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COMMON METHODS OF MEASURING WATER AS
PRACTICED IN THE WESTERN STATES

This pamphlet has been prepared mainly for the purpose of deserib-
ing the measurement of water through the various types of weirs,
orifices, and the Parshall flume. In addition to this, and in order to
make the pamphlet more valuable for the engineer and water com-
missioner, we have briefly included the measurement of water by means
of the current meter, the float and slope methods, and the establish-
ment and use of gaging stations.

Measuring water usually means measuring the amount of water that
passes a given point in a given time. In other words, the flow of a
stream expressed in cubic feet per second (1. e., c.f.5s. — 448.83 gallons
per minute), is the result of multiplying the cross-sectional area in
square feet by the average velocity in feet per second. For example, if
at a certain point on a stream it has been determined that the area of a
section at right angles to the line of flow is four (4) square feet, and
the average velocity has been determined to be 3.0 feet per second, the
flow of the stream would then be

3.0 (velocity in feet per second)X 4.0 (cross-section area in
square feet) = 12.0 c.fs. (cubic feet per second).

UNITS OF MEASURE

The present-day unit of measurement is cubic feet per second. In
all formulas and tables in this bulletin the unit of measurement of
water is cubic feet per second.

Prior to recent times the unit of measurement in most western
States was the miner’s inch. The miner’s inch is the quantity of water
flowing in a certain time through an orifice one inch square under a
specified head. In Nevada the miner’s inch has a head of about 61
inches. Both the dimensions and the head vary in different States,
and it therefore is an arbitrary unit. The amount of water repre-
sented by a miner’s inch in Nevada is 0.025 c.f.s. (cubic foot per sec-
ond), or 11.22 gallons per minute. Forty miner’s inches by statute is
equivalent to a cubic foot per second. The same unit is statutory in
northern California, Arizona, Oregon, and Montana. The Utah statute
inch is the flow of water through an orifice with an area of one square
inch under a head of four inches—approximately 1%, of a cubic foot
per second. This unit is the statutory miner’s inch in Idaho, New
Mexico, and Washington, and is commonly used in southern Califor-
nia. Being so ambiguous, this unit of measurement is not satisfactory,
and has been practically replaced by the cubic foot per second unit. -

MEASUREMENTS OF DISCHARGE

The methods ordinarily used for determining the quantity of water
flowing in open channels are of two kinds—the velocity-area method
and the weir method. In the former the quantity of discharge is
obtained as a summation of the products of partial areas of the cross-
"section of the stream by the respective measured velocities in such
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areas, and involves the measurement of cross-sectional areas and veloe-
ities of the flowing water. The cross-sectional areas are obtained by
measurement of the width and depth at points so spaced as to show
the shape of the eross-section or bed of the stream. Velocities may be
measured by slope, float or current meter, each involving a funda-
mentally distinet process.

The weir method involves the use of a formula which contadns three
factors—area of cross-section, velocity, and a coefficient varying with
the type of weir. In this type the discharge is computed by a formula,
or obtained from tables computed by a toxmula from the observed
“head” on the weir and the known dimensions of the weir.

DETERMINATION OF FLOW BY FLOATS

Where it is desired to obtain an approximate measure of the tlow of
a stream and where conditions do not warrant the installation of any
of the measuring devices deseribed in the following chapters, such a
measurement can be made by means of the “float method.”

The usual procedure in determining rate of discharge by using the
float method is first to select a straight course along the stream, which
should be from fifty to two hundred feet in length, although fairly
good results can be obtained from shorter courses. Stretch a tape
or string, or else lay a stick, across the stream at right angles to the
direction of flow at both the upper and lower stations on the measur-
ing course at a known distance apart. Then place a float in the stream
a few feet above the upper station and get the time, by means of a
watch or stop wateh, that is required for the float to pass between the
two measuring points. Several measurements should be made with
the float at different parts of the stream. The length of the course
divided by the average time in seconds it requires the float to traverse
the course gives the observed mean velocity in feet per second.

Since the velocity of water varies from the surface down and between
the sides.of the stream, it is necessary to apply a coefficient of reduction.
TUsually for surface floats the coefficient is taken as being 0.80. Then
to get the meéan xelocxtv the obser\ ed velocity must be multiplied by
this coefficient.

A lemon makes a ‘good float, although dany small object, such as a
block of wood, a tin can weighted with sand, a long-necked bottle
partly filled with water and corked, whose spemﬁc gravity can be madé
nearly equal to that of water, but whlch exposes a surface easily seen,
makes a good surface float.

The next step”is to get the mean cross-sectional area of the two
stations. The area of each station can be obtained by multiplying the
width by the average depth, and the mean cross-sectional area of the
course is.the average of areas at the two stations.

Example 1. Two stations on a small’ ereek are 60 feet
apart and the average time it took the. float to traverse
between the two stations was found to be 40 seconds. Using
a coefficient of 0.80, determine the nean velocity of the creek.

Solution. The observed velocity is the course distance
divided by the time in seconds, which is 60 = 40 = 1.5 feet . -
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- per second. The mean veloeity is then obtained by multiply-
ing by the coefficient of reduetion, <. ¢., 1.5 X 0.80 = 1.2 feet
per second. .

Ezample 2. Using the mean velocity of 1.2 feet per sec-
ond as determined in the preceding example, determine the
discharge when the width of the creek at the upper station
is 3.0 and the average depth is 0.7 feet, and at the lower sta-
tion the width is 3.5 and the average depth is 0.5 feet.

Solution. The cross-section area-at the upper station is
0.7 X 3.0 = 2.1 square feet. At the lower station the area
is 0.5 X 3.6 =175 square feet. The mean cross-sectional
area is then 2.1 4 1.75 < 2 = 1.92 square feet.

From the preceding example the mean velocity is 1.2 feet
per second. The discharge is then 1.2 (veloeity) X 1.92
(area)= 2.30 cubie feet per second (c.fs.).

Where the creek or stream to be measured is wide enough so that
the float could be floated down in different positions in relation to the
width, then the creek between the stations could be divided into sec-
tions, the discharge of each section obtained separately, and the sum
of the several sections would be the discharge. This is necessary for
good measurements, because the velocity of the water varies in accord-
ance with the distance from the banks, the highest velocity being near
the center of the creek. It is readily seen, then, that if just one float
measurement was taken down the middle of the stream the recorded
velocity would be above the mean velocity, and the computed discharge
too high.

However, in many Nevada streams the width is so narrow that it is
only possible to get the one float measurement near the middle of the
creek, in which case the computed veloeity is too high and allowances
should be made. After all, the float method of measuring water is
only approximate, and in all cases where accurate results are necessary
the weir, orifice or current meter methods described in this pamphlet
should be used.

METHODS OF MEASUREMENT

Irrigation water is usually measured by one of four methods, over
a weir, through an orifice, through a Parshall Measuring Flume
(Improved Venturi Flume), or in an open channel. The weir, being
the most generally used, will be treated first.

A weir may be described as a structure containing a notch of fixed
dimensions through which water may flow when placed according to
certain rules in a stream. Certain types of weirs are classified accord-
ing to the shape of the notch, and those in most common use are the
V-notch weir, also known as the ninety-degree triangular notch weir,
the rectangular weir, the Cippoletti weir, and the rectangular sup-
pressed weir.

In this article “weirs” will be restricted to sharp-crested weirs of
the above types. Contracted weirs are those wherein the notch over
which the water flows is narrower and shallower than the channel
through which the water flows and have sharp upstream corners or
edges on both the crest and sides of the notch, so formed that the water
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6 Measurement of Water In Western States

springs clear and does not adhere to the.sides of the notch. In other
words, as the water presses through the notch it comes in contact with
only the upstream edge of the notch. Suppressed weirs are those
wherein the notch is as wide as the channel leading to it. and conse-
quently the issuing stream is not contracted at the sides, but at the
bottom only. This type of weir is recognized as giving the most accu-
rate measurements, but is not in general use in Nevada. Tt will be
discussed later in this pamphlet.

The weir, when properly constructed and installed, is one of the
simplest and most accurate methods of measuring water. It is easily
and cheaply constructed, and may be installed by the lavman by fol-
lowing the simple instructions given herein, and under ideal conditions
accuracy can be obtained to within two or three percent. :

The three types of contracted weirs are shown in Figure 1, Plate A,
and it matters little which one is used. It is generally agreed upon
by engineers that for measuring small flows the V-notch weir is the
most accurate—that is, for flows of one cubic foot per second or less,
and for the larger flows from one cubic foot per second to ten cubic
feet per second, it is as accurate as any other type, although for the
larger flows it is not generally used because, due to its smaller opening,
the water backs up higher than for other weirs with the same dis-
charge.. Plate B shows the Cippoletti weir and box. In this structure
the weir plate is removable. The rectangular, or V-notch, weir plate
could be substituted.

The rectangular contracted weir under laboratory conditions is
more accurate than the Cippoletti weir. However, in field use, either
one will give as accurate results as the other. The rectangular weir is
easier to construct, and for this reason it is recommended by the State
Engineer’s office.

The following rules should be adhered to as closely as possible in
order to get good measurements:

1. The weir should be set in a channe] that is straight for
a distance upstream from the weir equal to at least ten times
the length of the weir crest.

2. The weir should be placed at right angles to the stream.

3. The face of the weir structure should be perpendicular,
and the weir crest straight and level. In the case of the
V-notch weir the imaginary line bisecting the 90° opening
should be perpendicular.

4. The weir should, if possible, be set at the lower end of
a long pool sufficiently. wide and deep so that the water will -
approach, free from eddies, at a velocity not exceeding 0.5
foot per second.

5. The crest and sides of the weir notch should not exceed
one-eighth of an inch in thickness on the upstream face.
‘When a weir is to be used for some time and is cut from
wood, a metal strip having a thickness of from 144 to 14 of
an inch and about 3 inches in width should be used to form
the edges of the weir notch. Satisfactory weirs have been
made by cutting the weir notch out of a piece of sheet metal
of sufficient size to form the whole structure.

6. The height of the crest of the weir above the bottom of
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the channel, upstream from the weir, should be at least twice
the depth or head of the water flowing over the crest, and
preferably three times the head. To maintain this condition
it requires diligence in cleaning out the material that is bound
to collect. :

The distance from the side of the weir notch to the sides
of the channel or weir box should be at least twice the depth
or head of water passing over the crest.

The length of the weir crest should be such that the head
to be measured should exceed two inches and the maximum
head preferably not greater than one-third the length of the
weir crest. Figure 2, Plate A. _

7. The crest of the weir should be placed high enough so
that water will fall practically free below the weir and so
that air can circulate freely beneath the overflowing water.

8. The depth or head of the water passing over the crest
should be measured at a point where the surface curve does
not affect the measurement. This may be done by placing the
weir gage on the upstream face of the weir structure and far
enough to one side so that it will be in comparatively still
water. A simple way is to drive a nail into the upstream
face of the weir structure at the exact level of the weir crest
or by driving a stake in the pool at a point from two to six
feet above the weir and to one side. The top of the stake
should be about one-half inch below the elevation of the crest.
A nail is then driven intq the top of the stake so that the top
of the nail is exactly level with the weir crest. In measuring
the head the distance from the top of the nail to the water
surface is measured by a ruler.

Figure 3. Plate A, shows the rectangular weir in operation.

RECTANGULAR SUPPRESSED WEIR

As previously explained, a suppressed weir is one that has no end
contractions, having only bottom contraction. Such a weir is in the
form of a flume of uniform width, with a vertical weir plate having
a horizontal crest. To properly function, the flume should be long
enough so that the velocities are equally distributed and should be at
least ten times the length of the crest, and should be high enough to
allow sufficient freeboard in case of high discharges. The depth of
water or head passing over the weir. should be measured at a point
far enough above the weir so that the measurement is not affected
by the curve produced by the falling water. This distance should be
about two feet. The point measured from or the zero of the gage
should be level with the crest of the weir plate. To obtain accurate
results a measuring well is recommended.

To funetion properly, artificial ventilation should be provided under
the nappe, which is the sheet of 'water falling over the weir. This can
be accomplished by drilling a small hole on each side of the flume close
to the downstream edge of the weir plate and below the weir crest.
To obtain reasonable accuracy the weir plate should be vertical and
the crest level. The upstream face of the weir plate should be smooth
and the crest not over 14 inch in width, with a sharp upstream edge.
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The length of the weir crest should be three times the average head
of the water passing over it and the height of the crest above the floor
of the weir structure or bottom of the channel should be at least equal
to the maximum head to be measured. For good results the head
measured should not be greater than 2.0 feet or smaller than 0.2 foot.

Table 4 gives discharges for weir crests of one foot for various weir
heights or height of weir crest above the bottom of channel of approach.
For different crest lengths multiply discharges as given for head and
weir height by length of weir erest used.

Figure 1, Plate C, shows the plan of the rectangular suppressed
weir. As stated above, a measuring well should be used, but accurate
results can be obtained if care is used by measuring the head in the
flume at a point about two feet upstream from the crest.

WEIR FORMULAS

Tables 1, 2, and 3 showing discharges over the rectangular, Cip-
poletti and V-notch weirs were worked out from formulas developed
by “Cone.”” Table 4 for the rectangular suppressed weir was devel-
oped by use of Rehbock’s formula. These formulas are all too com-
plicated to have any practical value for the layman. The following
formulas for discharge over weirs are convenient to use and accurate
enough for all practical purposes when discharge tables cannot be
used :

Rectangular weir—Q = 3.33 (L-~0.2 H) H** (Francis).
Cippoletti weir—Q = 3.367 L H** (Cippoletti).
V-noteh weir—Q = 2.54 H** (Thompson).
Rectangular suppressed weir—
Q =3.33 L H** (Francis)

where H = head, L = crest length, and Q =
discharge in c.f.s.

‘When velocity exceeds 0.5 foot per second the head which causes the
velocity should be added to the measured head in using the above
formulas and also when using Tables 1 and 2.

Vz=2¢gh
VZ Vz
h = 2¢ T 21X 3216

Ezample. Assume that the discharge of a stream is being obtained
by means of a one-foot rectangular weir and that the measured head
is 0.40 foot. By means of the float method previously explained the
velocity of the stream has been found to be about one foot per second.

The head used in producing this velocity can be obtained by use
of the formula h = .0155 V2. In this case

h=1X13X .0155 = .0155
Therefore H = 0.4 4 .015 = 0.415

and the discharge as given in Table 1 is 0.848 c.f.s. Using the head
of 0.4 in Table 1 the discharge is given as 0.804 c.fs., which is 0.044
c.f.s. less than obtained by taking into consideration the velocity of
approach.

= 0.0155 V2
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The velocity of approach does not have such great effect on the
V-notch weir and seldom needs to be taken into consideration. Neither
does the velocity of approach have to be considered in using Table 4
developed from Rehbock’s formula insofar as this formula corrects
for velocity of approach.

The velocity of approach is materially affected by deposits of sand
and silt upstream from the weir, causing a reduced section through
which the water must pass and thus increasing the velocity of approach.

It must be remembered that when the conditions for complete con-
traction are satisfied, that is, when the position of the weir opening
is in accordance with instructions given in Figure 2, Plate A, the
error in flow caused by neglecting the velocity of approach will be

less than 1 percent. ORIFICES

An orifice is an opening in a thin wall of régular form through
which water flows. When the opening flows completely full and the
water touches the inside opening only, it is called a standard orifice.
‘When the opening flows only partially full the orifice becomes a weir,
and the orifice discharge tables are not applicable.

Free flowing orifices are those discharging into the air and where
the downstream water surface is lower than the bottom of the orifice.

Submerged orifices are those discharging under water and where
the downstream water surface is above the top of the orifice.

Orifices having partial submergence are those where the down-
stream water surface is between the elevation of the top and bottom
of the orifice. This condition must be avoided. Figure 2, Plate C,
shows these three types of orifices.

In orifices the term “head” means the effective pressure that pro-
duces the flow through the orifice and is measured in feet or fractions
thereof. For free-flowing orifices the head is measured as the vertical
distance from the center of the orifice to the upstream water surface.
For submerged orifices the effective head is the difference in elevation
between the water surface on the two faces of the orifice.

The two types of orifices in general use are those of fixed dimensions
which are standard orifices and the adjustable orifice headgate.

The coefficient of the orifice is the ratio of the actual to the theo-
retical discharge. In standard orifices with fixed dimensions, which
are orifices having thin walls or with a sharp upstream edge,; the
coefficient is usually taken as 0.61. It varies some for different heads
and sizes of opening, but for general purposes the coefficient of 0.61
will prove satisfactory. Table 5 has been prepared using a coefficient
of 0.61.

The submerged orifice is a common measuring device installed and
used where the channel conveying the water has not sufficient fall to
permit the use of a weir, or when the waters are so heavily charged
with silt that there is danger of the weir pond silting up. Being more
difficult to construct, the orifice is not as generally used as the weir.

The following rules govern the use of the submerged orifice with
fixed dimensions:

1. The orifice structure must have a smooth vertical face
of sufficient size.

2. The orifice must be standard with sharp upstream edges.

3. The dimensions of the orifice must be known exactly.
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The opening should be so constructed so as to have an area
of one square foot or multip]e thereof to conform to standard
discharge tables. Table 5 shows discharges through rectangu-
lar orlﬁees with fixed dimensions for any head from 0. 01 to
1.50 feet for openings with areas of 0.25, 0.333, 0.50, 0.75, .
1.00, 1.50, and 2.0 square feet. Where the area of ‘the opening
18 other than the standard sizes as given above, the discharge
may be obtained by use of Table 5 by merely multiplying the
area in square feet by the discharge shown in the column
headed 1.00 square foot for the head (H) being used.

4. The orifice must be of such size that the effective head
is never less than 2 inches and preferably the maximum head
should not exceed 6 inches, although the head can exceed this
amount without any apprecxab]e error in discharge.

5. In the installation of a standard orifice with complete
contraction the distance from the bottom of the orifice to
the bottom of the box or channel and from the ends of the
orifice to the sides of the box or channel should be not less
than twice the least dimension of the orifice.

6. Provisions must be made to measure the effective head.
Since the head on a submerged orifice is the difference in
water level on the upstream and downstream face of the
orifice, measurements must be made at two points. The gen-
eral method often used is to fasten a gage on the headwall
and to one side of the orifice on both the upstream and down-
stream face, with the zero mark at the same elevation. The
elevation of the water level is read on both gages and the
difference is the effective head.

Another method is to set two stakes in the stream, one above and
one below the orifice a few feet, with the tops of the stake at the same
elevation. The distance from the top of the stake to the water level
is measured with a rule in both places, and the difference is the effec-
tive head. The stakes should be set at a point where the water surface
is fairly quiet. For accurate discharges these measurements should
be exact, as a slight error in reading the gage makes a considerable
error in the dlscharges Table 5 gives the ﬁow through orifices with
fixed dimensions, using a coefficient of 0.61.

Plate D shows the submerged fixed orifice in conjunction with an
adjustable gate. Figure 3, Plate C, shows a longitudinal section of
such a structure.

The usual type of adjustable orifice is the headgate where the dis-
charge may be either free or submerged, partial submervence being
avoided. The headgate orifice has the hydraulic properties of orifices,
the formula for discharge (Q) in cubic feet per second being:

Q=acVv 2gH where
¢ = coefficient of discharge
a = area of opening in square feet
H — effective head — the head to the center of the orifice
opening for free discharge and the difference in ele-
vation of water surface on the two sides of the gate
for submerged orifices.
g = acceleration due to gravity = 32.2
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To obtain discharge in cubic feet per second the velocity is multi-
plied by the area in square feet of the opening.

The coefficient of discharge in the adjustable orifice headgate varies
with the size of the opening which affects the velocity of approach and
also with the degree of contraction. Since these are all variable factors,
the submerged orifice headgates are not accurate measuring devices.
Therefore, to obtain fair accuracy of discharge the structure should
be calibrated by installing a weir of some type at a suitable point
below the gate, and for different openings and heads on the headgate
obtain the corresponding discharge by means of the weir.

By experience it has been found that the average coefficient of dis-
charge for the adjustable orifice headgate, where the gate guides are
made from 2 x4 inch material and a 2x4 or 2x 6 inch board is set
permanently on edge on the floor of the box with the ends of the
groove between the gate guides, is 0.70. Where there is no bottom
contraction, the coefficient varies from 0.70 to over 1.0. Table 6 gives
velocities for heads from 0.01 to 4.0 feet, using the formula.

V=070 v 2¢gH
Problem. Find the flow through a 4-foot gate when the
effective head measures 1.41 feet and the gate opening is 1.0
foot.

Solution. From Table 6 the velocity for a head of 1.41
feet is 6.68 feet per second. The area of opening is 4 X 1.0
= 4 square feet. "Therefore, the approximate discharge is
4 X 6.68 = 26.72 cfs.

" THE PARSHALL MEASURING FLUME

The Parshall flume was developed by the United States Department
of Agriculture, cooperating with the Colorado Agricultural Experi-
ment Station under the direction of Ralph L. Parshall. (See Plate E).
The use of this type of measuring device has become widespread
throughout most of the western States. During the past 10 years
over 100 Parshall flumes have been placed in use in Nevada with sizes
ranging from a throat width of 3 inches to 8 feet. While the flumes
can be made of wood or concrete, it has been found practical to pur-
chase them already made up of steel construction. Information can
be supplied by this office as to where such flumes may be purchased.

The Parshall flume consists of a level converging section which forms
the crest, a throat, and a diverging section. For throat widths of 1 to
8 feet the floor of the throat is inclined downward at a slope of 9 inches
vertically to 24 inches horizontally, and the floor of the diverging or
downstream section inclines upward at a slope of 6 inches vertically
to 36 inches horizontally, the end of the floor at the downstiream end
being 3 inches lower than the crest or upstream section. For the
small flumes, 3 inches, 6 inches, and 9 inches, the dimensions are
different than for the larger flumes; however, the slope of the throat
floor is the same for all sizes. The appropriate dimensions for flumes
ranging from 3-inch throat widths up to 8 feet are shown on page 23.

The size of the Parshall flume is determined by the width of the
throat section which is sometimes referrcd to as the “crest length.”
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The discharge through a Parshall flume is called “free flow” when
the elevation of the water surface near the downstream end of the
throat section is not high enoungh to cause any retardation -of the
flow due to back water. This condition exists when the upstream floor
of the flume is placed at such an elevation above the channel bottom
that the difference in evelation between the water surface at the gage

PLATE E

in the converging section (Ha) and the water surface near the lower-
end of the throat section is greater than 40 percent of the depth of
the water at the “Ha” gage for the 3-inch, 6-inch, and 9-inch flumes
and greater than 30 percent “Ha” for the 1-foot and larger flumes. In
other words, for the 1-foot and larger flumes the difference in elevation
between the crest or floor of the converging or upstream section, and
the water surface at the lower end of the throat section, should not
be greater than 70 percent of the depth of water at the upstream gage,
1. e, 70 percent “Ha.” Another way of expressing this is that the
ratio of the Hb and Ha heads must not exceed 0.7 for the 1-foot and
larger flumes and 0.6 for the small flumes for free-flow conditions.
‘When there are submerged flows, it is necessary to install another gage
called the “Hb” gage near the lower end of the throat section as
illustrated on Plate F. Usually a stilling well must be used here.
The elevation of the water at the end of the flume is about the same
as at the Hb location, and can be used for determining whether or
not the flow is submerged.
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The following design shows the proper setting for a 1-foot and larger
flume under free-flow conditions.

s VXPANGA K borfine 20, DisBars.
T X% g Ha’

e e g e e 4o kirreh el Prilh
Origimat Ditah ¥ Floor of Flome

o

Throat Je<tion
Y] zo $ Jo~ |

LIRECTIONS FOR 2 ARING /LU

DIRECTION FOR PLACING FLUME
First—Locate the high water line on ditch bank where the flume is
to be installed as shown by previous flows. .
Second—Select from the discharge tables the proper depth of water
or head “Ha” that corresponds with the maximum discharge of diteh.

Third—Place the upstream floor of the flume at a depth of not more
than 70 percent of Ha below the higher water line. This would be
the same as placing the upstream floor at a distance above the bottom
of the ditch obtained by deducting 70 percent of Ha from depth of
water in ditch, <. e., distance from bottom of ditech to high water line
of diteh.

Fourth—Place the floor “B” level, both length and crosswise. Where
conditions are such that the submergence is greater than 70 percent
for the 1- to 8-foot flumes, which causes a back-water condition that
affects the flow, it is necessdry to install another gage near the bottom
of the throat section with the zero of the gage at the same elevation as
the zero of the upper gage, which is at the level of the crest. This
will be discussed later.

It might be noted here that if careful attention is given to choosing
the size of flume used, it is very seldom that a free-flow condition can-
not exist. This might be further emphasized by the fact that the loss
of head (that is, the difference in elevation above and below the meas-
uring structure), required in the use of weirs is approximately four
times as great as that needed for the Parshall flume where the crest
length of weir and width of flume are the same.

SELECTION OF SIZE AND SETTING

The successful operation of the Parshall flume depends upon setting
the crest of the flume at the proper elevation above the bed of the
channel. Where the grade is fairly steep and the banks high, very little
trouble is had in setting the flume, but where the banks are low above
the surface of the watér and the grade quite flat, too much precaution
cannot be taken in choosing the size and setting of the flume.

Before constructing or purchasing the flume, first ascertain the con-
ditions necessary to determine the size flume needed. For instance,
under a certain condition a 1-foot flume might be installed in a channel
where the submergence is over 70 percent, making it necessary to use
two gages and correction tables, whereas with proper investigation
beforehand a 2-foot flume could have been installed, resulting in a
free-flow discharge. The table on page 23 gives dimensions and
capacities for various flume widths (W).
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Dimensions and capacities of the Parshall measuring flume, for various throat widths, W.

(Letters refer to Plate E)
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It has been previously stated in this discussion that for free flow the
maximum submergence for a flume under 1.0 foot was 60 percent and
for flumes over 1 foot in size, 70 percent. Where conditions are possi-
ble the submergence should be less in order to safeguard against
higher flows than anticipated. For example, assume that a flume is to
be installed in a channel where the maximum flow is about 12 ec.fs.
and the water level at maximum flow 2.3 feet above the bottom of the
channel and the freeboard (distance from high water to top of bank)
is 6 inches. (See figure on page 23). When the flume is in operation
the narrowed throat section will cause the water level above the flume
to raise, while -the water level below remains practically as it was
orlgmally Since the free board is 6 inches, that means that the water
under maximum flow can only be raised about 4 inches higher than the
original high water mark, unless the upstream banks can be raised.
Therefore, the maximum loss of head can only be about 4 inches.

Since, under free-flow conditions, submergence should not exceed
70 percent, it will be necessary to determine loss of head for flumes of
different sizes. Since, for economic purposes the flume should be the
smallest size that can be used, the loss of head should be determined
for the 1-, 2- and 3-foot flumes. To determine the respective loss of
head refer to figure 5 in the appendix and proceed as follows: Find
the point where the flow of 12 e.f.s. intersects the vertical line indicat-
ing a percentage of submergence of 70. From this point follow across
the figure horizontally until the diagonal lines representing throat
widths of 1, 2 and 3 feet are intersected, then drop down vertically
to the bottom line which will indicate the loss of head in feet.  We
thus find the loss of heads for the 1-, 2- and 3-foot flumes to be 0.76,
0.49, and 0.37 foot, respectively. Therefore, the 3-foot flume is the
smallest that should be used under free flow COndlt]Ol’lS '

SUBMERGED FLOW

As previously stated, when the difference in elevation between the
water surface at the Ha gage in the converging section and the water
surface near the lower end of the throat section is less than 40 percent
of the depth of water at the Ha gage for the 3-, 6- and 9-inch flumes,
and less than 30 percent of Ha for the 1-foot- and larger flumes, the
flow ceases to be what is termed “free flow” and becomes a snbmero'ed
flow. . When the flow is submerged, and in. order to obtain the degree
of submergence, another gage must be installed neatr the lower end of
the throat section. This gage is called the “Hb gage”. and its location
is shown in Plate F. 'Due to the water waves at the location for the
Hb gage, it is necessary to place the gage in a stilling well. The loca-
tion of the small pipe leading from the flume to the stilling well is
shown on Plate F' by the X and Y distances. The values for X and
Y are given in the table on page 23. TUnless it is necessary to iustall
recorders no stilling well would be needed for the Ha gage.

The submergence of a flume is determined by dividing the 1Ib vead-
ing by the Ha reading. When the ratio of the two heads, Hb and Ila,
exceeds 0.7 for flumes of throat widths of 1 foot or crreater the flow
is submerged ‘and it becomes necessary to apply a negative correction
to the free-flow discharge in order to obtain the correct flow.

When this ratio exceeds 0.6 for the 3-, 6- and 9-inch flows, the sub-
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merged flow can be taken directly from figures 1, 2, and 3, following
Table 7 in the appendix. The computed submerged flow for flumes
having throat widths of 1 foot and greater is determined by use of
Figure 4, appendix. This figure applies to a 1-foot flume but is made
applicable to the larger flumes by multiplying the correction for the
1-foot flume by the factors given below; the product obtained is then
subtracted from the free-flow discharge for the Ha head. The factors
to be multiplied are:
Size of flume Multiplying Size of lume Multiplying

in feet factor in feet factor
1 1 5 3.7
1.5 14 6 4.3
2 1.8 7 49
3 2.4 8 54
4 3.1

To illustrate this procedure, the following examples are given:
Ezample 1—-What will be the discharge through a 9-inch
flume with an Ha head of 0.64 foot and Hb of 0.55 foot?
Ezample 2—What will be the discharge through a 1-foot
flume with Ha of 0.70 and Hb of 0.58?

Ezample 3—What will be the discharge through a 3-foot
flume with Ha of 1.8 and Hb of 1.62

Solutions—

In Example 1 the submergence is Hb/Ha = 0.55 + 64 =
0.86 or 86 percent. Since this exceeds 0.6 submergence, the
flow is submerged. Turning to Figure 3, appendix, we enter
the figure at the left at submergence 86 percent and follow
horizontally until the Ha curve is reached. Thence, follow
vertically downward to the base of the diagram and obtain
the actual discharge. In this case the discharge is 1.3 c.f.s.

In Example 2 the submergence is 0.58 =~ 0.70 = 0.83 or
83 percent. Turning to Figure 4, appendix, enter the figure
at left at the value for Ha of 0.70 and follow horizontally
until the percentage of submergence curve is intersected and
then follow vertically downward and obtain the correction at
the base of the diagram. In this example the correction is
found to be 0.28 c.f.s. This correction is a negative correction
and since the multiplying factor is 1.0, it is subtracted from
the free-flow discharge for Ha of 0.70 to obtain the actual
discharge. From Table 7 for Ha of 0.70, free-flow discharge
is 2.33 c.f.s. The solution is then 2.33 — 0.28 = 2.05 c.fs.
The loss of head from Figure 5 would be about 0.14 foot.

Example 3. Here the submergence is 1.6 - 1.8 = 0.89 or
89 percent. Using Figure 4 as in Example 2 we find a correc-
tion for the 1-foot flume of about 2.45 c.f.s. Since in this
example a 3-foot flume is used, the correction must be multi-
plied by the factor of 2.4 (above). The correction to be used
is then 2.4 X 2.45 — 5.88. This figure subtracted from the
free-flow discharge of 30.1 gives the corrected discharge of
2422 cf.s. The loss of head from Figure 5 would be about
0.22 foot.
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GENERAL COMMENTS

Previously in this bulletin the operation of weirs was explained.
It might be noted here that the weir, when operating under standard
conditions of setting, is the most acecurate of the common measuring
devices. One disadvantage of the weir is that its successful operation
requires a relatively large loss of head. As the Parshall flume under
free flow requires only about one-fourth the loss of head required for
a weir, the flume can be used where it is impossible to successfully
use a weir,

The accuracy of the Parshall measuring flume is within the limits
permissible in irrigation practice. Careful measurements by means of
a current meter and submerged orifice indicated that the flumes were
‘measuring within an accuracy of 2 percent, although ordinarily the
range of accuracy is within 5 percent.

It has prev1ous1y been stated that when the VelOCIty of the water
approaching a weir is greater than 0.5 feet per second, the actual dis-
charge becomes greater than that indicated by the gage reading and
corrections have to be made. This difference is not great for moderate
velocities, say from 0.5 to 1.0 foot per second, but increases rapidly as
the velocity increases. As the procedure for making the added correc-
tion requires a mathematical computation, it is often the case that the
correction is made by guess, if at all, and therefore the weir ceases to
be a proper measuring device.

The velocity of approach in the case of the Parshall flume does not
materially affect the rate of discharge. Experiments have shown that
on a 2-foot flume an increase of 85 percent in the veloeity of approach
showed no effect on the indicated rate of discharge.

As the velocity through the flume is higher than that in the channel,
silt will not deposit in the structure where it would affect the accuracy.
In other words, the flume is self-cleaning. As there are no moving
parts in the Parshall flume the operation is simple, and its dimensions
are not easily changed so as to cause willfully unfair measurements.

The range of capacity of discharge is from 0.10 c.f.s. through a
3-inch flume to over 1,500 e.f.s. through a 40-foot flume.

The Parshall flume has certain disadvantages, as all measuring
devices have. The main disadvantage is that the flume cannot be used
or combined with a turnout or headgate. The flume is also more
expensive to build or purchase than the ordinary weir or submerged
orifice headgate construction, and requires more accurate workman-
ship in construction.

In conclusion, it might be well to state that after the Parshall flume
has been installed, care should be exercised to keep it in good con-
dition. The flume, properly installed, will have a long life, but it
is quite easy, especially in small sizes, to cause damage by unnecessary
tramping on and around the structure. If the flume has a tendency to
act as a bridge across the channel, it is a good plan to place a walk
over the structure so that the pressure caused by a person stepping
on or near the throat section will not tend to push the sides out of
place.
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STREAM GAGING

The two generally accepted methods for determining the quantity of
water flowing in an open stream or channel are the weir method and
the velocity-area method. The weir method previously discussed is
used mainly -on small flows and will not be discussed further, due to
the fact that the use of weirs on larger streams is expensive. The
velocity-area method is extensively used, not only due to the compara-
tive inexpensiveness, but to the fact that it is a reliable method of
determining flow under a wide range of conditions.

In using the velocity-area method of determining flow of water the
velocity of the water at certain designated points must be obtained.
The mean velocity over a certain cross-sectional area multiplied by the
area of the cross-section gives discharges in cubic feet per second. The
cross-sectional area of the channel is determined by measuring the
depths of water at the most suitable points to show the shape of the
channel. The distance between the points multiplied by the average
depth of the water at these points gives the partial area, and the total
area of the cross-section is the summation of these partial areas. The
velocity may be measured by :

1. Float.

2. Current meter.

3. Slope method.

1. The determination of velocity of water by the float method has
previously been discussed and will not be enlarged upon here, except
to state that where proper precautions are used this method gives
fair results. The errors most often made in using this method lie
mainly in using whatever object close at hand for a float and not
applying the proper coefficient to obtain the mean velocity. The
coefficient varies between 0.70 and 0.90 and the average would be
about 0.80, which is the suggested coefficient to use. Another way in
which errors may occur is in not obtaining proper distributed observa-
tion of velocity. In other words, several observations should be made
with the float in difterent positions as the velocities are higher near
the middle of the stream.

2. Of the various methods used to determine velocities of flowing
water in an open channel, stream or river, the enrrent meter method
is the most convenient and the most commonly used. This method may
not be practical for the layman because he may not have access to a
current meter, and the cost of purchasing one may not be justified.
However, for the engineer it is practical because of reasonable cost,
accuracy, and applicability, and can be used on any open body of flow-
ing water, whether it is a farm ditch or a river.

The current meter usually operates on the principle of a bucket
wheel, rotating horizontally on a vertical axis. When the wheel is
immersed-in flowing water the velocity of the water causes the wheel
to rotate. The observer notes the number of revolutions in a certain
number of seconds and from a velocity table prepared for that par-
ticular meter determines the velocity in feet per second.

The two types of meters used are the electric meter and the acoustic
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PLATE G
ALFRED MERRITT SMITH
STATE ENGINEER
CARSON CITY, NEVADA
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meter. In the former method an electric clicker operated by a small
dry-cell battery indicates the revolutions which are transmitted to the
observer by means of an earphone, and in the latter method the revolu-
tions of the wheel are indicated by a hammer striking against the
diaphram in an enclosed chamber. The sound is transmitted to the ear
of the observer by means of a hollow wading rod and connected rubber
tubing with earphone. This method can only be successfully used
when the operations are carried on in a shallow stream.

The most improved meters are so constructed that each revolution
of the bucket wheel may be indicated for use in low water velocities,
and where the velocities are higher it can be adjusted so that every
fifth revolution is indicated. Some meters are so constructed that
every tenth revolution is indicated. In making a measurement the
observer should use a stop watch to determine the number of revolu-
tions in a certain number of seconds. By means of the table accom-
panying the meter the corresponding velocity may be noted.

Current meters are rated by drawing them through still water at
known or observed velocities and counting the revolutions. By mak-
ing a number of tests at different velocities a curve ¢an be made up.
However, the best way to have a eurrent meter rated is to send it in to
the U. S. Bureau of Standards, Washington, D. C. When meters are
purchased, for a small extra charge, the manufacturer will deliver it
through the Bureau of Standards with a true rating table.

In taking a measurement the observer may stand on a bridge that
crosses the stream with a clear span. If no bridge is available and
the stream not wide, a temporary platform may be used, or if water
is shallow the observer may wade. The latter method is not recom-
mended when accurate results are desired, due to the fact that the
observer’s body will offer some obstruction which will affect the regis-
tration of the meter.

A satisfactory method is as follows:

A cross-section is selected where the water flows smoothly and the
velocity is reasonably uniform across the section and should be near
the fower end of a straight section of the stream. A range is laid off
at right angles to the direction of flow, and is divided off into any
desired number of parts. Sufficient observation of depth and velocity
must be made to disclose the true area of the cross-section and true
velocity. On streams up to forty feet wide observations are made
at points one to two feet apart. For larger streams observations can
be made five or ten feet apart. This rests with the observer as to
the number of observations to take to get true veloecity averages and
areas. However, it must always be remembered that the more observa-
tions, the closer the result will be.

The range may be marked in any way that is convenient. For small
streams a satisfactory way is to stretch a tape across the stream and
arrange it so that the zero of the tape is at the edge of the water.
Soundings are then taken at each point of division decided on to
determine the depth of the water. From this data the area of each
subdivision can be determined. Oftentimes where a plank or bridge
is used the points of division can be marked on the edge.

Having determined the depth of the water at each division point and
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the distance apart, the mean velocity is determined at each point by
means of the current meter. Observations have determined the fact
that velocities of water decrease as the bottom of the stream bed is
approached. It has been proven that the velocity at 0.6 depth or the
average of the velocities at 0.2 depth and 0.8 depth are very nearly
the average of all velocities in the vertical section. For this reason
it is possible to get a fairly accurate uniform velocity of any one
section by one observation at 0.6 depth, or more accurately by taking
the average of velocity at 0.2 depth and 0.8 depth.

It is always advisable to compute the discharge before leaving the
place of observation, for the reason that if any inaccuracies are dis-
covered, the observations can be retaken.

The observer should see that his instrument is wiped dry and oiled
before returning same to its box.

Figure 4, Plate C, shows the manner in which ‘a stream is divided
off, and Plate G shows the corresponding current meter notes.

The current meter when properly used will measure velocities
within a probable error of 2 percent. The principal sources of error
in current meter measurements of discharge are in the determination
of depths of water; in placing the meter at proper depths to get the
average velocity; in observations of time, in the use of insufficient
number of observations to obtain velocities and areas, and in the main-
tainence of the meter after it has been rated.

In shallow streams where the observer is close to the water surface
or else wading in the water, the meter is attached to a wading rod on
which feet and tenths of feet are designated. In deeper streams or
where the observer is on a bridge and some distance above the water
surface the meter is used in conjunction with a cable.

A lead weight is attached underneath the meter to assist in keeping
it in position. In measuring depths the observer may mark a point on
the cable in reference to edge of bridge where the weight is just touch-
ing the water and again mark a point where the weight is resting on
the bottom. The distance between these points on the cable is the
depth of water at that point.

It must be remembered that the current meter is an instrument of
precision and too much emphasis cannot be placed.on the ecareful trans-
porting, handling, and general care of it.

3. The determination of velocity by the slope method is obtained
by use of a formula, of which there are several. The Manning formula
is recommended by many leading authorities and for open channels is

given as
vV — 1.486
n

r %5 8%

where r = hydraulic radius = area of cross-section of stream
in square feet divided by the wetted perimeter in
feet.
8 = slope = fall of channel divided by length over a
certain section.
n = coefficient of roughness.

The value of the coefficient of roughness “n” for unlined canals and
ditches will vary from 0.017 to 0.020 for those in good condition and
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from 0.02 to 0.035 for those in poor condition. The quantity of water
that will flow in an open channel is dependent upon several conditions
which are the slope, the area, the condition of the sides and bottom,
and the shape of the channel.

This method is usually used to determine the size of ditch to con-
struct to carry a certain amount of water and is also used in the
determination of flows during flood stages after the peak is past and
when the data available is the high water mark along the sides of the
channel from which the cross-sectional area and slope may be deter-
mined.

Due to the complexity of the formula and difficulty in determining
the proper coefficient “n” the use of this method is usually restricted
to engineers, and so will not be further discussed here.

GAGING STATIONS

The successful operation of a gaging station is based on the assump-
tion that the discharge at any given stage will be unchanged so long:
as the bed and banks of the stream at the gage station remain
unchanged, and that the discharge will vary with the stage according
to a fixed relation. The relation between discharge and stage makes it
possible to construct a rating curve from current meter observation
at different stages of the flow. In other words, to eanstruct a rating
curve for a specific section of a river the observer must make several
observations for discharge with the flow at different stages. The eleva-
tion of the surface of the water is determined by means of a gage
permanently set. The discharge in relation to gage heights are platted
and a curve is drawn as nearly as possible through the average of these
points. Such a curve is parabolic in form. Following the construction
of the rating curve the flow of water for any immediate stage can be
determined by merely noting the gage height, and from the rating
curve obtain the discharge for that gage height.

Where no changes take place in the stream channel, measurements
made in different years will plat along the same curve. However, in
many instances-it is necessary to construct a rating curve everv season
and sometimes more than one during a season.

The relation between the gage height and discharge will be stable
when there exists below the gage an effective control section in which
the bed and banks are permanent. Such a control may be found in a
long stretch of the river having a low gradient; at an artificial strue-
ture in the channel, and at the head of rapids where the fall is steep.

It is obvious that a section should not be chosen that lies just above
a dam or structure where the flow can be controlled by opening and
closing gates.

A station should be selected when poss1ble so as to glve as large a
change in gage readmgs as is possible for a glven change in discharge.

In selecting a gaging station care should be given to obtaining a loca-
tion where the bed and banks of the stream are as permanent as possi-
ble and where the current is smooth and the velocity is measurable,
that is, between 0.5 and 15 feet per second.

In the selection of a station, the accessibility of the site should not
be given too much consideratlon The cost over a number of years
between a stable station somewhat inaccessible and an unstable station
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easy to get to rests in favor of the former. Recording gages are now
obtainable that will record gage height accurately for sixty days or
more without attention.

Following the selection of a site, the establishment of a station con-
sists in the installation of a gage and a cable, or a supporting platform
from which the measurements may be made.

The gage should be located where it can be easily read and be in
such a position that it will be undisturbed. In setting the gage the
zero of the gage should be referred to a permanent bench mark so in
case the gage is disturbed it can be reset. The most common gage is
the staff gage, which may be set either vertically or inclined. When
set on an incline a level should be used to mark the feet and tenths of
feet after the gage is in place. Such a gage may be painted directly
on wood or metal. The gage should be set on rock or concrete so that
the datum will remain constant. When attached to a tree at the
water’s edge or a wooden piling, the datum must be frequently watched
and accuracy checked.

Where daily discharges are necessary, an automatic water level
recorder is installed. The installation consists of a platform rigidly
set to support the recorder; a float-well at least 36 inches in diameter,
so connected with the flowing water in the river that the stage of water
will be the same; a shelter or gage house to protect the recorder against
the elements and also against malicious molestations. When the float--
well is located away from the river bank it is connected to the river
by means of an intake pipe which should always be kept open. Where
possible, the well may be directly connected with the river and the
intake pipe omitted.

‘Where an automatic recording station is installed, there should
always be a nonrecording gage, as previously described. The non-
recording gage should be read and recorded whenever the station is
visited in order that a check may be made of the automatic recorder.
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MEASURING DISCHARGE FROM PIPES
Frequently the discharge from an artesian well or from a pumping plant
is desired when there are no facilities for making a measurement by methods
in common use. For such measurements coordinate methods! of measuring
pipe flow have been suggested. However, these methods have limited ac-
curacy and should not be used where accuracy is essential or where some
other method can be conveniently used.

These methods consist of measuring the coordinates of a point in the
jet issuing from the end of the pipe; the chief difficulty is in accurately meas-
uring the coordinates. The flow from pipes may be measured whether the
pipe is discharging vertically upward, horizontally, or at some angle with the
horizontal. Usually discharge pipes from artesian wells or pumping plants are

7T N [

Drawing showing dimensions necessary in making a measurement of
the flow from vertical pipes.

1Christiansen, J. E., “Coordinate Methods of Measuring Pipe Flow.” Mimeographed report of
Division of Irrigation Investigations and Practice, University of California.
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either vertical or horizontal and therefore only these two cases will be dis-
cussed here, :

Vertical Pipes. Lawrence and Braunworth? conducted an extensive set
of experiments to determine the flow from vertical pipes. They found that
when the height of the jet exceeds 1.4 D, as determined by sighting over the
jet to obtain the maximum rise, the flow can be expressed by the empirical
equation:

G.P.M. = 5.01 D1.99 Ho0.53

When the height of the jet is less than 0.37 D, the flow is similar to that

over a weir and can be expressed by the equation:

G.P.M. = 6.17 D125 41.35

in which G.P.M. is flow in gallons per minute; D is the diameter of the pipe
in inches; and H is the height of the jet in inches.

For jet heights between 0.37D and 14D the flow is somewhat less
than that given by either of these equatiohs.

Figure 33 shows the flow in gallons per minute for pipe and casing
2 to 12 inches in diameter, for jet heights, H, from 1% to 60 inches. This
diagram was prepared from Lawrence and Braunworth’s data, using the
actual inside diameter of standard pipe and casing as given in pipe hand-
books.

Horizontal Pipes. For pipes discharging horizontally, 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. These horizontal and vertical
distances are called the X and Y ordinates, respectively. In the method
described by Slichter, the ordinates are measured from the center of the
end of the pipe to the center of the jet, as shown in F igure 34. The expression
for the flow from completely filled pipes is derived in the following manner:
The distance Y that a particle falls in time, t, after issuing, from the end of
a horizontal pipe is : :

2

-

Y=g
2
and the horizontal distance X it travels is
X = V t where V is the

initial horizontal velocity. Combining these equations by eliminating t and
solving for V, we obtain:

V2 Y
from which we obtain the expression for the flow in cubic feet per second,
all dimensions being in feet:

V= Xy g

ZLawrence, F. E., and P. L. Braunworth. ‘“Fountain Flow of Water in Vertical Pipes.” American
Society of Civil Engineers, Trans. No. 57, p.-265-306. 1906.
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Q= CAX+¢g
vVa2y
It is interesting to note that this expression also holds for pipes discharging
at an angle with the horizontal when the X ordinate is measured parallel with
the axis of the pipe and the Y ordinate is measured vertically.

For flow in gallons per minute, with the ordinates and pipe diameter

in inches, the expression is:
C = 284 C DX
v Y
For any given pipe diameter and given value of Y, the flow is directly pro-
portional to the Y ordinate.

The flow from pipes ranging from 2 to 8 inches in diameter and values
of Y of 12 and 24 inches, respectively, is given in Figure 35. Since experi-
mental data are lacking, a value of C == 1.0 was used in computations for
these diagrams.

The flow from partially filled horizontal pipes can be estimated by mul-
tiplying the flow obtained from the diagram by the percentage of the area
of the pipe that is filled at the end of the pipe. The coordinates should be
measured from the approximate center of the jet at the end of the pipe instead
of from the center of- the end of the pipe. The Purdue method described
below is generally more accurate, especially for partially filled pipes.

_______ %_7_“:\\
________ ____-_d;\ \
TN

A

\

X

Drawing showing dimensions necessary in making a measurement of
the flow from horizontal pipes.
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Purdue Method for Horizontal Pipes. Another coordinate method of
measuring pipe flow has been developed at Purdue University.® It consists
of measuring the coordinates of the upper surface of the jet as shown in
Figure 36. For piPes flowing less than 0.8 full at the end, tHe vertical dis-
tance Y can be measured at the end of the pipe where X =— O. The flow
from pipes ranging from 2 to 6 inches in diameter is given in Figure 37.
These diagrams were prepared from data taken from Purdue Engineering
Experiment Station Bulletin No. 32, and are based on tests on standard pipe
sizes only. The curves for the casing have been drawn in by interpolation.

For accurate results, the pipe must be level and of sufficient length so
that the water is flowing fairly smoothly when it issues from the pipe. If
the pipe slopes upward, the measurements will be too high and if it slopes
downward, they will be too low. The top of the jet is not sharply defined and
it is difficult to make an exact measurement of the distance Y.

Purdue method of measuring pipe flow.

3Greve, F. W. Measurement of pipe flow by the coordinate method. Purdue Engineering Exp. Sta.
Bul. 32. 1928. ' ’ . B .
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WATER AND WATER POWER EQUIVALENTS
WATER

One acre foot of water is the quantity that will cover an area of one
acre one foot deep—

— one cubie foot per second of water flowing continuously for 12
hours and six minutes.
— 43,560 cubic feet.
= 325,851 gallons.
One second-foot of water is the quantity_ that will fill a space of one
cubic foot in one second of time—
— 40 miner’s inches in Nevada.
= 7.4805 gallons per second.
== 448.83 gallons per minute.
= 1.983 acre feet per day.
= 646,315.2 gallons per day.
One miner’s inch of water in Nevada is the approximate flow through
an orifice with an area of one square inch under a head of
614 inches—
= 0.025 (¥%0) cubie foot or 0.186 -4 gallons per second.
= 11.22 gallons per minute.
= 673.20 gallons per hour.
= 1 acre inch in 40 hours and 20 minutes.
=1 acre foot in 484 hours (approximately 20 days), or 0.0496 acre
foot (approximately 15,) per day.
= 16,156.80 gallons in 24 hours.
Million gallons per day—
= 1.547 cubic feet per second (e.fs.).
= 694.4 gallons per minute.
— 61.89 miner’s inches.
=1 acre foot in 7 hours and 49 minutes, or 3.07 acre feet per day.
One gallon per minute— '
= 0.00223 (Y449) cubic foot per second.
= 0.0891 (approximately 14 ) statutory miner’s inch.
= 1 acre foot in 226.3 days or 0.00442 acre foot per day.
One miner’s inch flowing 150 days (5 months of 30 days each) will
cover an acre of land 7.4 feet deep.
One second-foot of water flowing 150 days equals 297.45 acre feet, or
enough water to cover 100 acres of land 2.9745 feet deep.
One cubic foot—
— 1,728 eubic inches.
— 7.48 gallons of water, weighing approximately 62.5 pounds.
One gallon—
= 231 cubic inches.
—0.13368 cubic foot, weighing approximately 8.34 pounds.
To find water pressure in pounds pressure per square inch, multiply
height of head or column of water measured in feet by 0.434.
Pounds pressure per square inch multiplied by 2.31 gives head of
water in feet.
To convert gallons per minute to cubic feet per second or vice versa
refer to the last two columns in Table 3.
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CONVERSION TABLE FOR UNITS OR FLOW*

Cubic Nevada Acre Acre
feet Gallons Million Statute inches feet
per per gallons miner’'s per 24 per 24

second minute per day inches hours hours
1.0 448.83 0.646 40.0 23.80 1.983
0.00223 1.0 0.00144 0.0891 0.053 0.00442
1.547 694.44 1.0 61.89 36.84 3.07
0.025 11.22 0.0162 1.0 0.595 0.0496
0.042 18.86 0.0271 1.68 1.0 0.0833
0.504 226.28 0.3258 20.16 12.0 1.0

*Equivalent values are given in the same horizontal line.

The approximate depth of water applied tq a field may be compiled
from the following formulas:

Cu. ft. per sec. X hours
acres

= Acre inches per acre, or average depth
in inches. ’
Gals. per min. X hours

450 % acres = Acre inches per acre, or average depth

in inches.
Miner’s inches X hours .
0 X = Acre inches per acre, or average depth
X acres in inches, where one miner’s inch = 14,

cf.s.

Area of Circle = 3.1416 r? — 0.7854 42
Circumference of Circle = 3.1416 d
Where r = radius of circle and d = diameter of cirecle.

WATER TABLES FOR MINING, MILLING, METALLURGICAL
OPERATIONS

1 miner’s inch of water......... = 673.20 gallons per hour.
= 5,614.5 pounds of water per hour.
= 2.81 tons of water per hour.
= 134,748 pounds of water per 24 hours.
= 67.37 tons of water per 24 hours.

1 gallon per minute............... = 8.34 pounds of water per minute,
= 500.4 pounds of water per hour.
= 0.25 tons of water per hour.
= 12,010 pounds of water per 24 hours.
= 6 tons of water per 24 hours.

1 second-foot of water..........=7.48 gallons per second.
= 62.4 pounds of water per second.
= 448.83 gallons per minute.
= 3,743.2 pounds of water per minute.
= 1.87 tons of water per minute.
= 26,930 gallons per hour.
== 224,596 pounds of water per hour.
= 112.3 tons of water per hour.
= 646,315 gallons per 24 hours.
= 5,390,267 pounds of water per 24 hours.
= 2,695 tons of water per 24 hours.

To convert tons of water to—
Miner’s inches, continuous flow for 24 hours, divide by 67.37.
Gallons per minute, continuous flow for 24 hours, divide by 6.
Cubic feet per second, continuous flow for 24 hours, divide by 2.695.
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POWER

1 cubic foot of water = 62.5 pounds.

1 horsepower = 550 foot-pounds per second.

1 horsepower = 33,000 foot-pounds per minute.

1 horsepower — 746 watts or .746 kilowatts (kw.).

1 horsepower — 1 second-foot of water falling 8.8 feet (100% effi-
ciency).

Horsepower developed at water wheel at 80% efficiency =

Second-feet X.fall in feet
11

The horsepower required to lift any quantity of water any specified

distance may be obtained from the following formula:

Horsepower —‘W_TX};I (approximately).

when g.p.m. = gallons pumped per minute.

h = total head in feet against which pump must work. This includes
total material lift, plus frictional and other losses.

E = Efficiency of pump (expressed as a decimal fraction).

Theoretical horsepower developed by potential water source =

10 X h X e.fs.
88

when h = head in feet; c.f.s. = second feet of water discharge.

1 kilowatt = 1.341 horsepower.

1 kilowatt — 1,000 watts.

1 kilowatt —= 737 foot-pounds per second.

A kilowatt-hour is the quantity of energy resulting from the utiliza-
tion of 1 kilowatt of power for one hour of time.

Electrical energy yearly in kilowatt-hours

= horsepower X 0.746 X 24 X 365 = horsepower X 6,534.96.

To reduce kilowatt-hours (kw.-hrs.) per year to contmuous kilowatts
divide by 8,760 (365 days X 24 hrs.).

To reduee kilowatt-hours per year to continuous horsepower, divide
by 6,534.96 (0.746 X 24 X 365).

Power is defined as the time rate of doing work. A kilowatt and a
horsepower are both units of power. Power multiplied by time gives
energy or work.

Thus 1 kw. of power acting for 1 hour of time yields the unit of
energy called 1 kw.-hour. Likewise 1 hp. of power acting for 1 hour
of time yields 1 hp.-hour of energy.

Power should not be confounded with energy.



39

APPENDIX
raBLE 1

Measurement of Water In Western States

L3 —~
=0, @ >
= O D3 Ot WWWr-00 MW P Ol T MRS~
LTS IS S ONTInm Gmtis Ot QEEGO e oo aomod SERRE SZT8ER EEIEE [2TIT BLeoe
* OBMle.m.lllll HONINNG MMMMe W Tin o0 w WerLest-00 RN S SSSmT MU 0T ShChn snamee
.amefMMP&&&Q& SSecs Sescs SoSdE SSSSS SOSSS Secas  mrimeim o
= ago&E%a
Q @ -
[~]
A G IIBRT D - Oin ICIBININID DWN0C mOIYE0 ONWEO MINKNAIN VNDHM NEOL OwRhER
= S ITRAR ERREZ ARGIHE CExRS manvd Soocn awwes SosH6w wnean 8vece Sawg
m MQ&&Q& SOS i it e NNNNA CINNME MEOMM OTETTT TETHIN 0ITININI0 Q0RO
-
L
(5]
=
I} P 0O w HOOMm tew
P o HMRDON PLENND MHOWGMN OO NHOON LIOWT NONNN NANNME HIEOS -Hama
o -~
M wid POt OHOSH NMMWID OGN OMANM wINWEWw KOHAM WDV OSHNM wROOR
8 T emTen wEEEe NASSH ANETY VEenEe SARan TneE®R AOHNn TIBEX aoHNM TaeNS
= £S 6SSSS SSSES SSmmr A dedrdd ccicicial coiciciel cideieiel @eGMn Hewws srwww
Q A€
Ls
] Cs
R @
|-R=3
2 ELE et wmmwe oaens wnwn
= PP NIty HNDPOw NBUENG ~OHGA NKNKD TOWHE OAHE TOLNO QNCBE oY ©Ononn
o ZEZ QANMe owEmn NEVES MRARS ORFHAG T OOEXXR RSSHN anwwe Gonow SO
NS SEccs SCSSS OSSO SSOOM rmmirmrmm mrmrmme mHeree SEMNON ASINNG NN Ao ;me
Py
@
< W o
5] 2=
R d =3
(5]
< wt82730 WOWBE MUY DBONDW DWWOO-
™ L% roomdD WHTIS MM OWRNID HMErHI HTOMES —HODINO WHIAY WNNTD CHID OVHON
= S ArQEN NOMme THRRNG SEORE RO AOCHM NAMOT TTISGO ONEeR aNoSH Admew
M Vi SSCOS CocSs OO0 SCOSS OO SrrrM wrrEA memEE e NN NN
-
]
o]
= B IHEON HOOARHO rMEINWS WONEN ~MmOWw rHOWw FMMOw 100
w S SR PeHNTE BANOH CABED NINWOM G-I OMONN WHNINW wILWOMIZ WeINON INHNDO
S HNNNN NMMMM e ws ISNIND®@ @O 0R0R®H SROOS HHHAN AmMMMT W
s C SSOSS COCOS COCSS SOSSS SSCOS SOISE SSOCCS SOrET mrEHHrHmM A e
m —
(5}
~ gy
R
OvRD CJ 7 RO0KD, o o Lchnd ot
5 d.mmnu.ﬂ.,m 2 mEmeded RNUEGNE O ferTRenl el SRRt RNRGE RSNRR RrTElR opdiiith
I mlellll HAHMNN RNNNN MMM MOMMMT eI T FTINWGID BIOIBBIN OO0 ©OOOr -t
[} =
<) .
- orem @ =% OHNMYT ITWOMWEDH OmMNMY WO OrNMT WO OrNMw 1O OmAa
<3 Tl =t d et - [-1-17-

For fleld computation use Francis’'s formula.

*Computed from Cone’s formula,



Measurement of Water In Western States

40

TABLE No. 1—Continued

For
each addi-
tional foot

of crest
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TABLE No. 1—Continued

For
each addi-
tional foot

of crest
Head in . ~—~——————CgesT LENGTH (L) in excess
inches, (Flow in cubic feet per second) of 4 ft.
approx. 1.0 foot 1.5 feet 2.0 feet 3.0 feet 4.0 feet (approx.)
158% .. —— e 13.93 18.71 4.78
15% ... ——- —— 14,09 18.92 4.82
1548 ... e e 14.24 19.12 4.88
154 = ... . . 14.40 19.34 4.94
16 e e e 14.56 19.55 4.99
16y e — 14,72 19.77 5.05
164 .. e . 14.88 19.98 5.10
16y e —_— —_ 15.04 20.20 5.16
16 . [ 15.20 20.42 5.22
1644 ... . e 15.36 20.64 5.28
1643 . —_ PO 15.53 20.86 5.33
1648 J—— 15.69 21.08 5.39
17 P 15.85 21.29 5.44
174 _— 16.02 21.52 6.50
1714 —— —— — 16.19 21.74 5.65
17% .. —_ 16.34 21.96 5.62
171 — — e 16.51 22.18 5.67
178 o e e 16.68 22.41 5.73
17% . —— e 16.85 22.64 5.79
17% e eee e 17.01 22.85 5.84
18 e e 17.17 23.08 5.91
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TABLE 2
Flow Over Cipolletti Weirs in Cubic Feet per Second*

For
each addi-
tional foot

of crest
in excess

of 4 ft.
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For

each addi-
tional foot
of erest

0. 2—Continued

Measurement of Water In Western States
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1.0 foot
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Tm No. 2—COontinued

—————————Cgz37 LENaTH (L

(Flow in cubic feet per second)
0 feet

1.5 feet

Pl
!

3.0 feet

4.0 feet

For
each addi-
-tional foot

of crest

in excess

of 4 ft.
"(approx.)
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TABLE 3
Flow Over 90-Degree Triangular-Notch Weir in Cubic Feet per Second

and Gallons per Minute*

Head in inches

ute

per

Flow in gallons
6
5
4
2
5

Flow in cubic feet
8ECO
008
010
012
016
019

1
1
1
1
14

approximately

RN

NN

RN

NN N

HNGRR

mmMmmm

FRTR

M MR W

]

AR A

nEhe

A T-RT-11-

RN

WD WO W

R

C-L-L- -1

1R

VWL

e

tet-t-tete

it

&~ &= 0000 00

RS

00 00 00 00 6O

For field computation use Thompson’s formula.

Computed from Cone’s formulas,
*Computed to nearest gallon.



Flow in gallons
per minute

Flow in cubic feet
per second

TaBLE No. 3—Continued

Head in inches
approximately

Measurement of Water In Western States

Head in feet
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3.0 feet

2.0 feet

WEeIR HEiGHT
Flow in cubic feet per second per foot of weir crest,
1.5 feet

TABLE 4
Flow Over Rectangular Suppressed Weirs in Cubic Feet per Second*

1.0 foot

0.75 foot

Measurement of Water In Western States

0.5 foot

Head
in
inches
approx.

Head,

DL DN 0N DN=-NO
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A =E=E=f=00 WRNMN DOHHM NANMEM TTIIH SOOI VXORNH COrma

COOOD OO0 COOOD OOOOR COOOCE OPOOC COOOE wrmrmmrt wrrrr rmrrerd e e QAANNN

INOOMWLE ME=rd 1 ME=miNO WINLvr OO YT  00MGOM

COTND OOt ~ridifOD mMBINMr CSHDBRO NP~ 0N

HANWOW0 ONwEHN GMINW0D MOXm P OHALM NIV VNWBRM O PN WOFWON COTDHM VN-HLY OXDITD FHHRH N
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For fleld computation

*Computed from the simplified form of Rehbock's fornula.

use Francis's formula.



3.0 feet

feet

2.0

feet

Wee HeiGRT
Flow in cubic feet per second per foot of weir crest
1.5

1.0 foot

TABLE No. 4—Continued

0.75 foot

Measurement of Water In Western States
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Measurement of Water In Western States

TaBLE No. 4—Oontinued

in - Weie Heioar

inches Flow in cubic feet per second per foot of weir crest
approx. 0.8 foot 0.78 foot 1.0 foot 1.5 feet 2.0 feet 3.0 feet
16{2 —- —_ 6.38 6.04 5.87 5.71
16¢ — —— 6.46 6.12 5.95 5.78
17 ——— — 6.562 6.18 6.01 5.84
17 — — 6.60 6.26 6.08 5.91
17 PN 6.68 6.32 6.15 5.97
17% —_ 6.76 6.40 6.21 6.03
17 —_ 6.84 6.46 6.28 6.09
17 6.91 6.63 6.35 6.17
17%, 6.99 6.60 6.41 6.23

% — 7.07 6.88 6.49 6.29
18 - — 7.15° 6.75 6.56 6.36
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TABLE 5
Flow Through Rectangular Submerged Orifices in Cubic Feet per Second*

A
» A

C
Ul

RO8S -SECTIONAL AREA OF ORIFICE

1.00

Flow in cubic feet per second

0.50

BGRER

approx.

Head,

in feet in inches,

“E

Head,

RRGR

£~ £~ 00 GO 00

NT2ARAR

RO -

oMo OoQ

RIGRNGR

L2117 3"

0.61a 1/ 2gH

*Computed from the formula Q
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Measurement of Water In Western States

TABLE No. 5—Continued

CRro8S-SECTIONAL AREA OF ORIFICE, A

Flow in cubic feet per second
0.75

0.50
9
0
0
0
0

Tr
358 mpan
& B r-00000000
oo A

LA
¢t. O - 0C

H O
W.MHG.GG.S.J
e cosso

Mmoo
- T

ot
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TABLE 6
Velocity of Water Through Orifice Takeouts

Computed from the formula

0.70 v 2¢gH

V=

To find head take difference in level above and below opening when
submerged. When water falls free take distance from upstream sur-

face of water to center of opening.

Discharge = Area of opening X velocity.

Heap axp VeELociTy IN Feef———

~HEeap aND VEwoCITY IN FEET

3

2

1

0

2

1

0

H
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Measurement of Water In Western States
TABLE 7 )
Free-Flow Through Parshall Measuring Flumes
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T
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3
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6
6
7
8
8
9
0
1
2
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
2
3
4
5
6
8
9
0
1
3
4
5
1
8
9
1
2
3
5
6
8
9
1
2
4
5
7

2
feet
4
4
5
5
6
6
7
7
8
8
9
9
0
1
1
2
3
3
4
5
5
6
7
7
8
9
0
0
1
2
3
4
4
5
6
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8
9
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5

THRoAT WIDTH
(Flow in cubic feet per second)

15
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Measurement of Water In Western States

TABLE No. T—Continucd
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TABLE No. T—Continucd
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Measurement of Water In Western States
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Measurement of Water In Western States
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Measurement of Water In Western States

Coefficients for Pipe of Circular Section Flowing Partly Full

TABLE 8

63

{Coefficients for (1) ares, (2) wetted perimeter, :3) hydraulictadius, (4) conveyance, (5) discharge for critical-depth flow, and (6) top width]
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29; . 1890, 1. 1373 . 1662 . 0848 . 4893 . 908 .79, 3. 813
301 . 1982} 1. 1593 . 1709. . 0907 . 523 017 . 80 3.5 S0
. 31; . 2074) 1. 1810 . 1756 . 0968 557 . 925 81 . 6815 22395 .3043 . 4578 3. 602 785
. 320 . 2167 1.2025 . 1802 . 1027 592 . 933 ; .82 . 6893. 2.2653 .3043 . 40630  3.702 765
. 330 .2260 1.2239 | 1847 . 1088 . 628 . 940 .83, . 6969 2. 2916 . 3041 . 4681 3. 806 751
L34 . ‘2355t 1. 2451 . 1891 . 1155 . 666 947 . .84 7043 2. 3186 . 3035 . 4731 3. 914 733
. 351 .2450; 1. 2661 . 1935 . 1220 . 704 954 n U85 L7115 23462, .3033 .4768  4.028 714
.36° . 2546; 1. 2870 . 1978 . 1283 . 743 960 - .86, .7186 2.3746 .3026'.4816 4. 147 694
.37, . 2642i 1. 3078' . 2020 . 1350 . 784 966 . C87.7254 24038 . 3018 . 4851 4. 272 73
- 38, .2739; 1.3284 . 2062 . 1421 . 825 971 .88 . 7320 2 4341 .3007 .4884 4. 406 650
. 39' . 2836 1. 3490 . 2102 . 1488 . 867 ‘975 .89 . 7384 24655 .2995 . 4916 4. 549 626
. 40. . 2934 1.3694 . 2142 . 1561 . 910 980 .90 . 7445 2 4981 .2980 . 4435 470 600
.41 .3032; 1.3898. .2182 . 1631 . 955 984 C91 L7504 25322 2963 .4951 4. 87 572
.42 . 3130, 1.4101 .2220 .1702 1.000 987 .92 7560 25681 .2944 . 4966 5. 06 . 543
. 43; 032291 1.4303, . 2258 . 1780  1.046 990 L03 . 7612 2.6061 .2021 4977 527 L5310
.44, .3328; 1.4505 .2295 . 1854 1.093 993 .94 7662 26467, . 2895 . 4979 5. 52 475
.45, . 3428} 1. 4706, . 2331. . 1931 1. 141 . 995 | .95 . 7707 2.6906 . 2865 . 4970 5. 81 . 436
. 46 .35271 1. 4907, . 2366 . 2002 1. 190 . 997 . LY6 L7740 2 6. 18 . 392
.47 .3627] 1. 5108; . 2401 . 2080 1. 240 998 - .97 (7785 2.7 6.°67 341
. 48: 3727 1. 5308 .2435 .2160 1.291 .999 .98 . 7817 2 a3 280
.49 . 3827 1. 5508 . 2468 . 2235 1.343 1. 000 .99 7841 2 - 8.83 144
.50 .3927; 1.5708, . 2500 .2317 1.396 1.000! 1.00 .785% 3. 1416 .2500 .4633 |....... 000

D=diameter of pipe (ft.).
d=depth of water (ft.)

Find —
ind

Area

Use table column 1 (ca)= D2

Area

X D2=total area (ft2)

Measure velocity with current meter
Then plug into Q=AV
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