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The Soil Conservation Service National Engineering Handbook
is intended primarily for Soil Conservation Service (SCS)
engineers. Engineers working in related fields will find
much of its information useful to them also.

The handbook is being published in sections, each section
dealing with one of the many phases of engineering included
in the soil and water conservation program. For easy han-
dling, some of the sections are being published by chapters.
Publishing of either sections or chapters will not neces-
sarily be in numerical order.

As sections or chapters are published, they will be offered
for sale by the Superintendent of Documents, Government
Printing Office, Washington 25, D.C., at the price shown in
the particular handbook.

Measurement of Irrigation Water Chapter 9, Section 15
(Irrigation) describes the various methods of measuring
irrigation water that are commonly used on irrigated farms.
Tables and charts giving rates of flow for the various -
structures end measuring devices are included.

Washington, D.C. February 1962
. ! : Approved for reprinting November 1973
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SCS NATIONAL ENGINEERING HANDBOOK

SECTION 15

IRRIGATION

CHAPTER 9 - MEASUREMENT OF IRRIGATION WATER

Need

Present-day knowledge of solls-moisture-plant relations permits irrigsa-
tion systems to be designed for applying water in correct quantities
when needed and at rates based on the soil intake rates, thereby obtain-
ing maximum efficiency of water use and preventing land damage. Ob-
vicusly, this knowledge can be used effectively only by the reasonably
accurate measurement of water.

Field trials and evaluations of existing irrigation systems are often
required to determine soil intake rates, required stream sizes, maxi-
mum lengths of furrow and border runs, and other factors for efficient
water use. Accurate water measurement is required for malkdng such trials
anc. evaluations,

The rapidly increasing use of all avalleble water; even in some humid
areas, and the increased cost of development require that water be
used econamically and without waste. This cannot be accamplished with-
out water measurement.

In many of the Western States, available water supplies are appropriated,
anc. water is distributed to users according to their legal rights to its
use., Water then must be measured if it is to be distributed equitably.

Units of Measurement

The units of water measurement in this chapter are those expressing a
rate of flow. The two most common unite are cublic feet per second
(c.f.s. or sec.-ft.) and gallons per minute (g.p.m.). These may be con-
verted one to the other and to other units as follows:

cuble foot per second
gaellon per minute

cubic foot per second
cubie foot per second
cubic foot per second
acre-inch per hour
million gallons per day
million gallons per day
1 million gallons per dsy

448.83 gallons per minute
0.002228 cubic foot per second
0.64632 million gallons per day
1.9835 acre-feet per day
0.99173 acre-inch per hour
452.6 gallons per minute

1.5472 cubic feet per second
€694.4 gallons per minute

3.07 acre-feet per day

e
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The miner's inch® is also used in many of the Western States. It is
defined as the rate of flow of water through a vertical opening 1 inch
square under a head ranging from 4 to 7 inches.

Methods

Many methods of measuring the rate of flow of water resulted fram nu-
merous and varying demands for water measurement. Same of these methods
require elaborate, camplicated, and expensive equipment. COthers are
simple and inexpensive. The best method will depend on the volume of
flow, the conditions under which measurements will be made, and the
accuracy required. This chapter considers only those methods commonly
used in irrigation practice that need inexpensive equipment and that
require only moderate accuracy.

Water-measurement methods may generally be placed into ome of two clas-
sifications: Velocity-area methods or direct-discharge methods. In the
first, the velocity in an open channel or pipe is measured directly

and the rate of flow determined by multiplying this velocity by the
cross-sectional area of the channel or pipe utilized. The current
meter and the velocity head rod are the only methods discussed that
fall in this classification. In the second, rates of flow are measured
directly, and velocity measurements are not Involved. Other than the
current meter and the velocity head rod, the remaining methods dis-
cussed fall into the second classification.

The methods to be discussed have been placed in three groups in the
order named: (1) Methods of measuring small irrigation streams, (2) meth-
ods of measuring pipe flow, and (3) methods of measuring channel flow.

It 18 not the intent, in this chapter, to duplicate detalled descrip-
tions of measurement methods and voluminous discharge tables in other
handbooks and publications readily availlable to SCS engineers and others.
It is the intent to include only a brief description of the methods

used, together with their adaptability, limitations, equipment re-
quired, hydraulic formulas, measurements taken, and limited discharge
tables. There are numercus methods of water measurement that are out-
side the scope of and are not included in this chapter. For these the
reader is referred to H. W. King's Handbook of Hydraulics (MeGraw-Hill
Book Co.) and similar hydraulic and engineering handbooks.

1 Each State defines the miner's inch as a fraction of a c.f.s.
A miner's inch is defined as 1/50 or 0.020 c.f.s. in Idaho, Kans.,
Nebr., New Mex., N. Dak., S. Dak., Utah, and southern Calif. It is
defined as 1/40 or 0.025 c.f.s. in Ariz., central Calif., Nev., Mont.,
and Oreg. In S. Dak., a number of old rights claim 1/40 of 1 c.f.s.
equals 1 miner's inch. These claims have been upheld in court. In
Colo., the miner's Inch is 0,02604 c.f.s.



Methods of Measuring Small Irrigation Streams

Volumetric and Gravimetric Methods

Vollumetric-flow measurements are made by measuring the time required
forr the flow to fill a container of known volume. Volume divided by
time is then equal to rate. In the gravimetric method the same prin-
ciple is used except that the volume is determined by weighing the
water rather than by measuring it in a calibrated container.

The weight of the water is converted to volume (gal.) by dividing it by
the weight of 1 gallon of water or 8.33 pounds. In either case, the time
is measured with a stopwatch and the rate of flow determined by the
formule

Q( ) = Volume of water (gal.) x 60
g-p.m. Time required to fill (sec.)

These methods are simple, require little equipment, and are accurate to
a high degree where used with reasonable care. They should be used to
measure flows up to 20 gallons per minute but may be used for higher
flows provided a container of suitable size is available and site con-
ditions permit its use. The larger the container, the larger will be
the filling time and more accurate the measurement. Since the time can
be measured only to ¥ 0.2 second with a good stopwatch, the measured
time required to fill the container will have to be 20 seconds if the
rate of flow 18 to be determined within an accuracy of 1 percent.
Similarly 10 seconds will be required for 2 percent and 4 seconds for
5 percent.

In irrigation practice, the principal use of the volumetric method 1s
to measure the flow of water in furrows. It is also used to measure the
discharge from individual outlets in a sprinkler system. The procedure

for its use in measuring furrow streams appears in succeeding paragraphs.

In making volumetric measurements of furrow streams, the water should
usually be run through a furrow tube or small flume, cantilevered at

the downstream end for free discharge into the container. The downstream
invert of the furrow tube or flume must be at least 1-1/2 inches above
the)maximum water surface in the furrow into which it discharges (fig.
9-1).

Furrow tubes can be set high enough to permit the use of this method
for furrow-inflow measurements. Ponding above an inflow station will not
affect the intake computations. However, since a ponded area above an
outflow station may increase the intake rate, this method should not be
used for outflow measurements on flat slopes where discharge conditions
through the furrow tube will cause ponding in more than 5 percent of
the study-furrow length. Large furrow tubes or open flumes sometimes
can be used to reduce ponding above an outflow station.

s
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Figure 9-1--Installation for volumetric measurement of furrow flows
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Figure 9-2--Installation for elimination of ponding in volumetric
measurement of furrow flows
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Where outflow measurements must be made on slopes too flat for use of
the volumetrie procedure, a modified procedure can sametimes be used
(fig. 9-2). In this modified procedure, the flow is not discharged
directly into the container. Instead, it is allowed to run into a sump
and spill over the lip of the container. The sump is first bailed out
until the water surface is below the 1lip of the calibrated container
when the container 1s held firmly against the bottam of the sump. Then
when the water surface rises to the 1ip of the container, the water
flows into the container and the filling time can be determined with a
stopwatch,

As the water surface in the sump always must rise a small distance above
the top of the lip in order to cause flow into the container, an error
is introduced. This error will be directly proportional to the amount
the cross-sectionsl area of the sump exceeds the area of the top of the
container and also to the height of the water surface above the lip.
Therefore, the excess cross-sectional area of the sump must be kept as
small as possible, and the method used only for flows that require at
least 10 seconds to fill the container. For small flows (requiring 20
or more seconds to fill container) and sump areas less than three times
the area of the container, the error will be negligible.

Satisfactory volumetric-flow measurements can be obtained with a wide
variety of equipment. However, for general use in furrow-intake studies,
the following is recommended:

1. Two furrow tubes (spiles), 3-inch diameter, 30 inches long for each
furrow. Tubes used at inflow station should be equipped with slide
gates for flow control.

2. Two calibrated water buckets, 3-gallon capacity. One for use at the
inflow station and the other for use at the outflow station.

3. Two stopwatches that will measure the time to fill the container
vithin 0.2 second. '

4. (ne watch or clock to determine rates of advance and elapsed flow
time to the nearest minute.

5. Standard forms for recording test data.

The method and forms are outlined in ARS 41-31, "A Method for Determin-
ing Intake Characteristics of Irrigation Furrows."

Submerged Qrifice Plates

A simple method of measuring furrow streamflow is by submerged orifice
plates. The plate is placed across the furrow and the head loss through
the orifice is measured under submerged flow conditions.

Orifice plates consist of emall sheet iron, steel, or aluminum plates
that contain accurately machined circular openings or orifices usually
ranging from 1 to 3-1/2 inches in diameter. Figure 9-3 shows construc-
tion details for an orifice plate with three orifices of such diameters
that any flow between 8 and 65 gallons per minute can be measured within
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a head-loss range of 0.5 to 2.5 inches. It will be noted that the plate
shown contains slots covered with clear vinyl plastic to permit reading
of the head differential from the downstream slde of the plate.

These plates have several advantages. They are simple, inexpensive, and
easy to install. Furrow streams can be measured with a minimum head dif-
ferential or restriction to flow, thereby minimizing the increase in the
wetted perimeter of the furrow above the measuring point and the proba-
bility of overtopping. With reasonable care in setting and reading, the
margin of error in the measurements will not exceed 5 percent.

In use, an orifice size 1s selected so as to produce a head differential
within the 0.50- to 2.5-inch range, and the plate is placed in and
acrogs the furrow with its top as nearly level as possible. Flow through
the orifice must be submerged. In same cases, 1t may be necessary to
restrict the flow downstream from the plate in order to raise the water
surface on its downstream side to a level slightly above the top of the
orifice. Allowing a few minutes for the head differential to become con-
stant, this differential (the difference in the distances from the top
of the plate to the water surface on the upstream and downstream sides)
is measured with an engineer's scale. Readings are taken to the nearest
0.05 inch.

Flow through the orifice 1s calculated by the standard orifice formula,

Q = CA Vv 2gh, which for gallons per minute can be written
Q =7.22 Caavh
where Q = discharge in gallons per minute
Cq = coefficient of discharge
h = head differential measured in inches
a = area in square inches.

Based on the results of recent calibration studies performed by the
Agricultural Research Service, values of Cq in table 9-1 and the dis-
charges in tables 9-2 and 9-3 were determined.

Table 9-1.--Average coefficients of discharge for furrow orifices

Cndf%izcii:?eter G free flow Cq submerged flow

3/4 0.61 0.57
1 .62 .58
1-3/8 .64 .61
1-3/4 .63 . .61
2 .62 .61
2-1/2 .61 .60
3 .60 .60
3-1/2 .60 .60
4 .60 .60




Table 9-2.--Discharge through submerged flow orifices

Head Diameter of orifice (inches)
|
(inches) | 3/, 1 13/8 | 13/4] 2 2 1/2 3 31/2 4
G.p.m. G.p.m. G.p.m. G.p.m.| G.p.m. G.p.m. G.p.m.( G.p.m. { G.p.m.
0.3 1.00 1.80 3.58 5.80 7.56 11.71 16.8 22.8 .8
A 1.15 2.07 4,14 6.70 8.73 13.52 19.4 26.4 .6
.5 1.29 2.32 4,62 7.49 9.76 15.11 21.7 29.5 A
.6 1.41 2.55 5.07 8.20 10.69 16.55 23.7 32.3 .2
.7 1.52 2.75 5.47 8.86 11.55 17.88 25.6 34.9 .6
.8 1.63 2.94 5.85 9,47 12.34 19.11 27.4 37.2 .6
.9 1.73 3.12 6.20 10.05 13.09 20.3 29.1 39.6 .6
1.0 1.82 3.29 6.54 10.60 | 13.80 21.4 30.6 41.7 .5
1.1 1.91 3.45 6.86 11.11 14 .48 22.4 32.1 43.7 .1
1.2 2.00 3.60 7.16 11.60 15.12 23.4 33.6 45.6 3.6
1.3 2.08 3.75 7 .46 12.08 15.74 24.3 34.9 47.5 .0
1.4 2.16 3.89 7.7 12.53 16.33 25.2 36.2 49,2 .3
1.5 2.23 4,03 8.01 12.97 16.90 26.2 37.5 51.1 7
1.6 2.30 4.16 8.27 13.40 17.45 27.0 38.7 52.7 .8
1.7 2.37 4.29 8.53 13.81 | 17.99 27.8 39.9 54.3 .9
1.8 2.44 4,41 8.77 | 14.21 [ 18.52 28.6 41,1 | 55.9 .9
1.9 2.51 4,53 9.02 14.60 | 19.02 29.4 42,2 57.5 .0
2.0 2.58 4.65 9.25 14.98 19.52 30.2 43,3 59.0 .9
2.1 2.64 4,76 9.48 15.35 20.0 30.9 (A 60.5 .8
2.2 2.70 4,88 9.70 15.71 20.4 31.7 45,4 61.9 .7
2.3 2.76 4,99 9.92 16.06 20.9 32.3 46.4 63.3
2.4 2.82 5.09 10.13 16.41 21.3 33,0 47.4 64,6
2.5 2.88 5.20 10.34 16.74 21.8 33.6 48.4 65.9
2.6 2.94 5.30 10.55 17.08 | 22.2 34.3 49.4 67.2
2.7 3.00 5.40 10.75 17.40 22.7 35.0 50.3 68.5
2.8 3.05 5.50 10.94 17.72 23.1 35.7 51.2 69.8
2.9 3.10 5.60 11.14 18.03 23.5 36.3 52.1 71.0
3.0 3.15 5.69 11.33 18.34 23.9 37.0 53.0 72.2
3.1 3.20 5.79 11.52 18.65 24.3 37.6 53.9 73.4
3.2 3.25 5.88 11.70 18.94 24.7 38.2 54.8 74,6
3.3 3.30 5.97 11.88 19.24 25.1 38.7 55.6 75.7
3.4 3.35 6.06 12.06 19.53 25.4 39.3 56.5 76.8
3.5 3,40 6.15 12.24 19.81 25.8 39,9 57.3 77.8
3.6 3.45 6.24 12.41 20.1 26.2 40.5 58.1 78.9
3.7 3.50 6.32 12.58 20.3 26.5 41.1 58.9 80.0
3.8 3.54 6.41 12.75 20.6 26.9 41.6 59.7 81.1
3.9 3.59 6.49 12.92 20.9 27.3 42.2 60.5’ 82.2
4.0 3.64 6.57 13.08 21.1 27.6 42.7 6l1.3 83.2
4,1 13.24 21l.4 27.9 43.2 62.0 84.2
4,2 13.40 21.7 28.3 43,7 62.8 85.3
4,3 13.56 21.9 28.6 44,2 63.5 86.3
b.b m% 13,72 22.2 28.9 44,7 64.2 87.3
4,5 13.87 22.4 29.3 45,2 65.0 88.3
4.6 14.03 22.7 29.6 45,7 65.7 89.3
4,7 14.18 22.9 29.9 46,2 66.4 90.2
4.8 14,33 23.1 30.2 46.7 67.1 9l1.1
4.9 14.48 23.4 30.5 47.2 67.8 92.1
5.0 14,62 23.6 30.8 47.7 68.5 93.1
il




Table 9-3.--Discharge through free flow orifices

Dismeter of orifice (inches)
Head
(inches) | 5, | 1 |13/8|11/2 |13/ 2 |21/2 3 |32 | 4
G.p.m. | G.p.m. |G.p.m. | G.p.m. | G.p.m. | G.p.ms | Gop.me |G.p.m. | Gepem. [ G.p.m.

0.4 1.24

.5 1.39 2.49

.6 1.52 2.73

7 1.64 2.94 | 5.71

.8 1.75 3.15 6.11 7.19

.9 1.86 3.34 6.48 7.63 10.34
1.0 1.96 3.52 | 6.83 8.04 |10.90
1.1 2.06 3.69 7.16 8.43 11.43 14.8
1.2 2.15 3.86 7.48 8.80 11.94 15.5
1.3 2.23 4.01 7.78 9.17 12.43 16.1 24.8
1.4 2.32 4.16 8.08 9.51 12.90 ' 16.7 25.8
1.5 2.40 4,31 8.36 9.84 13.35 17.3 26.7
1.6 2.48 4.45 8.63 10.17 13.79 17.9 27.5 38.7
1.7 2.55 4.59 8.90 10.48 14.21 18.4 28.4 39,9
1.8 2.63 4.72 9.16 10.78 14.62 19.0 29.2 41.1
1.9 2.70 4.85 9.41 11.08 15.03 19.5 30.0 42.2 57.5
2.0 2.77 4.98 9.66 11.37 15.42 20.0 30.8 43,3 59.0
2.1 2.84 5.10 9.89 11.65 15.80 20.5 31.5 &by 4 60.5
2.2 2,91 5.22 /10.13 11.92 16.17 21.0 32.3 45.4 61.9
2.3 2.97 5.34 [10.35 12.19 16.53 21.4 33.0 46.4 63.3 82.5
2.4 3.04 5.45 |10.54 12.45 16.89 21.9 33.7 47 .4 64.6 84.3
2.5 3.10 5.57 |10.79 12.71 17.23 22.3 34.4 48.4 65.9 86.0
2.6 3.16 | 5.68 |11.01 12.96 17.58 22.8 35.1 49,4 67.2 87.6
2.7 3.22 5.79 |11.22 13.21 17.91 23.2 35.8 50.3 68.5 89.23
2.8 3.28 5.89 |11.42 13.45 18.24 23.7 36.4 51.2 69.8 91.0
2.9 3.34 5.99 |11.63 13.69 18.56 | 24.1 37.1 52.1 71.0 92.6
3.C 3.40 6.09 |11.82 13.92 18.88 24.5 7.7 53.0 72.2 94.2
3.1 3.45 6.19 |12.02 14.15 19.19 24.9 38.3 53.9 73.4 95.7
3.2 3.50 6.29 |12.21 14.38 19.50 | 25.3 38.9 54.8 74.6 97.2
3.2 3.56 6.39 (12.40 14.60 19.88 25.7 39.5 55.6 75.7 98.7
3.4 3.61 6.49 [12.59 14.82 20.17 26.1 40.1 56.5 76.8 100.1
3.t 3.67 6.59 112.77 15.04 20.47 26.4 40.7 57.3 77.8 101.6
3.6 ' 3.72 6.68 | 12.95 15.25 20.75 26.8 41.3 58.1 78.9 103.1
3.7 3.7 6.77 113,13 |[15.46 |21.04 | 27.2 41.9 58.9 80.0 [104.6
3.8 3.82 6.86 |13.31 15.67 21.33 27.6 42 .4 59.7 8l.1 106.0
3.9 3.87 6.95 | 13.48 15.87 21.61 27.9 43,0 60.5 82.2 107.

|

4.0 3.92 7.04 |13.65 16.08 21.88 28.3 43.5 61.3 83.2 108.7
4.0 13.82 16.28 22.15 28.6 44,1 62.0 84.2 110.0
4.2 13.99 16.47 22.42 29.0 44,6 62.8 85.3 111.4
4,0 14,16 16.67 22.69 29.3 45,1 63.5 86.3 112.7
4.4 14.32 16.86 22.95 29.7 45,6 64.2 87.3 114.0
4.5 14.48 |17.05 (23.21 | 30.0 46.2 65.0 88.3 |115.3
4.6 14.64 17.24 23.47 30.3 “6.7 65.7 89.3 116.6
4,77 14.80 17.43 23.72 30.7 47.2 66.4 90,2 117.9
4.8 14,96 "|17.61 23.97 31.0 47.7 67.1 9l.1 119.2
4.9 15.11 17.79 | 24.22 31.3 48.2 67.8J 92.1 120.4
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WSC Flumes

The WSC measuring flume 1s in three sizes, which collectively range
from 1 to 1,200 gallons per minute. Only the smellest of the three,
ranging from 1 to 26 gallons per minute, is presented in this chapter.
This is the size normally adaptable to the measurement of furrow
streams (fig. 9-4).

For larger flumes, the reader is referred to the Washington State
College, Washington Agricultural Experiment Station, Station Circular
200, "Measuring Water in Small Channels with the WSC Flume," September
1952.

The WSC measuring flume, developed at the Washington State College,
adapts the Venturi principle to the measurement of flow in small chan-
nels. This flume consists of four principle sections: An entrance
section upstream, a converging or contracting section leading to a
constricted section or throat, and a diverging or expanding section
downstream (fig. 9-4). The bottam of the flume is placed level, both
longitudinally and transversely, at a height equal to or slightly
higher than the channel bottom. Only one reading on the slanting scale
is required. This reading is readily converted to gallons per minute
by the use of tables.

The WSC measuring flume has several advantages: Simplicity of construc-
tion, low cost, ease of installation, and very low head losses. It is
usually made of sheet metal with its component parts arc-welded to-
gether, although the flume can be constructed of wood, cancrete, or
other materials.

The flume is said to be "operating" when the depth of flow at 1ts down-
stream end is equal to or less than the depth (Dg, ) shown in figure 9-5.
If the water surface is at a common level throughout the length of the
flume, the flume is said to be "drowned out" and cannot be used in this
position. In such cases, the flume is raised slightly until the flow
characteristics shown in figure 9-5 are obtained.

After the slanting scale in the entrance section has been read, table
9-4 is used to convert the scale reading to flow in gallons per minute.

Siphon Tubes

Siphon tubes, used to remove water from a head ditch and distribute
it over a field through furrows, corrugations, or borders, are also
used to measure the rate of flow into these distribution systems.

These tubes, made of aluminum, plastic, or rubber, are usually pre-
formed to fit a half cross section of the head ditch. The normal diam-
eter range is from 1 to 6 inches, although both smaller and larger
sizes are available, The smaller sizes are used with furrows and cor-
rugations and the larger sizes with borders. Various lengths are
available.
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Figure 9-4--Coamponent parts of the small WSC flume showing their
relative positions
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Figure 9-5--Flow characteristics of the WSC flume in operation

Table 9~4.--Discharge for small WSC flume

Scale reading | g .1 .2 3 A .5 .6 7 .8 .9
(inches) .
G.p.m. | G.p.m. |G.p.m, | G.p.m. | G.p.m.|G.p.m. |G.p.m. |G.p.m. | G.P G.p.
1 1.5 1.8 2.2 2.6 3.0 3.5 4.1 4.7
2 5.3 6.1 6.9 7.7 8.6 9.5 10.4 11.5 12.7 13.8
3 15.0 16.4 | 17.8 19.3 20.8 | 22.4 | 24.0 | 25.8

Siphon tubes have several advantages. They are portable., For this rea-
son, the reduced number of tubes required to irrigate a given area re-
sults in low initial cost for equipment. Flow into individual furrows
or borders can be controlled effectively by using the number of tubes
that will divide the total head ditch flow into individual streams of
the desired size.

The tubes are limited to fields with little cross slope in order to
maintain a near-constant operating head on each tube. A disadvantage is
that they need to be primed individually. This priming is the principal
labor requirement when siphon tubes are used for surface irrigation.

The discharge of a siphon tube depends on: (1) The diameter of the tube,
(2) the length of the tube, (3) the roughness of the inside surface and
the number and degree of bends in the tube, and (4) the head under which
the tube 1s operating. When the ocutlet end of the tube is submerged, the
operating head is the difference in elevation between the water surfaces
measured at the entrance and outlet ends of the tube. When the tube is
flowing free, the operating head is the difference in elevation between
the water surface at the entrance of the tube and the center of the
outlet end.
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Siphon-tube discharge may be computed by the formula

Q =CA v2gh
where Q = discharge in cubic feet per second
C = discharge coefficient for the tube
A = cross-sectional area of the tube in square feet
g = acceleration due to gravity = 32.2 feet per second per
second
h = operating head in feet.

The coefficient (C) may be camputed by the formula

4/3
C=CO\/7 a*/
5,087 n? C,2 L + a4/

where C, = discharge coefficient for the tube entrance (about 0.83)
d = inside diameter of the tube in inches
n = roughness coefficient
L = length of the tube in feet.

As an example, the discharge from a 3-inch aluminum siphon tube 7 1/2
feet long, operating under a head of 0.50 foot, is computed as follows:

Co = 0.83
d for 3-inch QD tubing = 2.900 inches
n = 0-008
L =7.5 feet
h = 0.50 foot 273
2.900
C =0.83 = 0.7
\v/;,osv x 0.0082 x 0.832 x 7.5 + 2.900%/3 0-700

2
A = 3-14124’;2&900 = 0.04587 square feet

Q =0.700 x 0.04587 ¥ 2 x 32.2 x 0.50 = 0.18217 cubic feet per

second
Q =0.18217 x 448.8 = 81.8 gallons per minute

This procedure was used to compute the discharge values used in the
preparation of figure 9-6 showing the discharge of aluminum siphon
tubes operating at various heads. Values of the roughness coefficient
(n) were 0.008 for sizes up to and including 3 inches and 0.012 for
sizes 4 inches and larger.

Charts similar to figure 9-6 can be prepared for siphon tubes made of
other materials when appropriate values of C, and n are established
by rating the tubes in a laboratory.
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Methods of Measuring Pipe Flow

Pipe Orifices
Pipe orifices are usually circular orifices placed within or at the end

of a horizontal pipe. The head on the orifice is measured with a manom-
eter. '

Where the orifice is placed in the pipe, the discharge will not be free,
and the head must be-measured at points both upstream and downstream
from the orifice. For a further discussion of this type of orifice, the
reader 1s referred to King's Handbook of Hydraulles.

The pipe orifice more commonly used in measuring irrigation water and
the discharge from wells within a range of 50 to 2,000 gallons per min-
ute has the circular orifice located at the end of the pipe (fig. 9-7).
The pipe must be level and the manometer, a glass tube, is placed about
24 inches upstream from the orifice. No elbows, valves, or other fit-
tings should be closer than 4 feet upstream from the manometer. The
ratio of the orifice diameter to the pipe diameter should be no less
thar, 0.50 nor greater than 0.83. The ratio to be selected, however,
must cause the pipe to flow full. The head 1s measured with an ordinary
carpenter's rule.

Discharge through the orifice is computed by use of the formula

Q = Cav 2gh
where Q = orifice discharge 1n gallons per minute

C = coefficient which varies with the ratio of the orifice diam-
eter to the pipe diameter as well as with all the other fac-
tors affecting flow in orifices. The value of the coefficient
(C) may be taken from figure 9-8.

a = cross-sectional area of the orifice in square inches

g = acceleration due to gravity = 32.2 feet per second per second
h =

head on the orifice in inches measured above its center.

For example, find the discharge from a 5-inch orifice at the end of an
8-inch pipe operating under a head of 25 inches.

Ratlo of orifice diameter to pipe diameter = 5/8 = 0.625

o)

rom figure 9-8 = 0.63

19.63 square inches

Ca v 2gh

0.63 x 19.63 xv2 x 32.2 x 25
496 gallons per minute

O P Q

Table 9-5 gives discharge values from various cambinations of pipe sizes
and orifice sizes for heads up to 70 inches.
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TABLE 9-5,--Discharge from circular pipe orifices with free discharge?®
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3-in. 4-in. 5-in. 6-in.’ 7-1in. 8-in.
Head orifice orifice orifice orifice orifice | orifice
(inches) "o | 6-in. | 6-in. | 8-in. | 6-in.| 8-in, | 8-in. | 10-in. | 20-in. | 10-in.
Pipe Pipe | Pipe Pipe Pipe | Pipe Pipe Pipe Pipe Pipe
G.p.m. |G.p.m. | G.p.m.| G.p.n. |G.p.m.| G.p.m. 'G.p.m. | G.p.m. G.p.m. G.p.m,
€ 108 82 160 150 305 240 408 345
& 122 94 185 170 350 280 458 395 600 935
10 133 104 205 190 393 316 508 445 666 1040
12 146 114 225 208 430 346 556 490 728 1120
14 157 123 243 224 465 376 599 530 785 1194
16 167 132 257 238 495 402 636 568 838 1266
18 178 140 271 252 524 426 672 604 887 1336
20 187 148 285 266 548 449 708 636 933 1404
22 197 156 299 279 572 470 744 664 979 1471
24 205 164 310 291 596 488 776 692 1022 1529
26 214 171 323 303 62C 504 805 720 1064 1585
23 222 177 335 314 644 52C 831 747 1104 1641
30 230 183 346 325 668 536 857 773 1143 1697
32 239 189 357 | 335 692 552 882 799 1181 1753
4 246 195 369 345 - 715 568 907 824 1218 1809
35 254 200 380 354 737 584 931 847 1251 1865
33 260 205 390 363 759 60C 955 867 1281
40 266 210 401 371 781 616 979 887 1311
42 272 214 411 ; 380 800 631 [1001 906 1341
44 278 219 420 388 820 645 1023 925 1371
46 284 224 429 396 837 659 |1045 944 1401
48 290 229 440 405 855 672 |1067 963 1431
50 296 234 448 413 872 686 (1089 982 1461
52 302 238 457 421 8as 700 |1110 1000 1491
5 307 243 4€5 429 904 714 11130 1018 1520
ce 313 248 472 437 919 727 1150 1036 1548
s 317 252 480 445 934 : 739 |1170 1052 1574
€0 323 257 489 453 948 751 1190 1068 1598
62 328 262 496 461 961 763 |1209 1084
€4 333 266 | 504 469 974 775 1227 1099
66 338 271 513 475 988 787 |1245 1113
68 343 275 520 483 1002 799 1263 1227
70 349 J 280 525 491 j1016 ; 81 LIZBO 1140

1 7rcm "Layne Well Water Systems," Layne and Bowler, Inc., Memphis Tenn., 1951.

Venturl Meters

The Venturi meter measures the flow of water in pipes under pressure.
It utilizes the Venturl prineciple in that the flow passing through a
constricted section of pipe is accelerated and its pressure head is
lowered. The cross-sectional areas of the pipe and the constricted sec-
tion being known, the flow is determined by measuring the drop in pres-
sure head.

A cross section of a Venturl meter showing i1ts component parts is shown
in figure 9-9. The meter is usually inserted between two flanges in a
pipeline. At the upstream end the short, straight, cylindrical part of
the meter has the same inside diameter as the pipeline and has a side
hole drilled through the wall where a plezometer tube is connected for
measuring the static pressure. Following this straight section, a coni-
cal entrance section leads to the short constricted section or cylindri-
cal throat. This entrance cone has an angle of about 21°. The cylindrical
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throat section is also provided with a side hole for attaching a plezom-
eter tube. The diameter of the throat is one-fourth to one-half the
diameter of the pipeline. A conical exit section with an angle of 5° to
7° follows the throat section ani ends at a flange in the pipeline. This
long exit cone decelerates the flow as smoothly as possible and restores
normal pressure in the line. A piezometer tube 1s sometimes connected in
the line immediately below the exit section to measure the overall loss
of head through the meter; however, this measurement is not used in com-
puting the rate of flow through the meter. A loss of head through the
meter of 10 to 20 percent may be expected.
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Figure 9-9--Diagram of a Venturi tube

The rate of flow through the meter is computed from the formula

Q = Cki? /hy - by
where Q = rate of flow in cubic feet per second

C = empirical discharge coefficient that may be taken from
table 9-6

d, = diameter of the entrance section in feet

dz = diameter of the throat section in feet

hy = pressure head in feet measured above the axis of the meter
at the straight entrance section.

h, = pressure head In feet measured above the axis of the meter

at the throat.



diameter of the entrance section.

Valtes of K may be taken fram table 9-7.

4

m
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factor corresponding to the ratio of the throat diameter to

Table 9-6.--Coefficients of discharge (C) for Venturi meters

Dismeter Throat velocity (feet per second)
of throat
(inches) 3 4 5 10 15 20 30 40 50
1 .935 .945 .949 | .958 .963 .966 | .969 |.970 .972
2 .939 .948 .953 | .965 .970 973 | 974 | .975 L977
4 .943 952 .957 { .970 .975 977 | .978 |.979 .980
8 - .948 .957 .962 | .974 .978 .980 |.981 |.982 .983
12 w955 .962 .967 | .978 .981 .982 | .983 |.984 .985
18 .963 | .969 | .973 |.981 | .983 [ .984 {.985 [.986 | .986
48 .970 977 .980 | .984 .985 .986 (.987 |.988 .988
Table 9-7.--Values of K in formula for Venturli meters
ds d, da dp d,
Py £ola K& e Y :
.20 6.31 .33 6.34 46 6.45 | .59 | 6.72 | .72 7.37
21 6.31 34 6.34 A7 6.46 | .60 | 6.75 | .73 7.45
.22 6.31 .35 6.35 48 6.47 | .61 6.79 | .74 7.53
.23 6.31 .36 6.35 .49 6.49 | .62 6.82 .75 7.62
o260 6.31 .37 6.36 .50 6.51 1 .63 6.86 | .76 7.72
.25 6.31 .38 6.37 .51 6.52 | .64 6.91 | .77 7.82
.26 6.31 .39 6.37 .52 6.54 | .65 6.95 | .78 7.94
27 6.32 40 6.38 .53 6.56 | .66 | 7.00 | .79 8.06
.28 6.32 Al 6.39 .54 6.59 | .67 | 7.05 .80 8.20
.29 6.32 A2 6.40 .55 6.61| .68 | 7.11 | .81 8.35
.30 6.33 | .43 6.41 | .56 6.64 | .69 | 7.17 | .82 8.51
.31 6.33 A 6.42 .57 6.66 { .70 | 7.23 | .83 8.69
.32 6.33 45 6.43 .58 6.69 | .71 7.30 | .84 8.89
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As an example of the use of this formula, assume a 24-inch pipe diam-
eter, an 8-inch throat diameter, and a drop in pressure head between
the entrance and the throat (hi - hz) of 9.3 feet.

The ratio of the throat diameter (d,) to the entrance diameter (d,) =
8/24 = 0.33. Using this ratio in table 9-7, find the value of K to be
6.34.

Then

2 Jhy - hy

6.34 x 0.667% xv9.30
8.603 cubic feet per second

Q

CKda
Cx
Cx

Since the value of C will be near unity, the approximate velocity
through the throat may be computed as follows:

vV = -ﬁ— = %802—33—: = 24.6 feet per second

Using this velocity, the value of C fram table 9-6 1s 0.9805. Thus
Q = 0.9805 x 8.603 = 8.435 cubic feet per second.

Manufacturers of commercial Venturl meters should be requested to fur-
nish discharge tables or charts for all meters purchased.

Irrigation Meters

Meters most commonly used to measure irrigation water are of the
velocity type and are installed in canals, flumes, or streams or con-
tained within pipes or conduits up to 6 feet in diameter. When the
meters are installed in open channels, the flow must be brought through
a pipe or conduit of known cross-sectional area. This pipe or conduit
iz called a meter tube. The meter is placed within the discharge end

of this tube.

Irrigation meters essentially consist of a conical propeller connected
to a registering head by a gear train. They are operated by the kdnetic
energy of the flowing water. The propeller is suspended, facing the
center of flow, in the pipe, tube, or conduit and is rotated by the
flow of water. The speed of the propeller (r.p.m.) is proportional to
the average velocity of flow within the tube (ft./sec.), and since the
cross-sectional area of the tube 1s known and remains constant, the
propeller speed 1s proportional to the rate of flow.

The rotating propeller actuates the registering head through the gear
train. This head reglsters total flow on a counter-type clock. The
total flow is recorded directly in standard volumetric units such as
gallons, cubic feet, acre-feet, miner's inch-days, or others.

There are two basic requirements for accurate operations of the meter:
(1) The tube must flow full at all times, and (2) the rate of flow must
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excead the minimum for the rated range. Meters are given a volumetric
calibration test at the factory, and adjustment or recalibration in the
field is not normally required.

Irrigation meters of the types described have a number of advantages
over other methods of water measurement. Registration is independent of
variations in the line pressure or in the rate of flow within the rated
rang=, thus eliminating frequent readings and checks. Since the meters
total flow directly, no time-consuming computations are involved, and
human errors are eliminated. Autcmatic totalizer-recording devices are
available which may be used with continuous charts and provide permanent
records of water use. The principal disadvantages of these meters are
their susceptibility to clogging with moss and to vandalism when in-
stalled permanently.

Threes basic types of irrigation meters are discussed in succeeding para-
grapns. These are (1) low-pressure line meters, (2) open-flow meters,
and (3) vertical-flow or hydrant-type meters.

Meter valves combine into a single compact unit the functions of irriga-
tion hydrants with those of the vertical flow-meters.

Low-pressure-line meters.--These are used wherever pipelines are used to
distribute irrigation water. They may be installed in new or existing
concrete, steel, or asbestos-cement pipelines within a range of diam-
eters of 4 to 72 inches., Portable sections of steel pipe with meter in-
stalled are available, thus permitting the measurement of water at
several locations with one meter. The principal use for low-pressure-
line meters is the metering of water delivered to individual farms from
lateral lines of an irrigation enterprise. In the smaller sizes, these
meters can be used effectively on an individual farm to measure accu-
rately the amount of water applied to a given area, thereby permitting
increased efficiency of water use. Figure 9-10 shows a low-pressure-
line meter instelled in a sectlon of steel pipe. Note the straightening
vanes installed ahead of the propeller to eliminate turbulence.

Opén-flow meters.--These are similar to the low-pressure-line meters in
construction and are used to meter the flow in open channels or gravity-
flow, closed-conduit systems. The meter 1s suspended from a wall or
simple support structure into the center of a full-flowing submerged
discharge end of a pipe, culvert, or siphon, which serves as the meter
tube. The metered section may be round or rectangular. Concrete pipe,
corrugated metal pipe, or even long wooden-box structures are satis-
factory as meter tubes. Open-flow meters may be installed permanently
or may be moved from one location to another without interrupting the
normal flow of water.

The principal use of the smaller-size meters up to about 42 inches in
diameter is to meter the flow at farm turnouts (fig. 9-11). The larger
Bizes are used to meter large volume flow from reservoirs and in main
canals and large lateral ditches.
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Figure 9-10--A low-pressure line meter installed in a section of
steel pipe

Vertical-flow meters.--These are used to meter the flow of water in
vertical pipes (fig. 9-12). Their operating principles are identical
with those of the other two types of meters, the only difference being
the position of the propeller, which is vertical. Water flows unre-
stricted in an upward direction through the meter tube, actuates the
propeller, and is then deflected downward by a bonnet or cover to the
outside of the tube. The bonnet is designed to provide adequate area
for the maximum discharge and to prevent tampering with the propeller.

The principal use for vertical flow meters is the metering of individ-
ual farm deliveries where such deliveries are made in gravity flow
pipelines and through pipe turnmouts.
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Flgure 9-12--Typical vertical-flow meter installation
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Meter valves.--Provision is made in these valves for total flow regis-
tration at all rates of flow above the minimum rate of flow and for
flow control fram full capacity to complete shutoff. The rate of flow
can be accurately set to that desired by rotating the meter-head as-
sembly. Meter valves are portable and can thus be used on any number
of hydrants or plpe turnouts of like diameter up to 12 inches. They
may be placed in the open end of any vertical riser discharge pipe.

Coordinate Methods

In the coordinate method, coordinates of the jet issuing from the end

of a pipe are measured. The flow from pipes may be measured whether the
pipe is discharging vertically upward, horizontally, or at some angle
with the horizontal. Since the discharge pipe can be set in a horizontal
position for measurement purposes, there is no need here for a discus-
sion of flow from pipe in an angular position.

Coordinate methods are used to measure the flow from flowing wells
(discharging vertically) and from small pumping plants (discharging
horizontally). These methods have limited accuracy owing to the diffi-
culty in making accurate measurements of the coordinates of the jet.
They should be used only where facllities for making more accurate
measurements by other methods are not available and where an error of up
to 10 percent is permissible.

//\/
////-‘ \\\ /

///,1“”; lr\\uh\ 1

Figure 9-13--Required measurements to obtain flow from vertical pipes

To measure the flow from pipes discharging vertically upward, it is
only necessary to measure the inside diameter of the pipe (D) and the
height of the jet above the pipe outlet (H) (fig. 9-13). Table 9-8
glves discharge values for pipe diameters up to 12 inches and jet
heights up to 40 inches. _
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Table 9-8.--Flow from vertical pipes?

Diameter of pipe (inches)

Jet
(’;fgle}:) 2 3 4 5 6 8 10 12
~ Std.? | std. |0.D.? Std.|0.D. Std. |0.D. Std. |0.D. Std. |0.D. Std. |0.D. Std.
G.p.m. [{G.p.m. G.p.m, G.p.m. G.p.m. G.p.m. G.p.m. G.p.m.
- P . 28 57 75 86 (103 115 137 150 | 200 215 | 265 285 | 330 355
2 1/Z0ennn 31 69 95 108 [132 150 182 205 | 275 290 | 357 385 | 450 480
3..... 34 w8 [112 128 |160 183 225 250 | 340 367 | 450 490 | 570 610

31/2..... 37 86 |124 145 |183 210 262 293 | 405 440 | 555 610 | 705 755
bevensnnns 40 92 | 135 160 |205 235 295 330 | 465 510 | 660 725 | 845 910
41/2 vaue 42 98 | 144 173 225 257 320 365 | 520 570 | 760 845 | 980 1060

Seeeirnnens 45 104 [ 154 184 (240 275 | 345 395 | 575 630 | 840 940 |1120 1200
Beevinnnes 50 115 | 169 205 |266 306 385 445 | 670 730 | 1000 1125 j1370 1500
Teveivanss 54 125 1186 223 (293 336 420 485 | 750 820 ]1150 1275 |1600 1730
Beveirenns 58 134 | 202 239 |315 360 450 520 | 810 890 | 1270 1420 |1775 1950
| DU €2 143 | 215 254 |335 283 480 550 | 870 955 | 1360 1550 (1930 2140

10c i ueeese 66 152 | 227 268 |356 405 510 585, 925 1015 | 1450 1650 | 2070 2280
120c00enas 72 167 |255 295 |390 450 565 650 | 1010 1120 ! 1600 1830 [2300 2550

ldeenannes 78 182 | 275 320 |420 485 610 705 | 1100 1220 | 1730 2000 | 2530 2800
16ccueanes 83 195 | 295 345 1455 520 | 655 755 |1180 1300 | 1870 2140 {2720 3000
18...00.0.; B9 208 | 315 367 ;480 555 700 800 | 1265 1400 | 2000 2280 | 2900

2000 iieens . 94 220 [333 388 |510 590 740 850 | 1335 1480 | 2100 2420

25,0000 | 107 248 | 377 440 |580 665 830 960 | 1520 1670 | 2380 2720

30ceresees | 117 275 | 420 485 |640 740 925 1050 | 1690 1870 | 2650 3000

35000 caeas | 127 300 | 455 525 |695 800 | 1000 1150 | 1820 2020 | 2850

40.00eeaee | 137 320 | 490 565 |745 865 | 1075 1230 | 1970 2160

1 Table prepared fram discharge curves in Utah Engin. Expt. Sta. Bul. 5, "Meassurement of
Irrigation Water," June 1955,

2 Standard pipe.

3 outside diameter of well casing.

To measure the flow from pipes discharging horizontelly, it is necessary
to measure both a horizontal and a vertical distance from some point on
the end of the pipe to a similar point in the jet. For convenience,
these coordinates are measured from the top of the inside of the pipe to
a point on the top of the jet (fig. 9-14). These horizontal and vertical
distances are called X and Y ordinates, respectively.

=

0
N S

Figure 9-l4--Required measurements to obtain flow fram horizontal pipes
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For reasonably accurate results, the discharge pipe must be level and
long enough to permit the water to flow smoothly as it lssues from the
plpe. Table 9-9 gives discharge values for pipe diameters up to 6 inches
where the ordinate X is selected to be 0, 6, 12, or 18 inches. For pipes
flowing less than 0.8 full at the end, the vertical distance Y can be
measured at the end of the pipe where X = Q. Table 9-9 is used to cobtain
the discharge. Table 9-9 is also applicable either to conditions of full
flow or partial flow.

Teble 9-9.--Flow fraom horizontal pipes®

WHEN X =0
Y Size of pipe (nominal diameter)
(inches) | 5. gnech | 3-inch 4-inch 5-inch | 6-inch
G.p.m. G.p.m. G.p.m. G.p.m. G.p.m.

0.20 . 67.7 180 308

.30 66.5 175 303 530

.40 65.1 171 298 518

.50 63.6 166 293 ’ 506

.60 18.3 62.0 161 287 494

.70 17.6 60.4 156 282 482

.80 16.7 58.4 150 277 470

.90 15.4 55.7 145 271 458
1.00 13.7 53.1 139 265 446
1.20 9.5 46.9 128 251 422
1.40 6.0 40.5 115 237 398
1.60 31.9 102 221 373
1.80 24.0 90 205 347
2.00 17.3 77 187 321
2.20 11.8 64 167 295
2.40 7.3 52 147 270
2.60 41 127 246
2.80 32 108 223
3.00 24 90 200
3.30 13 65 167
3.60 45 137
3.90 29 111
4,20 86
4.50 64
4.80 45

1 See footnote at end of table.



Table 9-9.--Flow from horizontal pipes!--Continued

WHEN X = 6 INCHES
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Y Size of pipe (naminal diameter)
(inches) 2-inch 3-inch 4-inch 5-inch 6-inch
G.p.m. G.p.m. G.p.m. G.p.m. G.p.m.
0.24 177 310 548
.36 146 274 503 969 1243
AL 126 247 462 857 1113
.60 111 229 435 772 1019
.72 100 215 404 705 947
B4 92 202 377 646 889
.96 85 193 355 606 844
1.08 79 184 337 574 808
1.20 75 175 319 543 772
1.80 60 139 265 449 660
2.40 51 119 229 390 583
3.00 45 105 206 350 525
3.60 40 94 188 314 476
4,20 37 86 169 278 431
4,80 35 79 151 238 386
5.40 32 71 133 193 332
6.00 30 63 116 150 247
5,60 27 50 99 112
7.20 25 38 83
7.80 23 29 69
8.40 20
WHEN X = 12 INCHES
.96 157 319 570 1014
1.08 148 305 548 974 1315
1.20 139 292 530 925 1257
1.80 114 247 444 763 1055
2.40 99 215 395 655 929
3.00 87 193 359 583 844
3.60 79 176 332 530 772
4,20 ., 73 161 305 489 718
4.80 68 149 287 458 673
5,40 63 140 269 426 633
6.00 60 132 256 404 597
6.60 57 126 242 386 574
7.20 54 120 233 368 548
7.80 52 114 224 355 525

1see footnote at end of table.
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Table 9-9.--Flow from horizontal pipes!--Continued
WHEN X = 18 INCHES

Y Size of pipe (nominal diameter)
(inches) 2-inch 3-inch | 4-inch 5-inch | 6-inch
G.p.m. G.p.m. G.p.m. G.p.m. G.p.m.
1.80 166 346 624 1014 1400
2.40 144 305 557 907 1261
3.00 129 274 503 826 1153
3.60 117 251 462 754 1068
4,20 109 233 431 700 992
4.80 101 220 404 655 934
5.40 95 206 382 . 615 884
6.00 89 197 364 579 839
6.60 84 187 346 548 799
7.20 81 180 . 332 521 763
7.80 77 172 319 498 732
8.40 75 166 305 476 705

! Table for standard steel pipe prepared from data resulting from
actual experiments conducted at Purdue Univ. and reported in Purdue
Engin. Expt. Sta. Bul. 32, "Measurement of Plipe Flow by the Coordinate
Method, " August 1928.

Methods of Measuring Channel Flow

Current Meters

The current meter measures the velocity of flowing water in an open
channel. It is usually used in the larger ditches and streems where
direct methods of measurement are not practicable. Rohwer? has used
specially outfitted current meters to measure the velocity of flow in
pipes; however, since this is not the principal use made of such meters,
the reader is referred to his bulletin for additional information.

Basically the current meter is a wheel having several cups or vanes.
This wheel is rotated by the action of the current, and the speed of
the rotating wheel indicates the velocity of the current. Several de-
vices have been devised for determining the speed of the wheel. The one
most commonly used is a mechanism that makes and breaks an electric
circuit at each revolution or at a specified number of revolutions of
the wheel. Included in the circuit is a telephone receiver allowing the
operator to count the number of revolutions in any selected period of

2 Rohwer, C. "The Use of Current Meters in Measuring Pipe Discharges."
Colo. Agr. Expt. Sta. Tech. Bul. 29. 1942. (Out of print. Available in
libraries only.)
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time--the time being determined by means of a stopwatch. More elaborate
arrangements that include mechanical recording devices are svailable.

Current meters are either suspended by cables, which allow the meters

to move freely both horlizontally and vertically, or are mounted on

rods, which keep the meters stationary. In the former, a vaned tail-
piece i1s used to keep the meter facing into the current. Cable suspen-
sion is used for gaging large streams; rod suspension is more for gaging
small streams or ditches. The cable or rod is usually merked in feet

and hundredths, thus permitting the operator to determine depths of
flow and to take the meter readings at the proper predetermined depths.

Two “ypes of current meters are in general use: The cup meter and the
propeller meter. The cup meter has six conlcal cups mounted on a verti-
cal axis pivoted at the ends and free to rotate between the rigid arms
of a U-shaped clevis to which a vaned tailpiece is attached (fig. 9-15).
Rotation is made by more pressure from the current being exerted on the
inside of the cups than on the outslde of the cups. The cup meter regis-
ters the correct velocity regardless of which way the meter is pointed
in relation to the direction of the current.

Figure 9-15--Cup~type current meter

Propeller meters are available in two forms: The screw meter and the
spoked meter with vanes. Both rotate around a horizontal axis by direct
action of the current. Unlike cup meters, propeller meters are sensi-
tive to oblique flow, and the horizontal axis should be kept parallel to
the direction of the current.

The establishment of the relation between the speed of the meter wheel
(r.p.m.) and the velocity of the water is known as "rating of meter."
This s accamplished by towing the meter through still water at uniform
velocilties and recording the revolutions per minute for each velocity.
A rating curve is plotted from these recordings. Current meters are
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rated by the manufacturer, and a rating table is furnished. Current
meters should be rated once a year or more often depending on how fre-
quently they are used.

Current-meter measurements are usually taken from a walkway or bridge
across the stream or ditech. Very shallow streams can be waded while
large rivers may require the use of a boat or cablewsay.

A zero station or reference point is established on cme bank of the
stream, and a tape is stretched across the stream for measuring hori-
zontal distances. Soundings and current-meter readings are taken at
regulsar intervals, usually fram 2 to 10 feet depending on the width of
the stream. Readings should be made where there are abrupt changes in
velocity or in the depth of flow.

The problem is to determine the mean velocity at each vertical where
readings are taken. This may be done by one of several methods. The
most common method requires that readings be taken at only two points
in each vertical; namely at 0.2 and 0.8 of the sounded depth measured
from the water surface. The average of these two readings is the mean
velocity in the vertical. Where the depth of flow becomes too shallow
to obtain two readings, a single reading taken at 0.6 depth represents
the mean velocity.

The discharge of each segment of the cross section (area between ad-
Jacent verticals) is the product of the area of the segment and the
mean velocity in the segment. If d; and d,; represent the depths of

flow at two adjacent verticals, V; and V, the respective mean veloci-
ties in these verticals, and W the distance between the verticals, then
the discharge in that part of the cross section is camputed as follows:

- d, + d, vV, + V,
o () (9

The total discharge of the stream is the sum of such computations for the
entire cross section. Figure 9-16 shows an example of typical current-
meter notes. The observations required and computation procedure used

are clearly shown in this example.

Weirs

In its simplest form, a weir consists of a bulkhead of timber, metal, or
concrete with an opening of fixed dimensions cut in its top edge. This
opening is called the weir notch, its bottom edge is the weir crest, and
the depth of flow over the crest (measured at a specified distance up-
stream fram the bulkhead) is called the head. The overflowing sheet of
water is known as the nappe.

Weirs may be divided into two general classes: (1) Sharp-crested weirs,
and (2) weirs that are not sharp-crested. Only sharp-crested weirs are
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Figure 9-16--Typical current meter notes
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discussed, since this type is normally used in the measurement of irri-
gation water. Weirs that are not sharp-crested, scmetimes called broad-
crested weirs, are cammonly Incorporated in hydraullic structures of
various types but are not commonly used to measure the flow of water.

If the sides and bottam of the gtream or channel are far enough from

the perimeter of the weir notch, the water particles approach the notch
in converging paths in all directions, continue to travel in curvilinear
paths for some distance after leaving the notch, and cause the nappe to
contract. When these distances are great enough to cause water to pond
above the weir so that it approaches the notch at a veloeity not exceed-
ing 0.3 foot per second, the weir is said to have complete contractions.
When these distances are not great enough to cause this condition, the
welr 1s said to have partially suppressed contractions.

In order to assure complete end contractions, the distances between the
ends of the notch and the sides of the channel or stream should not be

less than 2 times the depth of flow over the weir or the head (H)

(fig. 9-17). For camplete bottom contraction, the weir crest should be

placed no closer than 2H from the bottom of the chamnel.

When the water surface downstream fram the bulkhead i1s far enough below
the crest so that air moves freely below the nappe, the weir is said to
have free discharge. If the discharge is partially under water, the
welr is said to be submerged.

Weirs with camplete contractions and free discharge are most commonly
used for the measurement of water. Weirs with suppressed contractions
and submerged weirs are outside the scope of this handbook. For a com-
plete discussion of these, the reader is referred to King's Handbook of

Hydraulics.

POINT TO MEASURE

DEPTH (H)
ELEVATION OF 4H '

WEIR CREST-— WATER SURFAGCE SHARP-CRESTED
—————y WEIR

Figure 9-17--Profile of a sharp-crested weir
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Standerd sharp-crested weirs are of one of three general types depend-
ing on the shape of the weir notch: (1) Rectangular-notch weir, the
notch of which has a level crest and vertical sides; (2) trapezoidal or
Cipolletti weir, which has a level crest and sides of the notch sloping
outward from the vertical at one horizontal to four vertical; (3) 90°
triangular-notch weir fonmed by the sides of the notch sloping outward
from the vertical at a 45° angle and meeting at a point in the center
of the bulkhead. This latter type has no crest length.

The welr selected should be that most adapted to the eircumstances and
conditions at the site of measurement. Usually, the rate of flow ex-
pected, or the limiting rates in the case of fluctuating streams, can
be roughly estimated in advance and used to select both the type of
weir o be used and the dimensions of the weir. In selecting the type
of welr, consideration should be given the following:

1. The head should be no less than 0.2 foot for the rate of flow ex-
pected and should not exceed 2 feet.

2. For rectangular and trapezoldal weirs, the head should not exceed
one-third of the weir length.

3. Welr length should be selected so that the head for design discharge
will be near the maximum subject to the limitations in 1 and 2.

The 90° triangular-notch weir gives the most accurate results when
measuring small discharges of less than 1 second-foot and is particularly
adapted to measuring fluctuating rates of flow provided the maximum dis-
charge does not exceed 10 second-feet. Rectangular- and trapezoidal-
notch weirs are used to measure discharges up to 75 second-feet or more.

The rectangular-notch weir.--This is probably the oldest type now in
common use, and its simplicity of construction makes it the most popular
(fig- 9-18).

POINT TO MEASURE DEPTH (H)
(SEE CROSS SECTION)
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Figure 9-18--Rectangular-notch weir with end contractions
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Numerous formulas Have been developed for camputing the discharge of
rectangular-notch, sharp-crested weirs with complete contractions. The
most popular and generally accepted is the Francis formula.

Q =3.33 (L - 0.2H)HY2

where Q = discharge in cubic feet per second
L = Length of the notch in feet
H = head in feet or the vertical difference between the elevation
of the weir crest and the elevation of the weir pond

The elevation of the weir pond should be measured at a point no less
than 4H upstream fram the bulkhead.

Table 9-10 gives discharge values for weir-notch lengths up to 10 feet
and depths of flow or head up to 1.5 feet.

The trapezoidal-notch or Cipolletti welr.--This is shown in figure 9-19.

The slope of the sides, one horizontal to four vertical, is that required
to secure a discharge in the triangular part of the notch about equal to

the decrease in discharge caused by end contractions. Thus no correction
for end contractions is required.
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Figure 9-19--Trapezoidal-notch or Cipolletti welr
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Table 9-10.--Discharge values for rectangular weirs with complete

contractions
Discharge, Q, for crest length, L, of—
Fiead, H!
1 foot 1.5 feet 2 feet 3 feet 4 feet 6 feet 8 feet 10 feet
|
Feel Inches | Second-feet| Second-feet | Second-feet | Second-feet | Second-feet | Second-feet | Second-feet | Second-feel

0.10 1% 0. 11 0. 16 0.2 0. 33 Q 44 0. 62 0. 84 1. 05
.11 14, .12 .18 .25 .37 . 50 .78 .97 1. 21
.12 146 .14 .20 .28 42 . 57 . 83 1. 10 1. 38
.18 1%, .15 .22 32 47 .64 .93 1.24 1. 56
.14 114, .17 .25 .85 53 .71 1. 04 1. 39 1. 74
16 11%, 19 28 39 . 68 .79 1. 15 1. 54 1. 03
16 11, 21 31 43 . 64 . 86 1. 27 1. 70 212
17 246 23 47 .70 . 85 1. 39 1. 86 2 33
18 2¥e 25 a7 51 .78 103 1. 52 203 2. 53
19 2y 27 40 55 .83 L11 1. 64 220 275
20 2% . 29 44 . 59 . 89 110 1. 78 237 2 97
21 2% .31 47 . 683 .95 128 181 2 55 310

2 .34 50 .68 102 1. 37 205 273 3 42

23 2% , 36 54 .72 1. 09 1. 46 219 2 92 3 66
24 2% .38 57 .77 1. 16 1,55 233 3.11 a 90
25 3 . 40 81 .82 1. 23 1. 65 2 48 d 31 4 14
26 3 . 43 85 . 86 1. 31 1.75 2. 63 a 51 4 39
27 3% .45 . 91 1. 38 1. 85 278 a7l 4 65
28 ax .48 72 . 96 1. 46 1. 05 2 83 3 92 4 01
20 k1) . 50 76 1. 02 1. 53 205 3 09 413 5.17
a0 a 53 . 80 1. 07 1. 61 216 3.25 4 34 5. 44
a1 3y 55 . 84 1.12 1. 69 2.26 3. 41 4. 56 5 71
32 31y, 58 . 88 1. 18 1. 77 2.37 3. 58 478 5. 99
33 318, 61 .92 1. 23 1. 86 2. 48 375 5. 01 6. 27
34 4% 63 . 86 1.28 1. 94 2.60 3. 92 524 6. 56
35 44, 60 1. 00 1. 34 2.02 27 4 09 5. 47 6. 85
86 444, 133 1. 04 1. 40 211 2 82 4 26 5.70 7 14
a7 4%e 72 1. 08 1. 45 2.20 2™ 4 44 5. 84 7. 44
a8 4%, 74 113 1 51 228 306 4, 62 6. 18 7. 74
89 41%, 1.17 1. 67 2 37 318 4. 80 6. 43 8. 05
40 4%, 80 1.21 1. 63 248 8 30 4 99 6. 87 8. 36
41 4%, 1. 26 1. 69 258 3 42 517 4 902 8 87
42 5Xe 86 1. 30 1.76 2 85 3 54 5. 36 7.18 8 99
43 &% 89 135 1. 81 274 3 67 5. &5 7 43 9. 31
44 134 22 1. 40 1. 88 2 83 8 80 8. 75 7.68 9. 63
45 5% .96 1. 44 1. 94 203 3.93 5. 04 7.05 9. 06
46 5% . 99 1. 49 200 3 03 4 05 6. 14 8 22 10.3
47 5 1. 02 1. 54 2.07 312 418 6. 84 8 48 10. 6
.48 5% 1. 05 1. 59 2.13 322 4 32 6. 54 875 1.0
49 5 1.08 1. 64 220 8 32 4 45 6. 74 0. 03 11. 3
. 50 [} 1.11 1.68 2.26 3 42 4 58 6. 95 9. 30 1.7
.81 (31 115 1.73 233 3. 62 4.72 7.15 9. 58 12 0
. 562 8% 1.18 1.78 2. 40 3. 62 4 86 7.36 9. 86 12. 4
. B3 [ 1.21 1. 84 2 46 3.73 4. 09 7.57 10. 1 12.7
.54 84 1.25 1. 89 2 53 3.83 513 7.79 10. 4 13.1
.65 [ 1,28 1. 84 260 3 94 5. 27 8 00 10. 7 13. 4
.58 6% 1. 31 1. 89 2 67 4 04 5. 42 822 11.0 13. 8
. 67 81%, 1. 35 204 2.74 415 5. 56 8 43 11. 3 14.2
58 6815, 1. 38 209 2. 81 4 26 5. 70 8 65 11. 8 14 6
59 THe 1. 42 215 2 88 4 36 5. 85 888 1.9 14.9
60 T%e 1.45 220 2 96 4 47 6. 00 9. 10 12. 2 15.3
. 81 7% 1. 49 225 3 03 4 59 6. 14 9. 33 12. 5 15. 7
62 THs 1.52 2 31 310 4 69 ‘6. 29 9. 55 12.8 16.1
63 7¥e 1, 56 2. 88 317 4 81 6. 44 8 78 13.1 16. 4
64 %, 1. 60 2 42 325 4. 92 6 69 10.0 13. 4 16 8

See note at end of table.




Discharge, Q, for crest length, L, of—

contractions--continued

Table 9-10.--Discharge values for rectangular weirs with complete

9-36
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Table 9-10.--Discharge values for rectangular weirs with camplete
contractions--continued

Discharge, Q, for crest length, L, of—

Db ok ek gt Pt bl Gk P
JIPoEP POAPE DOORRE RRAR®D PP

Head, H!
1 foot 1.5 foet 2 feet 3 feet 4 feet 6 feet 8 feet 10 feet
Feet Second-feet | Second-feet | Second-feet | Second-feed Sutmd;[ed
1.20 12. 16.6 25. 34.0 42.
1. 21 12 5 16. 8 25.5 34. 4 43.2
1. 22 127 12.0 25. 8 34. 8 43. 8
1.23 12.8 17.2 26.2 35. 2 44.3
1. 24 13.0 17. 4 26.5 35. 6 44. 8
1. 25 1 17. 6 26.8 36.-1 45. 4
1.26 1 17.9 27. 1 36 5 45. 9
1.27 1 181 36. 9 48 4
1.28 1 18. 3 37.3 47.0
1.29 1 18 5 3r. 8 47.56
1. 80 1 18 7 as. 2 481
1. 81 1 18 9 3. 6 48 6
1. 82 1 19. 1 39. 1 40. 2
1. 33 1 39.5 49. 7
1. 34 1 39.9 50. 3
1. 35 40. 4 50. 8
1. 36 40.8 51 4
1. 37 41. 3 51.9
1. 88 41. 7 526
1. 89 42.1 53.1
1. 42 53.
1. 43. b4.
1. 43 54.
1. 43, 55.
1 4. 55.
4. 66.
45. 57.
45. 57.
46. 58.
46. 58
47. 59.

VODAR® NOONT BRNODN BRN=D ORI
PRREBE Ippmz S8338 3WIRR ¥NI
CONODN DANOD WOPND GO ONb

SNNBRER P2ER8 88885 =
—=DORENO W=D DRNO® B

fol oal el ol ud o

L 3

-~
b et St Pt pt Bk
HANIEKO ShONO®
WBNBOUT DWIND

~

harge to 0.20 foot (crest lengths 1, 1.5, 2, 3, and 4 feet) do not follow the formuls, but are taken directly
fn:uY .t.ll:‘\l:! ezlfilgrl:&on euﬁihﬁuﬁuw for hgda 0.;0 10 1.8 feet for the 6-, 8-, and 10-foot weirs are as computed by the formula
Q=3.33 (L—10.2H) AV,

Note: Table taken from Parshall, R. L. Measuring Water in Irrigation

Channels, U.S. Dept. Agr. Cir. 843, 8-11 p. 1950. (Out of print.)
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The formula generally accepted for computing the discharge through
trapezoidal or Cipolletti weirs with complete contractions is:

Q = 3.367LH3/2

where Q = discharge in cubic feet per second
L = length of the notch (measured at the crest) in feet
H = head in feet or the vertical difference between the elevation

of the weir crest and the elevation of the welr pond.

The elevation of the weir pond should be measured at a point no less
than 4H upstiream from the bulkhead.

The selected length of notch (L) should be at least 3H and preferably
should be 4H or longer.

Table 9-11 gives discharge values for weir notch lengths up to 10 feet
and heads or depths of flow up to 1.5 feet.

The 90-degree triangular-notch weir.--This is shown in figure 9-20.
While it is possible to measure the discharge through triangular notches
with slopes other than those shown, 45° slopes are cammonly accepted as
standard.

The basic formula for discharge through triangular weirs is
Q =C tan ’%‘ H®
Where the angle -%— is 459, its tangent is unity and the equation

becomes Q = CHE.

Experiments on 90-degree triangular-notch weirs at the University of
Michigan established values of C and n, and the resulting generally
accepted formula becames

Q = 2.52H2-47

where Q
H

discharge in cubic feet per second
vertical distance in feet between the elevation of the vortex
or lowest part of the notch and the elevation of the weir pond.

Table 9-12 gives discharge values for heads up to 1.8 feet.
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Table 9-11.--Discharge values for trapezoidal or Cipolletti weirs
with complete contractions

b
- A\
] TERNQRL ROZLS ZALGSER SENSE BoRE LENOS NY0ER NOENN GROOW MBeM OOYDN
K] (=30 21 —-R~ oW QANRON WOOM® DNNO w0 - COOdg == ~gicicdd oduvul Hoddes
= e AN dedddd Wdidwd SIS CHE TN BB memcmtomtrmt oottt vt et ot ot o
w
- M
8 SBEIRT BRSR S2INET BERER F8%-Y BB =xBR33 23RN BEZIT TUOCN leirdeses
@ S "Heriml il dNNY iy WSS HROOSS IS 00 B S it e o ot
&
%
< | &
o WONMN "OROP OQHNM TGN ThDPEW DN~
& MMHM% CRI3IT 33BN BBRI2 U8RI 2VBRY =283 SRERR /LRSS IFgEn Row o
— ) MO TN Tt o o .Ll.zzhl.. cldaicied ddedodd wwvde GHRBWG COSSOE KRR W BHBBS SETH -
3 ©w
o .
HIF
- < r~ ~ == wr=; s O b =M gD w BO=ND - © QM
& ¥ SIBGIRN REEIT KIVSEE SREES 2R3AT REA-I [FoE o=¥SE ZRP5UR IBREs "AL32
21| §s TUAA e mirded NN NNNGS ddsnd deddd et GHCse Secdd
-3 ©
g w
Qo
[
2 3
- = h
o) man (-3 b~ w) @ OV Mm MOIO = — OO o RO ~ad (] w0 N
o1 8 Y8B9%T IBRKT BEI=T {TLE8 ILI3R S2EIT BJNZs oSNNS ISR S2IFB Ieysw
(] © mo ........... e A HEEE oA oo el SMemed Yededd G
m L
A 3
- Y
't M~ (-] b= o > ~m DO NP NDEOMO ~ < @ o Aol ed- I nd ' r) ™ an -
K] SREI[L [IS0B BITIRX IZIST SRFARD BIBGD JRIZE [ZCRY HISRE I258 BRRER
o | e e e e T L D e P P P Y Y TN T DY NP P PR D iy
3
- | 3
&
"D ad BN 00 (=2 = I~ ['r) DA oo o Mo M aD (= N =MD MW AN
& HERRIR [VBIT 99282 IJCRER [HBE8 IZ02Z [VLUT 2R3BY L3288 52285 52es
p m& ....................... i it i i mivieieicd clodeioiel  of od odod o4
-
o
® Ml w r~ 0 ~ OMNOM HEM =000 © ] @ N
2 JRATER 2RR8Y ITBES VEHID 23335 SRRRI SBIER ILSNRX NESIB IEIIR 85Re
” u L e T - ot o it o i b o i ol vt ot od
©
M oo oy RS FRe ©eoweof
© o o o o %
so2e =2 2 RHRIKEDT SIUXANR RERRIR RRER RRETTXR FLRKRS
EES KRR FRIEw FXRRTIR woumn wnd R TGS 9655 EEEEG POOCDD® O@OON It
m Ill‘lll NN NN Mmoo MMM
3
H - - -X-7 [rE=d »d D N 0O M O - 00 O oN uy I~ [)
SORY 22EZ2 RANRI RERZRR I-0RI 23528 ITVTT LON%T I20RT 835BS oI

See note at end of table.



9-40

Table 9-11.--Discharge values for trapezoidal or Cipolletti weirs

with complete contractions--continued
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Table 9-11,--Discharge values for trapezoidal or Cipolletti weirs
with complete contractions--continued

Discharge, Q, for crest length, L, of—
Heud, H!

1 foot 1.5 feet 2 feet 8 feet 4 feet 6 feet 8 feet 10 feet
1 4 Second-feet | Second-feet | Second-fee! Scwnd-‘/ed Second-feed
1. 13. 17. 26. 3s. 44
1 18.5 17.8 26. 9 858 48
1. 18.7 18 0 27.2 36. 3 45. 4
1 139 18 3 27. 6 36.7 45. 9
1 14.0 185 27.9 37.2 48. 5
1 142 18.7 28 2 37.6 47.1
1 14 4 18.0 286 381 47.6
1 14.8 19. 2 28 9 88 5 48.2
1 147 19. 4 20.8 89.0 48 8
1. 149 19.6 20. 6 89. 5 49.3
1 15.1 19. 9 20.9 89. 9 490, 9
1. 15. 3 20.1 80.3 40. 4 50. 5
1 18. 5 20. 8 80. 6 40. 8 61.1
1 15. 6 20. 6 31.0 41. 8 516
1 15. 8 20. 8 31.8 41. 8B 52 2
1 16. 0 21. 1 817 42 2 52 8
1. 16 2 21. 3 320 42 7 53. 4
1. 16. 4 21.5 32 4 432 540
1. 16. 8 21.8 82.7 437 54. 6
1 16. 8 220 88.1 441 . 58. 2
1. 16. 9 228 836 4.8 55. 8
1 17. 1 225 33 8 441 56. 4
1 17. 3 22.8 42 45. 6 57.0
1. 17. 6 23.0 6 48.1 57.6
1 17.7 23.3 34. 90 46. 5 58 2
1 1.8 235 85.3 47.0 58.8
1 181 23.8 35.8 47.5 - 59. 4
1 18 3 240 86.0 48 0 80.0
1 18. 5 243 86. 4 486 60. 6
L 187 245 86. 7 49.0 6l.2
1 18 9 248 87.1 0.5 6L 8

! Values of discharge for heads up to 0.20 foot (crest lengtha 1, 1.5, 2, 3, and 4 feet) do not follow the formula but are taken directly
gou; ;lg;lj%jﬁntiog curve. The discharge for heads 0.10 to 1.5 feet for the 6-, B,- and 10-foot weirs are as computed by the formula

Note: Table teken from Parshall, R. L. Measuring Water in Irrigation
Channels, U.S. Dept. Agr. Cir. 843, 12-17 p. 1950. (Out of print.)



POINT TO MEASURE DEPTH (H)
(SEE CROSS SECTION)

Figure 9-20--Ninety-degree triangular-notch weir

Table 9-12.--Discharge values for 90-degree triangular-notch weirs
with complete contractions

Head, H Discharge, Q Head, H Discharge, @ Head, H i Discharge, Q
1
Feel Inches Second-feet Feet [ Inchea Second-feet Feet Inches Second-feet
0.15 © 11N, 0. 022 0. 55 6% 0. 564 0. 95 11% 219
.18 1'%, . 025 | . 56 8% . 500 . 96 11% 2.25
17 2¥s 029 57 614, ! . 617 97 11% 2.31
18 2¥,s 034 58 6% . 644 98 11% 2.37
19 2Y% 040 59 74s . 672 ! 99 11% 2 43
20 2y 046 .60 T%a 700 | 1.00 12 2,49
21 2% 052 .61 744 730 1. 01 124 255 1
22 2% 058 . 62 s 760 1. 02 12% 2. 61
23 2 065 . 63 T%s 790 1. 03 12% 2. 68
24 2% 072 . 64 e 822 1. 04 124 274
25 3 080 . 65 7% . 854 1. 05 12% 2. 81
26 34 088 . 66 7% . 887 1. 06 124 2. 87
27 3Y 096 . 67 84 . 921 1. 07 121%a ! 2. 94
28 3% 105 . 68 84 . 955 1. 08 1218, 301
29 34 115 . 69 8Y ., 991 1. 00 134 308
30 3% 125 .70 84 1. 03 1. 10 13Y, 315
31 3y 136 .71 84 1. 06 11 13%, 3. 22
32 314 147 .72 834 1. 10 1. 12 13%e 3 30
33 3%, 159 i 73 8% 1. 14 1.13 13%s 3. 37
34 4% 171 74 874 1. 18 1. 14 131K, 3 44
35 4¥ 184 75 9 1.22 L 15 131%, 3. 52
36 4% . 197 76 9 1.26 1. 16 13'%4 .3.59
37 4%e 211 77 1A 1. 30 1. 17 144a 3. 67
38 4%e 225 78 9% 1. 34 1. 18 14¥4 375
39 414, 240 79 934 1. 39 1. 19 14% 3. 83
40 414, . 256 80 9% 1. 43 1. 20 14y ! 391
41 4154 . 272 81 9% 1. 48 1. 21 14% 3. 99
42 54 289 82 91y 1. 52 1.22 14% 4. 07
43 5% . 306 83 918{q 1. 57 1.23 14% 4 16
44 5% 324 84 10K, 1. 61 | 1. 24 144 4.24
45 3% 343 85 1046 1. 68 1.25 15, 4 33
46 5% 362 86 1054 1. 71 1. 26 154 4. 42
47 6% 382 87 1044, 1. 76 1. 27 134 4. 51
48 34 403 88 10% g2 1. 81 1. 28 15% 4 60
49 54 424 89 101, 1 B6 1. 29 15% 4 69
50 ] 445 90 101¥, 1. 92 1. 30 15% 4 78
51 - 6n 468 91 101%q 1. 97 1. 31 15% 4 87
.52 a8y . 491 . 092 114 2.02 1. 32 151%4 4 96
.33 6% . 515 .93 114, 2 08 1. 33 15'¥%e 5. 08
. 54 6% . 539 . 94 11% 2.13 1. # \ 16Y6 5. 15

Note: Table taken fram Parshall, R. L. Measuring Water in Irrigation
Channels, U.S. Dept. Agr. Cir. 843, 18-19 p. 1950. (Out of print.)
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The construction and placement of weirs.--The following general rules
should be observed in the construction and installation of contracted
weirs.

1. A weir should be set at right angles to the direction of flow in a
channel that is straight for a distance upstream from the weir at
least ten times the length of the weir crest.

2. The crest and sides of the weir should be straight and sharp-edged.
The crest of the rectangular and Cippoletti weirs should be level
between the end points, and the sides should be set at exactly the
proper angle with the crest. Each side of the triangular-notch weir
should make a 45° angle with a vertical line through the vertex of
the notch. ,

3. The ditch upstream should be sufficiently large so the water will
approach the weir in a smooth stream, free from eddies, with a mean
velocity not exceeding 0.3 foot per second.

4, Restrictions in the channel below the weir that would cause sub-
mergence should be avoided. The crest must be placed higher than
the maximum downsiream water surface to allow air to enter below the
nappe.

Iimitations in the use of weirs.--Although weirs are easy to construct and
and convenient to use they are not always suitable. They are not accu-
rate unless proper conditions for weir measurements are maintained.

They require a considerable loss of head, often not available in ditches
on flat grades. They are not easily combined with turmout structures,

and finally they are not well -adapted for water carrying silt which
deposits in the channel of approach and destroys the proper conditions
for accurate measurement.

Parsrtall Flumes

The FParshall measuring flume adapts the Venturl principle to the meas-
urement of flow in open channels. The flume consists of three principal
sections: (1) A converging or contracting section at its upstream end
leading to (2) a constricted section or throat, and (3) a diverging or
exparding section downstream (fig. 9-21). The larger-size flumes have
an approach floor and wing walls at the upstream end. The floor of the
converging section is level, both longitudinally and transversely. The
floor of the throat inclines downward, and the floor of the diverging
section slopes upward.

The Parshall flume can be constructed in a wide range of sizes to meas-
ure discharges from a very small fraction of a second-foot up to more
than 3,000 second-feet. The width of the throat (W) is used to designate
the size of the flume. The smaller-size flumes, with throat widths of

1 to 3 inches, are used by technicians engaged in water-use studies and
by fermers and ranchers concerned with the measurement of small flows of
fram 0.01 to 0.60 seccnd-foot. Construction and installation tolerances
for these small-size flumes are highly critical and must be carefully
controlled to assure satisfactory measurement. Intermediate-size flumes
with throat widths of from 6 inches to 8 feet are especially suited to
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the measurement of farm deliveries and the flow in relatively small
streams. Their capacity range is 0.50 to 130 second-feet. The larger-
size flumes with throat width of 10 to 50 feet are adapted to the meas-
urement of streamflows of 10 to more than 3,000 second-feet.

The size of flume utilized will depend on the range of discharges to be
measured. The ranges of discharges and appropriate standard dimensions
for wvarlious throat widths are shown in table 9-13. The lettered columns
of the table refer to the dimensions similarly identified in figure 9-21.

Disciharge through the Parshall measuring flume can occur under either of
two different conditions of flow: (1) Where there is no submergence, a
condition. called free flow, and (2) where the elevation of the water
surface downstream from the flume is high enough to retard the rate of
discharge, a condition called submerged flow. To determine the rate

of discharge, two depth gages, (H, and H,) are provided (fig. 9-21).
Both gages are set with zero points at the mean elevation of the crest
of the flume.

When the correct relation between throat width and discharge 1s chosen,
the velocity of approach is automatically controlled. This control is
accomplished by selecting a throat wide enough to accommodate the maxi-
mum {low to be measured yet narrow enough to cause an increase in the
depth of flow upstream. The result is a larger cross-sectional area of
the approaching stream and hence a reduction in velocity.

A distinct advantage of the Parshall flume is its abllity to operate as
a single-head device with a minimum loss of head. This ability permits
its use in relatively shallow channels with flat grades. For a given
discharge, the loss in head through a Parshall flume is only about one-
fourth that required by a weir under similar free-flow conditions.

Free flow is the condition under which the rate of discharge is depend-
ent solely on the length of crest and the depth of water at the gage
point H,, in the converging section, this being similar to a weir where
only the length of crest and head are involved in computing the dis-
charge. One of the important characteristics of the Parshall measuring
flume is its ability to withstand a relatively high degree of submerg-
ence, over a wide range of backwater conditions downstream from the
structure, without reduction in the indicated rate of free flow. The
stream passing through the throat and diverging sections of the flume
can Tlow at two different stages: (1) When the water at high velocity
moves in a thin sheet conforming closely to the dip at the lower end

of the throat (indicated by Q in fig. 9-21), and (2) when the backwater
raises the water surface to elevation S, causing a ripple or wave to
form at or just downstream from the end of the throat.
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Table 9-13.--Dimensions and capabllities of the Parshall measuring flume for various
throat widths (W)

(Letters refer to dimensions. See fig. 9-21.)

Width A B c D E F
Small Ft. In, | B, In.| Et. In. | Ft. In. |Ft. In.| Et. In.
1-inch.... |0 9-17/32| 1 2 0 3-21/32| 0 6-19/32|0 9|0 3

2-ineh.... |0 10-7/8 | 1 4 0 5-5/16 | 0 8-13/32/0 101|0 421/2
3-inch.... |1 0-1/4 [ 1 6 0o 7 0 10-3/16 |1 6|0 6
Intermediate
6-inch.... |1 4-5/16 | 2 0 1 3-1/2 1 3-5/8 |2 011 0
9-inch.... |1 11-1/8 2 10 1 3 1 10-5/8 |2 6 |1 0
l-foot.... |3 o] 4 4a7/81 2 0 2 9-1/4 |3 0|2 o]
1-1/2-foot |3 2 4 7-7/8| 2 6 3 4-3/8 |3 012 0
2-foot.... |3 4 4 10-7/8| 3 0 3 11-1/2 |3 0|2 o}
3-foot.... |3 8 5 43/4{ 4& O 5 1-7/8 |3 0|2 0
b4efoOt. ... |4 0 5 10-5/8| 5 © 6 4-1/4 |3 012 0
5-f00t.... |4 4 6 4-2/2]1 6 0 7 6-5/8 |3 0|2 0
6-foot.... |4 8 6 10-3/8| 7 0 8 9 3 0|2 0
7-fo0t.... |5 0 7 4-1/4| 8 O 9 11-3/8 |3 0|2 0
8-foot.... |5 4 7 10-1/8| 9 o0 11 1-3/4 |3 0|2 0
Large
10-foot... |6 0 14 0 2 0 15 7-1/4 |4 013 0
12-foot... |6 8 16 0 14 8 18 4-3/4 |5 0|3 0
15-foot... |7 8 25 0 18 4 25 0 6 o|a 0
20-foot... |9 4 25 0 2% 0 30 0 7 0|6 0
. Free-flow capacity
Width G K N X Y
Mnimm | Maximm
Small Et—' 2' g‘ ﬂ- I_n .I_E' _IA. Sec.-Ft. Sec.-Ft.
l-inch.... | O 8 3/4 0 1-1/8 5/16 1/2 0.01 0.20
2-inch.... | 0 10 7/8 0 1-11/16 5/8 1 .02 .50
3-inch.... | 1 O 1 0 2-1/4 1 1-1/2 .03 1.00
Intermediate
6-inch.... | 2 O 3 0 4-1/2 2 3 .05 3.9
9-inch.... | 1 &6 3 0 4-1/2 2 3 .09 8.9
l-foot.... | 3 O 3 0 9 2 3 A1 16.1
1-1/2-foot | 3 O 3 0 9 2 3 .15 24.6
2-foot.... | 3 0O 3 0 9 2 3 42 | 33.1
3-foot.... [ 3 O 3 o 9 2 3 .61 50.4
4-foot.... | 3 O 3 09 2 3 1.3 67.9
5-foot.... [ 3 O 3 0 9 2 3 1.6 85.6
6-foot.... | 3 O 3 0 9 2 3 2.6 103.5
7-foot.... | 3 0 3 0 9 2 3 3.0 121.4
8-foot.... | 3 O 3 0 9 2 3 3.5 139.5
Large
10-foot... | 6 O 6 1 1-12 12 9 6.0 200.0
12-foot... | 8 0O 6 1 1-1/2 1 9 8.0 350.0
15-foot... |10 O 9 1 6 12 9 8.0 600.0
20-foot... |12 0O 12 2 3 12 9 10.0 1000.0
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For this higher stage (S), there occurs a marked reduction in the veloc-
ity of the water as it leaves the lower end of the flume. Where the flow
is submerged at 60 to 70 percent, the exit velocity 1s modified, the
erosion effect on the bed and banks of the channel 1s less severe, and
the total loss of head through the structure is lessened.

The degree or percentage of submergence is the ratio of the two meas-
ured heads, or H, divided by H,. Where this ratio does not exceed cer-
tain limits, the rate of flow or discharge is not affected by the eleva-
tion of the water surface downstream, and a free-flow condition exists.
The free-flow limits of the ratio Hp/Hg vary with the widths of the
threat and are tabulated as follows:

Width of Throat Free flow limit of Hp/Ha
1 to 3 inches 0.5
6 to 9 inches .6
1l to 8 feet .7
10 to 50 feet .8

To 1llustrate the determination of the degree of submergence and rate of
discharge, it is assumed that for a 2-foot flume the measured heads (
and H,) are 2.2 and 1.3 feet, respectively. The ratio of Hy to Hg is 1.3
divided by 2.2, or 0.6. Since this value is less than 0.7, free-flow
conditions exist, and to find the discharge it is only necessary to use
the one measured head Hg. The free-flow discharge for a 2-foot flume
operating under a head of 2.2 foot is 27.2 cubic feet per second

(table 9-14).

When the ratio of the two heads Hp and Hy exceeds the limit for free-
flow conditions, it beccmes necessary to apply a negative correction to
the free-flow discharge in order to determine the rate of submerged flow.

For throat widths for 1 to 9 inches, the submerged rate of flow can be
read directly from one of figures 9-22 through 9-26. To illustrate, it
is assumed that for a 6-inch flume, the measured heads H, and H, are
1.20 and 1.08 feet respectively. Then the percentages of submergence
will be 1.08 divided by 1.20 or 90 percent. From figure 9-25, the sub-
merged flow i1s 1.80 cubic feet per second.
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Table 9-14.--Free-flow discharge values for Parshall measuring
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Table 9-14,--Free-flow

discharge values for Parshall measuring

flume--continued

Head, Discharge, @, for throat widths, W, of—
H. |
(feet) | 3inches|6inches, Oinches| 1foor | 1.5feet | 2feet | 3feet | 4feet | 5feet | Bfeet | 7feet | 8 feet

Second- | Second- | Second- | Second- | Second- I\ Second- | Second- | Second- | Second- | Second- | Second- | Second-

Seet feet Jeet Jeel Jeet Seet Seet Jeet Jeet Jeet Jeet Seet
2.10 i2.4 18. 8 25.3 38 4 51. 6 84.9 78 4 91.8 | 1054
2,11 12.5 18 9 25. 5 38.6 52.0 65. 4 79.0 02.5 | 106.2
212 | ... 12.6 18.0 25. 6 38 9 52. 4 65. 9 79.6 93.3 | 107.0
213 | ... 12.6 19. 2 25. 8 39. 2 52. 8 66. 4 80. 2 84.0 | 107.9
214 | .. 12.7 9.3 26.0 39.5 53. 2 66. 9 20. 8 94.7 | 1087
215 | ... 128 19.5 26. 2 39.8 53.5 67. 4 8.4 95. 4 109. 5
218 | ... 12.9 19.6 26. 4 0.1 53.9 67.9 82.0 96. 1 110. 3
217 | .. 13.0 19.7 26. 8 40. 4 54.3 68 4 82. 6 96. 8 1111
218 | ... 13.1 19.9 26. 8 40.7 54.7 68 9 83. 2 97. 5 111. 9
219 ' ... 13. 2 20.0 27.0 41.0 55.1 | 69.4 83.8 98. 2 112 8
2.20 13.3 20. 2 27.2 41.3 55.5 69.9 84. 4 98.9 | 113.6
2 21 13. 4 20. 3 27.3 41. 5 55.9 70. 4 85.0 997 | 114 4
2. 22 13.5 20. 5 27.5 41. 8 56. 3 70.9 85.8 | 100.4 | 1153
2.23 13.6 20.6 27.7 421 56. 7 71. 4 86.3 101. 1 116.1
2. 24 13.7 20. 7 27.9 42. 4 57.1 71.9 86.9 1018 116, 9
225 | ... 13.7 20. 9 28 1 42.7 57.5 72. 4 87.5 102. 6 117.8
2.26 | ... 13. 8 21.0 28.3 430 57.9 72.9 88 1 103. 3 118. 8
2.27 13. 9 21. 2 28. 5 43 3 58 3 73 5 887 | 1040 | 119.5
228 | ... 14.0 21.3 28 7 43. 6 58 7 74.0 89.4 | 1048 120. 3
2.20 t 1. 14 1 21. 4 28 9 43.9 59.2 74.5 90.0 [ 1055 | 121.2
230 | __.. 14.2 21.68 29.1 4.2 59.6 75.0 90.6 | 106.2 | 122.0
2.31 B 143 21.7 29.3 44.5 60.0 75. 5 o1.2 | 107.0 | 122.9
232 | -l I 14 4 21.9 29.5 44.8 60. 4 76. 1 91.9 | 107.7 | 1237
2 33 14 5 22.0 29. 7 45,1 60. 8 76.8 92. 5 108 5 124. 6
234 | . 14 6 22,2 20.9 45. 4 6l.2 77.1 93. 1 109.2 | 125.4
235 | .. . 14.7 22. 4 30. 1 45.7 61.8 77.6 93.8 110.0 | 126.3
236 | . : 14. 8 22.5 30. 3 46.0 62.0 78 1 94.4 | 110.7 127. 2
237 | .- ) 14.9 22.8 30,5 46. 4 62. 4 787 95,1 1L 5 128. 0
238 | T : 15.0 22.8 30.7 46.7 62.9 79. 2 957 | 1122 | 1289
239 | o.- 15.1 22.9 30.9 47.0 63 3 79.7 96.3 | 1130 | 129.8
2.40 ° ... 15.2 23.0 3L 1 47.3 63.7 80. 3 97.0 | 113.7 130. 7
2.41 o 15.3 23. 2 313 47.8 84.1 80. 8 97.8 | 114.5 131. 5
242 | D o 15 4 23 3 3L5 47. 9 64. 5 81.3 983 | 1153 | 1324
2. 43 - 15. 5 23.5 3l 7 48 2 65. 0 81. 8 989 | 116.0 | 1333
244 | _C.. o 15. 6 23.7 3L 9 48.5 65. 4 82. 4 99.6 | 116.8 | 134.2
2,45 | ... . e 15.6 23.8 32.1 48.8 65. 8 82.9 | 100.2 117. 6 135. 1
2.48 | -0 Sl 15.7 23. 9 32.3 49.1 66. 2 83.5 | 100.9 | 1183 135. 9
247 | Ol 15. 9 24.1 32. 5 49.5 66. 7 84.0 | 101.5 | 119.1 136. 8
2 48 . Sl 15.9 24. 2 32.7 49.8 67. 1 84.5 | 1022 | 119.9 137. 7
2,49 . Il 16.0 24 4 32.9 50, 1 67.5 85. 1 102.8 | 120.6 138. 6
250 | _... i 16. 1 24.8 331 50. 4 67.9 856 | 1035 | 121.4 | 130.5 |
Note: Table taken from Parshall, R. L. Measuring Water in Irrigation

Channels, U.S. Dept. Agr. Cir. 843, 62 p. 1950. (Out of print.)
and W see figure 9-21. To convert decimal fractions to
inches see table 9-10.

For
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Flgure 9-22--Rate of submerged flow through a l-inch Parshall
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Figure 9-23--Rate of submerged flow through a 2-inch Parshall
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Figure 9-24--Rate of submerged flow through a 3-inch Parshe’
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Figure 9-25--Diagram showing the rate of submerged flow, in cubic feet
per second, through a 6-inch Parshall measuring flume
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For flumes with throat widths between 1 and 8 feet, the submerged dis-~
charge is determined by using a correction diagram (fig. 9-27). This
diagram is for a l1-foot throat width and is made spplicable to the
larger flumes by multiplying the correction for a l-foot flume by the
factor (M) for the size of flume in use. This correction is then sub-
tracted from the free-flow discharge for the measured head (Hy), as
obtained from table 9-14. The factor M for various throat widths is
tabulated as follows:

Throat Width _ Multiplying factor (M)
Feet
1 1.0
1.5 1.4
2 1.8
3 2.4
4 3.1
5 3.7
6 4.3
7 4.9
8 5.4

As an example of the use of the correction diagram, find the submerged
discharge through a flume of 3-foot throat width where the measured
heads H, and Hy, are 2.1 and 2.0 feet, respectively. The submergence
ratio is then 2.0/2.1 or 95 percent. From the correction diagram

(fig. 9-27), the correction for a l-foot throat width i1s 5.75 cubic
feet per second. Since this correction must be made applicabdle to a
3-foot throat width, multiply it by the applicable value of M, or 2.4,
which gives a correction of 13.8 cubic feet per second. From table 9-14,
find the free flow from a flume of 3-foot throat width for a head (Hg)
equal to 2.1 feet to be 38.4 cubic feet per second. Thus the submerged
flow becomes 38.4 - 13.8, or 24.6 cubic feet per second.

For the larger-size flumes (throat widths of 10 to 50 feet), the pro-
cedure for determining submerged discharge is the same as that for
flumes 1 to 8 feet in throat width. A correction diagram for a 10-foot
throat width is used (fig. 9-28). For wider flumes, the multiplying
factor (M) is the throat width in feet divided by 10.

For example, find the discharge of a flume with a 25-foot throat width
operating under a head (Hg) of 3.25 feet at 94-percent submergence to
be:

631 - (2.5 x 53) = 498.5 cubic feet per second

To operate the Parshall measuring flume as a single head device or at a
predetermined degree of submergence for a particular rate of flow, it
will be necessary to determine accurately the elevation of the crest
with reference to the bed of the channel. Where enough fall is avail-
able, this setting may be determined with little difficulty, but if the
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fall or grade of the channel is slight, care must be taken in fixing the
height of the crest so that, if possible, the degree of submergence
shall not exceed the limits of free-flow operation, as explained in
previous paragraphs. If conditions will not permit free-flow operation,
the setting should be so made that minimum submergence will exist.

The selection of the locatlon or site is sometimes important. Generally,
it Is best to have it conveniently near the point of diversion or regu-
lating gate if conditions of operation require frequent notation of dis-
charge. The flume should not be placed too near the headgate, as the
disturbed water just downstream from the outlet may cause surging and
unbalanced flow; it had best be in a straight section of the channel.

Following the selection of the site it is necessary to determine the
size and proper elevation of the crest. Examples are given below to
assist in the problem of size and setting ¢f the measuring flume as
covered by general field conditions usually found in irrigation practice.
For example: 20 second-feet is to be measured in a channel of moderate
grade where the water depth is 2.5 feet. This quantity of flow can be
measured through several sizes of flume, but for the sake of economy

the emallest practical size should be selected.

First, let it be assumed that a submergence of 70 percent shall not be
exceeded in order that the flow may be determined by the single gage
reading of Hg.

To meet these requirements three different sizes of flumes and settings
will be investigated. First: For a 4-foot flume and a discharge of 20
second-feet, the Hy head is found to be 1.15 feet (table 9-14); for a
sutmergence of 70 percent, the ratio of H, gage to Hy gage is 0.7;

herce H, for this condition of flow 1s 0.81 foot. At 70 percent sub-
mexrgence, the water surface in the throat at the Hp gage is essentially
level with that at the lower end of the flume. Under this condition of
flow, the water depth just below the structure will be approximately

the same as before the flume was installed; that is, 2.5 feet. In figure
9-29 the dimension D represents this depth of 2.5 feet. By subtracting

Flgure 9-29--Section of a Parshall measuring flume illustrating the
determination of the proper crest elevation
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H,, or 0.81 foot, from 2.5 feet, the value of X, or 1.69 feet, is ob-
tained. This is the elevation of the crest above the bottom of the
channel. For this size of flume, set with the crest at 1.69 feet above
the bed of the channel, the flow of 20 second-feet will be at 70 per-
cent submergence, and the actual loss of head (L) or difference in ele-
vation between the upstream and downstream water surfaces will be 0.40
foot, as determined by figure 9-30. The depth of water upstiream from
the structure at a flow of 20 second-feet will therefore be 2.90 feet.
It will be necessary to examine the freeboard of the channel, as well
as the effect of the rise of the water surface upon the flow through
the headgate, in deciding which size of flume is the most practical.
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Figure 9-30--Diagram for determining the loss of head through the
Parshall measuring flume, l- to 8-foot sizes

Second: For a 3-foot flume and discharge of 20 second-feet, the Hy head
is found to be 1.39 feet (table 9-14). Again for a submergence of 70
percent, the ratio of Hp to Hg is 0.7; hence the Hp for this condition
of flow 1s 0.97. By reference to figure 9-29, the value of X, or the
elevation of the crest above the bottom of the channel, is found to be
1.53 feet, and the actual loss of head through the flume (figure 9-30)
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is found to be 0.52 foot. The depth of water upstream for this size of
flume will now be 3.02 feet.

Next consider a 2-foot flume: as before, find the Hy head in table 9-14
for a free flow of 20 second-feet. For the 2~foot flume this head is
1.81 feet. At a submergence of 70 percent, the value of Hp is 1.27 feet.
By again referring to figure 9-29, the value of X or the elevation of
the crest above the bed of channel is determined to be 2.50 - 1.27, or
1.23 feet. For this size of flume discharging 20 second-feet at a sub-
mergence of 70 percent, the actual loss of head (figure 9-30) is 0.61
foot and the depth of water upstream is 3.11 feet.

If it is found that the banks of the channel and entrance conditions
through the headgates are satisfactory, the 2-foot flume will be most
econonical because of its small dimensions; however, when width of
channel is considered the final selection may favor the 3- or 4-foot
flume, because moderate to long wing walls may be required. Usually,
the wildth of the throat of the flume will be from one-third to one-
half ‘the width of the channel.

In the above analysis of the three sizes of flumes investigated, the
actual increase or rise in the depth of water upstream from the struc-
ture is considerably less than the elevation of the crest above the
bottom of the channel. For the 4-foot flume the crest is 1.69 feet
above the channel bed, and the rise in water upstream will be only 0.40
feet.

This analysis further shows that as the size of flume is decreased, the
elevation of the crest beccomes less, and the depth of water upstream
from the structure becomes greater for similar rates of discharge and
like degrees of submergence. It is usually the better practice to set
the flume high rather than low, to provide a margin of safety for varia-
tions of the water surface downstream. In irrigation channels, espe-
cially those with earth banks and bottom, deposits of sand or silt may
change the downstream flow conditions, and weeds, willows, or moss may
likewise affect the degree of submergence.

If it is found impractical to set the flume to operate under a free-
flow condition, because of insufficient grade or other lining conditioms,
it becomes necessary to use both the Hy and Hy, gages to determine the
disctarge, as previously explained. The flume may be placed so as to
operate at any degree of submergence for any particular rate of flow.

The nomograph shown in Figure 9-31 was developed by Warren Gilbert,
Agricultural Engineer, Soil Conservation Service, Sheridan, Wyo., as

a tool to ald in setting Parshall flumes. The loss of head figures
shown are slightly greater in each case than the values obtained from
figure 9-30 for a submergence of 70 percent. This was necessary in order
to cover the full range of values from one- to eight-foot widths
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for a given Ha. Any error that is introduced is on the side of safety
and the accuracy obtained from this chart is adequate for many farm
installations.

The Parshall measuring flume may be constructed of sheet metal, timber,
or reinforced concrete. Sheet-metal flumes have proved very satisfactory,
but since the cost usually exceeds that of either wood or concrete,
their use has been restricted to the smaller sizes. While metal flumes
up to 10 feet in throat width have been constructed, the most common

and practical sizes are those of less than 2 feet. Sheet-metal flumes
have the advantage of being portable, and they can readily be reset

and readjusted as needed. They have a relatively long life and are im-
mune to fire hazards such as are caused by ditch cleaning. Commercially
made flumes of this type are avallable.

Flumes of all sizes except the smallest have been constructed of timber
and have proved satisfactory. Timber flumes usually have an initial cost
advantage over concrete flumes; however, their useful life is usually
shorter. Timber pressure-treated wlth creosote or same other preserva-
tive will prolong the 1life of such structures and is econamlically Justi-
fied..Timber flumes are subject to damage by fire and by floating ice.

Monolithic reinforced concrete flumes, constructed in sizes ranging from
3 inches to 50 feet, have proved satisfactory. Such flumes have the dis-
tinct advantage of permanence and are little subJect to expansion or
contraction, thus insuring uniformity of operation. They are not subject
to fire and other hazards, as are timber structures. Their principal dis-
advantage is their relatively high initial cost.

Submerged Orifices

A submerged orifice is a hole or opening cut in a bulkhead through which
water flows when the water surface on the downstream side is above the
top of the opening. Submerged orifices may be divided into two types:
(1) Those having fixed dimensions, and (2) those built so that the
height may be varied. Those having fixed dimensions are called standard
submerged orifices and are preferable to and more widely used than those
of variable dimensions. Only the standard submerged orifices will be
discussed in the following parsgraphs.

The opening of a standard submerged orifice is sharp-edged and usually
rectangular with the width two to six times its height. The orifice
should have complete contractions, the sides and bottom of the opening
being no closer to the sides or bottam of the channel than twice its
least dimension.

Submerged orifices are used in channels having flat grades when condi-
tions are not satisfactory for accurate messurement with free-flowing
weirs. The submerged orifice is subject to the same disadvantage as the
weir--collecting floating debris, sand, and sediment. If the pond on
the upstream side of the orifice is allowed to fill with sediment, the
accuracy of the measurement is destroyed.
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Figure 9-32 shows a perspective of a typical sutmerged-orifice structure
as viewed from upstream. While the structure shown 1s constructed of
wood, other materials such as concrete or metal could be used. Recam-
.menced sizes and dimensions for standard submerged-orifice structures
are shown in table 9-15.

Figure 9-32--Perspective of wooden submerged-orifice structure
from upstream

Since the head on a submerged orifice is the difference in elevation
between the upstream and downstream water surfaces, measurements are
made at two points. Several methods are used. Gages may be fastened to
the upstream and downstream wing walls. Often two stakes are set in the
channel with their tops at the same elevation, one a few feet upstream
from the orifice and the other a few feet downstream. The distances
from the tops of the stakes to the two water surfaces are measured with
a rule. These measurements should be taken at points far enough from
the orifices so that turbulence will not interfere. The difference in
these measured distances is the head on the orifice.
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Table 9-15.--Recommended sizes and dimensions for submerged-orifice struc‘_cures1 .

Size of orifice Hedght of Length of
Arproximate - eight o Width of . down-
range in capacity, Height |Length structure, | head wall, Leggth W13th stream
gec.-{t. D L Area B A wingcwall
In. In. Sq.ft. Ft R Ft. Fi. Ft.
0.4 to 1.0 3 12 0.25 4.0 10.0 3.0 2.5 2.0
.5 to 1.4 3 16 .33 4.0 10.0 3.0 3.0 2.0
.8 to 2.1 3 24 .50 4.0 12.0 3.0 3.5 2.0
.5 to 1.4 4 12 .33 4.5 10.0 3.0 2.5 2.5
.8 to 2.1 4 18 .50 4.5 12.0 3.0 3.0 2.5
1.0 to 3.2 4 27 .75 4.5 12.0 3.0 3.5 2.5
.8.t0 2.1 6 12 .50 5.0 12.0 3.5 2.5 3.0
1.0 to 3.2 6 18 .75 5.0 14.0 3.5 3.0 3.0
1.5 to 4.3 6 24 1.00 5.0 14.0 3.5 3.5 3.0
2.3 to 6.5 6 36 1.50 5.0 16.0 3.5 4.5 3.0
1.5 to 4.3 9 16 1.00 6.0 14.0 3.5 3.0 3.0
2.3 t0 6.5 9 24 1.50 6.0 16.0 3.5 3.5 3.0
3.0 to 8.7 9 32 2.00 6.0 16.0 3.5 4.0 3.0

1 Dimension letters shown in fig. 9-30.

Discharge through submerged orifices is determined by the formula

Q = CAV2gh
where Q = discharge in cubic feet per second

C = discharge coefficlent equal to 0.61 for orifices with cam-
plete contractions

A = cross-sectional area of the orifice in square feet

g = acceleration due to gravity = 32.16 feet per second per
second .

h = head on the orifice in feet

For convenience, an orifice should be selected so that its cross-
sectional area 1s equal to one of those shown in teble 9-15., When this
is done, the discharge for any head may be read directly from table 9-16.

Gatas

Gates are openings in hydraulic structures. These gates permit the
passage of water and are usually provided with same means of regulating
outflow. Inasmuch as they have the hydraulic characteristics of orifices,
gates of various designs afford an opportunity for discharge measurement.
The discharge may either be free or submerged. When the discharge is
submerged, gates have the advantage of being able to operate at a low
heai and can therefore be used in relatively level canals and streams
where it is not possible to obtain enough drop for weir measurements.

The principal use of gates 18 to measure the discharge from the canals
of irrigation enterprises into individuel farm lateranls.
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Table 9-16.--Flow through rectangular submerged orifices?

Head Head , Cross-sectional area of orifice (square feet)
(feet) |(inches)®I™ " 1 5.333 0.50 0.75 1.00 | 1.50 2.00
Sec.-ft. |Sec.-ft. Sec.-ft.| Sec.-ft.| Sec.=-ft. | Sec.-ft.| Sec.-ft.

0.10 1-3/15 0.387 0.518 0.773 1.16 1.56 2.32 3.09
.15 1-13/16 474 .631 . 947 1.42 1.90 2.84 3.79
.20 2-3/8 . 547 .729 1.09 1.64 2.19 3.28 4,38
.25 3 .612 .815 1.22 1.83 2.45 3.67 4.89
.30 3.5/8 . 670 .892 1.34 2.01 2.68 4.02 5.36
.35 4-3/16 724 .963 1.45 2.17 2.89 4,34 5,78
.40 4-13/16 774 1.03 1.55 2.32 3.09 4,64 6.19
.45 5-3/8 .820 1.09 1.64 2.46 3.28 4,92 6.56
.50 6 .865 1.15 1.73 2.59 3.46 5.19 6.92
.55 6-5/8 .907 1.21 1.81 2.72 3.63 5.44 7.25
.60 7-3/16 . 947 1.26 1.90 2.84 3.79 5.68 7.58
.65 7-13/16 .986 1.21 1.97 2.96 3.9 5.92 7.89
.70 g8-3/8 1.02 1.36 2.05 3.07 4.09 6.14 8.18
.75 9 1.06 1.41 2.12 3.18 4 .24 6.36 8.48
.80 9-5/8 1.09 1.46 2.19 3.28 4,38 6.56 8.75

1 Computed fram the formula @ = 0.61 Av2gh.
2 Approximate.

The discharge through gates is computed by the standard orifice formula.
Q = Cav2gh -

When the discharge is free, the head (h) is the difference in elevation
between the upstream water surface and the center of the orifice. With
submerged discharge, the head 1s the difference between the elevations
of the upstream and downstream water surfaces.

There are no standards of design for gates. Thus it is obvious that the
discharge coefficient (C) will vary depending on the gecmetry of the
gate opening, the degree of contraction, and other factors. The shape
of the opening for individual gates varies according to how far the
gate is opened. Since these factors are in no way standardized, it is
essential that any individual gate be calibrated before being used. for
water measurement.

Commercial gates of standard manufacture are used for water measurement.
These have been calibrated by the manufacturer, and tables showing the
discharge under various heads and with varying degrees of gate opening
are available. Commercial gates are equipped with a device that permits
the measurement of the head loss.

A typical commercial gate is shown in figure 9-33. It consists of a
circular slide headgate attached to a section of corrugated metal pipe.
Flow through the gate must be submerged, and stilling wells are pro-
vided in which the difference in elevation between the upstream and
downstream water surfaces is measured with a hook gage. The degree of
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gate opening is obtained by filing a notch in the gate stem at a point
flush with the top of the handwheel when the gate is at zero point of
opening and by measuring the distance between this notch and the top of
the handwheel for other openings. This particular gate is available in
sizes from 8 to 24 inches in diameter and, under heads ranging from 1
to 18 inches; will measure discharges from less than 1 to 20 cubic feet
per second. Discharge measurements in convenient table form are avail-
able from the manufacturer for each size gate.

Velocity-Head Rods

The velocity-head rod is a simple, inexpensive measuring stick that can
be used to measure with a fair degree of accuracy the velocity of flow
in open channels, provided depths and velocities are not too great.
Numerous rods have been developed and reported. One rugged and easily
constructed rod developed several years ago at the San Dimas Experiment
Forest in southern California is shown in figure 9-34.

The principle of the velocity-head rod is not new. It is simply an
application of Bernoulli's theorem somewhat different from that used

in the Pitot tube. In use, the rod is first placed in the water with
its foot on the channel bottom and the sharp edge facing directly up-
stream. The stream depth at this point is indicated by the reading at
the sharp edge of the rod, neglecting the slight ripple or "bow wave."
The rod is then turned 180 degrees so as to oppose the flat edge to the
streamflow. A hydraulic jump is formed by the obstruction to the flow.
The average height of this jump, as read on the rod, measures the total
energy content of the stream at this point; the Jump height, minus the
depth, being the actual velocity head. Thus, for any point in the
stream, the velocity can be camputed by the standard formula:

V =v2gh = 8.02vEH

where V = velocity in feet per second
g = acceleration due to gravity (32.16 ft./sec./sec.)
h = velocity head in feet

Table 9-17 gives velocities for heads up to 1.5 feet. The discharge of
a stream is obtained by taking a number of measurements of depth and
velocity at measured intervals throughout its cross section and making
area-velocity computations the same way as described in the discussion
of current meters.

The rod has obvious limitations. It is inaccurate for velocities much
below 1.0 foot per second and for velocities exceeding the critical.
Readings are inaccurate where streambeds are soft and unstable. The

rod has, however, a very definite and considerable value as a practical,
usable method within permissible velocity ranges where straams contain
debris and bedload.
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Table 9-17.--Theoretical velocities for heads of O to 1.59 feet, from the formula V =v2gh -

Head
(roet)| .01 .02 .03 .04 .05 .06 .07 .08 .09
F./ | ./ | Bt/ | Bt/ | Bt/ | Ft./ | Ft./ | Ft./ Ft./ | Ft./
gec. | sec. | sec. | sec, | sec. | Bee. | sec. | sec. sec. sec.
0.0 [0.00 [0.80 [1.23 | 1.39 | 1.60 [ 1.79 | 1.96 | 2.12 2.27 2.41
.1 2.54 2.66 2.78 2.89 3.00 3.11 3.21 3.31 3.40 3.50
.2 [3.59 | 3.8 |3.76 | 3.85 [ 3.93 | 4.00 | 4.09 | 4.17 4.24 4.32
3 | 439 | 447 | 454 | 4.61 | 4.68 | 4.74 | 4.81 | 4.88 4.94 5.01
4 | 5.07 | 5.4 | 5.20 | 5.26 | 5.32 | 5.38 | 5.44 | 5.50 5.56 5.61
.5 | 5.67 | 573 | 5.78 | 5.84 | 5.89 | 5.95 | 6.00 | 6.06 6.11 6.16
.6 | 6.21 | 6.26 | 6.31 | 6.37 | 6.42 | 6.47 | 6.52 | 6.56 6.61 6.66
.7 |67 |6.76 | 6.80 | 6.85 | 6.90 | 6.95 | 6.99 | 7.04 7.08 7.13
.8 7.17 7.22 7.26 7.31 7.35 7.39 744 7.48 7.52 7.57
.9 7.61 7.65 7.69 7.73 7.78 7.82 7.86 7.90 7.9 7.98
1.0 8.02 8.06 8.10 8.14 8.18 8.22 8.26 8.30 8.33 8.37
1.1 | 8.41 | 8.45 | 8.49 | 8.53 | 8.56 | 8.60 | 8.64 | 8.68 8.71 8.75
1.2 |8.79 |8.82 |8.86 |8.89 |8.93 | 8.97 | 9.00 | 9.04 9.07 9.11
1.3 9.14 9.18 9.21 9.25 9.28 9.32 9.35 9.39 9.42 9.45
1.4 | 9.49 | 9.52 | 9.56 | 9.59 | 9.62 | 9.66 | 9.69 [ 9.72 9.76 9.79
1.5 9.82 9.86 9.89 9.92 9.95 9.99 110.02 (10.05 10.08 10.11

Stage-Discharge Curves

A stage-discharge curve (sometimes called a rating curve) is one that
shows the relation between the depth of flow and the discharge in an
open channel at a given point or gaging station along the channel.
Stage i1s the vertical distance to the water surface measured above a
permanent elevation usually referred to as zero gage height. Zero flow
will correspond to the stage that represents the elevation of the chan-
nel bottom above zero gage height. The stage-discharge curve is devel-
oped by plotting measured discharges against corresponding observed
gage heights at the selected station. It is reliasble only when the hy-
draulic characteristics of.the channel remain constant. For example,
the opening and closing of headgates and turnouts might cause varying
backwater conditions that would desiroy the reliability of a curve.

A typlcal stage-discharge curve for an unlined irrigation canal is
shown in figure 9-35.

In the development of stage-discharge curves, the discharge measure-
ments are usually made with a current meter as described in previous
paragraphs. Stage measurements may be made by sounding, by differential
leveling, or by use of a staff gage. The latter method is most common,
particularly at permanent gaging stations.
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Figure 9-35--Typical stage-discharge curve for unlined irrigation canal

The staff gage is a vertical scale usually graduated in feet and tenths

and Iinstalled on the faces of piers, walls, or stutments for protection.

The scale is often painted on a wooden staff or directly on the sides

of the structures previously mentioned. Painted graduations are tem-

porary at best since the paint is subject to weathering and scouring.

A porcelain-enameled, sheet-iron staff is more resistant to weathering

and 1Is widely used by the U. S. Geological Survey. After a stage-discharge *
curve has been developed, it is only necessary to read the staff gage

and refer to the curve in order to determine the discharge passing the

gagling station at any time.

Automatic stage-recording devices are in common use at permanent gaging .
statlons. There are several types of such devices available cammercially;
however, those in most common use are the float gage and the pressure

gage.
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The essential parts of a float gage are: (1) A float, installed in a
stilling box, which rises and falls with the water surface; (2) a drum,
with a record sheet attached, which is rotated by the action of a chain
attached to the float; and (3) a clock which moves a pen or pencil
axially along the drum. The pen i1s in contact with the record sheet and
produces a continuous stage-time curve as the drum rotates and the pen
itself moves along the drum.

The pressure type of recording gage consists of an airtight bulb con-
nected by copper tubing to a pressure chamber that actuates a pen-arm
in contact with a circular chart that is revolved by clockwork. The
bulb is securely fastened in the bed of the channel below low water,
and its bottom is the zero point of the gage. The weight of the water
above the buldb compresses- the air in the tubing and the pressure cham-
ber, and the movement of a diaphragm on the latter actuates the pen-
arm in contact with the record sheet.

The conditions under which the use of automatic stage-recording devices
are desirable are:

1. The flow in the stream or channel fluctuates rapidly, and occasional
staff-gage readings would not be enough to give a reasonably accurate
estimate of discharge.

2. The gaging station is inaccessible or the relisbility of available
observers is questionable.

3. There is a necessity for continuous records of flow for legal or
other purposes.

By the combined use of the stage-discharge curve and the automatic
stage recorder, a hydrograph of the stream or channel may be plotted.
This is a curve resulting from discharge plotted on a vertical scale
against time plotted on a horizontal scale. The area beneath the curve
represents the volume of water passing the gaging station within the
time range plotted.
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