
for anchor bolt 
spacif/g. 

m . 

I .c! 

~ti a> 

SECTION C-C 

~I '3"' 
L 2J~ 2J~J'---.h-:=ijl 7 

;t c----I-
1"p,pe sleeves--!·-r"-·~---t--·; Bolts 

DETAIL ,i•• 
STOP PLANK GROOVE 

Hex. heads, M.1. washers. 

D 

12· 

15" 

18' 

21· 

24• 

TURNOUT 
STRUCTURE 

Cone. Relnf. 
G E Cu.Yds. ste:1. 

2'-d' 3'-4' 0.9 59 

2'-!f 3'-6/ /.0 65 
z-31· 3'-9.f I.I 72 
2'-5' 3'-111 1.2 78 
Z-7' 4'-2;' 1.3 86 

GATE OUTLET 
TYPE A 

Frame Cone. Reinf. 
HI. Wt Cu.Yds. Sfe!J 

5 80 0.3 20 

5 90 0.4 23 

5 149 0.4 28 

5 175 0.5 32 

5 200 0.6 35 

/ 
Misc. 

Afe~/ 

55 

59 

63 
69 

74 

OUTLET 
T·YPE B 

Cone.· ~~",_~ Cu.Yds. 
s ,, 

0.5 34 

0.6 41 

0.8 48 

0. 9 57 

1.0 65 

I· I•·.,. 
07-ti',,,_ A.5 BUILT BY Ill• LT/I. 6• II• 14 

UNITED STATES 

DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

COLUMBIA BASIN PROJECT--WASHINGTON 
EAST UNI CANAL LATERALS - AREA E-I 

PIPE TURNOUTS WITH MEASURING WELLS 
TYPE 2-EL.6 TO.EL.6.9 HI 

=~ ~ <! ORA)VN J.C.P.-R.&M.suBMITTEO .. O .. J ,ea:.,..,~. . ' 
'~ ~::: TRACEo_H.E./11. 7:i;,_og_MENDEJ' p~ . . 

.. CHECKEoJl,o: ~ APPROVED 1/lie /4_./J· . . . . . 

.. ______________________________________________________ .., _______________ .,, ______ ~-~~-~-~- " Exclusive of collars : I a 222·P·80~4 EPHRATA,wm,:;m, OF :m ao .... 22~:~~;;;, 3d' 2'-!0f 4'-7f /.6 102 5 365 0.7 46 83 1.3 86 
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Figure 4 
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A. 24-inch laboratory test installation 

B. Gate opening indicator 

Screw Lift Vertical Metergates 
Laboratory Test Facility 
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FIGURE 5 
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FLOW -

,,,, .. ~ ... 
___ Measuring wel I 

_:,-.,.-Separation -zone of turbulence 
// , , 

/ , 
/ , 

--- ----

'---- • I0-inch pipe entrance, parallel walls at 3.0d, flat floor at I.2d 
"-----· • I0-inch pipe entrance, a:i flaring walls at d/4, 2'1 sloped floor at 0.I1d 

• I0-inch pipe entrance, a:I flaring walls at d/4, flat floor at 1.2d 
, I0-inch pipe entrance, a:1 flaring walls at d/2, flat floor at 1.2d 
.. I0-inch pipe entrance, e:I flaring walls at d , flat floor at 1.2d 
o 1a-inch metergate, parallel walls at 3.0d, flat floor at I.Od 

1 o- IS-inch metergote, 8:1 flaring walls at 11/3, flat floor at I.Od 

\
, -o<;> 1e-inch metergate\ e:I flaring walls at 21h, flat floor at I.Od 

Ia-inch metergote, a:1 flaring walls at d , flat floor at 1.0 d 
~ tJ. 24-inch metergate, parallel walls at 21/4d, -flat floor at o:63'd' 

A 24-inch metergate, e,I flaring walls at d/4, sloped floor at 0.I7d 
, i~ 24-inch circular leaf metergate, parallel walls at 2l/4d , flat floor at 0.63d 

x 24-inch circular leaf metergate, e:i flaring walls at d/4, sloped floor at 0.I7d 
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NOTES 
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FIGURE 12 
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FIGURE 17 
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FIGURE 19 
REPO~T HYD. 471 
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and parallel walls at 2 ~4 d from entrance. 

o I e- inch metergate w_ith level floor I. O d below entrance 
and parallel walls at 3 d from e ntran~e. 

Upstream submergence greater than d. 

SCREW LI FT VERTICAL METERGATE 

LENGTH OF PIPE REQUIRED FOR PRESSURE RECOVERY 
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SECTION TMROUGH INSTALLATION 

DETERMINATION OF METERGATE IN_STALLATION 

GIVEN 

I. Upstream water surface El.100.0. 
2. Downstream water surface El. 99.0, 
3. Turnout discharge, 0, =Scfs . . · 

4. Depth of water in downstream measuring well, hw, 
should be 6 Inches above crown of pipe. 

5. Length of metergote pipe, 50 feet, 
6. Submergence of metergote inlet, Hs, should be 

equal to or greater than d above the crown 
of the pipe. 

FIND 
SIZE OF METERGATE ( One of two methods may be used) 
a. Where downstream scour. may be a problem. 

Select exit velocity that will not cause 
objectionable scour, soy 4 feet per sec. 

From A=@=!=2.oo, d=191 inches. 
Requires 20.;nch metergote. 

b. Where scour downstream is not a problem. 
Assume metergote to be operated at openings 
up to 75 percent. (The influences of entrance 

design, upstream submergence and downstream 
pressure tap location are minor for these 
openings.) (Figures 13 omil6i 

For 75 percent gate opening coefficient of discharge, 
cd=-r0.5, and maximum 6H:tl.85 Ho (Figures 17, 
18 and 19) AH .. 1.85 (I.Ol .. 1.85 ft. 

From o=cdA>'lglffi 
Area of pipe, A;o.s ta.L111.3ffi=1.47 sq. ft. 
d=1si inches. · . 

Requires 1e·inch metergote, d=IS inches. 
c. Check capacity of gate using 18 inch metergote. 

H0 =Hy-Hf (Hf is friction loss from pressure 
recovery point to pipe exit). 

Ht= f~!!.2 

Wher~ f is coefficient of friction, i is length of 
pipe, dis pipe diameter and vis velocity in pipe. 

From v•i•r.¼,•4.53 
Assume f for concrete or steel pipe as 0.025. 
Hr•oo25 «wl go.s .. 0.21 feet. 
H0°1.o-o.21 = 0.79 feet. 
In order to hove a measurable water surface in the 

downstream well for oil gate openings and 
downstream tap positons the i nstollotion should 
be designed for maximum D.H. 

From figures 17, 18 and 19, f 0 (maximum) "'1.85 · 
AH,.l851fo o, J.85(0.79lo,1.46 

Using this adjusted value of AH, turnout capacity 
at 75 percent gate opening, 0..0.5!l767l (8.02) 
(1.21)"'8.57 els. 

18-inch metergate is adequate. 

2. ELEVATION AT WHICH METERGATE SHOULD BE 
PLACED. 

a. To meet upstream submergence requirement, 
Hs, of 1.od, crown of pipe entrance should be 
set af EL•IOQO·d=98.5. 

d. To meet requirement of water surface 6 inches 
above crown of pipe in downstream well, elevation 
of crown of entrance would be set at El. 100.0 
-AH-hw•IOO.O· l.46-0.50•98.04, soy EJ.98.0. 

Depth requirement for measurable water surface 
in downstream well is governing factor and gate 
should be set with crown of entrance not higher 
than El. 98.0. 

3. MAXIMUM CAPACITY OF METERGATE (Fuil open) 
Cd for full gate opening with downstream pressure 

tap at x=""4 (12 inches from entrance on IS­
Inch gate) is about 0.75 (Figure 13). 
~ for x =2'3 .. u ( Figure 11) 
AH•-1.1 (0. 79) =0.87 
From o• cA'l!gllH 

. o,0.75 U.767) (8.021 0.93 
't9.9 els. 

SCREW LIFT VERTICAL METERGATE 

INSTALLATION CRITERIA AND.-EXAMPLE 
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