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INTRODUCTION

The Bear River Canal System (Fig. 1} is located below Cutler
Reservoir in Box Elder County, Utah. The average annual quantity
of water conveyed through the canal system is approximately 230, 000
acre-feet., Any water not consumptively used in this area eventually
flows into Great Salt Lake.

Utah Power and Light Company has the rights to the waters stored
in Cutler Reservoir for operating a hydroelectric plant. The irrigation
distribution system below the reservoir is operated and maintained by
the Utah-Idaho Sugar Company. The water is delivered to the water
users through the distribution system and a nominal maintenance charge

iz assessed each user,

PURPOSE OF STUDY

Proper distribution of water to users in the Bear River Camnal
Systermn requires accurate flow measurement by the personnel of the
Utah-Idaho Sugar Company. Accuracy has been achieved by using a
current meter to periodically check the discharge rates being turned
out at each flow regulation structure. The primary difficulty of this
method ig the time iavolved in making the measurements. Consequently,
a program for rating the flow regulation, or turnout, structures in the

distribution system was deemed desirable,
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Rating the hundreds of gate structures in the Bear River Canal
System would be costly if accomplished in a short time. Therefore,
an initial research effort delineating the proper mgasurernents neces-
sary for developing a rating for any structure appeared advisable,
followed by a long range program of field measurements collected
over rmany years,

Testing some typical flow regulation structures was considered
essential for establishing the accuracy of any proposed measuring
system., Through laboratory testing, a large quantity of data could
be generafed in a short period of time. The information collected
in the laboratory could then be checked in the field using similar
gtructures,

The verification between field and laboratory data would provide
the basis for the long range program of developing field ratings. The
field data could be collected as a part of the normal work load of the
water masters and hydrographers. The accumulation of measuremenis
over the vears would provide enough data to base a rating, The
development of the ratings would not only reduce the work load of the
hydrographers, but would materially assist the water masiers in

accurately delivering the water to each irrigator.



LABORATORY FACILITIES

Fluid Mechanice Laboratory

A large share of the data was collected in the Fluid Mechanics
Laboratory (Fig. 2) located in the Engineering and Physical Science
Building, A flume recessed in the floor having a width of 5 feet and
a depth of 5 {feet was employed. Water was pumped from a tank
located in the basement of the laboratory into a liZ-inch diameter pipe-
line which discharges into the flume, The depth of flow in the flume
was controlled by a tailgate 1oca.tedlnear the downstream end of the
flume., The flow rate was determined by discharging the water into a
weighing tank and measuring the length of time required to accumulate
a particular weight of water, After obtaining a flow rate measurement,
the water was discharged into the sump (tank), where it wag recircu=

lated through the system,

Water Resecarch Laboratory

The large flume, 8 feet wide and 6 feet deep (Fig. 3}, located in
the Utah Water Research Laboratory was used for testing the largest
of the three {flow regulation structures. Water was delivered from the
small reservoir behind the First Dam located on the Logan River
immediaﬁel'y_upstfeam from the laboratory. Then, the water was
conveyed to the large flume by a 4-foot diameter pipeline. The flow

in the flume was measured with a Parshall fiume having a throat width



of 3 feet, The depth of flow in the flume was controlled by a slide gate
6 feet wide located downstream from the structure under study. The
flow passing through the flurme was then discharged into the Logan

River below the laboratory.
LABORATORY STRUCTURES

The principal type of flow regulation structure used in the Bear
River Canal System consists of a slide gate for regulating the quantity
of flow followed by a sermicircular corrugated culvert to convey the
water through the ¢anal bank, Three different slide gates were selected
for the laboratory tests.

The first gate structure tested in the Fluid Mechanics Laboratory
consisted of a 2-{foct wide cast iron gate with supporting ribs (Fig. 4).
The gate opening was rectangular in shape. The semicircular corru-
gated culvert had a base width of 22,8 inches and a height of 12 inches,
with all dimensions being the clear distance between the inside extrem-
ities of the corrugations, The length of the corrugated pipe was 9 feet.

A flow regulation structure having a gate 2 feet wide constructed
of 1/4-inch steel plate (Fig. 5) was next tested in the Fluid Mechanics
Laboratory. Again, the gate opening was rectangular in shape. The
semicircular corrugated culvert had a base width of 22,3 inches, height
of 12,8 inches, and length of 9 feet,

A structure having a 3-foot wide steel plate gate with structural

steel angles (Fig. 6} was tested both in the Utah Water Research
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Laboratory and the Fluid Mechanics Laboratory. The gate opening
was semicircular with a base width of 36 inches and a height of 19,75
inches. The semicircular corrugated culvert had a base width of
35,75 inches, height of 19.5 inches, and length of 10 feet. Flow
rates in excess of 5 ¢fs {second-feet) were employed during the tests
at the Utah Water Research Laboratory, while flow rates less than
this arnount were used in the tests conducted at the Fluid Mechanics

Laboratory.

RATING SYSTEM

Discharge Equation

The flow regulation structures in the Bear River Canal System
are used for diverting water from the large canals constituting the
conveyance system into the small distribution channels which convey
the water to the irrigated fields. Most of the gates in these structures
are submerged, A gate 158 submerged when the downstreaﬁl depth of
flow becomes great enough to back the water up against the downstream
face of the gate (Fig. 7}. For the flow regulation structures to be used
boih for the diversion of water and flow rate measurement, a suitable
submerged flow discharge equation must be developed,

The equation used for determining the flow rate through a sub-

merged orifice, or gate, is

Q= CANZEBH) . . . . . . ..



AH = H -
H Hlmﬂ.mﬁw

Fig. 7.

Pefinition sketch of submerged gate.




10

where
Q = discharge. in cubic feet per second {cfs)
Gd = coefficient of discharge of system, dimensionless
A = area of gate opening, square feet
g = acceleration dueto gravity. feet per second per second
A = difference between water surface elevation upstream from

the gate and a water surface elevation downstream from
the gate, feet
The area of the gate opening, A, is a function of the height of gate
opening, b. The functional relationship between A and b can be
mathematically expressed by
A= f4b) . . o ... . e e e ... 2
where { denotes "a function of. " The relationship between A and b
is not simple because of the irregular shape of the corrugated culverts.
The coefficient of discharge must be developed for each flow
regulation structure., To accomplish the experimental development
of a unique rating, the general submerged orifice discharge equation
(Eq. 1} can be written in functional form.
Q= £{a, AH) . . . . . . . L . .. . . . 3
Substituting Eqg. 2 intc Eq. 3
Q = f {b, AH} c s e e e e 4w e e e e .. 4
The functional form of the submerged orifice discharge equation

shows that a rating can be developed for any particular gate structure



11

provided the relationship between the discharge, height of gate opening,
and change in water surface elevation can be established. The purpose
of the laboratory experimental work, then, was to generate the data

required for establishing the required relationship.

Measuring System

The height of gate opening, b, was measured by a pointer
attached to the gate rod {Fig. 8) The elevation of the pointer was read
by a steel tape attached to a structural steel angle and mounted on the
gate frame (Figs, 8 and 9), Raising or lowering the gate resulted in
an equal movement of the gate rod, and consequently, the pointer.

The datum on the steel tape corresponding to a zerc gate opening was
established prior to running any tests.

The depth of flow upstream from the gate, Hu’ was measured
by using a perforated pipe {Figs. 9 and 11} which was coanected to a
stilling well placed immediately downstream from the bulkhead (Figs,

9 and 12}, The depth of flow downstream from the gate, Hw, was
measured by means of a tap located on the top of the corrugated culvert
and 3 feet downstream from the gate frame {(Figs. 9 and 12). The depth
of water in the stilling wells was measured with a point gage reading

to 0. 001 feet {Fig. 10}, The corrections to be applied to the point gage
readings in order to obtain I—Iu and Hw were determined with an engi~

neeris level.
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The discharge was determined with a Parshaill flume (Fig. 13}
for the tests conducted in the Utah Water Research Laboratory.
In the Fluid Mechanics Laboratory, weighing tanks were used for

measuring the flow rate during the tests.
LABORATORY DATA ANALYSIS

For any particular gate structure, if the height of gate opening, b,
is held constant, thereby resulting in a constant area of gate opening,
A, the discharge becomes a function only of the change in water surface
elevation, AH, The relationship between Q and AH, derived from Eq. 1,
can be simply written as

2
Q=Cq({AH)1/.,,.o.,,gp..,,S

If Eq. 5 is correct, then the data generated for any flow regulation
structure with the gate opening held constant should plot as a straight
line on log-log paper. The slope of the straight line should be 1/2.
Collecting data for a number of gate openings should provide a family
of straight lines on log-log paper, with each line corresponding to a
finite value of b.

The laboratory data collected from the Z2-foot cast iron gate has
been plotted in Fig., 14. Lines of constant gate opening, b, have been
drawn with a slope of 1/2 to best fit the data. As ¢an be seen from
Fig, 14, the lines fit the data very well. Consequently, Eq. 5 describes

the lines drawn in Fig. 14,
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The coefficient, Cq, in Eq. 5, which is the value of Q when
AH = 1.0, has a different value for each line of constant b {Fig. 14}.
The relationship between Cq and b for the Z-foot cast iron gate has
been plotted on-log-log paper in Fig. 15. . A straight line relationship
between b and Cq on.log-log paper can be expressed by the general
equation
s

b"—’Cqu,,.....,......naub

where s is the slope of the line and.Cb is the value of b when Cq is equal
to one. The equation for the straight line portion of Fig., 15 is

bﬁO.OéZCqLOS...,.0,,...0.,'7

The empirical discharge equation for the 2-foot cast iron gate
can be developed using Eqs. 5 and 7. The primary restriction of such
an empirical equation is that the gate opening must be less than 0.5
feet. Most of the flow regulation structures in the Bear River Canal
System are operated with gate openings less than half the culvert
height,

Before proceeding with the determination of the empirical dis-
charge equation for the 2-foot cast iron gate, a more general empirical

equation will be developed using Eqs. 5 and 6. Solving for Cq in Eq. 6

B 1/s
Cq = {b/Gb) c e e e s e e e e e e wo. B
Substituting Eq. 8 into Eq. 5
1 1/2
Q:{b/cb)/seam/,o.,,;ao..,9

Define a constant, C, by the equation
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/s

1
Cc = (l/Cb) 10

Subgtituting Eq. 10 into Eq., 9

1/s

Q= Chb /2

1
{AH) e |
For the 2-foot cast iron gate, the equation (Eq. 6} describing the

straight line portion of Fig. 15 can be written as

b = 0.062 qu.OS T 4

Since Cb is equal to 0.062 and s is equal to 1. 05, the constant C can be

solved from Eq. 10.

¢ o= (1/0.062) 0% 2w L L

Consequently, the empirical submerged flow discharge equation for the
2-foot cast iron gate can be written as

1/1.05 /2

Q= 14.2b w0 L
where

AH:HumHW.....,D,.,.,n.IS

The laboratory data for the 2-foot steel gate has been plotted in
Fig; 16, Again, the lines of constant gate opening, b, have been
drawn with a slope of 1/2. A straight line relationship between b and
Cq is obtained on log-log paper (Fig. 17} for gate openings less than
0.75 feet. The equation for the straight line portion of the curve in
‘Fig. 17 can be written as

b = 0.092 Cq0,95 e e e e e e s s 4 oo s 16

Eq. 10 can be used to solve for C.

c = (1/0.092)%% - w2 L L L L 1

18
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The empirical submerged flow discharge equation for the 2-foot steel
gate becomes
Q= 12,46 @t L L L s
The data collected both in the. Fluid Mechanics Laboratory and
the 'Utah Water Research Laboratory for the 3-foot steel gate are
shown in fig. 18, The plot of b against Cq on log-log paper in Fig. 19
yvields a straight line relationship. The equation of the line in Fig. 19 is
b = 0.0625(3(:1]“0 e &

Solving for C from Eqg. 10

il

C 1/0.0625 = 16. . . . . . . « « . . . 20
The empirical submerged flow discharge equation for the 3-foot steel
gate can be written as

Q=t16b@mt’t L. L L L. 2
The relationships between b and Cq for the three gates {Figs. 15,
17, and 19) show some striking differences, The relationship for the

3-foot steel gate was as expected, with the slope of the line being 1.0,
For the other two gates, the slope, s, was l.05 for the 2-foot cast
iron gate and 0. 95 for the 2-foot steel gate. Also, a straight line
relationship does not exist between b and Cq at large gate openings

for the 2-foot gates, The discrepancy between the 2-foot and 3-foot
gates can be primarily attributed to the manner in which the gate and
culvert were coupled to form a flow regulation structure. The 3-foot

gate consisted of a metal frame placed between the gate frame and

culvert with the opening in the metal frame corresponding to the
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dimensions of the semicircular corrugated culvert, Thus, as the gate
was raised, the area of gate opening increased as a simple linear func-
tion of the height of gate opening, bh. For the 2-foot gates, the semi-
circular corrugated culvert was attached directly to the gate frame.
The opening in the gate frame was rectangular, but at large gate open-
ings, the shape of the semicircular culvert restricted the area of open-

ing, thus complicating the relationship between b and A (Eq. 2}.
FIELD STRUCTURES

A total of five submerged flow regulation structures were selected
for field calibration. Field structures selected were similar to the
structures tested in the laboratory. Another important consideration
was the availability of a simple, accurate flow measuring device to
determine the discharge. For this reason, structures were selected
which had Parshall flumes located immediately downstream . Each
Parshall flume was checked for proper inlet conditions, geometry, and
the level of the inlet floor. A stilling well was placed over each culvert
at a distance of 3 feet downstream: from the gate frame. The location
of the stilling wells for the field structures corresponded with the loca-
tion utilized in the la,boratofy tests. Because of the difficulty encountered
installing a few of the stilling wells, the depths of flow beyond the exit of
the culvert, Hd (Fig. 7), were measured in order to compare the rating

curves employing H and H, with those resulting from H and H
u & u w

d



Flow regulation structure 107TW (Fig. 20) consisted of a 2-foot
steel gate with a semicircular corrugated culvert, The exit of the
culvert was submerged during all of the tests (Fig. 21), A 9-inch con-
crete Parshall flume {Fig., 21) was located immediately downstream
from the culvert exit. The flume operated both in the submerged flow
range (Fig. 22) and as a free flow critical-depth measuring structure.

Structure 7T5W (F'ig. 23) consisted of a 3-foot steel gate followed
by a semicircular corrugated culvert, whose exit was submerged., A
12-inch concrete Parshall flume (Fig. 24), which operated under free
flow (Fig. 25), was located a short distance downstream from the flow
regulation structure,

Gate structure 10I {Fig, 26) was also a 3-{foot steel gate, A
l2-inch concrete Parshall flume (Figs., 27 and 28) was located down-
stream from the structure,

Flow regulation structure 115C consisted of a 3-foot cast iron
gate followed by a semicircular corrugated culvert, This structure
was selected in order that the rating for a 3-{oot cast iron gate could
be checked with a 3-foot steel gate, A concrete Parshall fiume (Figs.
30 and 31) having a throat width of 2 feet was located downstream from
the culvert exit,

The structure shown in Figs. 32 and 33 was number 15HW, and
had a 2-foot cast iron gate, A steel Parshall flume (Fig. 34) having
a throat width of 9 inches was located a short distance downstream

from the structure,

25
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Fig. 23. Flow Regulation Structure 75W showing West
Canal and stilling well.

Fig. 24. Submerged exit at Fig. 25. Free flow occurring in
structure 75W, Parshall flume located
downstream from
structure 75W.
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Fig. 26. Flow Regulation Structure 10I showing Iowa
Lateral and stilling well for measuring H
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Fig. 27. Division structure Fig. 28. Parshall flume below
located below structure 10I operating
structure 101, under free flow conditions,



Fig. 29, Flow Regulation Structure 115C which diverts
water irom the Central Canal.

Fig. 30. Structure 115C showin

i i e 2 y < B S

Fig. 31. Parshall flume located downstream from exit of
structure 115C,
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ANALYSIS OF FIELD DATA

Typical field ratings are illustrated by Figs,! 35 and 36 which were
developed for structure 107W., The lines of constant gate opening, b,
in both figures were developed from the data in conjunction with the
plots of b against Cq shown in Fig. 37. As can be seen from Fig, 37,
the agreement between the field and laboratory data for this particular
structure is good.

Most of the flow regulation structures in the Bear River Canal
System are operated to provide a constant flow rate to the water user.
The magnitude of this constant discharge varies from one structure to
another. An alternative method of presenting the rating information
for use by the water masters is illustrated in ¥ig. 38 using structure
107W for an example. Here, a rating curve for a constant discharge,

Q, 0f 3.00 cfs is presented using H and H_ as the flow depths, When-
u

d
ever the flow is being regulated through structure 107W, the gate open-
ing, b, and change in water surface elevation, AH, would be measured
by the water master. The information would be plotted on Fig. 38,

and if the point falls below the rating curve, the discharge passing
through the culvert would be less than 3.00 cfs, thus requiring the gate
to be raised. If b and AH should plot above the rating curve, the dis-

charge would be greater than 3.00 cfs and would require that the gate

be lowered until b and AH fall on the rating curve.
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The comparison of the relationship between b and.Cq for the 2-
foot cast ir.on gate tested in the laboratory with field structure 15HW
is shown in Fig. 39, The field data for the 2-foot cast iron gate plotied
above the laboratory data in Fig. 39, which was also the case for the 2-
foot steel gate (Fig. 37).

The relationships between b and Cq for the three field structures
having 3-foot gates, along with the relationship developed in the labora-
tory for a 3-foot steel gate, are shown in Fig. 40. The wide variations
in the ratings for the three field structures point out the necessity of
developing individual field ratings for each flow regulation structure.

During the field ratings conducted as a part of this study, the
discharge, Q, depth of flow in the main canal, Hu’ depth of flow in the
stilling well, HW, depth of flow beyond the exit of the culvert, Hd’ and
the height of gate opening, b, were measured. Rating curves were
developed for each field structure utilizing both I—Iu-— HW and Hu_- Hd
for AH, Both rating curves were comparably accurate. CGonseguently,
the use of Hd rather than I—IW in developing the rating for a structure
would be advantageous because the construction and installation of a
stilling well would not be necessary., The primary purpose of including
HW in the rating program was to obtain consistent ratings between
simnilar structures, As indicated by Fig. 40, a wide variation can
exist in the ratings for similar structures, thus negating any apparent

advantages in using H .,
W
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PROCEDURE FOR FIiELD RATING

The results from the analysis of the laboratory and field data
can now be utilized in developing the procedure for rating individual
structures in place. The development of field data wili reguire the
measurement of discharge, Q, height of gate opening, b, and change
in water surface elevation between the main canal and the culvert
exit, 'Hu-» Hd. Most of the discharge measurements will be collected
over a period of years with a current meter. The use of a few port-
able steel Parshall flumes would allow a more rapid development of
field ratings. Techniques for measuring the height of gate opening,
b, have already been developed by the personnel operating the canal
system. Measuring the change in water surface elevation requires
only the establishment of reference points from which Hu and Hd
can be determined,

To illustrate the procedure for developing the rating for any
individual flow regulation structure, a hypothetical example is
presented. Suppose, the field data listed in Table 1 have been col-
iected for a particular structure, The first step in analvzing this
data is to compute C_ from Eq. 5.

2
Q::c:q(AHﬁzi/...,...,“gu.,ans

c, = a/am e

The computations for Cq are listed in Table 2, Now, Gq can be plotted

against b on log-log paper as shown in Fig, 41. The line of best fit is



Table 1, Field data for hypothetical
flow regulation structure,
Run Q b H H AH
No u d
! cfs feet feet feet feet
1 2,69 0.24 3,06 2.17 0.89
2 2,96 0.27 3,03 2.23 0. 80
3 3,22 0.30 3.09 2,25 0. 84
4 3,63 0.35 3.04 2,29 0.75
5 3,97 0. 40 3,00 2.34 0.66
6 4,59  0.45 3,09 2.37 0,72
7 4,83 0.50 3.06 2.39 0,67
8 5,13 0.53 3.04 2.42 0,62
Table 2, Computation of quor
hypothetical structure,
Run 0 b AH Cq
No. cfs feet . feet
1 2.69 0.24 0. 89 2. 85
2 2,96 0.27 0.80 3.30
3 3.22 0.30 0. 84 3.51
4 3.63 0,35 0.75 4,19
5 3.97 0.40 0.66 4,90
6 4,59 0.45 0.72 5,42
7 4,83 0.50 0.67 5. 89
8 5,13 0,53 0.62 6,50

37
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Fig. 41. Relationship between b and Cq for hypothetical structure.
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Fig. 42. Constant discharge rating for hypothetical structure.
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drawn through the data. Although a straight line should generally be
used, there will be cases when the data will dictate a curved line,
particularly for the larger gate openings.

The relationship between b and Cq {Fig. 41) is the rating for the
hypothetical flow regulation structure. All that remains is to present
the rating in a more usable manner.

In most cases, a particular structure in the Bear River Canal
System is operated (not always continuously) at a constant discharge
during the irrigation season, For such cases, a constant discharge
rating curve is sufficient, TFor the hypothetical example being used,
a rating for a constant discharge of 4,0 «fs will be developed., By
entering Fig. 41 with values of b, the corresponding values of Cq can
be obtained from the line of best fit. The values of Cq, along with the
constant discharge of 4,0 cfs, are substituted into E¢. 5 and AH is
calculated. The selection of data from Fig, 41 and the corresponding
computations to determine AH are listed in Table 3. With this infor-
mation, b can be plotted against AH as shown in Fig. 42, with the line
which fits the points being the constant discharge (4.0 «fs) rating.
Thereafter, when operating the structure, if a measurement of b and
AH should plot below the rating curve, the discharge would be less
than 4. 0 ¢fs, and the gate would have to be raised until the measure-
ment of b and AH would plot on the rating curve {Fig. 42].

A general rating for the hypothetical flow regulation siruciure

can also be obtained from Fig. 41, The general rating would be



Table 3. Data from Fig. 41 for

constant discharge
rating { = 4 cfs).

b C AH
feet d feet
0.2 2.4 2,78
0.3 3.6 1,24
0.4 4,8 0.70
0.5 6.0 0.44

Table 4. Data from Fig. 41
for general
discharge rating.

b C
feet E
0.20 2.4
0.25 3.0
0.30 3.6
0.35 4,2
.40 4,8
0.45 5.4
0.50 6.0

40
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prepared over the range of gate openings the structure might be
operated. The general rating {Fig. 43) would be obtained by enter-
ing Fig. 41 with values of b and obtaining the corresponding values
of Cq from the line of best {fit., The data from Fig. 41 is listed in
Table 4. The value of Cq for each gate opening, b, is actually the
value af Q when AH = 1,0. Thus, Cq has been plotted in Fig, 43
on the vertizal corresponding to AH = 1.0, From the plotted points,
straight lines are drawn having a slope of 1/2, Each straight line is
labeled with the corresponding value of gate opening, b. Thus, Fig.
43 becomes the general rating for the hypothetical flow regulation
structure. Rather than presenting the general rating in graphical
form, the same information can be placed in a table, as water mas-
ters may find the employment of tables more satisfactory than

graphs,
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Table 5. Discharge rating for hypothetical flow regulation structure.
(Discharge is listed in cubic feet per second.)

AL Gate Opening, b, feet
feet :

0.20 0.25 0.30 0.35 0.40 0.45 0.50

.79

0,40 1.52 1.90 2.28 2.66 3.04 3.41 3
0.42 1.56 1.94 2.33 2.72 3.11 3.50 3.89
0. 44 1.59 1.99 2.39 2.79 3.18 3.58 3.98
0. 46 1.63 2.03 2.44 2.85 3.26 3.66 4.07
0.48 1.66 2.08 2.49 2.91 3.33 3.74 4.16
0.50 1.70 2.12 2.55 2,97 3.39 5.82 4,24
0.52 1.73 2.16 2,60 3.03 3.46 3.89 4.33
0.54 1.76 2.20 2.65 3.09 3.53 3.97 4.41
0.56 1.80 2.24 2.69 3.14 3.59 4, 04 4.49
0.58 1.83 2.28 2.74 3.20 3.66 4.11 4.57
0. 60 1.85 2.32 2.79 3.25 3.72 4.18 4.65
0. 62 1.89 2.36 2.83 3.31 3.78 4,25 4.72
0.64 1.92 2.40 Z.88 3.36 3.84 4.32 4,80
0. 66 1.95 2.44 2.92 3.41 3.90 4.39 4,87
0.68 1.98 2.47 2.97 3.46 3.96 4.45 4.95
0.70 2. 01 2.51 3.01 3.51 4,02 4,52 5.02
0.72 2,04 2.55 3.05 3.56- 4.07 4,58 5.09
0.74 2.06 2.58 3.10 3.61 4.13 4, 65 5.16
0.76 2.09 2.62 3.14 3.66 4.18 4,71 5.23
0.78 2.12 2.65 5.18 3.71 4.24 4.77 5.30
G.80 2.15 2.68 3.22 3.76 4.29 4,83 b.37
0.82 2.17 2.72 3.26 3.80 4.35 4,89 5.43
0,84 2.20 2.75 3.30 3.85 4.40 4.95 5.50
0. 86 2,23 2.78 3.34 3.89 4,45 5.01 5.56
0.88 2.25 2.81 3.38 3.94 4,50 5.07 5.63
0.90 2.28 2. 85 3.42 3.98 4,55 5.12 5.69
0.92 2,30 2. 88 3.45 4.03 4,60 5.18 5.75
0.94 2.33 2.91 3.49 4,07 4.65 5.24 5.824
0.96 2.3h 2. 94 3.563 4,11 4,70 5.29 5.88
0.98 2.38 2.97 3.56 4.16 4,75 5.35 5.94
4.20 4,80 5.40 6.00

1.00 2.40 3.00 3.60
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CONGCLUSIONS

The generation of data from flow regulation stiructures constructed
in the laboratory has provided the necessary information regarding the
general flow characteristics of such structures. The collection of field
data from a number of gate structures has shown the necessity of rating
each individual structure because of the variation that occurred from
one rating to another for apparently similar structures. The testing
program clearly showed that a water surface elevation beyond the exit

of the culvert, H , was as satisfactory as measuring the water surface

d
in a stiiling well, HW, The collection and analysis of both laboratory
and field data have been fruitiul in establishing the procedure for
developing field ratings., The conduct of a field program in collecting
the proper measurements at each flow regulation structure over a
period of years will yield the desired ratings. Once the ratings have

been developed, a more adequate and equitable distribution of the waters

in the Bear River Canal System will be possibile.



45

REFERENCES

Albertson, M. L., Dai, Y. B., Jensen, R. A., and Rouse, H.
Diffusion of submerged jets. (Disc. by J. S. Holdhusen, D. Citrini,
S. Corregin, W, D. Baines, A. Streiff, H, R, Henrv, and authors.)
Trans. ASCE, 115:639-697, 1950.

Ball, J, W. Limitations of metergates. Proceedings of ASCE, Journal
of the Irrigation and Drainage Division, 88:{IR4)23-38, Paper 3359,
December 1962,

Blackwell, B. R. Calibration of the constant-head orifice turnout 1 to
2 scale model. U. S. Bureau of Reclamation, Hydraulic Laboratory
Report No, Hyd-216, November 25, 1946,

Blaisdell, F. W. Comparison of sluice-gate discharge in model and
prototype. (Disc. by R. Boucher, H. E. Hurst, G. H. Hickox, and
authors.) Trans. ASCE, 102:544-560, 1937.

Flevatorski, E. A. Discharge characteristics of irrigation delivery
gates. Civil Eng. Series No. 12, Eng. Experiment Station, University
of Arizona, Tucson, Arizona, March 1958,

Escande, L. Etude theorique et experimentale de 1" ecoulement par
vanne de fond. {Theoretical and experimental study of the flow through
a sluice gate. ) Revue Generale de 1 Hydraulique, 4:{19}25-29, (20}72-
79, {21)120-128, Paris, 1938.

Escande, L. Recherches theoriques et experimentales sur if ecoulement
par vanne de fond, Deuxieme partie.{Theoretical and experimental in-
vestigation of the flow through a sluice gate. Second part. ) Revue Generale
de I' Hydraulique,. 5:(25)21-34, (26)65-77, {28)131-139, Paris, 1939.

Henry, H. R. A study of flow from a submerged sluice gate. M. S.
thesis, State University of Iowa, February 1950.

Hinds, J. Rating curves for canal headgates, Reclamation Records

13:98-99, 1922,

King, H. W. Handbookofhydraulics., Fourth Edition rev. by E. F.
Brater, McGraw-Hill, 3-11I to 3-15, 1954,

Kruse, E. G. The constant-head-orifice farm turnout. U.S8.D,A,,
Agricultural Research Service, ARS 41-93, January 1965,

Liu, H. K. Diffusion of flow from a submergedsluice gate. M. S.
thesis, State University of Iowa, February 1949,



46

Longwell, J. S., and Hinds, J. Discharge coefficients for canal
headgates, Reclamation Records 10:475-480, 1919.

Naudascher, E. Discharge and dynamic forces occurring at submers-
ible gates, Der Bauingenieur, 32:{11}428-439, 1957, Translated from
German by Waterways Experiment Station.

Robin, R. €. Discharge of submerged sluice gates. Trans. Institution
of Engineers, Sidney, Australia, 20:41-52, Paper No. 643, February 1939,

Rouse, H. Engineering hydraulics. Wiley & Sons, 536-543, 1950,

Schmidt, M. Der Vollkommene und Unvollkommene AusfluB Unter
Schutzen. {Free and submerged outflow under sluice gates.) Die
Bautechnik 34:{8)301-303, Berlin, August 1957.

Shanmugam, S., Raj, A. N., and Chengalvarayan, D, Discharge
characteristics of sliding gates on level floors., Journal, Central
Board of Irrigation and Power, 22:435-441, New Delhi, October 1965,

Skogerboe, G. V., and Hansen, V., E. Calibration of irrigation head-
gates by model analysis. Report PR-EC50-1, Engineering Experiment
Station, Utah State University, Logan, Utah, March 1964,

Skogerboe, G. V. Rating submerged gates for flow measurement in open
channels. Trans., ASARE, 8:(1}101-102, 1965,

Skogerboe, G, V. Submerged hydraulic jump. (Disc, of paper by N.
Rajaratnam.} Proceedings of ASCE, Journal of the Hydraulics Division,
92:{HY1)146- 148, Paper 4596, January 1966,

Stock, E. M. Measurement of irrigation water, Buil. Neo. 5, Eng.
Experiment Station and Cooperative Extension Service, Utah State
University, Logan, Utah, June 1955,

Toch, A. Discharge characteristics of tainter gates, Trans. ASCE,
79:290-300, Paper 2739, 1953,

7, S. Bureau of Reclamation. Water measurement manual. First
Edition, Government Printing Office 71-80, May 1953.

Wadsworth, H. A, Discharge through adjustable submerged orifices,
Eng. News-Record 90:(7}308-309, February 15, 1923,

Wadsworth, H. A. Further studies of discharge through adjustable
submerged orifices. Eng. News-Record 92:(20)866-867, May 15, 1924,



Ly

VIVA dTEIA ANV A0 LVviodvT

XIANIddV



908 "0 AN 166 °€ 0F "0 %6 LE
€601 LLLCT 0L8°2 0% "0 9¢°9 9¢
PH0 1 $92 7 80€ ¢ 0% "0 9¢°9 ¢
600 "1 FIL T €ZL°¢E 0% 0 12°9 ¥€
€06 "0 9971 °¢ 690 % 0% °0 68°¢ €€
LLO O GEF "1 2061 0Z°0 6L°0 2€
0110 $88°1 F66 "1 070 L6°0 i€
860 "0 19€ 2 6EF T 020 6 0 0¢
060 "0 $.9°7 ¥9L°2 0Z "0 06°0 62
7850 ¥8F "1 910 2 0770 $1°¢ 87
0160 686 "1 S6% "7 0Z°0 11°2 L2
€6% 0 6SY "7 2€6 72 02°0 L0°2 97
206 °0 138 °2 €FE ¢ 0Z°0 Lo"2 G2
200 °1 8161 026 °7 02°0 10°¢ 17
656 0 800 "2 LL6"Z 020 88 "7 €2
2560 9G% "2 80% °€ 0Z°0 587 22
6680 688 "2 88L € 02°0 ¥L2 12
G261 1661 9L0°¢ 02°0 69 € 07
g% 1 9%0 %7 2R 02°0 8g "¢ 61
LFE T S8% 2 2€8°¢ 02°0 8% "¢ 81
GHT "1 £€6°2 921 '¥ 02°0 ¥E€ LT
F51°0 6677 60% ' 7 01°0 €9°0 91
€GT 0 098 "1 €10°2 01°0 £9°0 Gl
871 °0 ¥8€ "1 2161 01°0 6G°0 F1
0%9 "0 502 °¢ S¥8°¢ 010 LZ "1 €1
$G9 "0 L18°2 1LF € 01°0 621 2
189 70 68€ 2 0L0°€ 01°0 1€°1 1
869 °0 €F6 "1 1%9 2 01°0 €1 01
9ZL 70 FAS 8L1°7 01°0 Gg "1 6
€1€°T 19L°1 ¥LO '€ 01°0 GLT g
06¢ "1 0S¥ ' 1 008 ‘2 01°0 LL°1 L
FLTCT 098 °2 $EO0 ¥ 01°0 €LT 9
66T T 8%Y 27 L¥9 € 01°0 9L 1 g
88€ ' 1 886 "1 9LZ "€ 01°0 FLT 2
87¢ 1 F6¥ 1 229°2 01°0 8L °1 ¢
0%¢€ ‘2 188 °1 122 % 01°0 ¥2°2 Z
18% "2 09% 1 1%6 '€ 01°0 872 I
3997 . 3981 109} 3993 $30 CoN
My n R
HY 21 H q o} uny
"93E3 UOJL 18¥0 J00f-7 0] BIBP A10}BIOQET 9 SIqRL

87



6%

€670 A YA <8% 2 001 g gL
6€Z 0 169°2 0¢6°2 00°1T 1274 i)
8%1°0 811°¢ 99¢ "¢ 00°1 026 €L
8¢€F "0 8%8 "1 9827 "2 00T 87 "L Z.
rA% 20 06¢ "2 78L°7 00 "1 g1 L 1L
PI1F°0 8187 7€ ¢ 001 G1°L 0L
90% 0 6%2 "€ $69 ¢ 001 €0 L 69
7€0°0 9G¥ "1 88% 1 0L "0 99 ° | 89
€€0°0 0%6 "1 €L6°T 0L"0 €91 L9
€00 GR¢ e 61% 2 0L°0 19°1 99
620°0 208°2 LE]"T 0L°0 091 G9
121°0 F65 1 G1L°1 0L°0 €2°¢ $9
9110 GL0°2 161°2 0L°0 12°¢ €9
G110 €242 RE9 2 0L°0 91°¢ Z9
Z11°0 066 °2 290 ¢ 0L 0 11°¢ 19
0%€ "0 028 "1 0691 °2 0L°0 e "G 09
9Z¢ "0 €167 6692 0L"0 FE°G 66
91€ 0 99L°2 780 °¢ 0L°0 1€°6 86
01€°0 8871 °¢ 86F € L0 ¥1°6 LG
6160 198 °1 08¢ 'z 0L "0 1L 94
806G "0 FGE T 798¢ 0L°0 L6°9 Gg
CO% 0 F6L°2 62 ¢ 0L°0 6L°9 ¥S
€FY "0 T € L99°¢ 0L°0 89°9 £G
6200 62% "1 8G¥% ' 1 0% °0 601 4
$S0 0 PF6 1 P66 "1 0% "0 FA 16
160 °0 F6E 2 $PF ‘2 0% "0 AR 09
LV0 "0 182 (98 °2 0% "0 LZ°1 6%
8810 0961 8%L°1 0% "0 062 i
18170 6302 0€£Z°2 0% "0 S%°7 L¥
8LT°0 906 "2 897 0% °0 v "2 9%
G91°0 9¢6 "2 101°¢ 0% "0 I "2 G
G8G°0 0691 GLZ°72 0% "0 8¢ "% 24
996 "0 261°2 8GL°Z 0% "0 GG P 1
086°0 $29°2 ¥0Z°¢ 0% 0 0S¥ 2%
GES 0 §80°¢ 029 ¢ 0% "0 €% ¥ 1574
9€6 "0 1GL "1 L89°2 0% "0 18°6 0%
L6870 €¥Z 2 0%1°¢ 0% "0 ¥9°¢ 6€
0L8°0 6692 696 ¢ 0% "0 96°¢ 8¢
199y 1897 1093 1991 510 ‘ON
My n
HY H H q (@] Uty
T T g S1QE],

TPeNULITOD



Table 6. Continued,
Run Q b H H AH
No v w

: cfs feet feet feet feet
76 5.41 1, 00 1.987 1.730 0.2h7
7 3.27 1.00 3.055 2.961 0. 094
78 3.27 1.00 2.626 2.520 0.106
79 3.30 1.00 2.177 Z.077 0.100
80 3.37 1.00 1.700 1.600 0.100
81 2.70 1.00 2.984 2.914 0.070
82 2.74 1.00 2.564 2.497 0.067
83 2.78 1.00 2.011 1,936 0.075
84 2.84 1.00 1.630 1.558 0,072




Table 7. Laboratory data for 2-foot steel gate.
Run Q b H H AH
u W
No. cfs feet feet feet feet
1 1.26 0.10 3.922 2.708 1,214
2 1.27 0.10 3.541 2.292 1,249
3 1,29 0.10 3.137 1. 846 1,291
4 1,31 0.10 2.763 1.442 1.321
5 0. 86 0.10 2.630 2.057 0.573
6 0.87 0.10 - 2.567 1.984 0.563
7 0. 87 0.10 2.410 i.826 0.584
8 0.87 0.10 1.984 1.396 0.588
9 1,13 0,10 3.043 2.072 0.971
10 1.15 0.10 2.643 1.618 1.025
11 1.67 0.10 3.982 1.846 2.136
12 1.70 0.10 3.588 i,.375 2.213
13 2.28 0.18 4,138 2.764 1,374
14 2.32 0.18 3.768 2.332 1.4346
15 2.36 0.18 3.358 1,883 1.475
16 2.39 0.18 2.919 1,386 1.533
17 1.57 0.18 3.360 2.738 0. 622
18 1.60 0.18 2.969 2,324 0. 645
19 1.60 0.18 2.54¢6 i.890 0. 656
20 1.63 0.18 2. 088 1.408 0. 680
21 1,27 0.18 3.001 2.587 0.414
22 i.27 0.18 2,725 2.289 0.436
23 1,32 0.18 2.322 1.883 0.439
24 1.63 0.18 2.088 1.408 0. 680
25 1.00 0.18 2.313 2.053 0.260
26 1.01 0.18 2.095 1.834 0.261
27 3. 89 0.30 4,134 2.702 1.432
28 4,03 0. 30 3,864 2,348 1.516
29 4., 05 0.30 3.503 1,877 1. 626
30 4,26 0.30 3.125 1.402 1.723
31 2.97 0.30 3.579 2.808 0,771
32 3,02 0.30 3,185 2.387 0.798
33 3.06 (.30 2.771 1.944 0.827
34 3.17 0.30 2.321 1.444 0.877
35 2.20 0. 30 3.220 2.775 0. 445
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Table 9. Field data for structure 107W,

Run b Q H-H H-H
No u w u d
’ feet cis feet feet
1 0.208 3,050 1.703 1.865
2 0.229 3,330 1,620 1,750
3 0.250 3,480 1.568 1.682
4, 0.270 3.755 1.511 1.610
5 0.292 3.880 1.452 1.511
6 0.312 4.090 1.401 1.443
7 0.187 2.752 1.677 1.854
8 0.208 Z2.992 1.614 1.771
9 0.375 4,560 1.292 1.214
10 0.292 3.905 1.422 1.463

Table 10, Field data for structure 75W.

Run b Q H-H H-H
No i u d
' feet cfs fest feet
1 0.193 4,182  ----- - 0.911
2 0.219 4,717 0,784 0.823
3 0.0587 1.912 1.264 1.349
4 0.078 2.427 1.139 1.219
5 0. 099 2.790 1,056  1.109
6 0,141 3.608 3.910 01990
7 0.188 4,337 0.713 0.859
8 0.234 4,337 0.660 0.724
9 0. 260 5.241 0.607 0.635
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Table 11, Field data for structure 10I.

Run b Q H-H H-H
No u W u d
) feet cfs feat feet
1 0.500 3.859 0.155 0.198
2 0.542 3.949 0.134 0.178
3 0.583 3,949 0.123 0. 145
4 0.625 3.979 0.102 0.124
5 0.667 3.979 0.Q092 0.114
6 (. 708 4,069 0.070 0.093
7 0. 750 4,129 0.081 0.103
8 0.792 4,129 0. 061 0. 083

Tablel2. Field data for structure 115C.

Run b Q H -H H -H
No u W u d
: feet cfs feet feet
1 0,458 4.150 0.412 0.423
2 0.396 3.435 0.480 0.506
3 0.417 3.619 0. 359 0.475
4 0.438 3,856 0,436 0. 459
5 0.458 4.101 0.428 0.459
6 0.479 4,345 0.417 0.449
7 0,500 4,545 0.351 0.412

Table 13, Field data for structure 15HW,

Run b Q H-H H-H

No u W u d

’ feet cis feet feet

1 0.427 2.535 0. 206 0,226
2 0. 344 2.364 0.246 0.258
3 0. 365 2.405 0.236 0.252
4 0. 385 2.421 0.232 0,237
5 0.406 2,458 0.223 0.232
6 0.427 2.822 0.230 0.252
7 0,427 3. 085k 0.075 0. 254
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