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Abstract:

Recently, overshot gates, or leaf gates as they are sometimes called, are becoming increasingly popular for
controlling water levels in open channels. This popularity is partly due to the ability of the gates to handle
flow surges with limited depth changes and the ease with which operators can understand the hydraulic
behavior of the gates. With an overshot gate a 10-cm drop in gate height corresponds closely to a 10-cm
drop in upstream water level. While water level control is useful, operators also need to know the flow
rate at each gate to better operate the system. At high gate angles, the overshot gate appears to resemble a
sharp-crested weir while at low gate angles it 1ooks as if it might behave more like a free overfall.

While existing theories provide some background for the overshot gate hydraulics, this study focused on
information specific to inclined weirs. The theoretical evaluation was tested against hydraulic lab
modeling and field investigations. Equations derived can be used to accurately determine the flow rate in
the field of a properly ventilated free-flow leaf gate to within approximately 6.4% with a standard
deviation of around 3.2%. These equations are valid for values of h,/p less than 1.0 and for gate angles
between 16.2° and 63.4°. Additional equations can be used to predict the discharge of a submerged
overshot gate, however the degree of accuracy was not clearly defined.

List of Key Words:

water measurement/ canals/ gates/ laboratory tests/ field tests/ accuracy/ free flow/ submerged flow/
discharge coefficients
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TECHNICAL SUMMARY

Recently, overshot gates, or leaf gates as they are sometimes called, are becoming increasingly popular for
controlling water levels in open channels. This popularity is partly due to the ability of the gates to handle flow
surges with limited depth changes and the ease with which operators can understand the hydraulic behavior of the
gates.

The main purpose of most control gates is to maintain a constant water depth upstream so that orifice-based
offtakes, usually located just upstream of the gates, will deliver water at a near-constant rate regardless of the flow
rate in the main canal. The control gates themselves can either be orifice-based gates, such as sluice or radial
gates, or weir-type gates. Generally, weirs are able to control water surfaces more closely than orifice gates because
the water level upstream varies with the three-halves power of the head over the weir. Overshot gates are also
more intuitive to operate because a 10-cm drop in gate height corresponds closely to a 10-cm drop in upstream
water level.

While water level control is useful, operators also need to know the flow rate at each gate to better operate the
system. At high gate angles, the overshot gate appears to resemble a sharp-crested weir while at low gate angles it
looks as if it might behave more like a free overfall.

Kindsvater and Carter (1959) presented a form of the discharge equation for either a fully or partially contracted
sharp-crested vertical weir. They considered the effect of the viscous and surface tension forces and introduced an
effective discharge coefficient, C,. The viscous and surface tension forces were accounted for by modifying the
width of the weir and the head approaching the weir. The final form of Kindsvater and Carter's discharge equation
is as follows:

0=C,1J2g bn’ (Al
where C, = effective discharge coefficient;
g = gravitational acceleration (9.81 m/s?);
. = effective width of the weir; and
h, = effective head on the weir.

The effective width of the weir is expressed in terms of an empirical constant, K, that depends on the ratio b/B,
(where b, = width of the overshot gate and B, = width of approach channel) as follows:

b,=b +K, (B]
In a similar way, the effective head can be expressed in terms of another empirical constant, X}, as follows:
h =h+K, IC)

Kindsvater and Carter (1959) showed that the effective discharge coefficient varies linearly with /B, and h,/p
only (where p = height of weir from channel bottom to crest). The value of C, is assumed to be of the form:



n = 01525+ 0.0060778 - 0.0000456* &

where 0= gate angle in degrees.

From laboratory and field studies, it is believed that Equations E and F will provide field measurement accuracy of
+7% for typical field installations. We have insufficient field verification to judge the accuracy of submerged
overshot gates. At this time, the accuracy of the submerged gates is roughly estimated to be £10%. This accuracy
estimation does not include errors associated with head measurement. Errors in head measurement will be much
greater under submerged conditions than under free-flow conditions, particularly due to the difficulty of making
downstream head measurements.

TECHNICAL EXAMPLE

As an example, consider a leaf gate in the field that is 2 m wide, 3 m long, and is mounted on a 7.5 cm square
channel. To determine the discharge, the head on the gate, /,, and the height of the crest above the channel
bottom, p, must be determined. Because the value of C, and C, change very slowly with gate angle and h,/p, it is
more important to determine h, accurately than p. To continue the example, assume that A, = 1.00 m and p = 2.00
m. These two values yield an /1,/p of 0.50. The gate angle can then be calculated using the following equation:

0= arcsin( P I:- t) K]

where 0= gate angle in degrecs;
p = height of gate crest above the channel bottom (2.00 m);
t = height of square channel that the overshot gate is mounted on (0.075 m); and
L = length of the overshot gate blade in the direction of flow (3 m).

Using Equation K, the gate angle is found to be equal to 39.9°. Because A,/p is less than 1.0 and the gate angle is
between 16.2° and 63.4°, Equation F can be used to determine that C, = 1.115. Using Equation D, the C, can be
found to equal 0.640. Finally, Equation E can be used to determine that the discharge is 4,216 I/s. Table Aisa
sample rating table for this example under free-flow conditions for various values of /; and p.

Next, consider the same gate operating under submerged conditions. Assume that b, and p are the same for the
free-flow case and that the downstream head, A, is 0.30 m. Using these values, the submergence ratio (h,/h)) is
0.30. Because A,/p is less than 1.0, the submergence ratio is less than 0.90, and the gate angle is between 16.2°
and 63.4°, Equations I and J can be used to estimate that 4 = 1.014 and n =0.323. Using Equation H, the

drowned flow reduction factor can be found equal to 0.957, and the new discharge would therefore be 4,036 Us.

p (m)
10 [ 15 | 20 [ 25
025 | 501 505 506 505
050 | 1456 1452 1,449 1,444

E|[ 075 | 2751 2718 2,700 2,663
S 100 | 4354 4264 4216 4,147
1.25 6072 5977 5863
1.50 8,130 7,969 7,79

Table A: Discharge in Us of example free-flow overshot gate for a various values of 4; and p.
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INTRODUCTION

Recently, overshot gates, or dropleaf gates as they are sometimes called, have become increasingly popular
for controlling water levels in open channels. This popularity is partly due to the ability of the gates to
handle flow surges with limited depth changes and the ease with which operators can understand the
hydraulic behavior of the gates.

The overshot gate was introduced by UMA Engineering for controlling irrigation water in such places as
the St. Mary River Irrigation District in Lethbridge, Alberta, and South San Joaquin Irrigation District
(SSJID) and the Imperial Irrigation District (TID) in southern California. The Salt River Project (SRP) in
Phoenix, Arizona, also uses them in flood control spillways. The basic layout of an overshot gate is
simple. It consists of a rectangular panel that is hinged to the bottom of the canal. Usually, two cables
connect the top of the panel to a hoisting mechanism that can then be used to raise and lower the gate to
the desired height to control the upstream depth for various flow rates (Figure 1).

Figure 1: General schematic of an overshot gate.

The main purpose of most control gates is to maintain a constant water depth upstream so that orifice-
based offtakes, usually located just upstream of the gates, will deliver water at a near-constant rate
regardless of the flow rate in the main canal. The control gates themselves can either be orifice-based
gates, such as sluice or radial gates, or weir-type gates. Generally, weirs are able to control water surfaces
more closely than orifice gates because the water level upstream varies with the three-halves power of the
head over the weir. This means that changes in flow rates will not create much change in the upstream
water surface elevation. Upstream water levels for an orifice gate, on the other hand, vary with the one-
half power of the head approaching the gate. Thus, for a given setting, orifice-based gates usually produce
large fluctuations in water surface elevations from changes in flow rates compared to weirs. However, the
height of simple weir structures is not readily adjustable and is usually changed incrementally with stop
log checks. Orifice gates are easily adjusted to any gate opening the operator desires. They are better
suited to good downstream flow rate control rather than upstream water level control because accurate
control of the water level requires more hydraulic understanding and more accurate adjustments on the
part of the operator. Overshot gates are more intuitive to operate because a 10-cm drop in gate height
corresponds closely to a 10cm drop in upstream water level.

While water level control is useful, operators also need to know the flow at each gate to better operate the
system. At high gate angles, the overshot gate appears to resemble a sharp-crested weir while at low gate
angles it looks as if it might behave more like a free overfall. It seemed likely that the discharge could be
determined by using a modificd version of a sharp-crested weir discharge formula. Thus, laboratory
studies were performed in an attempt to evaluate the hydraulic characteristics of the overshot gate.
Because the overshot gate can be operated in the field under both free-flow and submerged conditions,
tests were performed for both circumstances.



Figure 2: Definition of terms for a sharp-crested weir.

Horton (1907) outlines many specifications that must be followed in order to ensure reasonable accuracy
in discharge measurements for sharp-crested weirs using Equation 3. These specifications can be
summarized as follows:

the upstream crest edge should be smooth and sharp;

the nappe should only touch the upstream crest corner;

the nappe should be perfectly aerated;

the upstream face of the weir should be vertical;

the crest should be level from end to end;

the approach velocity distribution should be uniform; and

the head measurements should show the true water surface elevation above the crest level.

NoUus LD~

Kindsvater and Carter (1959) presented a slightly different form of the discharge equation for either a
fully or partially contracted sharp-crested weir. They removed the effect of the viscous and surface tension
forces from C, and introduced a new discharge coefficient, C,. The viscous and surface tension forces
were accounted for by modifying the width of the weir and the head approaching the weir. The final form
of Kindsvater and Carter's discharge equation is as follows:

Q=C,22g bn* [4]

where C, = effective discharge coefficient;
b, = effective width of the weir; and
h, = effective head on the weir.

The effective width of the weir is expressed in terms of an empirical constant, X, that depends on the
ratio b/B, (where B; = width of approach channel) as follows:

b,=b+K, (51

In a similar way, the effective head can be expressed in terms of another empirical constant, K, as
follows:

h, = h1 +K, [6]
Both X, and X, are used to account for viscous and surface tension forces. The value for K, can be

obtained from Figure 3, and Kindsvater and Carter (1959) recommend that a constant value of 0.001 m
(0.003 ft) be assigned to X, regardless of the flow rate or gate height.



0=CC. 12 b 18

where C, = correction factor for angle of the gate; and
C, = effective discharge coefficient for a vertical weir.

The general trend of C, can be determined as a function of the gate angle by considering the data
presented by the US Bureau of Reclamation (USBR) in its study on crests for overfall dams (1948). Some
of the USBR's research was done on inclined sharp-crested weirs, which are similar to overshot gates.
Using the tables presented by the USBR, the shapes of the upper and lower nappes were determined for a
full-width weir at various angles of inclination with the following dimensions: width of crest = 1.2 m (4.0
ft), discharge = 387 Us (13.7 cfs); and measured head = 0.30 m (1.0 ft). The weir height, p, for the
vertical weir was set equal to 0.61 m (2.0 ft) so that the value of h,/p equaled 0.5. As the weir angle of
inclination was decreased, the face of the weir was increased so that ,/p and Q would remain constant.
Upper and lower nappe profiles for inclined weir angles of 90.00°, 71.57°, 56.31°, 45.00°, 26.57°, and
14.04° were determined from the USBR’s tables (Figure 4).

0300 +

0.250 +

vertical wei
56.31° gate 157 gate o wer

0.200 4+ ...

0.150 -

Vertical Position of Upper and Lower Nappes (m)

Horizontal Distance from Crest (m)

Figure 4: USBR upper and lower nappe profiles for various inclined weir angles.
[© =387 Vs (13.7 cfs); h; = 0.30 m (1.0 fi)]

From this analysis, the thickness of the vena contracta can also be determined for each of the angles of
inclination considered (Table 2). As the angle is decreased from the vertical position, the thickness of the
vena contracta begins to increase. This trend continues until 2 maximum thickness is reached at a weir
angle of about 45°. After this point, the thickness of the vena contracta begins to decrease. The
contraction coefficient, C,, given in Equation 2 is the ratio between the thickness of the vena contracta
and the approaching head on the weir and can be expressed as follows:



Submerged Weirs

When the tailwater in the canal rises above the crest of a sharp-crested weir, the weir becomes submerged.
Under this condition, the discharge depends not only on the upstream head but also the downstream head,
h; (Brater and King, 1976). Generally, sharp-crested weirs are not used for flow measurement in the
submerged state because the accuracy of the discharge measurements is reduced. However, the discharge
characteristics of the overshot gate under submerged conditions should also be determined because the
canal controlling aspects of the overshot gate may require the gate to operate in a submerged state. This
can be done by assuming that the overshot gate also behaves like a sharp-crested weir under submerged
conditions. Villemonte (1947) developed the following useful equation to estimate the discharge over a
submerged rectangular sharp-crested weir:

1.5 0.385

0=c,0.-0/1-(%) o

where  Cy = drowned flow reduction factor;
Q, = discharge under free-flow conditions with upstream head = h;;
A, = upstream head; and
h; = downstream head.

Villemonte recommended that the downstream head, A,, be measured downstream from the disturbance
created by the nappe [about 2 to 3 m (6 to 10 ft)] and that the tailwater basin be sufficiently wide to permit
free circulation of the water underneath the nappe (Ackers et al, 1978). Villemonte (1947) claims that the
drowned flow reduction factor for rectangular control sections can be determined to within 3% only if
values of 4,/p are less than 1/3. Brater and King (1976) also point out that the accuracy of a sharp-crested
weir is greatly reduced under submerged conditions and that some of the data obtained by Villemonte
would have been better represented by a slightly different curve than the one given in Equation 10. They
recommend individual weir calibrations if the accuracy required is greater than that provided by
Villemonte's equation. For these laboratory experiments, Villemonte's drowned flow reduction factor was
used in the following form:

151"
h
C, =A1- —2-) 11
o (h (]

where 4 and n are empirical constants,



Structural aluminum angle 7.62 cm (3 in) thick was bolted to the underside of the leaf gate to limit the
deflection under water loading. A 2.54-cm (1-in) aluminum rod was welded to the lower backside of the
leaf gate and served as half of a hinge when set into a 2.54-cm (1-in) aluminum channel. This created a
pivot that did not leak significantly. The aluminum channel was then welded to another 0.635-cm (1/4-
in) sheet of aluminum which was then affixed and sealed to the laboratory channel floor using silicon
sealant. The sides of the overshot gate were equipped with a J-type seal constructed from wooden dowel
rods and gas pipe tape. The gate still leaked slightly, but it was determined that these small leaks did not
significantly affect the calibration. The gate was raised and lowered by two steel cables that attached to
the angle supports and wound onto a 2.54-cm (1-in) diameter steel-rod drum that could be rotated to
achieve gate positioning. This drum assembly was supported on the metal frame of the glass-sided
channel. A gear box was used to turn the steel rod which then wrapped the steel cables around itself and
raised the gate. Because of the structural angle supports and the hinging system used, the gate angles
were limited to between 23° and 39°. A schematic diagram of the USWCL gate is shown in Figure 8.

GeuBoxD

Steel Cable

Structural
Angle
Supports

0.635-cm Al Channel
0.635-cm AlRod ~ 0.635-cm Al Plate

—

Figure 8: Schematic diagram of the USWCL overshot gate.

The second gate tested was a commercial version manufactured by Armtec, Inc. This gate was made of
0.318-cm (1/8-in) stainless steel plate and was 1.14 m (3.75 ft) wide and 0.46 m (1.5 ft) long. This gate
had side supports and an entrance contraction ratio (B»/B;) of 0.925. The configuration of the Armtec
gate was similar to that of the USWCL gate. The hinge of the gate was a stainless steel piano hinge that
was sealed with a rubber sheet. The hinging system on the Armtec gate was raised above the basic
channel floor by mounting it on a 7.62-cm (3-in) square channel. This allowed the Armtec gate to be
lowered to a horizontal position. The hoisting mechanism and the laboratory installation limited the
maximum angle that could be achieved to around 65°. The sides were sealed with commercially available
rubber J-seals and the leakage through the gate was minimal. This channel was then bolted to the same
0.635-cm (1/4-in) aluminum that was already sealed to the floor for the USWCL gate.

Free-flow tests were performed on both of these gates while submergence tests were performed on just the
Armtec gate. For free-flow tests, a particular leaf gate angle and flow rate were selected and set in the
laboratory. The gate angle was measured with a digital inclinometer that was accurate to £ 0.1°. The
flow rate was measured using the weigh tank system. The upstream head on the gate was measured using
a 0.6-m (2-ft) length of 2.54-cm (1-in) diamecter steel pipe plugged on both ends and placed parallel to the
flow about 1.2 m (4 ft) upstream of the base of the gate. Holes were drilled around the perimeter of the
pipe at a section about 1/3 of the way from the downstream end and polyvinyl tubing was attached to a
pressure tap located at the downstream end of the pipe. The tubing was then connected to a small
movable stilling well that was located directly above the crest of the gate. Thus, the same point gage
could be used to detect both the crest level and the upstream water surface without having to move the
point gage. This method of head detection eliminated the translation error associated with moving the

point gage.



RESULTS

Adjustments to the Discharge Equation

The blade on Armtec's gate was smooth and clean, but the edge was not perfectly sharp. The upstream
corner of the gate had a slight rounding due to shearing the blade to size. This rounding had a radius of
approximately 0.05 cm (0.02 in) and has the effect of increasing the discharge over the gate. To account
for this, Schoder and Turner (1929) give an empirical expression for the increase of discharge due to
rounding of the crest (C,). It was assumed that the rounding would have less of an effect on the flow rate
as the gate angle was lowered. Thus, Schoder and Turner's C, was modified as follows:

0.75

C =1+ 0.0368-}’lr—sin9 | n2)

where C, = coefficient to correct for rounding of the crest;

r = radius of crest rounding in centimeters;

h; = head on gate in meters; and

0= gate angle.
The side seals on the Armtec gate were so large that they affected the flow area over the crest. At high
heads, the side seals did not affect the flow very much; however, at low heads, the cross-sectional seal area
became a large percentage of the total flow area over the crest. To account for this, Equation 8 was

modified by subtracting the seal area out of the flow area. The following equation is the form of the
discharge equation that was used to calculate C, from the laboratory experiments:

Q=C,C.C,2\2g [(h + K, )b. + K,) - 24, cos 6|\, +X, [13]

where A, = cross-sectional area of J-seal and all other terms are as previously defined (see Figure 7).

Unsubmerged Gates

Only the calibrations for the Armtec gate were used in determining the empirical coefficients in the
discharge equation. The calibrations from the USWCL were used simply to verify the results obtained
from the Armtec gate. Values for C, were calculated for each of the free-flow tests performed on the
Armtec gate using Equation 13. The results of a typical calibration run appear in Figure 10.
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Gate Angle C. Number

© of Tests
16.2 1.081 15
2.4 1.101 25
30.0 1.106 28
36.4 1.116 35
43.6 1.115 8

54.2 1.108 35
63.4 1.097 14
90.0 1.000 By definition

Table 3: Average values of C, for the Armtec gate at various angles.

The average values of C, reported in Table 3 were plotted against the gate angle and can be seen in Figure
12. The shape of the solid portion of this curve can be approximated by a second-order polynomial with a
maximum C, value occurring at about 45°, This is very similar to the relationship of C, versus angle of
inclination as shown in Figure 5. A second order polynomial curve was empirically determined by
applying a least-squares technique to the data. The following empirical equation was obtained:

C, =1.0333+0.0038484~ 0.0000456" [14]

where 6= gate angle in degrees.
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Figure 12: Average C, values and empirical curve fit versus gate angle.
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Gate Angle q n A Gate Angle q n A
(Us per (Us per
) m width) ©) m width)
16.2 36.95 0.251 0.997 36.4 30.84 0.345 1.024
60.08 0.229 1.020 37.24 0.339 1.029
83.34 0.236 1.059 50.06 0.335 1.032
121.53 0.229 1.068 66.55 0.318 1.035
224 37.60 0.292 1.024 43.6 23.74 0.354 1.004
51.58 0.284 1.036 30.47 0.352 1.007
67.36 0.287 1.051 37.60 0.356 1.026
89.26 0.263 1.046 45.50 0.336 1.018
109.96 0.247 1.049 1 64.03 0.333 1.026
130.79 0.251 1.058 78.01 0.316 1.029
132.67 0.249 1.060 54.2 18.74 0.381 0.994
30.0 30.83 0.318 1.030 29.91 0.387 1.001
48.04 0.311 1.047 37.56 0.362 1.005
63.86 0.326 1.052
80.42 0.301 1.052
Table 5: Values of n and A4 for various gate angles and specific discharges, q.
1.0 -
_ 0.9 S
£ 0.8
= 0.7
£ 0.6
2 g5
§ 0.4
Eﬁ .
4Ea 0.3 ¢  Submergence Test Data .
< 0.2 - Modified Villemonte Curve Fit YR
@ 014 |- Villemonte's Equation for Vertical Weirs
0.0 — - . — 4
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Figure 13: Typical calibration curve for submerged Armtec overshot gate.
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Figure 14: Typical calibrations for the submerged Armtec leaf gate (one angle, various discharges).
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Figure 15: Typical calibrations for the submerged Armtec leaf gate (various angles, similar discharges).
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wide. The weirs were made of iron that was 0.70 cm (0.276 in) thick and "carefully straightened.” For
his first 3 tests, Bazin measured the discharges volumetrically.

After that, he calibrated the other weirs by comparing them to the first 3 "reference” weirs. The head was
measured using a hook gage in a stilling well connected to a large piezometric tap that was 5.0 m (16.4 ft)
upstream of the weir. Although ". . . Bazin's instrumentation was good and his technique was meticulous”
(Kindsvater and Carter, 1959), his results differ from most other investigators. Questions have been
raised as to whether the crests in Bazin's experiments were truly straight or sharp (Schoder and Turner,
1929).

The USBR's Boulder Canyon Project Final Report (1948) also presented some of the data from
experiments performed by Bazin on weirs with sloping faces. Apart from the angles studied by the USBR,
Bazin also performed experiments on gate angles of 26.57° and 14.04°. All of Bazin's data had h,/p
values that were either near or below 1.0. Thus, all his data was used for comparison except for the data
from the 71.57° angle tests. Equations 8 and 14 under predicted Bazin's data by an average 3.48% with a
standard deviation of 2.29% (see Figure 17). Bazin's data on inclined weirs is summarized in Appendix
VIIL

Field Experiments—-Field experiments were also carried out in the IID during the summer and fall of
1993. Two sites were tested during these experiments. The first leaf gate was located on the Plum Canal
and had a 1.55 m (5.08 ft) long blade. The second leaf gate was located on the Oasis Canal and had a
1.70 m (5.58 f) long blade. Both of these overshot gates had widths of 1.63 m (5.35 ft). The Plum Canal
was a trapezoidal concrete-lined channel with a bottom width of 0.61 m (2.0 ft) and side slopes of 1.5 to 1.
The Oasis Canal was also a trapezoidal concrete-lined canal with a 0.61 m (2.0 ft) bottom width; however,
its side slopes were 1.25 to 1. A schematic diagram of a portion of the Oasis Canal along with the test-site
location appears in Figure 16. These tests were performed differently than those in the lab. In the field,
the flow rate was held constant and a variety of angles were calibrated instead of holding the angle
constant and varying the flow rate. This was done because of the difficulty of changing the flow rate in
the ficld canals. The upstream head was measured by the same method used in the laboratory. The flow
rate in the canal was measured using a computer calibrated broad—crested weir that was accurate to within
1 2%. Care had to be taken to ensure that the gate was properly ventilated in the field. At angles less
than 20°, the overshot gate became only partially ventilated and this led to large errors in the discharge
prediction. These points were not included in the data analysis. The crest of the field gate was slightly
rounded and the edge seals affected the flow area in a manner similar to the Armtec laboratory overshot
gate. However, the heads were so high in the field that the small corrections made by including these
effects were negligible. Thus, the following equation was used to calculated the discharge for the field
experiments:

0=C,C, t2g (b. +K )h +K,)" [17]

The relative heads, h,/p, in all the experiments were less than 0.7, thus Equation 14 can be used to
describe C,. As would be expected, the data of the field experiments was more scattered than any of the
laboratory experiments. Using Equation 17, the field discharge was under predicted with an average error
of 6.39% and a standard deviation of 3.16% (sce Figure 17). There was a difference between the tests
performed on the Plum Canal and the tests performed on the Oasis Canal. The calibrations on the Plum
Canal alone had an average error of around 2.2% while the calibrations on the Oasis Canal alone had an
average error around 7.3%. The field data is summarized in Appendix X.

The point gage and moveable stilling well system used to detect the head on the overshot gate is accurate
to within 1%. This leads to a maximum error in discharge due to errors in head measurements of 1.5%.
There are many other sources of error that can be identified in relating the leaf gate calibration in the field
to the calibration performed on the Armtec gate in the laboratory. A summary of the possible systematic
errors can be seen in Table 7.
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Figure 17: Percent error of various leaf gate tests.
Source of Error Magnitude
of Error
Head detection 1.5%
Comparison flume 2%
Gate lcakage 0.5%
Plate roughness 0.5%
Distribution of velocity of approach 3%
Inclination of crest 0.25%
Table 7: Sources of systematic error in the calibration of the field leaf gate.
Submerged Gates

A modified version of the Villemonte equation was used to describe the drowned flow reduction factor for
the Armtec overshot gate. Different entrance contraction ratios (B2/B;) did not appear to affect the values
of n or 4 in Equation 11. Equations 11, 15, and 16 can be used to describe the drowned flow reduction
factor of the Armtec gate with an average error of -0.11% and a standard deviation of 4.08%. The high
standard deviation is a result of Equation 11’s inability to perfectly follow the data points from the
submergence calibrations (see Figure 13). Brater and King (1976) also report that Villemonte's equation
did not exactly fit the data obtained from vertical sharp-crested weirs. Thus, if a high degree of accuracy
is needed, Brater and King (1976) recommend that each particular gate be tested in a laboratory under
conditions similar to those in the field.

No literature was available for calibration tests done on submerged inclined sharp-crested weirs and no
submergence tests were performed on the USWCL gate. However, tests were performed in the field.
These tests were carried out in a manner similar to those done in the laboratory; however, only a limited
number of submergence ratios were obtained because of the difficulty in controlling the downstream water
surface.
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A confined downstream section introduces areas of low pressure and has the same effect on a submerged
weir that an inadequately ventilated nappe has on a free-flow weir. Thus, the Armtec gate tested under
the confined laboratory conditions was discharging water at a lower head than it would if the downstream
channel permitted proper circulation of the water. This improper circulation of the water would cause a
rise in the value of the drowned flow reduction factor. All the drowned fiow reduction factors obtained
from the laboratory experiments would then be higher than the ones obtained from the field experiments.
Because Equations 14 and 17 under predict the discharges under free-flow conditions, a larger value of Cy4
should improve the accuracy of Equation 18 under submerged conditions.

For overshot gates to predict the fiow under submerged conditions, the downstream depth must be
accurately determined. In many of the gates observed in the IID, no downstream depth measurement was
possible because the flow entered a pipe immediately after the gate. In these cases, the overshot gate
cannot be used to measure the discharge under submerged conditions because no downstream depth can
be obtained. The ideal spot for measuring the downstream depth is past the disturbance created by the
plunging nappe. Usually about 2 to 3 m (6 to 10 ft) downstream of the gate is an appropriate distance
(Villemonte, 1947). Because of the limited number of locations where a downstream depth can be
measured in the IID and the small number of field calibrations performed, it is not recommended to use
leaf gates to predict discharge when they are under submerged conditions.
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APPENDIX lll. DATA FOR FREE-FLOW ARMTEC OVERSHOT GATE

Test series #2
Test dates: July 7, 8,9, and 12, 1993
Gate angle: 28.6°
Run Head Discharge Head Discharge
¥ (mm) Us) () (cfs)
2 78.9 50.87 0.259 1.796
3 85.6 58.01 0.281 2049
4 93.0 67.42 0.305 2381
5 103.3 7.07 0.339 2722
6 1128 89.21 0.370 3.150
7 1216 100.32 0.299 3.543
8 104.2 78.38 0.342 2768
9 106.1 81.15 0.348 2.866
10 1122 89.94 0.368 3176
11 116.7 94.40 0.383 3334
12 99.7 75.13 0.327 2653
13 94.2 68.23 0.309 2.409
14 90.8 64.55 0.298 2279
15 847 §7.71 0.278 2038
17 80.2 52.66 0.263 1.860
18 70.7 4410 0.232 1.557
19 = 640 37.58 0.210 1.327
20 796 52.47 0.261 1.853
.21 753 48.85 0.247 1.725
22 69.2 4331 0.227 1.530
23 64.6 38.30 0.212 1.3583
24 61.6 35.14 0.202 1.241
25 79.2 51.38 0.260 1.814
26 799 52.94 0.262 1.870
27 81.4 54.94 0.267 1.940
28 61.3 35.28 0.201 1.246
29 114.6 91.97 0.376 3248
30 98.5 73.02 0.323 2579
Test series #4
Test date: July 29, 1993
Gate angle: 36.4°
Run Head Discharge Head Discharge
L {mm) (Us) n (cts)
1 853 59.18 0.280 2,090
2 93.6 67.90 0.307 2.398
3 101.2 76.56 0.332 2704
4 789 52.44 0.259 1.852
5 716 45.15 0.235 1.585
6 66.4 40.33 0.218 1.424
7 62.2 36.47 0.204 1.288
8 573 32.11 0.188 1.134
9 5§21 27.86 0.171 0.984
10 84.1 S7.25 0.276 2022
1" 61.0 35.27 0.200 1.246
12 1015 76.09 0.333 2.687
13 69.2 42.58 0.227 1.504.

Test series #3
Test dates: July 20 and 21, 1993
Gate angle: 22.4°
Run Head Discharge Head Discharge
# mm) | s (n (cfs)
1 1012 74.89 0.332 2645
2 1078 83.49 0.354 2948
3 1143 91.09 0.375 3.217
4 1204 98.96 0.395 3.495
5 1283 109.28 0.421 3.859
6 1417 128.03 0.465 451
7 149.0 138.52 0.489 4.892
8 1558 148.35 0.511 5239
9 1622 157.67 0.532 5.568
10 169.8 169.96 0.557 6.002
11 96.0 69.82 0.315 2.466
12 89.0 81.47 0.292 2171
13 86.0 58.33 0.282 2.060
14 82.6 54.96 0.271 1.941
15- 78.0 50.24 0.256 1.774
16 725 44.78 0.238 1.582
17 66.4 39.03 " 0.218 1.378
18 61.3 3452 0.201 1.219
19 157.6 149.57 0.517 5.282
20 87.2 58.98 0.286 2083
21 707 43.00 0.232 1.518
2 103.3 77.02 0.339 2720
23 1237 102.08 0.406 3.605
24 141.4 125.73 0.464 4.440
25 159.1 151.71 0.522 §.357
Test series #5
Test date: August 4, 1993
Gate angle: 16.2°
Run Head Discharge Head Discharge
# _{(mm) Vs) (m {cfs)
1 1241 103.10 0.407 3.641
2 133.8 11484 0.438 4,056
3 1417 127.58 0.465 4,506
4 1533 143.82 0.503 5.079
S 164.3 160.78 0.539 5.678
6 1143 90.90 0.375 3.210
7 1039 78.46 " 0.341 2771
8 948 67.58 0.311 2387
9 84.7 57.08 0.278 2.016
10 76.8 4871 0.252 1.720
11 67.7 39.83 0.222 1.406
12 543 28.08 0.178 0.992
13 118.3 95.30 0.388 3.366
14 150.3 138.98 0.493 4908
15 62.2 34.49 0.204 1.218




APPENDIX IV: DATA FOR FREE-FLOW ARMTEC OVERSHOT GATE WITH SIDE CONTRACTIONS

Test series #4
Test date: October 14, 1993

Gate angle: 36.4°
Contraction ratio: 0.84
Run Head Discharge Head Discharge
¥ (mm) {Vs) () {cts)
14 89.9 58.35 0.285 2.061
15 98.1 66.83 0.322 2.360
16 1058 75.04 0.347 2650
17 117.7 87.95 0.386 3.106
18 128.0 100.19 0.420 3.538
19 826 51.46 0.271 1.817
20 735 43.15 0.241 1.524
21 65.8 36.40 0.216 1.286
2 58.2 30.29 0.191 1.070
3 524 25.80 0.172 0.911
24 985 67.23 0.323 2374
25 128.6 100.86 0.422 3.562
Test series #7
Test date: September 24, 1993
Gate angle: 54.2°
Contraction ratio. 0.84
Run Head Discharge Head Discharge
¥ (mm) (Us) (W (cts)
16 86.3 54.51 0.283 1.925
17 948 62.73 0.311 2215
18 1024 70.20 0.336 2479
19 1134 8227 0.372 2905
20 747 4363 0.245 1.541
21 68.9 38.46 0.226 1.358
2 61.0 3234 0.200 1.142
23 573 2931 0.188 1.035
24 827 26.15 0173 09823
25 796 47.90 0.261 1.692
26 546 2754 0.179 0.973
Test series #8
Test date: December 8, 1993
Gate angle: 63.4°
Contraction ratio: 0.84
Run Head Discharge Head Discharge
# (mm) {Vs) (Wi (cfs)
1 728 42.73 0.239 1.509
2 87.5 55.81 0.287 1.971
3 64.9 36.00 0.213 1.271
4 56.1 29.09 0.184 1.027
5 50.0 2485 0.164 0.878
6 445 20.85 0.146 0.736
7 375 16.45 0123 0.581

Test series #4

Test date: October 29, 1993

Gate angle: 36.4°

Contraction ratio: 0.57

Run Head Discharge Head Discharge

L (mm) (Vs) (r) (cfs)
28 109.4 54.88 0.359 1.938
29 123.7 66.36 0.406 2344
30 136.9 77.63 0.449 2741
31 150.9 89.78 0.485 N
32 1625 100.08 0.533 3534
33 93.9 477 0.308 1.546
34 83.8 36.89 0275 1.303
35 689 2752 0.226 0.972
385 58.5 21.51 0.182 0.760
37 1128 57.64 0.370 2035

Test series #7

Test date: October 6, 1993

Gate angle: 54.2°

Contraction ratio: 0.51

Run Head Discharge Head Discharge

¥ {mm) (Us) n (cts)
27 109.4 47.18 0.359 1.666
28 105.2 44.36 0.345 1.567
29 97.8 40.06 0.321 1.415
30 89.6 3485 0.294 1.231
31 80.8 30.06 0.265 1.062
32 738 26.11 0.242 0.922
33 66.1 232 0217 0.788
34 576 18.11 0.189 0.640
35 99.1 40.36 0325 1.425
36 774 2821 0254 0.996




Test series #2 Test series #2

Submergence test #3 Submergence test #4

Test date: July 16, 1993 Test date: July 19, 1963

Gate angle: 28.6° Gate angle: 28.6°

Free-overfall head: 114.6 mm (0.376 ft) Free-overfall head: 98.5 mm (0.323 ft)
Discharge: 91.97 Us (3.248 cfs) Discharge: 73.03 Vs (2.579 cfs)

Upstream | Downstream | Upstream | Downstream Upstream Downstream | Upstream | Downstream
Head Head Head Head : Head Head Head Head
{mm) (mm)_ L) (n) {mm) {mm) () (m)
1152 280 0.378 0.092 99.1 17.7 0.325 0.058
115.8 30.8 0.380 0.101 99.4 19.2 0.326 0.063
116.1 387 0.381 0.117 99.7 244 0.327 0.080
117.0 399 0.384 0.131 100.3 2.0 0.329 0.085
177 445 0.386 0.146 100.9 335 0.331 0.110
118.3 49.1 0.388 0.161 1021 402 0.335 0.132
1198 56.1 0.393 0.184 1033 479 0.339 0.157
121.3 63.1 0.398 0.207 105.2 543 0.345 0.178
1231 70.1 0.404 0.230 106.7 625 0.350 0.205
1253 76.8 0.411 0252 108.5 68.6 0.356 0.225
1274 838 0.417 0.275 110.6 75.0 0.363 0.246
1295 90.5 0.425 0.297 1134 81.4 0.372 0.267
1326 975 0.435 0.320 116.7 884 0.383 0.290
135.3 103.9 0.444 0.341 120.1 94.8 0.394 0.311
138.1 1103 0.453 0.362 123.4 101.5 0.405 0.333
1420 117.0 0.466 0.384 121.7 107.9 0.419 0.354
146.0 123.7 0.479 0.406 131.7 114.6 0.432 0.376
150:6 130.8 0.494 0.429 136.9 120.1 0.449 0.394
155.1 136.6 0.509 0.448 141.7 128.3 0.465 0.421

1603 144.2 0.526 0.473 146.9 1344 0.482 0.441
165.8 150.6 0.544 0.494 152.1 142.0 0.499 0.466
1713 157.9 0.562 0.518 159.7 149.7 0.524 0.491
176.2 164.6 0.578 0.540 165.8 156.7 0.544 0.514
1823 1713 0.598 0.562 171.6 161.8 0.563 0.531
188.1 177.7 0617 0.583 1777 168.2 0.583 0.552

194.2 184.7 0.637 0.606 183.8 1731 0.603 0.568



Test series #3

Submergence test #S
Test date: July 26, 1993
Gate angle: 22.4°
Free-overfall head: 123.7 mm (0.406 ft)

Discharge: 102.1 Vs (3.605 cfs)

Test date: July 27, 1993
Gate angle: 22.4°
Free-overfall head: 141.4 mm (0.464 Rt)

Discharge: 125.7 Us (4.440 cfs)

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
{mm) mm) ) (n
124.4 39.6 0.408 0.130
125.0 4241 0.410 0.138
1259 479 0.413 0.157
126.8 S6.1 0.416 0.184
128.3 62.8 0.421 0.206
129.2 63.5 0.424 0.228
131.1 738 0.430 0.242
1338 829 0.439 0.272
141.4 110.3 0.464 0.362
146.3 1222 0.480 0.401
151.8 128.9 0.498 0.423
158.2 137.8 0.519 0.452
164.6 147.8 0.540 0.485
1713 157.3 0.562 0.516
1783 166.7 0.585 0.547
185.6 175.6 0.609 0.576
193.9 184.1 0.636 0.604

Test series #3

Submergence test #7

Test date: July 27, 1993

Gate angle: 22.4°

Free-overfall head: 159.1 mm (0.522 f1)
Discharge: 151.7 Us (5.358 cfs)

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
{mm). (mm) (n) (n)
159.7 494 0.524 0.162
160.3 549 0.526 0.180
160.9 625 0.528 0.205
162.2 69.2 0.532 0.227
162.8 76.2 0.534 0.250
164.6 83.2 0.540 0.273
165.2 90.2 0.542 0.296
166.7 96.9 0.547 0.318
168.2 104.2 0.552 0.342
170.7 114.0 0.560 0.374
1731 1228 0.568 0.403
176.2 1323 0.578 0.434
179.8 139.3 0.5%0 0.457
184.4 149.0 0.605 0.489
189.0 158.5 0.620 0.520
193.9 167.0 0.636 0.548
199.9 176.2 0.656 0.578
2057 185.6 0.675 0.609
2128 194.2 0.698 0.637 .
22041 2042 0722 0.670
277 2134 0.747 0.700
2359 1.0 0.774 0.725

Upstream Downstream | Upstream | Downstream
Head Head Head Head
{mm) {mm) () "
142.0 430 0.466 0.141
1426 48.2 0.4568 0.158
1436 555 0.471 0.182
144.5 62.8 0.474 0.206
145.7 69.5 0.478 0.228
146.9 7 0.482 0.255
1484 84.1 0.487 0.276
149.7 91.7 0.491 0.301
151.8 97.2 0.498 0.318
1533 105.2 0.503 0.345
155.4 1119 0.510 0.367
159.1 121.9 0.522 0.400
163.4 131.1 0.536 0.430
168.6 141.1 0.553 0.463
175.0 151.2 0.574 0.496
179.8 160.0 0.590 0.525
1853 167.3 0.608 0.549
210.6 199.0 0.691 0.653
2158 205.7 0.708 0.675

Test series #4

Submergence test #1

Test date: July 30, 1993

Gate angle: 36.4°

Free-overfall head: 84.1 mm (0.276 ft)
Discharge: 57.26 Vs (2.022 cfs)

Upstream Downstream | Upstream { Downstream
Head Head Head Head
(mm) {mm) n n
84.7 12.8 0.278 0.042
853 17.7 0.280 0.058
86.3 244 0.283 0.080
875 311 0.287 0.102
88.7 378 0.291 0.124
90.2 44.2 0.296 0.145
920 51.2 0.302 0.168
939 57.6 0.308 0.189
96.6 64.6 0.317 0.212
99.1 713 0.325 0.234
102.4 77.7 0.336 0.255
106.1 84.1 0.348 0.276
110.0 91.1 0.361 0.299
114.6 97.5 0.376 0.320
118.6 103.9 0.389 0.341
1234 110.6 0.405 0.363
128.3 17.7 0.421 0.386
1359 126.2 0.446 0.414
146.0 137.8 0.479 0.452
154.8 147.2 0.508 0.483
163.1 156.7 0.535 0.514




Test series #5

Submergence test #2
Test date: August 6, 1993
Gate angle: 16.2°
Free-overfall head: 150.3 mm (0.493 ft)

Discharge: 139.0 Vs (4.908 cfs)

Test series #5

Submergence test #4

Test date: August 11, 1933
Gate angle: 16.2°
Free-overfall head: 71.9 mm (0.236 Rt)

Discharge: 4225 s (1.492 cfs)

Downstream

Upstream Downstream | Upstream | Downstream
Head Head Head Head
{mem) _{mm) (n )
150.6 49.1 0.494 0.161
150.9 §5.8 0.495 0.183
152.1 64.9 0.499 0213
153.0 741 0.502 0.243
1545 85.0 0.507 0.279
156.4 945 0.513 0.310
1579 103.0 0518 0.338
189.7 110.6 0.524 0.363
1625 1204 0.533 0.395
1655 1295 0.543 0.425
169.5 1295 0.556 0.425
1740 1478 0.571 0.485
179.2 157.0 0.588 0.515
185.6 166.1 0.609 0.545
191.7 175.0 0.629 0.574
198.4 183.8 0.651 0.603
205.7 193.2 0.675 0.634
2137 20241 0.701 0.663
216 211.2 0.727 0.693

Test series #5

Submergence test #5

Test date: August 11, 1993

Gate angle: 16.2°

Free-overfall head: 97.2 mm (0.319 ft)
Discharge: 68.70 Us (2.426 cfs)

Upstream | Downstream | Upstream j Downstream
Head Head Head Head
{mm) {mm) (n (W
97.5 210 0.320 0.069
97.8 283 0.321 0.093
98.5 36.0 0.323 0.118
99.1 433 0.325 0.142
100.6 50.0 0.330 0.164
1015 570 0333 0.187
103.0 65.5 0.338 0.21§
104.5 73 0.343 0.234
106.7 79.2 0.350 0.260
109.4 86.0 0.359 0.282
1128 93.6 0.370 0.307
116.7 9.4 0.383 0.326
121.0 106.7 0.397 0.350
1259 114.0 0.413 0.374
131.4 121.0 0.431 0.397
136.9 128.3 0.449 0.421
1426 134.7 0.468 0.442

Upstream Downstream | Upstream
Head Head Head Head
{mm) (mm) () (m
725 152 0.238 0.050
72.8 23 0.239 0.073
73.8 29 0.242 0.098
74.7 36.9 0.245 0.121
759 43.9 0.249 0.144
. T7.4 50.6 0.254 0.166

79.6 58.2 0.261 0.191
823 64.9 0.270 0213
86.0 719 0.282 0.236
90.2 78.9 0.296 0.259
95.1 85.6 0312 0281
100.6 924 0.330 0.303
106.1 99.7 0.348 0327
114.3 109.1 0.375 0.358

Test series #6

Submergence test #1

Test date: August 23, 1993

Gate angle: 43.6°

Free-overfall head: 98.8 mm (0.324 ft)

Discharge: 73.23 Us (2.586 cfs)

Upstream Downstream | Upstream | Downstream
Head Head Head Head
_(mm) (mm)__ (n) )

99.4 15.2 0.326 0.050
100.3 21.9 0.329 0.072
101.2 28.7 0332 0.094
102.7 357 0.337 0.117
103.9 42.4 0.341 0.139
1055 488 0.346 0.160
107.0 855 0.351 0.182
109.1 60.7 0.358 0.199
1113 67.7 0.365 0.222
113.7 74.4 0373 0.244
116.4 82.0 0.382 0.269
119.8 88.4 0.393 0.290
124.7 88.1 0,409 0.32
130.8 108.5 0429 0.356
147.2 130.1 0.483 0.427
155.8 1439 0.511 0.472
166.1 154.8 0.545 0.508




Test series #6

Submergence test #8

Test date: August 26, 1993
Gate angle: 43.6°
Free-overfail head: 51.5 mm (0.169 it

Discharge: 27.16 Vs (0.959 cfs)

Test series #7

Submergence test #1
Test date: September 9, 1993
Gate angle: 542°

Free-overfall head: 60.0 mm (0.197 R)

Discharge: 34.21 Us (1.208 cfs)

Downstream

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
{mm) {rrem) n m_
518 427 0.170 0.014
s7 10.4 0173 0.034
S39 171 0177 0.056
5§62 241 0.181 0.079
57.6 3.1 0.189 0.102
59.4 372 0.185 0.122
622 436 0.204 0.143
65.8 S50.3 0.216 0.165
69.5 56.7 0.228 0.186
735 63.1 0.241 0.207
78.6 701 0.258 0.230
a3s 76.5 0274 0.251
88.7 82.3 0.291 0.270
942 89.0 0.309 0.282

Test series #7

Submergence test #3

Test date: Septernber 15, 1993

Gate angle: 54.2°

Free-overfall head: 69.8 mm (0.229 ft)
Discharge: 42.96 /s (1.517 cfs)

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
{mm) (mm) () (m
70.1 488 0.230 0.016
71.0 116 0.233 0.038
nse 183 0.236 0.060
735 250 0.241 0.082
75.0 30.8 0.246 0.101
76.8 36.9 0.252 0.121
789 43 0.259 0.142
81.1 49.7 0.266 0.163
838 56.4 0275 0.185
86.6 62.5 0.284 0.205
90.2 68.9 0.296 0.226
93.9 756 0.308 0.248
98.1 820 0322 0.269
103.0 89.6 0.338 0.294
108.5 96.9 0.356 0318
114.0 103.6 0.374 0.340
119.2 110.0 0.391 0.361

Upstream Downstream | Upstream
Head Head Head Head
(mm) __(mm) () (m
60.4 3.35 0.198 0.011
61.6 10.4 0.202 0.034
63.1 165 0.207 0.054
646 23 0.212 0.073
65.8 290 0.216 0.095

. 68.0 354 0.223 0.116
70.1 421 0.230 0.138
728 485 0.239 0.159
75.9 855 0.249 0.182
79.9 622 0.262 0.204
844 70.1 0.277 0.230
91.7 79.6 0.301 0.261
99.1 89.9 0.325 0.205
1058 975 0.347 0.320
112.8 106.1 0.370 0.348
119.8 1134 0.393 0.372
1265 121.3 0.415 0.398

Test series #7

Submergence test #4

Test date: September 17, 1993

Gate angle: 54.2°

Free-overfall head: 442 mm (0.145 ft)
Discharge: 21.44 Vs (0.757 cfs)

Upstream Downstream | Upstream | Downstream
Head Head Head Head
(mm) {mm) (r) (n)
448 457 0.147 0.015
46.0 11.0 0.151 0.036
47.2 174 0.155 0.057
49.1 238 0.161 0.078
50.9 26 0.167 0.097
53.6 363 0.176 0.119
56.7 4227 0.186 0.140
60.0 48.5 0.197 0.159
64.0 549 0.210 0.180
68.9 61.0 0.226 0.200
741 67.4 0.243 0.221
79.2 73.8 0.260 0.242
85.0 80.2 0.279 0.263
90.8 86.6 0.298 0.284




Test series #4

Submergence test #9
Contraction ratio: 0.59

Test date: November 1, 1993
Gate angle: 36.4°
Free-overfall head: 1128 mm (0.370 ft)

Discharge: 57.62Vs (2.035 cfs)

Test series #7

Submergence test #5
Contraction ratio: 0.84

Test date: September 29, 1993

Gate angle: 54.2°
Free-overfall head: 79.6 mm (0.261 ft)
Discharge: 47.91 Vs (1.692 cfs)

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
(mem) {mm) (n (n_
1131 131 0.371 0.043
113.1 143 0.374 0.047
113.4 16.8 0372 0.055
114.0 216 0.374 0.071
1149 280 0.377 0.092
116.1 3541 0.381 0.115
117.3 427 0.385 0.140
118.9 497 0.390 0.163
1204 57.0 0.385 0.187
121.9 62.8 0.400 0.206
123.7 70.4 0.406 0.231
1265 774 0.415 0.254
1283 84.1 0.421 0.276
1311 90.8 0.430 0.298
134.1 97.8 0.440 0.321
1375 104.2 0.451 0.342
142.0 113.4 0.466 0.372
1475 1222 0.484 0.401
153.6 131.4 0.504 0.43t
160.0 140.5 0.525 0.461
166.7 149.4 0.547 0.490
174.0 1585 0.571 0.520

Test series #7

Submergence test #6

Contraction ratio: 0.84

Test date: September 30, 1993

Gate angle: 54.2°

Free-overfall head: 54.6 mm (0.179 ft)
Discharge: 27.55Us (0.973 cfs)

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
{mm) {mm)_ (m) ()
549 0.00 0.180 0.000
558 5.78 0.183 0.019
56.7 125 0.186 0.041
58.2 19.2 0.191 0.063
59.7 26.2 0.196 0.086
61.9 320 0.203 0.105
64.0 387 0.210 0.127
66.8 451 0219 0.148
69.8 515 0.229 0.169
735 579 0.241 0.190
7 64.6 0.255 0212
823 71.0 0.270 0.233
875 777 0.287 0.255
93.0 847 0.305 0.278

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
(mm) (mm) (m (m
79.2 S2 0.260 0.017
80.2 11.0 0.263 0.036
814 174 0.267 0.057
829 253 0272 0.083
.84.1 31.4 0.276 0.103
86.3 36.9 0.283 0.121
87.8 436 0.288 0.143
89.9 50.3 0.295 0.165
92.0 56.1 0.302 0.184
945 62.8 0.310 0.206
97.5 68.9 0.320 0.226
100.0 75.0 0.328 0.246
1039 81.7 0.341 0.268
1079 88.1 0.354 0.289
1128 95.1 0.370 0.312
117.7 102.7 0.386 0.337
1234 110.0 0.405 0.361
1295 1173 0.425 0.385

Test series ¥7

Submergence test #7

Contraction ratio: 0.51

Test date: October 8, 1993

Gate angle: 54.2°

Free-overfall head:. 99.1 mm (0.325 ft)
Discharge: 40.35 Us (1.425 cfs)

Upstream { Downstream | Upstream | Downstream
Head Head Head Head
{mm) {mm) L)) n

99.7 244 0.327 0.008
100.3 9.45 0.329 0.031
100.9 16.2 0.331 0.053
102.1 23 0.335 0.073
103.3 28.7 0.339 0.094
1049 351 0.344 0.115
106.4 421 0.349 0.138
108.2 485 0.355 0.159
110.0 54.6 0.361 0.179
111.9 61.3 0.367 0.201
114.0 67.4 0.374 0.221
116.4 735 0.382 0.241
121.0 84.1 0.397 0.276
126.2 94.5 0.414 0.310
130.1 102.1 0.427 0.335




APPENDIX Vil. DATA FOR FREE-FLOW USWCL OVERSHOT GATE

Test series ¥7
Test dates: November Sand 6, 1992
Gate angle: 24.0°
Run Head Discharge Head Discharge
4 (mm) {Us) (n) {cfs)
1 200.3 238.11 0.657 8.409
2 2155 266.13 0.707 9.398
3 190.2 219.01 0.624 7.734
4 169.8 182.99 0.557 6.462
5 156.7 161.86 0.514 5.716
6 1470 146.33 0.482 5.167
7 138.1 133.31 0.453 4.708
8 1281 117.46 0.420 4.148
9 118.6 105.00 0.389 3.708
10 1107 93.74 0.363 3.310
11 1028 82.94 0.337 2929
12 827 70.14 0.304 2477
13 85.1 61.82 0.279 2183
14 76.6 §52.39 0.251 1.850
15 65.9 41.85 0.216 1.478
16 56.4 3267 0.185 1.154
17 51.3 2.1 0.168 0.993
Test series #9
Test dates: November 12, 1992
Gate angle: 27.8°
Run Head Discharge Head Discharge
# (mm) vs) (m) (cfs)
1 131.7 12223 0.432 4317
2 119.8 107.35 0.393 3.791
3 106.7 89.57 0.350 3.163
4 96.3 75.73 0.316 2674
5 83.2 60.11 0.273 2123
6 68.6 44 .51 0.225 1.572
7 594 35.72 0.195 1.261
8 527 2.19 0.173 1.031
9 128.0 122.37 0.420 4322
10 154.8 159.89 0.508 5.646
1 1740 189.92 0.571 6.707
12 191.7 2131 0.629 7.816
Test series #11
Test dates: November 20, 1992
Gate angle: 35.0°
Run Head Discharge Head Discharge
# (men) {Us) M | (cts)
1 135.8 130.02 0.445 4,592
2 1220 111.45 0.400 3.936
3 110.2 94.98 0.361 3.354
4 100.7 8353 0.330 2950
5 91.6 71.61 0.300 2.529
6 815 59.63 0.267 2.106
7 708 47.97 0.232 1.694
8 626 39.59 0.205 1.358
9 529 31.39 0.173 1.108

Test series #8
Test dates: November 10, 1992
Gate angle: 30.2°
Run Head Discharge Head Discharge
¥ (mm)_ (Vs) () (cts)
1 116.0 101.03 0.380 3.568
2 130.6 121.68 0.428 4.297
3 143.4 140.29 0.470 4.954
4 159.3 164.98 0.522 5.826
5 174.8 190.42 0.573 6.725
6 102.0 83.35 0.334 2943
7 88.8 67.55 0.291 2,386
8 748 51.74 0.245 1.827
9 66.9 4239 0.219 1.497
10 54.1 31.30 0.177 1.105
Test series #10
Test dates: November 17 and 18, 1992
Gate angle; 25.9°
Run Head Discharge | Head Discharge
s (mm) {Us) {r) _{cts)
1 148.6 149.70 0.487 5287
2 165.3 175.41 0.542 6.195
3 175.4 195.87 0.575 6.917
4 190.0 221.01 0.623 7.805
5 138.8 135.89 0.455 4799
6 129.0 120.35 0.423 4250
7 119.6 107.65 0.392 3.802
8 107.1 90.79 0.351 3.206
9 94.9 75.39 0.311 2662
10 842 62.98 0.276 2224
1 784 56.21 0.256 1.985
12 675 4479 0.221 1.582
13 59.6 36.74 0.185 1.297
14 535 30.92 0.175 1.082
Test series #12
Test dates: November 24 and 25, 1992
Gate angle: 29.8°
Run Head Discharge Head Discharge
# fmm) (vs) (m (cts)
1 132.1 125.46 0.433 4431
2 145.2 146.01 0.476 5.156
3 “157.4 162.43 0.516 5.736
4 168.3 182.46 0.552 6.444
B 179.6 201.82 0.589 7127
6 120.2 108.29 0.394 3.824
7 1129 98.95 0.370 3.494
8 96.7 78.47 0.317 2771
9 879 67.34 0.288 2378
10 793 57.51 0.260 2.031
11 74 49.40 0.234 1.745
12 61.7 39.29 0.202 1.388
13 540 32.15 0.177 1.135




APPENDIX IX. DATA FOR USBR'S EXPERIMENTS ON INCLINED WEIRS

Gate angle: 71.57°

Weir width: 614.8 mm (2.017 ft)

Channel width: 630.6 mm (2.069 ft)

Gate angle: 56.31°

Weir width: 614.8 mm (2017 ft)

Channel width: 630.6 mm (2.069 ft)

Run Gate Head | Discharge | Head | Discharge Run Gate Head | Discharge | Head | Discharge
# | Height (mm) | (mm) (Us) () (cfs) # | Height (mm) | (mm) (Us) (n {cts)
133 1548.4 160.9 76.5 0.528 270 293 1439.0 159.4 73 0.523 273
13-2 1548.4 178.6 89.1 0.586 315 23-2 1439.0 1820 94.3 0.597 333
13-1 1548.4 2128 116.6 0.698 412 29-1 1439.9 2176 1249 0.714 4.41
16-1 6126 186.2 954 0.611 3.37 321 460.6 2149 1247 0.705 4.4t
15-1 765.0 2326 133.8 0.763 473 311 611.7 287.1 191.1 0.942 6.75
14-1 996.7 349.0 2413 1.145 8.52 301 756.5 360.0 2693 1.181 9.51
16-2 6126 2926 192.7 0.960 6.81 341 1935 2179 1355 0.715 479
152 765.0 3719 2772 1.220 9.79 361 1234 139.3 69.5 0.457 246
153 758.0 3776 2810 1.239 9.93 331 269.7 3085 226.7 1.012 8.01
17-1 460.2 2323 136.2 0.762 481 371 100.0 152.0 118.4 0.630 4.18
17-2 454.2 367.0 2793 1.204 9.86 351 1451 2844 2121 0.933 7.49
18-1 303.9 256.0 162.4 0.840 574 36-2 1237 2441 170.2 0.801 6.01
19-1 1920 162.2 828 0.532 293 381 847 2542 1926 0.834 6.80
19-2 1920 2289 141.6 0.751 5.00 40-1 725 22238 158.6 0.731 $.60
18-2 302.4 361.2 2826 1.185 9.98 4241 460 150.3 86.4 0.493 3.05
211 121.0 151.2 755 0.496 267 39-1 728 267.6 2155 0.878 7.61
19-3 191.4 306.6 278 1.006 8.05 41-1 533 2042 1430 0.670 5.05
20-2 166.4 2679 184.3 0.879 6.51 422" 46.0 1774 114.4 0.582 404
21-2 1207 195.7 1187 0.642 409 4-2 53.0 2374 1845 0.779 6.52
272 - 1262 2377 179.4 0.780 6.34 431 387 176.8 1175 0.580 4.15
20-1 168.9 339.9 2744 1.115 9.69 44-1 262 145.1 85.1 0.476 3.01
23-1 975 201.2 1246 0.660 4.40 43-2 39.0 2280 1771 0.748 626
25-1 70.7 150.9 79.6 0.495 281 44-2 256 190.8 1332 0.626 47
21-3 119.8 256.0 179.8 0.840 6.35
2241 107.6 2746 2056 0.901 7.26
25-2 722 190.2 116.7 0.624 412
232 97.8 2615 191.0 0.858 6.75
24-1 81.1 2505 183.8 0.822 6.49 Gate angle: 45.00°
25-3 7.3 2371 169.9 0.778 6.00 Weir width: 614.8 mm (2.017 ft)
274 445 148.1 83.3 0.486 294 Channel width: 630.6 mm (2.069 f)
254 713 283.2 294 0.929 8.10
24-2 80.2 325.8 284.0 1.069 10.03 Run Gate Head | Discharge | Head | Discharge
273 433 178.3 114.4 0.585 404 # | Height (mm) { (mm) ~ (Us) {n) {cfs)
26-1 52.1 270.1 2175 0.886 7.68 453 12875 160.6 79.9 0.527 2820
28-2 232 1475 859 0.484 3.04 45-2 12869 167.3 84.7 0.549 2990
271 40.2 2984 260.7 0.979 9.21 45-1 1286.6 202.7 1137 0.665 4015
28-1 219 2155 156.0 0.707 5.51 46-1 7571 340.8 2522 1.118 8.905
283 210 302.4 2632 0.992 9.30 48-1 463.9 2152 127.7 0.706 4510
4741 614.8 289.6 196.8 0.950 6.950
50-1 190.8 206.0 126.4 0.676 4.465
49-1 269.4 2954 2162 0.969 7.635
52-2 118.0 131.4 63.9 0.431 2255
51-1 1426 268.2 1985 0.880 7.010
53-1 96.6 182.3 1111 0.598 3925
5241 117.0 246 153.1 0.737 5.405
54-1 83.2 239.0 1781 0.784 6.290
58-1 457 135.0 755 0.443 2665
56-1 716 235.0 1770 0.1 6.250
57-1 546 181.7 1229 0.596 4.340
55-1 78.9 265.2 2142 0.870 7.565
58-2 46.0 158.8 99.7 0.521 3.520
58-3 46.0 1923 1376 0.631 4.860
57-2 51.8 3.7 1709 0.734 6.035
60-1 244 112.8 59.7 0.370 2110
59-1 40.2 200.9 150.4 0.659 5.310
60-2 241 1442 89.2 0.473 3.150




APPENDIX XI. DATA FROM FIELD EXPERIMENTS ON SUBMERGED OVERSHOT GATES

Location: Oasis Canal, lID

Test date: November 18, 1993

Gate angle: 22.2°

Free-overfall head: 211.8 mm (0.695ft)
Discharge: 358.1 Vs (12.65 cfs)

Upstream | Downstream | Upstream | Downstream
Head Head Head Head
(mm) {mm) (n) ()
216.1 311 0.709 0.102
2195 40.5 0.720 0.133
2192 46.3 0.719 0.152
213 556.2 0.726 0.181
2231 63.7 0.732 0.209
2237 738 0.734 0.242
2283 101.8 0.749 0.334
237.4 1420 0.779 0.466

2426 159.7 0.796 0.524



