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This wooden Cippolletti weir near Jerome is a typical measuring device in use in
Idaho. It is easily installed and gives reliable water measurements.

Summary

ACCURATE water measurement is necessary for satisfac-
tory operation of the irrigated farm.

Most farmers are able to make, install, and operate their
own measuring devices.

Farm-made devices are accurate when made, installed, and
operated properly.

Fully contracted weirs are simple, accurate, and require but
one reading of head (h) for determining flow. They need
excess fall in the ditch for free-flow measurements.

The suppressed rectangular weir may be used where desir-
able to measure water in a flume or box not having enough
width for complete contractions. It requires excess fall.

Submerged orifices do not require large head loss for oper-
ation. They are easily clogged and have a small range of meas-
urable flow.

The Parshall measuring flume combines the advantages of
the weir and the submerged orifice. It is more complicated
to make than the ordinary weirs or submerged orifice.

A definition of terms used here and listing of equivalents
are in the appendix of this bulletin.
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ACCURATE measurement of irrigation water permits more in-
telligent use of this valuable natural resource. Such measure-
ment reduces excessive waste and allows the water to be distributed
among users according to their needs and rights.

The farmer can measure his irrigation water accurately with a
device that he can make at home. This bulletin gives him infor-
mation for making, installing, and operating suitable measuring
devices and instruction for measuring water with them.

Generalt

We measure water in two distincetly different ways, (1) at rest,
and (2) in motion.

Water at Rest

We say that water in tanks, in reservoirs, and in the soil is at
rest and we measure it in units of volume. The most common units
used in expressing volume of irrigation water at rest are the gallon,
the cubic foot, the acre inch, and the acre foot.

Water in Motion

When water is flowing in pipes, ditches, and canals, we say it
is in motion and measure it in rates of flow, or units of volume
passing a point during a unit of time. The more common units
used in measuring irrigation water in motion are cubic feet per
second, gallons per minute, and miner's inches. We call these rates
of flow “discharges.”

Do not confuse units of volume with units of rates of flow. The
rate of flow always considers the element of time.

Measuring Devices

The measuring devices we discuss in this bulletin are for measur-
ing water in motion.

All accepted farm measuring devices have been developed and
proved by thorough study. The conditions under which each device
will operate accurately have been determined. These conditions are
referred to as “standard conditions.” To measure water accurately
with these devices, it is necessary to duplicate approximately the
“standard conditions.”

All common measuring devices require head, or fall in the water
surface, for operation. The loss of head required depends on the
type argli gize of the device used and the maximum flow to be
measured.

The common measuring devices which you can make on the farm

® Associate Agricultural E: and Irri Idaho A ltural Experiment Station.
**Tdaho State Rec llcc]nmtmu ‘knpnm State ol' m-ho. 'fﬂo
{Definition of terms will be found in the Appendix, page 28.
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include common weirs, submerged orifices, and the Parshall meas-
uring flume. Each measuring device has its advantages, disadvan-
tages, and limitations. You should select the device which will suit
your local conditions most economically.
Weirs

A weir is a regularly shaped overpour notch in a vertical wall
bulkhead placed across the stream. It is the simplest form of water-
measuring device for open channels and is easily constructed on the
farm. Under standard conditions it will give reliable results. Dis-
charge tables are given for triangular, rectangular, Cipolletti, and
rectangular suppressed weirs.

BEVELLED TO 45°TO LEAVE UPSTREAM WEIR EDGES ,IS)'MRF'

RECTANGULAR CIPOLLETTI 90°V

Figure 1.—Downstream side of wooden contracted weir notches.

Standard Conditions for Weirs

The weir wall or bulkhead must be vertical (not leaning upstream
or downstream), set at right angles to the direction of flow of the
stream, and must extend far enough into the bank to be secure.
The weir box, or weir pond, must be large enough to reduce the
velocity of the water approaching the weir to less than 146 foot
per second (practically still water), and to bring it to the weir in
a straight even flow without eddies or swirls. Baffles may be put
in the weir pond to reduce velocity and equalize the flow. The weir
box or pond must be kept clean of silt accumulations or the velocity
of approach will be increased due to the reduction in section, and
more water will pass over the weir than the gauge indicates.

The height of the crest above the bottom of the ditch upstream
from the weir should be at least twice the maximum head to be
measured. The crest being above the ditch bottom is referred to as
“bottom contraction.” To meet standard conditions, then, the bot-
tom contractions must be 2H or greater.

The side of the weir extending into the stream past the side of
the ditch is referred to as “end contraction.” Each end contraction
must be equal to or greater than twice the head being measured.

The weir notch must be regular in shape and its edges must be
rigid, straight, and sharp on the upstream face. The edges need
not be knife edges but they must not be rounded nor more than
14 inch thick except for large discharges. When cut directly from
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a wooden bulkhead, the weir notch should be beveled on the down-
stream side to an angle of 45 degrees so that the water flowing
over the weir will not touch the bulkhead or weir notch except at
the upstream edge and will have an air pocket under the sheet of
falling water. When the edges of the weir notch are made of metal
strips nailed to the wall, the wooden notch is beveled or is cut
enough larger to obtain the same effect. As wooden weir notches
are likely to crack and warp, metal strips are always desirable.

The weir crest must be level and accurate as to length (14 inch
error in the length of a 12-inch weir will change the discharge
approximately 1 percent.)

The level of the water downstream from the weir must not be
higher than the weir crest at the maximum flow to be measured,
or there will be no air pocket under the crest of falling water and -
free-flow conditions will not result. (All discharge tables in this
bulletin are for free-flow conditions although the Parshall measur-
ing flume may be partly submerged without altering the free-flow
formula.)

The depth of the water flowing over the crest of the weir should
not be less than 2 inches (.17 ft.) for accurate measurement, nor
more than one-third the crest width. For heads greater than one-
third the crest width special precaution must be taken to insure
complete contractions.

The weir gauge must be set away from the weir notch. It may
be set on the weir wall far enough from the side of the notch to
be in practically still water. A better place to set the gauge is 3 or
4 feet upstream from the notch and as near the side of the weir
pond as possible and yet be in the water at all discharges. The
zero of the gauge should be set with a good level at the exact ele-
vation of the weir crest. (Do not set the gauge by filling the pond
with water to the point where it starts to flow over the weir crest.
Such a setting will not be correct. The water surface raises some-
what above the weir crest before it begins to pour over.)

Construction and Setting of Weirs

Weirs may be constructed of wood, metal, or concrete and may
be either portable or permanent. The simplest type of weir instal-
lation is a notch cut in a plain wooden bulkhead set across the
stream where there is ample fall. When the soil is of a nature that
will hold the bulkhead, the installation may be made as shown in
Figures 2 and 10.
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Downstream foce of weir bulkhead with- Upstream foce of weir bulkhead show-
out weir plate ing mefal rectonguior weir plate

. Looking upstream on instolled weir Locking downstreaom on installed weir.
Note the gravel and rock protecting MNote the end ond bottom contractions
opron and the stoff guage location ond staff guage location

Left: The installed weir structure
in operation

Figure 2.—This type of weir structure is easy to make, install, and
operate and is adapted to use in heavy and medium textured soils.
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Figure 3.—Structure for rectangular, Cipolletti, and 90° V-notch weir

plates . .

. suitable for light soils.

Table 1. Symbol dimensions and capacities for weir bulkhead shown in

Crest Recommended range Symbol di i
length of measurement =
L in Cis. < 3 A J M 4
ft. Remnsulul Cipolletti | ft. in. | ft. in. | ft. in.| ft. in. | ft. in. | ft.  in. | ft. in.
For Recta.mlar and Cipolletti Weirs
1 Bt 6| 2t 6 5 Y 5 T W R e s {3
1.5 Atol7 | S3tolB8 1 6 6 3 3 2 2 6| 2 5
2 4 to 8.5 4 to 8.7 L T 8 8 6| 8 2 6| 3 2 9
3 6 to 95 | .Bto10.0 1 6 | 11 4 6| 3 6|83 6| 4 6| 8 6
4 Bto 195 | 9to 207 2 14 5 8| 4 4 6] 5 6] 4 6
For 90 V-notch Weirs
2 02 to 15 : ! 7 8 8| &£ 6|2 2|12 6| 2 5
3 02 to 4.0 - | (] ] 6 5 3 3 3 6| 8 4
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Very often a weir set in a deep ditch will back the water up far
enough to form a suitable weir-pond without further excavation.
If the pond is not large enough to cause complete contractions on
the weir, it may be enlarged evenly for a distance and then tapered
gradually to the ditch section.

When the soil is light and will not hold a simple weir wall or
bulkhead, a box is built with wings and cutoff walls as shown in

Figure 3.

Portable weirs are usually small and commonly are made of sheet
metal suitably reinforced. They may have the weir scales fastened
to the bulkhead and, if there is a scale on each side of the notch,
the weir can be leveled from the water surface.

Free-flow conditions can be obtained by setting the weir at an
elevation that will give free fall and then building up the banks
above the weir; or, if there is excess grade below the weir location,
the weir may be set low and the ditch below deepened to obtain
the same effect.

Weir Scales or Gauges

The weir scale consists of a strip of wood or metal graduated in
inches and fractions, feet and decimals, or directly in units of flow
or discharge per minute. A scale graduated directly in units of flow
will fit all weirs of the same design and size when operated under
standard conditions but will not fit another weir of a different de-
sign, or of a different crest length.

The scale or gauge may be set in the weir pond as stated under
“standard conditions” or may be set in a stilling well or box at the
side of the pond. The stilling well is connected to the weir pond
by a small pipe set below the water level. The function of the still-
ing well is to present a water surface at the same elevation as the
water surface of the weir pond completely without turbulence or
surges. The connecting pipe must be small in comparison to the area
of the well or it will transmit surges. The pipe must be kept freely
open or the well will not give a reliable reading.

The practice of reading the head by holding a rule on the crest
and allowing the velocity of the water to “pile up” on the rule is
not recommended although, with a rule of the right proportion
and operated by an expert, it gives very close results. If the rule
is not of the proper width or leans from the vertical, the reading
will not be correct. Gauges are not read directly on the crest of the
weir for the reason that the surface of the water has a decided curve
downward as it approaches the weir.
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If the scale is to be mounted on the weir bulkhead, it should be
fastened to a board slightly longer than the scale and the board
fastened to the bulkhead. This will facilitate setting the gauge and
removal if desired.

Weir gauges must be set accurately and checked occasionally.

If a permanent scale is not wanted at the weir, a stake may be
driven in the weir pond with its top at the elevation of the weir
crest, or a block may be nailed to the bulkhead with its top at the
elevation of the weir crest and the reading of the head may be
made with a pocket rule or scale.

Operation of Weirs

Having made and set the weir and gauge there is little difficulty
in determining the discharge. If a gauge is installed, read the gauge
at the water surface, look in the correct table under “Head” for
that reading, and carry over to the right to the column headed
by the length of erest of the weir you are using, and the discharge
in cubic feet per second will be found. If the discharge is desired
in Idaho miner’s inches, multiply by 50. Fifty Idaho miner’s inches
equal 1 cubie foot per second (c.f.s.).

Be sure to have the right table and the right weir crest length.

Be sure to find the head (H) in the same units in which the
measurement of the head was made. Commercial weir scales com-
monly are made in feet and decimals and most rules are in inches
and fractions. Heads in all tables are given both in feet and deci-
mals and in inches and fractions.

Ezample: The head on an 18-inch (1.5’) crest
length Cipolletti weir is read at 32/ inches. What
is the discharge in miner’s inches (Idaho)?

Refer to table 5, the discharge table for Cipolletti
weirs. Under “In.” of the column headed “Head H”
find 3%4. Reading opposite this head from the col-
umn headed “1.5 feet” is the figure .869. This is the
discharge in cubic feet per second. To convert to
miner’s inches (Idaho) multiply ec.f.s. by 50.
50 % .869 — 43.5 inches flowing over the weir.
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Figure 6.—The operator is measuring the water over a double rectangular weir by
the “pile-up” method. This method is not recommended due to the difficulty in
getting an accurate head reading. Rather, the head should be measured in still water
away from the weir notch.

Advantages of Weirs

Weirs are simple, cheap, and reliable. They require only one
reading of the head to determine the discharge. They are nof
cloggd easily by moss and floating trash.

Disadvantages of Weirs

Weirs require an excess fall in the stream equal to the head of
the largest stream to be measured.

Silt accumulates in the weir pond making its cleaning necessary
for accurate measurement,
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LETTI WEIR PLATE

Figure 7.—Bulkhead for rectangular or Cipolletti weirs . . . suitable for
medium and heavy soils.

Table 2.—Symbol dimensions and capacities for weir bulkhead shown in
Figure 7.

Crest | R led range of Symbol di i

length measure. t
L c.f':fn - B c D E F G X
ft. | Rectangular| Cipolletti | ft. in. | ft. in. | ft. in. | ft. in. | ft in. | ft. in. in.
101 2t 8180 8] 1100| 381163 | T 100 | 2
15 | S0 L7 | Sw 18| 2 7 | 1 O 7 3 N U 9 0 I T O
80 | 4w 85 | 40 87| 8 2| 1 2 | 211 | 8 2| 211 ] 1 1 | 3%
80°| 6to 95 | 60100 | 4 7% 1 6 4 2 48| 38| 1T 4| 4%
40°| 810195 | 90207 | 6 2 ) 5 6| 6 4 5 6 110 | 6
*Requires heavier ction than sk in drawing.

The Rectangular Weir

_ The rectangular weir, as its name suggests, is a weir whose crest
is horizontal and whose sides are perpendicular. It is the oldest
form of measuring weir and is the most easily farm-made.

Table 4 gives the discharges over rectangular weirs with com-
plete contractions.



ULAR WER TAR SATUR-
LETTI WER ATED FELT OR
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Figure 8.—Concrete Weir
structure for rectangular, Ci-
polletti, and 90° V-notch
weir plates.

Table 3.—Symbol dimensions and capacities for weir structure shown in

Crest Recommended range of Symbol di i

t’“f“‘ ’““’“‘c‘;"‘m““ c=H| p |E f e liilx | |[w [o |

ft. Hectangular | Cipolletti ft. in, | ft. in. | ft. in. | ft. in. | ft. in. | £t in. |ft, o, |[ft. in. |ft 0, [ in, in,
For Rectangular and Cipolletti Weirs

10 [2w 6 | 2t 6 8 0|5 8 02 7]38 2 |2 6] 10142

15 AW L7 Sto 18| 1 1 4|4 6|1 4|8 3 6|2 6|3 10| 143

20 |4t 85 | Ato 87| 1 2|2 5 2 2 4 8 |3 6|1 1 6|8%

30° | Bt 95 | 6100 1 62 67 2 6|2 64 6|4 4/5 |1 8| 2 |4%

40° | Bto 195 | O to 207 | 2 3108 4/|810/2105 5 616 12 28,6

For 90° V-Notch Weirs
2.0 02 to 15 1 1 8|5 1 6|2 8|3 6|2 6|3 10|14
3.0° 02 to 4.0 1 6|2 2|6 2|2 2[8 4|4 3 6|4 [1 16

®Use 6" x 6" No. 12 wire mesh reinforcing or equivalent.
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Table 4.—Discharge table for rectangular weirs having complete contractions.**

Head H Discharge, Q, in cubic feet per Head H Discharge, Q, in cubic feet per second
~ Crest length - e Crest _length

torln. =GR 15f 2.0ft S80I Ft. orIn. —7GH 15t 2.0ft 8.0ft 406
010 14 0105 0158 0212 0319 0.81 9% 2.25° 3.41° 459° 695 0.33
011 14 0121 0182 0244 0.367 0.82 OH 2.29° 3.47° ‘4.67° T7.08 9.50
012 17 0137 0207 0277 0.418 0.83 O 2.33° 354° 475° 7.21 9.67
0.13 1% 0155 0233 0312 0470 O. 084 104 2.37° 3.60° 4.84° 7.33 0.84
014 14 0172 0348 0524 0. 0.85 104 2.41° 3.66° 4932° 7.46 10.01
015 1# 0191 0258 0385 0581 O. 086 10% 2.46° 3872° 501° 759 10.19
016 1i 0210 0316 0423 0638 0854 | 0.57 105 .2.50° 3.79° 5.10° 7.72 10.36
017 24 0229 0346 0463 0.698 0934 | 0.58 10% 2.54* 3.85° 5.18° 7.85 1054
018 2% 0249 0376 0504 0760 1.02 | 0.89 1 258+ 392 527° 799 10.71
0.19 2, 0270 0407 0546 0823 1.10 | 090 10{i 2.62° 395° 535° 812 10.89
020 2% 0291 0439 0538 0.857 1.9 | 091 10{i 2.67° 405° 544° 825 11.07
021 21 0312 0472 0632 0954 128 | 092 1lx 2.71° 4.11° 553° 838 1125
022 2% 0835 0505 0677 102 137 | 093 11,2. 275° 4.18° 562° 852 11.43
023 2% 0358 0539 0723 109 146 | 094 11 279* 4.24° 571° 865 11.61
024 2% 0380 0574 0769 1.6 1,55 | 095 11% 2.84° 4.31° 5.80° 879 11.79
025 3 0404 0609 0817 123 1.65 | 096 11% 2.88¢ ; 893 11.98
026 8% 0428 0646 0865 181 175 | 098 11% 2.93° 9.06 12.18
027 8% 0452 0652 0914 188 1.85 | 098 11% 2.97° 920 12.34
028 8% 0477 0720 0965 146 195 | 099 11% 3.01¢ 934 1253
029 3% 0502 0758 102 153 205 | 1.00 12 3.06° 948 12.72
080 3% 0527 0796 107 161 216 | 1.01 12% 9.62¢ 12.91
031 3% 0553 0836 1.12 169 226 | 1.02 124% 9.76* 13.10
032 34 058 0576 1.8 177 287 | 1.03 12% 9.90° 1328
033 34 06068 0916 123 156 245 | 1.04 12% 10.04° 13.47
034 4% 0634° 0957 128 194 260 | 1.05 12% 10.18° 13.66
035 47 0.661° 0999 134 202 271 | 1.08 13% 10.32* 18.85
036 44 0658° 104 140 211 282 | 1.07 124 10.46° 14.04
037 474 0717° 108 145 220 294 | 1.08 124 10.61° 14.24
088 44 0745° 113 151 228 806 | 1.09 13% 10.75° 14.43
039 44 0774° 117 157 287 818 | 1.10 18% 10.90° 14.64
040 44 0.804° 121 1.63 246 3.80 | 111 134 11.04° 14.88
041 4i 0.838° 126 1.69 255 842 | 1.12 135 11.19° 15.03
042 54 0.863% 180 175 265 854 | 1.13 13% 11.34° 15.22
0.43 55 0.893° 135 1.81 274 867 | 1.14 134 11,48 15.42
044 54 0924° 140 188 2R3 880 | 1.15 134 11.64° 15.62
045 5% 0955° 144 194 293 393 | 116 134 11.79° 15.82
046 5% 0986° 149 200 303 405 | 117 14 : 6.02
047 5% 102° 154 207 312 418 | 118 144 3 6.23
048 5% 105 159 213 3822 432 | 1119 144 8.43
049 5% 108° 164 220 882 445 | 120 14% 6.63
0350 6 11° 168 298 3842 458 | 121 14% 6.83
051 6% 115° 173° 283 3852 472 | 122 14% 7.03
052 6% 1.18° 178° 240 862 488 | 123 14% 7.25
053 6% 121° 1.84° 246 873 499 | 104 14% 7.45
054 6% 125° 189° 253 383 518 | 125 15 7.65
055 6% 128° 194 260 894 527 | 126 15 7.87
056 6% 1.81° 199° 267 404 542 | 127 15 8.07
0.57 aﬂ 85 204 274 415 556 | 1.28 15% 8.28
058 6 38 2009 0281 426 570 | 129 15% 8.50
059 7x& 1.42° 215 288 436 585 | 1.80 15% 871
060 74 145° 220° 296 447 600 | 1831 15% .92
061 T4 149° 225 303 459 614 | 1.2 ‘;’,ﬂ 9.12
062 75 152° 281* 810 469 629 | 133 1 9.4
063 7& 156° 236%* 317 481 644 | 134 164

064 7i 160° 242° 325 492 659 | 135 164

065 74 163° 247° 332 503 675 | 136 164

066 7H 1.67° 2353° 340 515 690 | 137 16%

067 S8& 171° 259° 347° 526 705 | 1.38 16&

068 B84 174° 264° 3856° 538 721 | 139 16

069 8% 1.78° 270° 363° 549 798 | 140 16

070 8% s 278° 871* 561 752 | 1.41 186

071 8% 1.86° 2.81° 378° 573 7.68 | 142 174

072 8% ° 0.87° 386° 585 7.84 | 148 17

073 8% 93° 2.93° 8.94° 507 B00 | 144 17

074 8% 1.97° 299° 402 609 817 | 145 7".2

075 9 01° 3035° 4.10° 621 883 | 146 17

076 9% 2.05° 3.11° 4.18° 633 849 | 1.47 17%

077 9% 09° 317° 426° 645 B66 | 148 17%

078 9% 218° * 434 653 B.82 | 1.49 17%

079 9% 2.17° 329° 442* 670 899 | 150 18

0.80 9% 221° 335 451° 683 016

**Computed from the formula Q‘—'!.zi'ﬂ.ﬂl-ﬂ—-(

0.566L1.8
1+2L18 )m.o

-mm::-fm heads above % L. Special preeautions must be taken for complete contractions for
these to be accurate,
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Figure 9.—Concrete structures like this Cipolletti weir near Céldweil, Idaho, are
more expensive but longer lived than the ordinary wooden structures.

The Cipolletti Weir

The Cipolletti weir differs from the rectangular in that its sides
slope outwardly 1 to 4 (1 inch horizontally to 4 inches vertically).
It is the most common weir in general use in Idaho, although it is
no more accurate nor convenient than the rectangular weir. It is
named after Cesare Cipolletti, the Italian engineer who first pro-
posed its use.

Discharges over Cipolletti weirs with complete contractions are
given in Table 5.

The 90° Triangular, or V-Notch ‘Weir

The 90° V-Notch weir has no crest length as the sloping sides
come together to form the crest. Each side has an angle of 45°
with the vertical or horizontal, making a total notch angle of 90°.

The advantage of the V-notch over other weirs is its ability to
measure small flows accurately. Considering the recommendation
that the minimum head to be measured over a weir is 27, this is
readily evident by checking the weir discharge tables.
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Table 5. Discharge table for Cipolletti weirs with complete contractions.**

Head H Discharge, Q, in cubic feet per second Head H Discharge, Q, in cubic feet per second
——— Crest length e Crest length
Ft.or In. “Tof 1.5t 20ft 3.0ft. 40f | FtorIn. "TOoR 15f 20ft 50ft 40f

0.10 14 0107 0.160 0.214 0.321 0.429 | 0.81 9% 2.61° 8.77° 4.05° 731 9.69
0.11 14 0123 0.185 0.246 0.370 0.494 | 0.82 94} § .

0.12 15 0140 0.210 0.280 0.421 0.562 0.83 O 7.59 10.05
0.13 14  0.158 0.237 0316 0.474 0.632 0.84 104 7.73 10.23
14 0177 0.264 0.352 0528 0.708 | 0.85 10 7.87 10.42
14 0.195 0.293 0.390 0.586 0.782 0.86 10+ 8.01 10.60

e
[
o

3% 0449 0667 0886 1.33

S 500 D00 D 0000300000 m 0~ 1>
O =100 i 00 = D Do =1 U1 i 80—
LN 1GEWORON

e
e
©
ke

3% 058 0.869 1.15
84  0.644 0.954

CE-1I0MAORFOOXE-10NADN=OOX-IONEOHN=ODE-1NE D=0 -1dmUN
e
o
(=]
2
(=]
g
o

0.1 <

0.1 s

0.1 .

o ‘

0.1 1 0.

0.2 1.20 0.91

0.2 1.29 0.92

0.2 1.38 0.93

0.2 1.47 0.94

0.2 1.57 .95

0.2 1.67 0.96

0.2 ) i g 0.97

0.2 140 1.87 0.98

0.2 1.48 1.97 0.99

0.2 156 2.08 1.00 10.08

0.3 1864 219 | 101 10.24°

0.3 178 2380 1.02 10.40°

0.3 121 1.81 241 | 1.08 10.55°

0.3 1.27 189 252 1.04 o 10.71°

0.34 44 0675° 1.00 182 198 2.64 | 1.05 12% 10.87° 14.35
0.3 4 0.705° 1.04 1.38 207 275 1.06 12% 11.03° 14.56
036 45 0735° 1.09 144 216 2:87 | 1.07 12 11.18¢ 1476
0.3 s 1.13 150 225 299 1.08 12H 11.35° 14.98
038 4% 0799° 1.8 157 284 811 | 1.09 134 1151 1519
039 41} 0832 123 163 243 824 | 110 184% 11.68° 1541
040 4 0.866° 128 169 253 3836 | L1l 18y 11.84° 1562
041 4if 0.899° 132 176 262 849 | 112 134 12.00° 15.84
042 54 0932° 1.37 1.82 272 8.6l 1.13 184 12.16° 16.04
043 5@ 0067° 142 1389 281 374 | L14 13H 12380 16.26
0.4 5% 1.00° 147 195 291 8.87 1.15 1384 12.50° 18.48
045 5% 1.04° 153 202 3801 401 | 116 184 12.87¢ 16.70
046 5% 107° 158 209 811 414 | 117 ld#h 15.84° 16,93
0.4 5% 1.11° 163 2.16 821 4.28 1.18 14 13.01° 17.15
048 5% 115° 1.68 223 3832 441 | 119 144 13180 17.87
049 5% 118° 174 230 842 455 | 120 14% 13850 17'59
050 6  122° 179 287 353 469 | 121 14% 18520 17.81
051 6% 1.26° 1.85° 244 364 4.838 | 122 14% 3690 18,03
0.5 6% 1.80° 1.90° 251 874 497 1.28  14% 13.87° 18.27
0.5 6% 1.84° 1.968° 2,59 3.85 5.12 1.24 14% 14.04° 18.49
054 6% 188° 202° 266 396 526 | 125 15 1421° 1871
0.5 6% 1.42° 207° 274 407 541 1.26  15% 14.39° 18.95
056 6% 1.46° 2.18° 2.81 418 556 | 1.27 15% 14560 1917
057 61 150° 219° 2.8 430 571 | 128 15% 14740 19.41
058 6if 1.54° 225° 297 441 586 | 129 15% 14920 19.65
059 74 158° 231 805 453 601 | 180 15% 15.11° 19.88
060 77 1.62° 2.37° 313 464 6.17 1.31 15% 15.29° 20.12
061 74 1.67° 243° 320 476 6.32 1.32 154 15.46° 20.
062 74 171° 2.49° 828 4.88 647 | 1.33 154 15.64° 20.58
063 T8 1.75* 2,55°* 8.37 5.00 6.83 1.34 164 15.82° 20.82°
064 TH 1.80° 2.62° 345 512 6.79 1.25 164 16.01° 21.08°
0.65 T4 1.84° 2.68° 3.58 5.24 6.95 1.36 164 16.19® 21.29°
066 7i§ 1.89° 275° 3861 586 7.11 | 1.37 164 16.87° 21.53°
0.67 By 1.93¢ 2.81° 3.70° 5.48 7.28 1.38 164 16.57° 21.78°
0.68 8 1.98° 2.87° 8.79° 5.61 7.44 1.30 16H 168.75° 22.02°
0.69 8% 202° 294° 387° 573 7.61 | 1.40 16} 16,945 23970
070 8% 207° 3.0l° 395° 588 7.77 141 16H 17.18° 22510
071 8% 212° 307° 4.04° 599 7.94 | 1.42 174 17.81° 2275°
0.72 8% 2.16° 38.14° 4.13° 612 811 1.43 174 17.51° 23.01°
078 8% 2.21° 8.21° 422° 624 B8.28 1.44 17% 17.70° 23.26°
074 8% 2:26° 328° 431° 638 845 | 145 17% 17.89° 28.50°
0.75 2.31e 835° 4.40° 651 8.62 | 146 17ik 1808° 23,750
076 9% 2.36° 3.42° 449° 6.64 8.80 1.47 17% 18.28° 24.01°
077 9% 241° 38.49° 458° 677 897 | 148 17% 18.47° 24.26°
0.78 9% 2.46° 3.56° 4.67° 6£.90 9.15 149 1% 18.66° 24.50°
Q79 9% 2.51° 3.63° 476° 7.04 9.33 150 18 18.85% 24.75°
0.80 9% 2.56° 8.70° 485° 7.18 951

- —3. 1.48__ ) 0.566L1.8
Computed with the formula Q = 3.247LH |1 oL18 *H1-9+0.609H25

¢ Discharges are for heads above 4 L. Special precautions must be taken for complete contractions for these
ischarges to t
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Upn-m face of 90°-V noich weir
X prior to instaliation notch weir. Note end ond bottom con -
tractions and weir scoles painted on

weir plate

Looking upstream on installed 90°-V 90°-V notch weir being used
notch weir. Note the gravel and rock to measure o pump discharge
553 protecting apron.

Figure 10.—This 90° V-notch weir structure is simple and easy to build
and is satisfactory for heavy and medium textured soils. The V-notch is
especially adapted to the accurate measurement of small flows.

The sides of the 90° V-notch weir may be determined readily
with a carpenter’s square as shown in Figure 11. The notch can
be marked out by placing the point of the angle of the square at
the point as selected for the bottom of the notch, and adjusting
the square so that the same figures on both arms are at the edge
of the board or metal plate. If the notch is then set with the upper
edge level, the sides of the notch will have the same slope as
required.

Table 7 gives the discharges over 90° triangular or V-notch weirs.
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===

Figure 11.—Method of laying out 90° V-Notch
with a steel square.

Table 7. Discharge table for 90° V-notch weirs with complete contractions
computed from the formula Q — 2.49H248

Head Discharge Head Discharge Head Discharge
H S e - S Qe ‘ =
I'u st or Inches  Sec.-feet | Feet or Inches Sec.-feet Feet or Inches Sec.-feet
0.10 14 0.008 50 6 0.445 | 00 1013 1.92
A1 1ds 0.010 | 51 % 0.468 a1 104} 1.97
A2 1s 0.012 52 6% 0.491 | 022 114 2.02
A3 1% 0.016 53 6% 0.515 93 11d 2.08
A4 1H 0.019 54 6% 0.539 04 11% 2,13
15 1% 0.022 55 6% 0.564 95 11% 2.19
16 1H 0.028 56 6% 0.590 96 11% 2.25
27 24 0.031 37 6 0.617 97 11% 2.31
.18 24 0.035 .58 6 0. | .98 11% 2.87
19 2% 0.040 59 T 0.672 | 99 11% 243
20 2% 0.046 .80 Th 0.700 1L.00 12 2.49
A1 2% 0.052 61 Th 0.730 1.01 1234 2.55
22 2% 0.058 62 Tra 0.760 1.02 12% 2.61
23 X 0.065 T 0.790 1.03 12% 2.68
24 2% 0.072 64 TH 0.822 1.04 12% 274
25 8 0.080 65 6H 0.854 1.05 125 2.81
26 3% 0.088 66 TH 0.887 1.06 12% 2.87
27 34 0.096 67 8 0.921 107 1214 2.94
28 8% 0.106 68 B, 0.955 | 1.08 124 3.01
29 31 0.115 69 8y 0.991 1.09 137 3.08
30 3% 0.125 70 b ] 1.03 1.10 134 3.15
81 8% 0.136 T1 8 1.06 1.11 13 3.22
32 3H 0.147 72 B 1.10 1.12 13 3.30
34 0.159 73 8% 1.14 1.13 13 8,87
34 L] 0.171 74 L 1.18 1.14 18 3.44
435 44 0.184 75 1.22 1.15 18 8.52
.36 4% 0.197 76 94 1.26 1.16 18} 8.59
a7 A 0.211 a7 21 1.830 1.17 14+ 8.67
.88 A 0.225 78 9% 1.54 1.18 147 8.75
48 44 0.240 79 014 1.39 1.19 1414 8.83
40 44 0.256 80 9% 1.43 1.20 14% 3.91
41 4H 0.272 81 0% 1.48 1.21 1414 3.99
A2 5th 0.289 .82 OH 1.52 122 14% 4.07
43 5 0.306 B3 oH 1.57 1.23 14% 4.16
A4 5% 0.324 84 104 1.61 1.24 14% 4.24
A5 5% 0.343 .B5 104 1.68 1.25 15 4.33
A6 51 0.362 .86 10 1.71
AT 5% 0.382 T 10 1.76
A48 5% 0.403 | 1 1.81
49 5% 0.424 J 89 10 1.86
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Figure 12.—90° V-notch weir suitable for medium and heavy soils.

Table 6. Symbol dimensions and capacities for weir structure shown in

Figure 12.
" Length  Recommended range Symbol dimensions =
L of measurement in B c D E F G
Ft. In. Ci.s. ft. in. ft. in. ft. in, ft. in. ft. in. ft. in,
1 4 .02 to .45 1. 8 8 1 5 oS 1 5 1 8
2 02 to 1.5 2 10 1 2 8 2 8 2 8 1 6
SPad 02 to 4 4 7 1 6 4 B 3 6 4 6 2

® Requires heavier construction than shown in drawing.

The Suppressed Rectangular Weir

When it is desirable to place the measuring device in a flume
or box not large enough to give complete end contractions, the
suppressed rectangular weir may be used. This structure consists
essentially of a uniform width rectangular flume and a vertical
weir plate having a horizontal crest. The sides of the flume form
the sides of the weir notch. Hence there are no end contractions on
a suppressed rectangular weir.
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Weir discharges fluctuate with the height of the crest and there-
fore, the weir crest heights must be used in reading the table of
discharges.

A ﬁli! /- — F

r g
Y

OF FLOW
j 7 % E

m I 10-0" (MIN), ——>

]

[

B
PLAN lﬂ

ETAL PLATE
WWRUL%W‘“ CREST, |
ETTING AIR UNDER — } \

W = Ly
. NOTE. *N* SHOULD BE GREATER

¥ THAN ~ MAXIMUM
" SECTION AA SECTION BB

Figure 13.—Suppressed weir structure.

The length of the flume should be at least 10 feet and preferably
over 10 times the weir crest length. Holes must be provided im-
mediately below the weir crest to admit air under the sheet of
falling water. Openings having an area of 14 square inch per foot
length of crest are sufficient for heads up to 1.5 feet.*

Table 8* gives the discharges for rectangular suppressed weirs
having various crest heights.

" *Taken from “Measuring Water for Irrigation,” Bulletin 588, University of California, by J. E.
Christiansen.
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Table 8. Flow over rectangular suppressed weir.*

Head H Discharge, Q, in cubic feet per second per foot of weir crest
ko Lo

eet or ‘nches 05 foot  0.75 foot 1.0 foot  1.5feet  2.0fcet 8.0 feet 4.0 feet
0.10 1 0.111 0.110 0.109 0.109 0.108 0.108 0.108
0.11 1 0.127 0.126 0.126 0.125 0.125 0.125 0.124
012 1 0.145 0.144 0.143 0.142 0.142 0.141 0.141
0.13 18 0.163 0.162 0.161 0.160 0.159 0.159 0.159
0.14 14 0.182 0.180 0.179 0.178 0.178 0.177 0.177
0.15 113 0.202 0.200 0.199 0.197 0.197 0.196 0.196
0.16 14 0.223 0.220 0.219 0.217 0.216 0.216 0.215
0.17 2y 0.244 0.241 0.239 0.238 0.237 0.236 0.235
0.18 2% 0.266 0.263 0.236 0.259 0.257 0.257 0.256
0.19 2y 0.289 0.285 0.283 0.280 0.279 0.277 0.277
0.20 234 0.312 0.307 0.305 0.302 0.300 0.299 0.299
0.21 21 0.3368 0.331 0.328 0.325 0.324 0.322 0.322
0.22 25 0.361 0.355 0.352 0.349 0.347 0.345 0.344
0.23 2% 0.387 0.386 0.376 0.372 0.370 0.369 0.368
0.24 2% 0.413 0.406 0.401 0.897 0.395 0.393 0.392
0.25 3 0.440 0.431 0.427 0.422 0.420 0.418 0.416
0.26 31 0.467 0.458 0.452 0.447 0.445 0.442 0.442
0.27 34 0.495 0.485 0.479 0.473 0.471 0.468 0.467
0.28 3% 0.524 0.513 0.506 0.500 0.498 0.495 0.493
0.29 81 0.554 0.541 0.535 0.527 0.524 0.521 0.520
0.30 3% 0.583 0.569 0.5682 0.555 0.552 0.548 0.545
0.31 84 0.614 0.599 0.591 0.583 0.580 0.576 0.574
0.32 84 0.645 0.629 0.620 0.612 0.608 0.604 0.602
0.33 3H 0.877 0.659 0.6850 0.641 0.637 0.633 0.631
0.34 Ay 0.709 0.690 0.681 0.670 0.666 0.6682 0.660
0.35 44 0.742 0.722 0.711 0.701 0.696 0.691 0.688
0.36 4% 0.775 0.754 0.743 0.731 0.725 0.721 0.717
0.87 47 0.810 0.787 0.774 0.762 0.757 Nn.751 0.748
0.38 L 0.844 0.819 0.807 0.793 0.788 0,782 0.778
0.39 44 0.881 0.853 0.840 0.826 0.819 0.813 0.809
0.40 4 0.916 0.888 0.873 0.858 0.851 0.844 0.840
0.41 4 0.952 0.922 0.907 0.890 0.883 0.876 0.872
0.42 S5 0.990 0.958 0.942 0.924 0917 0.908 0.904
0.43 514 1.03 0.994 0.976 0.958 0.950 n.941 0.987
0.44 514 1.07 1.08 1.01 0.993 0.983 0.974 0.969
0.45 5% 1.10 1.07 1.05 1.03 1.n92 1.01 1.00
0.46 514 1.14 1.10 1.08 1.06 1.05 1.04 1.04
0.47 55 1.18 1.14 1.12 1.10 1.09 1.08 1.07
0.48 5% 1.22 1.18 1.16 1.18 1.12 1.11 1.10
0.49 5% 1.27 1.22 1.19 1.17 1.16 1.15 1.14
0.50 6 1.81 1.26 1.23 1.21 1.20 1.18 1.18
0.51 [i379 1.85 1.30 1.27 1.24 1.23 1.22 1.21
0.52 614 1.39 1.34 1.31 1.28 1.27 1.25 1.25
0.53 63 1.44 1.38 1.35 1.32 1.30 1.29 1.28
0.54 61 1.48 1.42 1.39 1.36 1.34 1.33 1.82
0.55 6% 1.52 1.46 1.43 1.40 1.38 1.86 1.36
0.56 641 1.57 1.50 1.47 1.44 1.42 1.40 1.39
0.57 641 1.61 1.54 1.51 1.48 1.46 1.44 1.48
0.58 611 1.66 1.59 1.55 1.52 1.50 1.48 1.47
0.59 T 1. TX 1.63 1.60 1.56 1.54 1.52 1.51
0.60 T 1.76 1.68 1.64 1.60 1.58 1.56 1.55
0.61 T 1.80 1.72 1.68 1.64 1.82 1.59 1.58
0.62 Tva 1.85 1.77 1.72 1.68 1.66 1.63 1.62
0.63 Ta 1.90 1.81 1.7 1.72 1.70 1.68 1.67
0.64 7 1.95 1.86 1.81 1.76 1.74 1.72 1.71
0.65 7 2.00 1.90 1.86 1.81 1.78 1.76 1.75
0.66 TH 2.05 1.95 1.90 1.85 1.82 1.80 1.79
0.87 8y 2.10 2.00 1.95 1.9 1.87 1.84 1.83
0.68 814 2.15 2.05 1.99 1.94 1.91 1.88 1.87
0.69 Big 2.21 2.09 2.04 1.98 1.95 1.93 1.91
0.70 83 2.26 2.14 2.08 2.03 2.00 1.97 1.95
0.71 815 2,81 2.19 2.13 2.07 2.04 2.01 2.00
0.72 85 2.87 2.24 2.18 1.12 2.08 2.05 2.04
0.78 8% 2,42 2.29 2.23 2.16 2.13 2.10 2.08
0.74 87 2.48 2.34 2.28 Sl 2.18 2.14 2.12
0.75 9 2.53 2.39 2.32 2.25 2.22 2.18 2.17
0.76 9% 2.59 2.45 2.37 2.30 2.27 2.23 2.21
0.77 914 2.65 2.50 2.43 2.85 2.31 2.27 2.28
0.78 93 2,70 2.55 2.48 2.40 2.36 2.32 2.30
0.79 914 2.76 2.60 2.52 2.45 2.41 2.837 2.35
0.80 95 2.82 2.66 2.58 2.49 2.45 2.41 2.39
0.81 9 2.88 2.71 2.63 2.54 2.50 2.46 .44
0.82 Qﬂ 2.94 2.76 2.68 2.59 Cib bt 251 2.48
0.88 9 3.00 2.82 2.78 2.64 2.80 2.55 2.58
0.84 104 3.08 2.87 2.78 2.69 2.64 2.60 2,58

( Continued on page 22)



Table 8. Flow over rectangular suppressed weir.* (Continued)

Head H Discharge, Q, in cubic feet per second per foot of weir crest
BT Weir Height
et 0.5 foot 0,75 foot 1.0 foot 1.5 feet 2.0 feet 8.0 feet 4.0 feet
0.85 104 3.12 2,93 2.84 2.74 2.69 2.65 2.62
0.86 10 8.18 2.99 2.89 2.79 2.74 2.69 2.87
0.87 10 . 04 2,94 2.84 2.80 274 .72
0.58 104% 3.31 3.10 3.00 2.90 2.84 2.79 2.76
0.89 104 3.87 3.16 3.05 2.95 2.89 2.84 2.81

*Computed from the simplified form of Rehbock’s formula Q=2f3va'23_h-3f3,
0.

where m = 0.605+ —h-—+0.08 —,;and P = height of weir crest above bottom of

channel approach. :

The Submerged Orifice

The submerged orifice is a regularly shaped opening in a bulk-
head through which the water flows, the level of the water surface
both upstream and downstream from the bulkhead being above the
top of the hole. The orifice should be rectangular and have sharp
edges and complete contractions the same as a weir.

The head (denoted by h for the submerged orifice) causing the
flow is obtained by subtracting the reading of the downstream
water surface from the reading of the upstream water surface.
The downstream gauge and the upstream gauge must be set on
the same level. Measurements should not be made on flows giving
an effective head of less than 2 inches.

|
NOTE. TOP OF ORIFICE

SHOULD BE BELOW DITCH
BOTTOM _DOWNSTREAM
FROM STRUCTURE

LOOKING DOWNSTREAM
Figure 14.*-Submerged orifice structure.

Table 9.—Symbol dimensions and capacities for submerged orifice structure
shown in Figure 14.

_ Size of orifice R led range Symbol dimensions ]
L [0} Area in of measurement in A 1 FJ M P
Ft. In. in. sq.ft, o ) Ft, In. Ft. In. t. In Ft. In, Ft. In.
1 8 25 A4 to 1.0 5 4 4 3 2 @ 1 1Y
1 4 3 33 St 14 g -’ 4 3 3 1 11
2 3 .50 8 to 2.1 9 10 4 8 3 3 6 S 2
4 33 5 to 1.4 9 1 4 3 2 8 2
1 6 4 50 8 to 2.1 10 4 7 3 3 2 3
2 3 4 A 1.0 to 3.2 11 3 4 10 3 6 3 6 T |
1 6 50 8 to 2.1 10 6 5. 7] 3 2 6 2 8
1 6 Ja5 1.0 to 3.2 11 6 5 4 3 6 3 2 8
* 8 1.00 1.5 to 4.3 12 5 4 3 6 3 6 2 8
3 ° 68 1.50 2.3 to B.5 14 5 10 4 4 6 3
1 4° 9 1.00 1.5 to 4.3 12 6 511 3 6 3 2 6
2 * 9 1.50 23 to 6.5 14 6 6 7 4 3 6 3
2 8° 9 2.00 3.0 to 8.7 16 7 4 4 3 6
® Requires heavier construction than shown in drawing.




1 area, A. of orifice

in cubic feet per
In feet In inches )35 sq.ft. 0.833 sq. fit. 0.50 sq.ft. 0.75 sq. ft. 1.00 sq. it. 1.50 sq. ft. 2.00 sq. ft.

h

Cross-

i

Table 10. Discharge table for submerged orifices.*

Effective Head H
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*Computed from the formulae @ = 0.61 AV 2gh.
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The Parshall Measuring Flume
The Parshall flume combines many of the advantages of the
weir and submerged orifice. There is no need for a pond above the
flume as the velocity of approach has little effect on the accuracy
of the measurement. It uses a small amount of head as it can have
a high degree of submergence without the necessity of reading

SECTION L-L

Figure 15.—Parshall measuring flume.

Table 11. Symbol dimensions and capacities of Parshall measuring flume.
(Letters refer to Figure 15.)

Free-flow

ity SYMBOL DIMENSION

Maxic Mini- W A 2/3A B Cc D E ¥ g ETN XK X
mum Imum

Sec.ft. Sec.ft. Feet Ft. in. Ft. in Fr. in Ft. in. Ft. in Ft in. Ft. Ft. In. In. In. In
12 003 025 1 6% 1 % 1 6 7 104 1 3 % 1 1 2y 1 1%
29 05 50 2 & 1 44 2 1 8% 1 8% 1 6 1 2 3 4% 2 8
5.7 A 75 210% 111% 210 1 8 1 10% 2 1 1% 8 4% 2 3
16 4 1 4 6 3 4 4% 2 2 9% 3 2 3 3 9 2 8
33 J 8 5 3 4 410% 8 3 11% 38 2 3 3 9 2 8
50 1.0 38 5 6 3 8 5 4% 4 5 1% 38 2 3 3 9 2 3
68 1.3 4 6 4 510% 5 6 4% 3 2 3 3 9 2 3

two heads or making corrections in the free-flow formula. It does
not readily clog with floating trash and it keeps itself clean of
sand and silt. It requires but one reading of head (H ) for deter-

mining the discharge except in case of extreme submergence.
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Table 12. Free flow discharge through Parshall measuring flume.*

Head Discharge, Q, for throat widths, W, of—
HA 0.25 foot  0.50 foot 0.75 foot 1.00 feet 2.00 feet 38.00 feet 4.00 feet
Inches Feet Sec.-ft. Sec.-ft, Sec.-ft. Sec.-ft. Sec.-ft. Sec.-ft. Sec.-ft.
1 0.10 0.05 0.09
1 A 06 .10
1 12 07 A2
1d 13 .08 14
14 14 .09 15
1H 15 10 17,
14 .16 11 19
2 £ & 12 .20
A 19 : ~
245 20 16 .26 0.35 0.66 0.97 1.26
21 21 18 28 37 Tl 1.04 1.36
25 22 19 30 .40 77 1.12 1.47
23 23 20 B2 43 82 1.20 1.58
2% 24 22 35 46 88 1.28 1.68
3 25 23 37 49 93 1.37 1.80
3% 26 25 239 .51 99 1.46 1.91
3% 27 26 4l .54 1.05 1.55 2.08
33 .28 28 A4 .58 1:31 1.64 2,15
3% 29 29 46 .61 1.18 1.73 2.87
3% B30 31 49 .64 1.24 1.82 2.88
3% 31 B2 51 .68 1.30 1.92 2.52
34 32 34 54 Al 1.37 2.02 2,65
3H 33 36 .50 .74 1.44 2.12 2.78
4 34 38 .59 5 1.50 2.22 2.92
A% .35 39 .82 .80 1567 2.32 3.06
4 .36 41 .64 .84 1.64 2.42 3.19
4 37 43 87 .88 1.72 2.53 3.84
4% 38 45 .70 82 1.79 2.64 3.48
4 B39 A7 T3 95 1.86 2.75 3.62
4 40 .48 76 .99 1.93 2.86 3.77
448 41 .50 8 1.038 2.01 2.97 3.92
5y 42 .52 .81 1.07 2.09 3.08 4.07
5 43 54 .84 1.11 2.16 3.20 4,22
S A4 .56 .B7 1.15 2.24 3.32 4.38
5% 45 58 .90 1.19 2.32 3.44 4,54
5% 46 B1 94 1.23 2.40 3.56 4.70
5% 47 .63 97 1.27 2.48 3.68 4.86
5% 48 .65 1.00 1.31 2.57 3.80 5.08
5% 49 B7 1.03 1.35 2.65 3.92 5.20
6 .50 .69 1.06 1.39 2,73 4.05 5.36
G 51 71 1.10 1.44 2.82 4.18 5.53
6% 52 73 1.13 1.48 2.90 4.31 5.70
63% .53 76 1.16 1.52 2.99 4.44 5.88
6% 54 78 1.20 1.57 3.08 4.57 6.05
6% .55 .80 1.23 1.62 3.17 4.70 6.23
6% 56 .82 1.26 1.66 3.26 4,84 6.41
6 DT .85 1.30 1.70 3.35 4.98 6.59
6 58 87 1.33 1.75 3.44 5.11 6.77
Tes .59 .89 1.37 1.80 3.53 5.25 6.96
T B0 92 1.40 1.84 3.62 5.39 7.15
T 61 94 1.44 1.88 8.72 5.58 7.34
Tix 62 97 1.48 1.93 3.81 5.68 7.58
T B3 09 1.51 1.98 3.91 5.82 7.72
TH B4 1.02 1.55 2.03 4.01 5.97 7.91
TH .65 1.04 1.59 2.08 4.11 6.12 8.11
74 .66 1.07 1.63 2.13 4.20 6.26 8.31
8 .B7 1.10 1.66 2.18 4.30 6.41 8.51
8k .68 1.12 1.70 2.23 4.40 6.56 8.71
81 .69 1.15 1.74 2.28 4.50 6.71 8.91
835 .70 1.17 1.78 2.33 4.60 6.86 9.11
8% wlil 1.20 1.82 2.38 4.70 7.02 9.2
85 72 1.23 1.86 2,43 4.81 717 9.53
8% 3 1.26 1.90 2.48 4.91 7.38 9.74
8% T4 1.28 1.94 2.53 5.02 7.49 9.95
9 Ard-] 151 1.98 2.58 5.12 7.85 10.2
9% 76 1.34 2.02 2.63 5.23 7.81 10.4
914 a7 1.36 2.06 2.68 5.54 7.97 10.6
9 78 1.89 2.10 2.74 5.44 8.13 10.8
9 79 1.42 2.14 2.80 5.55 8.30 11.0
0% .80 1.45 2.18 2.85 5.66 8.46 11.8

{Continued on page 26)



IDAHO AGRICULTURAL EXTENSION DIVISION

26

Table 12. Free flow discharge through Parshall measuring flume.* (Cont’d.)

Sec-ft.  Secft-

t widths, W, of—

1.00 feet 2.00 feet 3.00 feet  4.00 feet

Sec.-ft.  Sec.-ft.

Discharge, Q, for th

025 foot _0.50 foot__0.75 foot

Sec-ft.
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®Letters HA and W refer to Figure 15.
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Setting and Size of Parshall Measuring Flume*

Successful operation of the Parshall flume depends upon setting
the crest at the correct elevation with reference to the bed of the
channel. Free-flow conditions are desirable so that computations
for submergence of flow need not be made. The smallest practical
size of flume should be selected as a matter of economy, but as
the size of the flume decreases the loss of head increases.

The dimensions as given in Table 11 which correspond to the
same letter in Figure 15, must be followed accurately. The crest
must be straight and level and the floor of the converging section
must be level in both directions.

Measurement of head should be made in a stilling well with the
zero of the gauge level with the crest of the flume. The connection
from the flume to the stilling well should take out of the flume at
a point exactly two thirds of the length of the converging section
back from the crest and about 114 inches above the floor line.

Combined Regulating and Measuring Devices

There are several manufactured devices which combine regu-
lating and measuring facilities into one structure. These devices
have been calibrated so that they accurately measure the water
as regulated if they are installed and operated as directed. A special
table is necessary for each size and type of device.

You cannot easily make these devices on the farm. They are
ordinarily installed and operated by the canal company and are
not treated in this bulletin.

eComplete instructions for setting, size, construction, and operation of Parshall measuring flume are
F::g. Il.tl. USDA Farmers' Bulletin No. 1683, “Meusuring Water in Irrigation Channels,” by R. L.
arshall,
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Appendix I
Equivalents

1 cubic foot = 7.48 gallons or approximately 7.5 gallons.
1 cubic foot of water weighs about 62.4 pounds.

1 cubic foot per second (c.f.s.) — 448.8 gallons per minute or
approximately 450 gallons per minute — 50 miner’s inches
(Idaho).

1 cubic foot per second flowing 24 hours — 1.9835 acre-feet or
approximately 2 acre-feet.

1 cubic foot per second flowing 12 hours — .9917 acre-feet or ap-
proximately 1 acre-foot.

1 cubic foot per second flowing 1 hour — .9917 acre-inches or ap-
proximately 1 acre-inch.

The table of equivalents may be used to determine the depth of
water applied to a field when the time and flow are known.

Ezample: A flow of 60 miner’s inches (Idaho)
has been running on a 20-acre field for 48 hours.
How much water has been applied if it is evenly
distributed :

(a) From the table of equivalents, 1 cubic foot
er second equals 50 miner’s inches ; therefore, 60
inches will equal
60
50 1 cfg or 1,2 ¢.f8:

(b) From the table of equivalents, 1 cubic foot
per second flowing 1 hour equals 1 acre inch;
1.2 c.f.s. flowing for 1 hour will equal 1.2 % 1
acre inches — 1.2 acre inches per hour.

(¢) 1.2 acre inches per hour X 48 hours equals
57.6 acre inches in 48 hours.

(d) As the field is 20 acres in size and the 57.6
acre inches are uniformly distributed over it,
there will be a uniform a;:plication of 57.6 = 20
inches, or, 2.88 (about 27 inches) inches depth
applied.




If a certain depth is assumed, th¢ timp:it will-take for-a giyen.-.
size stream to apply the depth can hecompufed.- » : st .

0el % "% 4" o% °

Ezxample: A stream of 40 miner’s inchés. Fldahd)
is being delivered. How long will it take to apply
4 inches of water to a 15 acre field?

(a) 15 acres to a depth of 4 inches — 4 < 15
acre inches — 60 acre inches.

(b) From the table of equivalents, 1 c¢fs equals
50 miner’s inches; also 1 efs equals one acre-inch
per hour; therefore, 40 miner’s inches will apply

g‘—(; % 1 acre inches per hour = 4/5 or 0.8 acre

inches per hour.

(c) As 60 acre inches are required, 60 = 0.8
hours will be required = 75 hours to irrigate the
the field to the required depth of 4 inches.

Note: The average waste runoff from irrigated fields is 11 per
cent. If allowance is to be made for waste, the length of time will
be increased by this amount. Hence, 75 hours equals 89% of the

go-s 0.843 hrs. Total time required equals 100%

1 o
time. 1% equals g9 —

= 84.3 hours.

Appendix II

Definition of Terms

Gallon: The gallon is 231 cubic inches.

Cubic foot: A volume equal to that of a cube 12 inches in length,
12 hinches in breadth, and 12 inches in thickness. (1,728 cubic
inches)

Aere foot: The volume necessary to cover 1 acre to a depth of 1
foot. (43,560 cubic feet).

Acre inch: The volume necessary to cover 1 acre to a depth of
1 inch. (3,630 cubic feet)

Gallon per minute: A continuous flow amounting to 1 gallon
passing a point each minute.

Cubic foot per second:. (c.f.s., or second foot) A continuous flow
amounting to 1 cubic foot passing a point each second.
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Miner’

‘inch daho) : A, continuous flow equal to 1/50 cubic foot

e .

oo per fecongl. “The Idahp mindrs inch originally was the amount of

ef
S watey, that wonld flow: hrough an orifice 1 inch square under a
head,of.4 ipnches.abave the center of the opening. It has been defined
by cowitdecigion ag 1750 cubic foot per second.

Weir wall or weir bulkhead: A wall or bulkhead placed across
the channel of a stream to check the stream and cause it to flow
through a weir notch.

Weir crest: The horizontal edge or the bottom point of a weir
notch.

Weir pond : The enlarged section of the stream bed immediately
above the weir wall.

Head: The depth of the water above the weir crest measured at
a distance from the weir notch so as to be unaffected by the curve
of the water surface as the water flows over the weir. In the sub-
merged orifice the head is the difference in elevation between the
water surfaces above and below the orifice. In the Parshall meas-
uring flume it is the elevation of the water surface above the floor
of the flume measured at a definite distance from the throat. Sym-
bols used to denote head on measuring structures are generally
“H"” for a weir, “h” for a submerged orifice and "HA” for the

Parshall measuring flume.

Free flow: The condition of flow over a weir wherein the sheet
of falling water falls freely into the air and meets no obstruction
above the elevation of the weir crest.

End contraction: The horizontal distance from the side of the
weir notch or orifice to the side of the weir pond. To have end
contractions, the wier pond must be wider than the weir notch.

Bottom contractions: The vertical distance from the weir crest
down to the bottom of the weir pond.

Complete contractions: End and bottom contractions large
enough to give {)ractically a still-water condition in the weir pond.
To accomplish this, each end contraction and the bottom contrac-
tion should be at least twice the head being measured.

Baffles: Obstructions placed in a stream to reduce turbulence
or velocity or to equalize the flow throughout the section of the
stream.

Velocity of approach: The actual movement of the water toward
the structure in feet per second.

Submergence or submerged flow: The condition of flow wherein
the elevation of the water surface below the measuring device is
higher than (a) the crest of the weir, or, (b) the top of the orifice,
or, (¢) the bottom of the Parshall measuring flume.
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