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THE MEASUREMENT OF WATER
W. G. STEWARD

Im]}()rtance of "Tater Measurements

tiThe measurement of water is the great irrigation need of the day, in
the face of which all other needs vanish."*

The importance of water measurement in the slate of Idaho is very
great. Comparatively few of the irrigation companies in the state have
any systematic method of making measurements. or of keeping records of
water delivered to the users. The matter of equitable distribution and
accounting is so important that it should command the universal attention
of irrigators throughout the state.

What farmer in Idaho would sell 1000 bushels of wheat to ten of his
neighbors and as each came for his wheat, would say "It is out in the
granary. go and help yourself to what you think is your share. There is
no need to measure or weigh it, just guess at it as closely as you can."
How much wheat do you think would be left for the last two or three
men? In the distribution of water in the state of Idaho a not uncommon
practice Ius been: Of Help yourself." Lax methods of measurement and
distribution often led to disputes and expensive litigation,

The object of this bulletin is not so much to give new information as
to give to the farmers and ditch riders the simplest known methods of
water measurement with as much of the practical as possible and with
only as much theory as is necessary. No attempt has been made to hold
to any of the refinements such as might be used by the engineer in scien~

tiCic investigations; at the same time it is intended to keep well within the
limits of the needed accuracy. It is not the intention to encourage lax
or careless methods, but to encourage a more universal practice of water
measurement by furnishing the necessary information in the simplest
terms possible.

It is the desire of the author to pre ent for the benefit of the irrigators
of Idaho the best practice and methods evolved from years of experi
menting with practically every style of measuring device ever put on the
market. It is believed that the information here R"lven will enable a ditch
rider to make a close approximation of the flow of water under almost
any condition that may occur on an irrigation project.

• John A. Widtsoe in Print:iples of Irrigation Prat:tice.
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Units of Measurement

For tho measurement of water there are two kinds or classes of units.
These are:

1. The units of quoll/i/)' or volltmc~ the most common of which
are the gallon. the cubic foot, and the acre foot·

2. The units of the rale of flow which take into account the time
consumed in the delivery of a unit of volume. The most common of
these are the mincr·s inch. gallons per minute1 cubic feet per second, and
acre foot per day.

It is important to get well fixed in mind the distinction between a unit
of volume and a unit of rate of flow; for instance. a cubic foot is a defi·
nite quantity of water such as would be contained in a cubical can having
faces onc foot square. .\ cubic foot per second, or what is known as a
second foot. would fill such a can once every second as long as it con·
tinued to flow, that is. 60 cubic feet per minute or in onc hour a flow of
a second fOOL would have discharged 3600 cubic feet of water.

The Srcolld Fool or Ih, ClIbic Fool Per Secolld.
The legislature of the tate of Idaho in 1899 passed a law making the

cubic foot per second the leaal unit for the measurement of irrigation
water. A cubic foot per ccond flowing for twenty-four hours would de
liver 86,400 cubic feet per day and as there arc 43,560 square feet in an
acre this amount of waler would cover 1 acre 1.9835 feet deep, or would
equal 1.9835 acre feet. This is so near the 2 acre feet that it is custo
mary to say that one second foot of water flowin~ for one day equals
2 acre feet.

Acre Foot.
An acre foot of water is the quantity of water that would cover one

acre to a depth of one foot. As there are 43 1560 square feet in onc acre, it
is equal to 43,560 cubic feet.

Tlu Miller's Illch.
The miner's inch in Idaho is the one-fiftieth part of a second foot· The

term miner's inch came from the fact that water was formerly measured
by the amount of water passing thru an orifice one inch square under
a given pressure. The miner's inch in Idaho was the water that would
pass thru a sharp-edged orif.te one inch square under a pressure of
4 inches measured from the center of the orifice. This is equal to ap
proximately one-fiftieth of a second foot.

Orifice.
An orifice is an opening in a heading, preferably of rectangular shape,

through which water flows under pressure. The standard orifice has
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sharp edges so that the iet of water passing thru is contracted on aU
four sides.

II the discharge of the water thru the orifice is into free air, it is
called a "Free Orifice." If the discharge of water is under water, it is
called a "Submerged Orifice'" The head used in computing the dis
charge of a free orifice is the distance from the surface of the water
above the orifice down to the center of the orifice. The head used In
computing the discharge of a submerged orifice is the difference in ele
vation between the water surface above the orifice and the water surface
below the orifice. The same discharge table is used in each case.

Head.
The term head is used in two senses in irrigation (I) meaning the

quantity of water available, as when one says H a large head of water,"
and (2) meaning the height of the water surface above the weir crest
or the di fference in the level of the water above and below a submerged
orifice.

Weir Scale or Gage.
A weir scale is a strip of metal or other mate'ial marked with some

standard measuring units, for instance, into feet; tenths of a foot, and
hundredths of a foot. It is used to measure the epth of water flowing
o\·er the weir crest- A weir scale may be mark. i into feet and inches,
but the decimal marking is usually considered mOl convenient.

Check Board.
A check board is a board placed in a canal st, ,cture to check the flow

of water, causing the water level to be raised. A check board acts as a
weir when water is flowing over it.

Heading.
A canal heading is any device which may be used for changing the

flow of water from one channel to another.

:Methods of Measurement
Irrigation water is usually measured by one of three methods: over a

weir, thru an orificeJ or in an open channel. Of these methods, the one
most commonly used by ditch riders is the weir-

A weir is a notch in a vertical wall through which water flows. The
weir is the best instrument ever devised for common use in the measure
ment of irrigation water. It is cheap and simple of construction. The
results are accurate and easily understood. The measurements are easy
to make and the computations are rapid.

There are many types of weirs, but the one most commonly used in
the measurement of irrigation water is the Cippoletti weir, so called be-



~I IH~

.,

~
o

~
'"l'l
~
~

::::
l'l
Z
"l
w
;;
"l
~

o

""

PERSPECTIVE
SHOWING WEIff,
CONSTRUCTiON

T/,if

Baff,r l: t

..

CutOff
&aM

T ":.-''":'i '1
~.. . .

~"'I " ... ·1• t ...., .• . • . . '. ' .

..... :1_ a "O'~

( Any "d,.slr,d "(If/It

METIfL PIfRTS OF F:1 Z
ClPPOI.ETTI WEIR

Z."XIO· or
Z'XIZ"Planks

WJ"infs

00 no! nail
floor plQf'lks

, '

2.";{12·PlanA

TYPICAL PLAN
rI9·,1

No. 16 Gaq~ jd
Ga/vaniz~d t
/ron with
~ .. no/~.5:

Shorf w''''r. woll
Us~ for 1;,'h:~nd1.· crests

4"X4" J

~

~

~

"'-
~

T
~~

.L

'I". t. .".., ~..,

[
' ' ~. ~

.., ~



THE MEASUREMENT OF WATER 7

cause it was designed by an Italian engineer named Cesare Cippoletti.
This weir has a thin horizontal crest and thin sides, and the weir notch
is wider across the top than at the bottom,the sides having a slope of aile
inch O'ut to four inches '1'·ise or what is flsttall:y termed a 1:4 slope-

A rectangular suppressed weir has a right angle notch, the sides of
which are flush with the weir box in which it is placed, so that the water
flowing over the crest is not contracted on the sides. (see Figure 6,
showing types of weirs). The suppressed rectangular weir discharge is
usually computed from the Cippoletti weir tables.

The rectangular contracted weir has a rectangular notch, the sides of
which are some distance from the weir box so that the water flowing
over the crest is contracted on the sides as in the case of a Cippoletli
weir. The rectangular contracted weir requires a special table for each
length of weir and for this reason is not generally used. Where the
width of the crest is large compared with the depth, a Cippoletti table
can be used without appreciable error. This condition obtains in most
cases where water runs over checks and waste gates. The Cippoletti
weir and the suppressed rectangular weir discharges are usually com
puted from the same table.

Constructlon of 'Weirs

The construction of a weir box and crest is shown in the accompanying
drawings, of which Figure 1 is a typical plan, the view showing two
types of wings. The first is for the smaller sized weirs with I, I}1,
and 2 foot crests. The wings for this size are formed by a 1 inch by 12
inch plank nailed vertically against the upright post as shown in Figures
1 and 5. The other type of wing is for crests of 3 feet and over· The
wing can be made longer or shorter than shown according to the type of
soil in which the weir structure is set. Figure 5 shows how the weir
crest is mounted on a weir board and how this board is mounted in front
of a flush board so that it can be raised or lowered to an amount equal
to the approximate width of the flush board without making a break in
the face of the structure. This is to allow the weir crest to be adjusted to
meet the requirements of the varying change in the water level in the
canal without otherwise disturbing the weir structure. In order to
facilitate any such necessary change the weir board should be so nailed in
place that it can be easily removed and replaced at any desired height.

Figure 5 shows how the sides and bottom of the weir box are placed
and also the method of mounting the metal crest on the weir board- It
will be noted that the blade or weir proper is composed of three pieces
of sheet metal, (see FiO'ure 2), the crest and two side pieces. They are
so made as to allow the use of any width of crest with the same size of
sides. Figures 3 shows a weir box set in place with the weir and gage
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mounted thereon and gives a good idea of the comparative width of weir
pool required. Figure 2 gives the dimensions of the metal parts of a
weir with the location of the nail holes required to fasten them in place.

The depression in the floor as shown in the drawings may be omitted
and the floor may be set even with the canal grade if the soil does not
wash easily or if riprap can be easily and cheaply placed below the weir
box to prevent the soil erosion. This permits reducing the height of the
box· Other changes as to the width of the wings, the depth of the cut
off board and the height of the flush board may be made as conditions
demand.

The requirements for the proper setting and operating of this type of
weir are:

1. It should be set at the lower end of a long pool sufficiently
wide and deep to give an even smooth current with a velocity of ap
proach of not over 0.5 of a foot per second, which means practically
still water.

2. The line of the weir box should be parallel with the direction
(·f flow, that is, the crest is to be at right angles to the direction of the
flow·

3. The face of the weir should be perpendicular, that is, leaning
neither up nor down stream.

4. The crest of the weir should be level so the water passing
over it will be of the same depth at all points along the crest.

5. The distance of the crest above the bottom of the pool should
be about three times the depth of water flowing over the weir crest l and
the sides of tl,e pool should be at a distance from the sides of crest not

less than twice the depth of the water passing over the crest·

6. The gage or weir scale may be placed on the upstream face
of the weir structure and far enough to one side so that it will be in
comparatively still water as shown in Figure 3. The bottom or zero of
the scale is at the same height as the weir crest. The scale should be
tacked on a I inch by 3 inch board a little longer than the scale, and the
board then nailed to the structure. This board and the scale can be re
moved from the structure and reset at any time without in any way
damaging the scale. The scales that are made of enamel ware will nnt
stand much bending without cracking the enamel· It has been found
that the setting of the scale at one side of the weir as shown gives prac
tically the same results as when it is set in the pool above as is usually
directed. It is set with much less trouble, is more permanent and is
easier to check.

7. The structure should have the width of the weir crest plainly
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marked on the upstream face. The metal parts of the weir should be
accurately made and should be carefully placed after the weir box and
the weir board are installed.

8· The crest should be placed high enough so the water will fall
,practically free below the weir. A submergence or back water condition
equal to a depth of about 1-16 of the depth of the water over the weir
or less has very little effect on the weir discharge and may be neglected
in ordinary measurements. Should a close measurement be desired the
table of coefficients given may be used. Submerged weirs should be
avoided if possible.

9. For accurate measurements the depth over the crest should not
be more than one-third the length of the crest. If the depth of water
over the weir is greater than one-third of the length of the weir, the
discharge as derived from the formula, Q 168.3 LH 3-2 (Where Q is
the quantity in miner's inches, L the length of the crest in feet and H the
gage height in feet) can be increased by the coefficients as given in the
following table:

Table No. J.
---------

Depth in per
cent or width

.0
60
60
70
80
90

100

CoeffiCient

1.0076
1.018
1.032
1.0'7
1.063
1.080
1.096

10. The depth of water over the crest should' not be less than
about 2 inches as it is difficult to get sufficiently accurate gage readings
below this point to give close results. However, a broad crested weir
with low gage heights, used where there is little fall will give more re
liable results as a rule than can ordinarily be obtained by the use of an
orifice using the same amount of head-

Use of the Weir Table.
The depth of water flowing over the weir can be measured in tenths

and hundredths of a foot with a weir scale, or it can be measured In
inches and fractions of an inch. In the table the head is given both as a
decimal of a foot and in inches. To find the discharge of a weir measure
the head, or depth of water flowing over it. Look down the column of
your table "Head on Crest" till you find the head corresponding to your
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measurement, then Tun across the page to the column headed with the
length of your weir crest. This figure will be the discharge of your weir
in miner's inches. Example: Suppose that you have a ZjI, foot weir and
the head is 0.36 of a foot or -l~ inches. Look down the column "Head
on Crest" to 0.36 then run across the page to column headed ZjI, where
the discharge is given as 90.2 inches.

THREE TYPES OF WEIRS

HaUNTED THEREIN

Rectangular Suppressed Weir

If desired, the rectangular suppressed weir can be used in the weir box
as shown above, but the Cippoletti weir is usually considered preferable
for general work. The table given can be used for a redangular sup
pressed weir so that flow over checks and headings may be computed
when desirable.

The principal use of the rectangular suppressed weir will be where
water is measured over checks and drops. If the measurement is made
over the crest with a broad scale according to instructions, the error
caused by the velocity of approach is taken up in static head so that the
discharge may be computed from a Cippoletti weir table. If the crest of
the check or weir in a contracted rectangular weir is long as compared
with the depth of the water flowing over it, the error caused by the con
traction at either end will be small compared with the total amount when
the Cippoletti table is used. In nearly all cases where it is desirable to
measure the water passing a check the object is to get an estimate of the
water ayailable for use below the check, and for this purpose the use of
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a check board is sufficiently accurate. If the check board is not level it
can be divided into several parts and each part treated as an individual
weir.

SUBHERGEO . WeiR

F tj",.~ 7 .f~t>I'Y/~ F,.e tn,. SUim?t!'7t!'/ fVe'",..3

Sabmerged Weirs
It occasionally happens that, in order to irrigate a piece of high land

near the head of a lateral, it is necessary to check the flow of water so
that the surface of the water on the lower side of the weir rises above
the crest, and the weir becomes a submerged weir; sometimes called a
drowned or floating weir. It is evident that under this condition the
discharge of the weir cannot be known by reading only the upper gage.
In order to get the proper discharge it is necessary to get the elevation
of the water surface both above and below the weir with reference to the
weir crest.
. When the water below the weir is backed up or checked till the sur
face is higher than the weir crest and the weir begins to submerge, the
discharge of the weir is slightly greater than it would be if the flow were
free. This excess discharge is gradually diminished as the back water
gets higher until the point at which the lower gage reading is about 1-16
of the upper gage. At this point the flow is about the same as if the
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weir were flowing free. As the water below the weir continues to rise
the discharge becomes less and less until the flow finally cea,es when the
two gage heights become the same. As long as there is a decided differ
ence in the two gage readings the discharge may be obtained with ap
proximate accuracy by the following method;

1. Find the height of the water surface over the weir crest both
above and below the weir crest.

2. Find from the weir table what the discharge would be with
the weir running free at the gage height as observed on the up[)er gage.

3. Divide the amount of submergence, or the lower gage read
ing, by the upper gage reading. This will give a decimal fraction.

4· Select from the coefficient table the value which corresponds
to this decimal fraction.

5. Multiply the discharge as shown by the upper gage by this
coefficient and the result will be the discharge of the weir as submerged.

6. A submerged weir should never be used where it can pOS5ibly
be avoided.

Example; On a two foot weir the upper gage reads 0.45 feet. The
water surface below the weir stands at (}26 feet above the weir crest.
The discharge of a. two foot weir at 0.45 feet is 100.8 miner's inches,
(See Weir table) ; 0.26 divided by 0.45 i equal to 0.577 or approximately

h
0.58. From Table II, given below, follow down the column headed -

H
to (}SO then run across the table to the column headed 0.08 to complete
the 0.58 and the coefficient is found to be 0.780. Multiply the indicated
discharge, 100.9, by 0.78 and the actual discharge, 78.6 inches, is obtained.

Table No· IJ.
TABLE OF COEFFICIENTS .FOR SUBMERGED CIPPOLETTI WEIRS

h/HI 0001 0011 00'>1 0031 004 OOrtl 0001 0071 0081 009. -
0.00 .998 .099 1.000 1.000 1.0OJ 1.00111.002 1.00 1.001 1.UOO
0.10 .... .997 .99:i .993 .991 .988 .985 .981 .07i .97;1:
0.20 .969 .965 .961 .957 .953 .948 .9-13 .939 .935 .931
0.30 .927 .923 .919 .9~~ .911 .007 .903 .898 .893 .S8d
0.40 .883 .S78 73 .86 .863 .858 .853 .848 .842 .83"
0.60 .830 .824 :818 .8]2 .806 .800 .794 .787 .780 .7n
0.60 .766 .750 .762 .746 .738 .730 .722 .7]4 .70G .697
0.70 .688 .670 .670 .660 .650 .640 .629 .6JS .607 .59:i
0.80 .583 .571 .f.iS8 .545 .532 .518 .G03 .'187 .'171 .453
o.flO .435 .415 .395 .372 .347 .319 .287 .253 .205 .143

-• H=The gage height above the welT crest.
h=Tbe gage below the weir crest.

Another method of getting the discharge of a submerged weir is by
the use of the diagram shown in Figure 8. In order to use this diagram
the upper and lower gage height must be known, the same as in using the
table, then proceed as shown in the following example:
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1.1'1--f-1+--+t-l'-t---\f--!f--¥--..,..,"I-:f-¥-7'-h<--J

Suppose that the gage above a two foot weir reads 0.70 feet and the
surface below the weir is 0.40 feet above the crest. Referring to the
diagram and noting where the line for 0.70 for the upper gage reading
crosses the line for 0.40 the lower gage reading, it will be seen that they
cross near the diagonal line marked 80 per cent or at abollt 78 per cent.
Taking the discharge of a 2 foot free weir with a head of 0.70 feet, we
have 197.6 inches from the weir table, and multiplying this by 78 per
cent we get the true discharge of 154.1 inches for the weir that has a
gage height of 0.70 feet and is submerged 0.40 feet.

Care should be taken that there be enough difference in the readings
of the upper and the lower surfaces to give a locatIon on the diagram
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where the values do not change too rapidly, for instance, 0.80 feet on the
upper and 0.77 feet on the lower would give a location on the diagram
where it would be difficult to give the proper percentage for a multiplier·
Under such cases the checks might be changed so as to lower the water
surface below the weir, thus making a greater difference in the two gage
readings while still leaving the weir submerged.

Weir Crest
~--:--

~ .,'
<l J>
,)( .7.

.,
..... .s.

t----;~!i-i .~ JI f-"I'-"'---\

"9 ,. SIr.tc1) SI)Dwing H~/ho of s,tt"'f
and C/7~ckl'1I1 W~/r Scales

Figure 12 shows the method of measuring the backwater on a sub
merged weir. The scale, held in a vertical position, is pressed against
the downstream face of the weir plate in such a way that the eorner of the
scale nearest the center of the ditch rests on the end of the weir crest,
The backwater then is easily read as shown in the figure mentioned. If
the weir crest is not level then it may be taken' in two sections and a
measurement can be made at each end.

The submergence of a weir is usually caused by the canal below be
coming filled more or less with grass, moss or weeds. \'\.then possible
this condition should not be permitted. The use of the submerged weir
for the measurement of water is not recommended but it gives fairly accu
rate results and if the measurements of the depth of the water above and
below the crest are carefully made the resulting calculations are far
better than are usually obtained from a rider's estimate'

Submerged WeIr DIagram

The diagram shown in Figure 8 was derived from experiments con
ducted by Francis, Ftele, Stearns and Stevens and its use is considered
reliable if the difference in the gage heights is not so small as to make the
percentage used less than 50. The use of this diag-ram enables the rider
to make a quick and close computation of the discharge over a submerged
weir.
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Checking Weir Gages

The position of the gage should be checked frequently to determine if
the weir box has settled out of level, or if the gage or other parts of the
weir have been changed. This may easily be done by the use of a carpen
ter's level (See Figure 9) or it may be closely approximated by turning
the water out of the lateral and noting at what point on the gage the
water stands when the point of zero flow takes place on the weir. eare
must be taken in doing this as the water will not flow over the crest till
it is about 0.015 of a foot above the actual crest level. This method
will also show whether or not the weir crest is level.

VelociIT of Approach
\Vhere the weir pool is made too narrow and too shallow, or where the

pool has become filled with silt, the water as it flows towards the weir
has considerable velocity' This is known as velocity of approach. This
velocity makes the weir discharge more water with the same gage height
than it would if the water were coming from a still pool. It is for the
correction of this that the weir pool is made wide and deep. \Vhere this
velocity occurs, a correction can be made for it in the following manner.
Using a thin weir scale about two and one-half or three inches wide; place
the scale on the weir crest with the sharp edge cutting the current as
shown in Figure 10, and then turn it parallel with the edge of the weir
crest letting the water climb up the scale as shown in Figure 11, note
the reading of the water on the scale. This reading is the one to use in
computing thc discharge from the weir table. Do not hold the scale in
this position longer than is necessary to make the reading because the
width of the scale blocks the water and will in a short time raise the water
in the pool and increase til" reading. If the reading is not obtained the
first time, trY'it until a satisfactory reading is secured. It has been found
that this method gives the same reading as if the weir pool were cleaned
and a reading were made under normal conditions· If the weir is normal
and has 110 scale mounted thereon reading can be taken in this manner
at any time. It requires a broad scale and it must be held perpendicular
over the weir crest. An ordinary carpenter's rule is too narrow to be
used for reading depths accurately. The theory of this method is that
the scale being placed in the water with the broad face against the stream,
checks the water and thus takes up the velocity of approach and so
changes the velocity head to static head, which is read on the gage. In
case the velocity is not evenly distributed across the weir, the crest can be
divided into two or more sections and a separate measurement can be
made of each and the results added. It sometimes happens that a weir
crest has settled so that one side is lower than the other. In this case
it is evident that a reading made in the center of the weir would not give



18 IDAHO EXPERIMENT STATION

the proper results. To get the correct measurement, divide the crest into
two or more sections and sum the results' Do not take the mean gage
height of the sections as that would not give the proper discharge. A
little experience wiII enable one to use this method to good advantage.
It is not intended that this method of measurement is to take the place
of weII constructed weirs and pools, but is to be used when the pool is
out of order or when there is no gage on the structure by which the
proper gage height can be obtained.

Figure 13-Usj,tg a scale in taking the dept" of 'u..'oter D1X'r a 'weir.

In Figure 13 is shown the method of taking the depth of water over
a weir using a scale. In this case the gage on the weir structure did not
show the proper reading because it was situated off in one corner where
it did not get the effect of the velocity of approach. of which there was
considreable. The water from the heading above ran at an angle across
the pool and the highest velocity passed over the center of the weir. This
would necessitate that there be at least two or perhaps more readings
made on this weir in order to get the proper discharge. The gage in
stalIed on the heading read 0.19 feet and the scale reading over the center
of the weir read 0.22 feet. This pool was then deepened by raising the
weir board 0.65 feet and readings were again taken. the discharge of the
heading not being disturbed' The two gages then read the same. They
were both 0.21 feet. Figure 14 shows these readings being taken. After
these readings were taken the head of water was increased and the read
ings as shown in Figure 15 WCTC taken. They were 0.70 feet for the gage
on the structure and 0.69 feet for the gage as seld owr the crest of the
weir, thus showing how close the two will tally when the weir is in proper
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Figure 14-Takillg the rcaai"g aflcr raising tile 'weir board.

Figura Ij-Taking readings after increasing tire head of 'looter.

condition. Figure 16 shows a weir having too high a velocity of ap
proach, which renders it valueless as a measuring- device. This easily
could be corrected by raising the weir crest until the velocity of approach
was reduced to less than one-half foot per second.

These illustrations should g-ive a good idea of the proper lise of a scale
by a ricIer for keeping close check on the flow of water in the canals along
his ride.
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Figure 16-The velocity of approach faa high.

The Submerged OrIlIce

The structure for the submerged orifice is built the same as for a weir,
but instead of placing a weir crest in the front heading an opening known
as an orifice is placed therein as shown in Figure 17.

This opening may be of any required dimensions and of any hape,
tho for convenience of computation certain standard dimensions are
usually selected. (See Table V.) The orifice is not used as generally as
the weir. This is due to certain inherent disadvantages. First, the orifice
structure is such that it gather< trash which tends to check the flow and
hence to destroy the accuracy of the measurement· Second, there is a
chance for inaccuracy on low heads, that is, where there is but little dif
ference between the upper and lower gage readings because the relative
discharge for this small difference is so great that a slight error in read
ing the gage makes a very great difference in the result of the computed
discharge. Third, unless some special provision is made the submerged
orifice is not adapted to passing large quantities of water; it will pond
the water above the orifice so that damage from overflow is liable to be
done to the canal or the heading. In the case of the weir the proportional
discharge is increased as the head increases and the excess flow is auto
matically taken care of by passing over the weir. This is graphically
shown in Figure 18, where the discharge curve of a two foot weir is
plotted on the same scale as the curve for an orifice with a one foot open
ing. It will be noted that for a gage height of 0.10 feet the discharge of
the orifice is about 8 times as great as the discharge of the weir, this pro
portional discharge is gradually reduced till at the gage height of.0.75
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feet they are equal, and at one foot the discharge of the weir is 35 per
cent greater than the discharge of the orifice.

The coefficient of discharge in the orifice is much more uncertain than
in the case of the weir, and is affected by a greater variety of factors that
are not so easily regulated' Notwithstanding the above mentioned dis
advantages there are times when it is desirable to use the orifice as a
measuring device. This may occur where it is imperative to save head,
or hold the water level as high as possible in the canal. In this case it
may be necessary to sacrifice accuracy for the sake of saving head. There
are times when it is desirable to combine a canal heading with a measur
ing device in which case an orifice can well be used because the heading
shuts out the trash and regulates the flow.

I,
f-.

• CURVES SHOW/N6 I / Vf-.• t--TffE OIl'R'RcNCE BETWEEN
1/THE O/5C/f/lR6E Or V{IN OfllT- CE {lNO R fiR

~V
f-~ ....•• ./ 1/

~ /'f- ... S
~.?- j,.

"f--" ~
)({;f ~"v. .. .

""," ~~...
~\ t

/~.>{ / o~o~

/ t~~
-.z /!\,i.:

o~ . .
r--:1o / /'

II J-..-V b, schartl~ In second ft!er

Rules Governing the Use of the Orifice

The orifice opening should be regular in shape. and should have sharp
edges. The pressure head should be not less tlun 0.10 of a foot.

The depth of submergence of the orifice should not be less than the
height of the orifice, and a submergence of twice the height of the orifice
is preferable'

There must be two gages, aile of which should be set on the head-wall
above and to one side of the orifice, and the other on the head-wall to
one side and below the orifice. These gages should be set with their zero



THE MEASUREMENT OF WATER

marks at the same elevation. This may be at any desired point so it will
always be covered with water when the orifice is in use.

Where a canal gate or heading is used for an orifice to measure water
the coefficient of discharge must be determined for each different con
dition either by measuring the water over a weir or by a current meter
measurement, if any degree of accuracy is required. This is because the
discharge coefficient changes with the form and kind of orifice and in
many cases with the depth of water and the water pressure. For this
reason if good measurements are desired the standard orifice structure as
shown should be used, and the discharges may then be taken from the
table as given. ,

Orifice Table

In using U,e table find the differen~e between the reading of the upper
and the lower gages. This will be the "effective head" as used in the
table. In the succeeding columns will be found the discharges for orifices
having openings of different sizes with effective heads as shown by the
gages. Discharge for orifices of larger sizes may be found by multiply
ing the discharge for a one foot orifice by the size of the orifice desired.

Example: Suppose that the upper gage reads 1.25 feet and the lower
gage reads 0.83 feet, then the effective gage reading would be 0.42 feet.
If the orifice opening is 3 inches wide and 12 inches long, then the orifice
would have an area of J4 square foot. Referring to the table opposite
0.43 foot and in calumn headed ~ square foot the discharge is given as
40.8 miner's inches. The coefficient used in this table is 0.62. If any
other coefficient is desired, divide the given discharge by 0.62 and
multiply the result by the desired coefficient and the required discharge
is obtained.

For the convenience of those accustomed to measuring the heads in
inches the "Head" is given in feet and in inches in both the weir and
orifice tables.

}~loat :Measurements

It often happens that it may be neccessary to know how much water
is flowing in a canal or lateral and that there is no measuring device in
stalled. In that ease a fairly accurate measurement can be made by the
use of floats. To do this, select a part of the stream where the flow is
even and straight and the width and depth are uniform. This is necessary
because curves and holes create cross currents in the stream. The length
of the section to be measured will depend on conditions but it should be
at least 4 or 5 times the distance across the stream. Select and mark
two points along the bank that are at suitable distance from each other.
Opposite each point lay a pole or stretch a string or rope across the



- - -- ---------------------~-~----

24 'IDAHO EXPERIMENT STATION

stream at right angles to the direction of flow. By means of marks on
the rod or string divide the distance across the stream into any number
of se#tions. These sections may be even in distance or not to suit the
conditions· Measure the depth of water under the center of each sec
tion. (See Figure 19).

fi.I!!f.l'l. 5ffOW/NI!, Mi'rHoo {/~_PIV/O//,(6 5""~AM' ItYTO 5ccrlO/ys
~ F'U'AT MFlfSVIi'EMENT:

A set of notes somewhat as follows should be kept:

Table III.

Form of Notes for Float Measurements

I Width Depth 1A:::rb Time of Velocity
Section of " Ac", Float of Disc:barce

Stttion Center Section \Vater

i'<. Fe Fe 5•. Ft. Ft. Seconds Ft. pet Sec. Sec. F~.

0·' 1 ... ... 20 I. l.2S .55
'·2 I 1.20 1.20 20 10 2.00 2.<40
2-3 , 1.00 1.00 20 8 2.50 2.50
3-4 , .40 .40 20 ,; 1.33 .53

Total 5.98

Select a material for a float that will be almost entirely submerged as
a green Russian thistle or a bottle or can partially filled with water. This
is to avoid its being materially affected by the air currents and so it will
acquire as near the mean velocity of the water as possible. Place this
float in the stream above the upper section and opposite one of the
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divisions, and let it float down between the two marked sections and note
the number of seconds required to pass between the two lines. A stop
watch is best for this work but with a little practice an ordinary watch
will enable one to get good results. Should the float tend to move out
of the desired line of flow a light pole may be used to bring it into place,
but great care must be taken not to change its velocity in this operation'
One or more tests should be made on each section. The notes are com
pleted as follows:

The width of a cross section multipiled by the measured depth gives
the area in square feet. The length of the section divided by the time
in seconds it took the float to pass between the lines will give the velocity
per second in feet. The area of the section in square feet multiplied by
the velocity per second will give the discharge of that section in cubic
feet per second or in second feet. Adding the discharges of all the sec
tions will give the apparent discharge of the stream in second feet. This
multiplied by the proper coefficient will give the true discharge in second
feet. To reduce second feet to miner's inches multiply by SO.

The apparent discharge as derived by this method must be multiplied
by a coefficient to get the true discharge' This is because the bottom of
the stream moves slower than the top and the float does not get the mean
velocity of the entire flow of the water. The coefficient to be used in any
case will depend on the condition of the stream bed and the character of
the float used. It will vary from 0.80 to 0.90. If the stream bed is rough
and the float is carried at the surface of the water the coefficient will be
small, but on the other hand, if the bed is smooth and the float reaches
close to the bottom and still flows free, the coefficient will be high. If
in the example given, we take the value of 0.85 then the true discharge
will be; 5.98 second feet multiplied by 0.85 which equals 5.08 second feet.
This is multiplied by 50 to reduce to miner's inches.

As the coefficient to be used with a float measurement cannot be defi
nitely known, the float measurements are apt to be somewhat in error.
This error is not serious as compared with an estimate made simply by
observation.

Table IV.
DIscharge Data, Dimensions aod Lumber for Clppolettl Weir Box

Cippol~tti Weir Structurel

Maximum Headwall Side

I
Floor Approximate

Crest depth of Maximum height height knl{th width 1uantity
length water on discharge o lumber

crest b c d • board measure

F•. F' Sec. F •. F •. Ft. Ft. Ft.
~

0.33 0.64 3.5 3.0 '.0 2.0 1301.0
1.5 0.50 1.79 3.5 3.0 '.0 2.5 ]35
20 0.67 3.69 3.S ~.O '.0 3.0 145
3.0 1.GO 10.00 '.0 '.0 '.0 '.0 250

Taken from U. S. Reclamation ServIce designs.
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Table V.
Dimen!'ions and Lumber for Standard Sizes of Submerged Rectangular Orifices·

Size or Orifice

H••dwall Side S,,"<t"« I Floor
Approximate

Height Length Area h. ight height length width 1uantitY
o lumber

• ox ( b • d • bo.n! measure

Ft. Fl. Sq. Ft. F t. Fl. Fl. Fl. Ft..

0.25 1.00 0.25 3.0 2.5 '.0 2.0 150

:?OO 0.50 3.0 t.S '.0 3.0 110

1.00 0.50 3.0 2.5 '.0 2.0 lSO

0.50 2.00 1.00 3.0 2.5 '.0 3.0 118

J.OO 1.50 3.5 2.5 '.0 ,.0 2'0

I
1.00

;:1
2.0 lSO

1.33 3.0 2.5 '.0
O.iS 2.00 LSO 3.0 2.5 '.0 3.0 170

2.67 2.00 3.5 3.0 '.0 4.0 200

-Takrn from U. S. Reclamation S"vice.

HydrAulic Equhalents

1 cubic foot = approximately 70 gallons.
I cubic foot of water weights 62... pounds'
1 cubic foot per second = 448.8 gallon per minute

= 1.9835 acre feet per day
= 50 miner's inches (Idaho statutes).

1 second foot falling 8.81 ft· = I horse power
33000 foot pounds per minute.

1 second foot falling II. ft. = I horse power, 809'0 efficiency.
1 secoud foot for I year will cover I square mile 1.131 feet deep.
1 acre foot = the volume of water that will cover an acre I foot deep'
1 acre inch =the volume of water that will cover an acre 1 inch deep.

Those who wish to do current meter work should send to the U. S.
Geological Survey, Washington. D. c., for "Vater Supply Paper No. 94
entitled "Hydrographic Manual, in which detailed information is given
on the use of the current meter.

To ""llter Musters nnd JUdcrs

Measure and keep records of all deliveries.
Ask no favors of the water users and show none in your measurements

or deliveries to anyone'
Be as accurate as possible in all deliveries.
Keep the headings free from moss, weeds and trash.
Keep as near a steady flow at the lower end of the laterals as possible.

If the last user is well served you will have solved your 11lrdest problem.
Learn the amount of water that is due each user and see that he gets it.
By proper administration and the adjustment of diUerences you may

become a community peacemaker. It co!=-ts more for a law suit than for
-a good ditch rider and the suit often gets nowhere.
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Be polite and considerate to all users· Do not lose your temper; the
greater the provocation the more need for restraint.

Always carry a ride's book and a weir scale when on duty. You can
the better answer objections and correct mistakes.

Answer with a smile.

To 'Water Users

Remember that the water master and the rider are human.
Do not expect them to serve you better than they can your neighbor.
Excess water delivered to you deprives some other user of his rightful

share.

If the water master or the rider is not giving good service get another,
but pay for good service as you would expect to be paid· Do not expect
gqod work for poor pay.

Your water is your most valuable asset. Do not trust it's management
to an inexperienced man and then complain of poor service.

Do not quarrel or complain but inform yourself and explain; it may
be that the other fellow is right sometimes.

Keep good will in the community; it solves many troubles.
Do not tamper with headgates; it is dishonest and criminal. The rider

is supposed to be doing his duty and will attend to the change when
needed.

Remember that the ditch rider is acting under instructions from his
superiors'

A good rider is your friend; treat him as such.
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VI.
IPPOLETTI WE.Ilt8

in Kiner'. Inche.

Weir Creat in Feet

4' I .' I 0' I 7' I 8' I 9' I 10'
0.; 0.8/ 1.0 1.2 1.4 J.51 I.;
1.9 2.4 2.9 3.4 3.8 4.3 4.8
3.6 4,4 5.3 6.2 7.1 8.0 8.9
6.4 6.8 8.2 9.5 10.9 12.2 13.6

l~:~ 1~::I-}~{-~~::I-~~:~I-~~:~I ~::~12.6 15.7 18.8 22.0 23.1 28.3 31.4
15.2 19.0 22.8 26.15 30.4 34.2 38.0
18.3 22.8 27.4 32.0 36.6 41.1 45.7
21.4 26.8 32.1 37.4 42.8 48.2 53.6

24.61-30.8 -37'01-4~O'31 55.4"6Dj28.1 35.1 42.1 49.1 56.2 63.2 70.2
31.6 39.5 47.4 55.3 63.2 71.1 79.0
35.3 44.2 M.O 01.8 70.0 79.5 88.3
39.1 48.9 68.7 6.5 78.2 88.0 97.8
43.1 !i3.8 64.6-7l'iA86.2 96.9 107.7
4i.2 69.0 iO.7 82.5 94.3 106.1 117.9
51.3 64.2 77.0 89.8 102.6 ] Hi.5 128.3
55.7 69.6 83.5 97.4 lll.4 125.3 139.2
60.1 75.2 90.2 10;i.2 120.2 135.3 150.3
4' ~ W 7' r r lW

4'15'J6' ;'18'19' 10'

64.61 80.8 97'°1"3"1 '29.31 ,.•..1 '61.669.2 86.6 ]03.9 121.2 188.5 15~.8 173.1
78.9 92,4 110.9 ]29.4 147.8 166.3 184.8
78.8 9.6 118.3 J38.0 157.7 177,4 197.1
83.8 104.8 12~.i 146.6 167.6 188.6 209.5

S~:~I ~H:gl ~~i:~1 ~g~:~ }~~:ol ~~~:gl ~5§:g
09.2 124.0 148.8 173.6 198,4 223.2 248.0
04,4 130.5 ]56.6 182.7 208.8 234.9 261.0
10.0 137.5 166.0 192.5 220.0 247.5 275.0
, • .21144.0 172.8 201.6 280,4 259.2 288.0
20.8 '131.0 181.~ 211.4 241.6 271.8 302.0
26.81 158.& 190.2 221.0 2na.6 285.3 317.0
32.4 ]63:~ 198.6 2:U.7 264.8 297.9 331.0
38.4 173.0 207.6 242.2 276.8 311.4 346.0
44.4 180.5/216.6 252-:7288.8 324.9 361.0
;')0.4 188.0 225.1) 263.2 300.8 338.4 3iG.0
M.4 195.5 234.6 27:1.7 312.8 351.9 391.0
02.4 203.0 243.0 284.2 324.8 365.4 468.0
68.8 211.0 253.2 2!l5.4 387.6 379.8 422.0

75.2 219.01 262.8j 306.6j 350.4 394.2 438.081.6 227.0 272,4 317. 363.2 408.6 454.0
88.0 235.0 282.0 329.0 376.0 423.0 470.0
94.4 243.0 291.6 340.2 388.8 437.4 486.0
01.6 252.0 302.4 362.8 403.2 453.6 504.0
4' 5' G' 7' 8' 9' 10'
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Table
DISCH.ABGE OVER C

Head on
Quantiti••Crell.

in I In /I Width orIns. Feet
II l' 11%'1 2' 12%:.LL1 3%' I

~I :~II
02

1

0.3
03' °'1

0.6
U6j0.6 0.7 1.0 1.2 1.4 1.7

" .03 0.' 1.3 1.8 2.2 2.7 3.1
% .04 1.4

~:~
2.7 3.6 '.1 '.8% .05 1.' 3.8 '.8 5.7 G.6

"1.
06

11
2.61

3.8
"01 6~1

76
1 88/'% .07 3.1 '.7 63 7.8 9.... 10.9

1 .OS 3.8 6.7 7.6 9.5 11.4 13.3
% .09 '.6 6.8 9.1 U.5 13.7 16.0
% .10 'A 8.0 10.1 13.4 16.0

-~~tl"ll 62/ 92/ '231"6/'86% .12 7.0 10.5 14.0 17.5 21.1 24.S
9/16 .l3 7.0 11.8 15.8 U.S 23.7 27.6

" .]4 8.8 13.2 11.7 22.0 26.S 30.8
%. .Hi 9.8 14.7 19.6_24.4 29.3, 34.2

.16 ~ 10.7 16.2 21 .•/ 26.9 32.3 3- -1* .. ,
2 .17 U.S H.i 23.6 29.5 a5.~ 41.3

% .18 12.8 19.2 25.7 32.0 36.5 44.8
% .19 13.9 20.9 27.8 34.8 -41.8 48.7

" .20 15.0 22.6 30.1 37.5 45.1 52.5
l' 1%'1 2' 12%' 3' 3%'

II l' 11%'1 2' 12%'1 3' I 3%' I

%\.21\1 162\ 243 J2.d '2~1 667

1

% .22 17.3 26.0 34.6 43.3 51.t) 60.6
% .23 18.5 27.8 37.0 46.2 55.4 64.7
~ .24 10.7 29.6 3t:l,4 !l9.3 59.1 69.0

3 .25 20.9 31.4 41.9 52.3 6~B 73.2

"1.261/22.2 3331'" 5061666 777/% .21 23.5 35.2 47.0 58.8 70.5 82.2
% .28 24.8 37.2 49.0 02.0 HAl 86.8
% .29 26.1 39.2 52.2 6a.2 7 .3 91.3 1

~ :~~II ;:~I :~:; :~~I ~~~I ::~ I

96.3 1
100.8 1

% .32 30.2 45.3 60.4 7~.5 90.6 105.7 1
4. .33 :n.7 47.6 63,4 79.2 95.11 111.0 1

% .34 33.1 40.6 66.2 82.8 99.3 115.8 1

-~I~glr ~~l~;~ ~~;I ~;yg::
121.1 1

126.4/'% .37 37.0 66.4 75.2 !H.O 112.8 131.6 1
9/16 .38 39.1 58.6 78.2 97.8117.3 136.8 I

" .39 40.6 60.0 81.2 tOLl, 121.8 142.1 1
% .40 42.2 63.3 84.4105.5126.6 147.7 1

*1
41 43.8 06.7 87'T09.6131.4

1533/16 A2 46.4 68.1 90.8113.6136.2 l{i8.9 1
% .43 47.0 70.6 94.0117.5141.0 164.5 I% .44 48.6 72.9 07.2121.5145.8 liO.l 1
" .4a 50,4 75.6100.8 ]26.0 151.2 176,4 2

I' 114'1 2' 12%' 3' 3%'
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Tablc .YO. 1'1. (Col//ilLl/cd)
DISCHARGB OVER CIPPOLETTI WEIlU:l

Quantities in M1ner'a:...:In=.=b=.:. ~-----

Width of Weir Crest l.n Feet
,..,.,.,.---;-

II l' 1t\;'1 2' 12\1'1 3' 3%' I .' 1 :;' I u' I 7' 1 8' 1 0' 110'
lh .71 1Ol~OII ij 1.;'"'I~02.0112J2.;-,<-10:3.0 -3;'i:~-:-UI40-l.01:-,o;fo -OOtClll-jlr,:ol-gOS,OI Oflrl'O-1 10IO.(}
~ .72 103.2HH.8:!Oll.4238,(I:-!{IO,O :~(j1.2 412.8 !jIU.O OIn.:!1 7::!:?.4 ((2:'i.(1 928.81032.0
.....73 10;'",.3158.012tO.l:I~W:.t:!31:;.!l 3UI),O 421.21526.0 oaull 7:H"1 S42'''1 n4i.iIIoM.a
% .74 I07.(IIH1.42IG.2\:WO.O :l22.8 :n6.~, 4;{O.4 ~38.(l (!.~;"""tI Z;",:U! gO.8 !IOS.~ 1070.0

I) .75 IOn.s 11;4,7 210.0 214.11 :;29.4 384.3 43!J.2 .,41l.0 (.u~,s dJ8.0 818.4 088 .• 1098.0
-----:i;f~701 112.1 tGS.2 224.21280.2 33G.:l :m::!.-I -I~8.4 ~QO.~~!7=:ilI784.1--S!)6.8Ii008~~!112~.0

JA .7i1114.a 171.4 22A.6 28~,.8 342.f.l 400.0 407.2 .Id.., (''''!J.S 800.1 !)14A 1028./11143.0
% .i8 IIG.n 174.0 ~:l3.2 291.5 349.8 40~.1 4Q~.~ ~~;tll ~!l:~,(j ~.IG.~ !l~~.S 1040.~ 1166.0
% .jl) II8.R 178.223!l.020i.03:'iOA 41;,.8 4, ••. _ :,04.U 11_.S S.H.O U.,0.'.I1060._118S.0
~ .80 121.2 181.S 2-12.4j:lO:I.O 363.0 424.2 4S-Lx UOO.O 727.:!! 84M'" U(;!).Up090.81t12.0

10%~85 132.0IlfWAI20:i. :l:l2.2 ::WS.7 4(;3.2 :i31.U (;tl-l.:i 7U7.4 !)::0':'IIO03.2 t InG.! 11320.0
%. .90 145.021 j .;" ~OO.O 362.;; 43G.0 507.:i ::i80.0 72;;.0 870.0 1011';.0 1100.0 t:iQ)).O 1450.0

11% .0::; ]57.5 2:~fI.2 :H:).n :l!l:V~ 472.:), lj:i1.2 U:$O_O 787.G IHc..O 1102'::;11260.0 ]4]7.;,1575.0
12 1.00 liO.:l2:;~,.4:HO.642:;.8:nO.l) [196.0 6$1.0 8iH.:; I021,R Ilfl:!.Il:J02.4 15:lt.7

j
li03.0

% 1.05 lS:U;lt7:;.2t:JGi.0 4::; . ;',:iO.U 6-1-:2.0 734.0 0J7.~1 I IOl.tlltIN.;; lIU~.O 1651.51835.0
131,4 J.lO t07.0 29;j.~, 39-1.0 4ll2.5 :,llJ.O O~!'),~I 78'1.11 f.l~:i.O I 182.U 1:1i!).0 Uii(LO 1773.0 19iO.0

% l.Hi 210.8 :110.2 421.6 G:2i.O
I
'(;:l2,4 737.8 8-13.2 10~,4.0 1:204.8/14i:J'OIJOS6,4 18f.l7.:? 2108.0

H~ 1.20 2:2j.O'33i.G,4::io.01~G:2.5675.0 787.:; 1)00.0 lIt:i.O.l:.l~~O !1ii::i.O 181)Q.020:?~oI2t;;0.0

~Y-2::i12:l11A :i:ifl.l!4ilu,':'!)Rr'I718.:.! h:n!) !):;7 G11I!)7 014::16 41IM:i.R l!)I;J.2121:J4.G 2394.0
% 1.30 2;;-I.I,a~1.2 ;;OS2 63:i.2 7G2.:~ S5:llA!I01OA 1270:; l:it4.fi li7S.7 to:l2 ~ 22~6.91::!;)41.0

lO% J.~ 269.2 403.81~38AIG73.01 07.6 !l-l::! 2 t07t' R l:HO 0 101.').:': tfl~--I 4121;',:Ui 2422 q t692.0
% 1.40' :.!~H.7 427.0 !iflOA ill.S ~:;4.J !)!l6A 1138.8 142:Ui I 70Fl 2 l!)!)2.!)12::!ii G2;:;62 :J :.!S4 7.0

17% 1.4:-; :100.:1,4;',0.4 GOO.6 7M.S n09.0, 10':;1.0 1201.:2 1~,1IJ.:i lXlIl.1'iI:1IH:': I :.!402Alt702 i :{O\l:i.O
18 LGOI alG.2 -174.3 O:l2A '!lO.:' !l-lS.r. l1OG.711204.8;I~Sl.O:l897.::!':22i:l.4 ::J:?f.l.6j2 4:;.813102.0

11-1' 11"h'1 2' 12%'1-3,-1 3l.2' I 4' r-:i'-1-0'- -i'--W-l 9' JO'



THE MEASUREMENT OF WATER 31

Table Na. VII
DISCHARGE TABLE FOB STANDARD SUBMERGED ORIFIOE

Dlscbsrge=Ac""'ll2Oh; A=Area in Sq. n.; 0=0.0:1; ~=S.OI
&=Velocity or • falling body at the end of ODO Mcond.

One Miner'. Inch=l/SO Second Feet.

ElI'eclive
Head Disc~a.rge in Miner'. Inches

rot-l.4j A,U.fl
Glll.6 8:;2.0
G'l8.8 861.0
600.0 870.0
703.2 87RO

iJO.,.S

!'ill.21516.6
!'i22.0
627.4

Square Feet

2 3 4 0
U 0 II 0
40.8 14.7 09.6 12-1.;•
70.'1 105.6 140.8 176.u

6.0 129.0 172.0 215.0
09.4 149.1 198.8 248.~

111.2 166.8 222.-1 278.0
121.8 1827

1

2-13.6 30-1.:;
131.6 197.4 203.2 320.0
1-10.6 210.9 281.2 3~1.~
149.2 22;1.8 2n8.4 313.U
1:;7.2 23G.8 31-1.4 393.0

Are. of Or14ce in

14 I ~ I 11 I 1 1% I
0--0--0--0-1 u
6.2 12.4 18.7 24.0 31.':1
8.8 17.6 26,4 35.2 52.8

10.8 21.5 32.2 43.0 64.5
12.4 24.8 37.3 ':19.7' 14.6
13.9 27.8 41.7 55.0 8:1.4

10.2 30.41'5~7166.0 91.'116,4 32.9 49.4 65.8 98.7
]7.6 35.1 52.7 70.3 10;:JA
18.6 :~7.3 56.0 14.6 111.9
19.6 3n.3 59.0 78.6,,--,l~1~7~~0"L"'='

.00 0
•01 %
.02 %
.03 li~.a4
.05

.'61 %14-.218
4.31'_6.41

'6
8.6 -,-.01 "30._1A, % 42.6 85.2127.8170.4 2;)5.6 340.8

A8 % 43.0 86.1 129.2 H2.~ 258.3 3401.'1
.40 1a 43.5 87.0130.51.4.0 2m.o :\4..0
.50 6 44.0 87.0131.8175.8 26-1.7 3:)1.6;

:~I'~I.00 ~
.10 %

In \ in I
}~eet IUI.1

I

'''1 %OQTK2~018251 123·'81
16001

-247:r330~~OI4l2:;;.12 112 :n.a 43.0 M.O 86.1 129.2 172.2 238.3 aHA 430.;i
.139/16 22.4 44.8 67.2 81).6 134.4l 170.2 2U8.8 338.4 448.0
.14 "23.2 46.5 60.8 93.0 139.3 186.0 ?T9.0 :U2.0 40:i,O
.15 " 24.1 48.2 72.2 96.3 144.4 ]02.6 288.9 383.2 48t.:i
.1a

~1248I'07174al 00'1
149.11 198.8 208~21307]j1 '07.0.17 2 23,6 Ql.2 I6.0 109.~ 133.8 203.0 HOi.a 410.0 512.~

.18 % 26.4 i)_.8 j 9.1 10".... 1:)8.2 211.0 3JO.1'i 422.0 !'i27.::i

.10 % 27.] 54.2 81.310804 1a2.al 216.8 32~.2 -Ias.a 1';42.0

.20 % 27.S 53.6 83.4111.2 16G.8 222.4 333.0 444.8 556.0

.
21

1 ~ 28'5157~O
"''1''30,

liO.8 227.8/341.7r 45t.O-060~5.22 % ::!1l.2 :-.R.:l 87.4 116.6 IT4,1) 233.2 340.S "6~:~ :is:to
.23 * 20.S 5n.O 8n.4 llO.2 liS.S 2:18.4 3:)7.0 HR. MO.O
.24 ~ 30,4 60.9 01.4 121.8 182.7 243.r. :lll:U 487.2 600.0
.26 3 31.1 62.2 03.2124.3 186,4 248.6 3T2.\} 407.2 621.:'i
.26 %

31.
7

1
63

.4
05.1

1268[ 1n02' 2~a.61 :182.4 007.216:".0.27 14 :l2.:l 64.0 06.0 ]2~J.:Z 103.8 2,,8.4 381.6 016.8 040.0
.28 li :HU) On.8 08.7 131.6 107.4 263.2 304.R 1i2(JA OlJS.\l
.20 % :~3.5 6T.0 100.4 133.0 200.8 267.S 40t.7 l'ia5.6 onu.n
.:~O % 34.0 08.1 102.2 136.2 204.3 2T2.4 ':iOS.6 (H4.S 081.0
.:n 11

34616°r3r8'1
207.6 276.8

<i5'TO"""1 002.0.3' ~ 3;:J.2 70.a 105.4 140.6 210.9 281.2 ':l21.8 562.4 TO:tO
.33 , 35.1) 71.8 107.6 143.5 215.2 287.0 ·WO.6 G74.0 717.~
.34 ~ 86.2.72.5108. 145.0 21T.5 290.0 436.0 580.0 72:;.0
.35 14 36.8 i3.6 110.3 Hi.l 220.6 204.2 441.3 !iSSA 73.'i.:;

.

36

1 %1
373

1 74T'"I"o21
223·~1208.' 447.61 0,a·~1746'0.37 I 37.8 7:).6 113.4 151.2 226.8 302,4 4!i~.6 004.8 7:;0.0

.38 fJ/lts 38.3 70.6115.0 153.3 230.0 306.6 4Gn.ll 613.2 766.:-•

.30 "38.81 , •.61]6.4 155.2 232.8 310.4 46:).6 620.8 776.0
~-:')4 30.3_78.6117.0157.2_ 235.8 314.4 4.1.6 62S.8 786.0

.411 ~13081706110r021 238.81318., '77.61 a'6.8 71)6.0

.42 IS 40.380.5120.816Ll 241.6 322.2 483.3 6401.4 805.:;
,43 ;S 40.8 8U; 122.2 163.0 244.5 326.0 489.0 6:>2.0 81G.0
.4-1 % 41.2 82.4123.7J6-1.9 247.4 321).8 494.7 (j;J!).6 824.:;
,45 .,. 41.7 83,4 125.1 166.8 2M.2 333.6 500.'1 06T.2 83-1.0--.,.- • .-. -. " - -
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Table 11'0. VII. (Colllllllled)

'DISCHARGE TABLE FOR STANDARD SUBMERGED ORIFIC E

Diac.ll.&l'le=ACl!'i9b; A=Area in Sq. Ft.; c=o.tJ:Z:; ...tiU=S.02

1=Velocity of a falUng body .t. tbe end of one aecood
Cne .Minar'. Incb=I/;jO Second Feet.

Ert'ccth'e I
Hesot

DiSCharge in Miner'. Inches

o

o
o
o
o
o
()
o
()
o
o

2 I 3 I 4 I 5

3'0'01 oa2'0\-'O 0
1

887
'"~~5S.6 537.9 717:6 896.5

:102.0 543.0 724.0 905.0
36\').4 548.1 730.8 913.5
368.8 5~3.~.·"....:;73~-~•.~6,-,0~2~2~.0

()
o
5
()
o
o
o
5

"oo
o
()

o
o
o
o
o
o
o
o
o
o
o
o
()

III 1

20".21208.9
271.5
274.0
276.0

Area of Ori1l.ee in Sqnare Feet
...-......----.......-Feet 1].18.1

in I in 1
1\41111%1 1

.51 6 *144.4 88.8/133.11177.G.52 % 4".8 89.6 134.5 179.3

.5;i '" 4G.2 90.5 135.8 IS1.0

.54 ~ 4S.7 9).,1 137.01S2.7

.55 "46.1~2~13S.3184.4

.0"1 %1 'G,O
oaT

or" 01
270.01- a'2:01 M8.0! ""01 oao,.57 i. 406.9 !'t3.S 1-10. 1 '.i 281.6 3j:iA M;l,II I~Q.~ 938,·

.58 7 47.3 !H.6 142.0 189.3 284.0 378.6 Mi.9 1"1._ 946.

.1,0 % 47.8 9;),5143.2191.0 2SG.a 382.0 573.0 70-1.0 9G:J.

.60 %1 48.2 96.3144.4 192.6 288.9 385.2 liTi.S 670.4 flO3.

.GI '" 43"1
07r5

'r'2
291.3

a""1 '32'''1 77G.81 071,0·... DIn 4!l.0 97.9 146.8 10;;.8, 29:t j :Ull.6 J~7.-1 7S:t2 9i9.
:03 49.3 98.6148.0197.3

1
206.0 3!H.G 5!H.9 789.2 080.

,G4 " 49.7 filM 149.2 l!} .9
1

298.4 3M.8 506.7 7!l~dj 904.
.65 % M.l 100.0 HiO.3 200.4 300.6 400.8 601.2 801.61002.
.GG

8~1
50.61101.2 "LT0

2,a
30:1A 40-1.6 600.9 ~00,2 1012,

.G7 !'iQol) JOU~ 11;2.6203.fi 30:J.2 407.0 610.!,; 814.0 1018.

.on G1.6103.2 H'4.9 206.~ 30!).~ 413.0 GW.5 826.0 J032.
,j) ;'2.4 104.8 157.1209.5 :U1.2 41!l,O 628.6 838.0 10-IS.
,73 % 5:3.1 tOfJ.2 159.a 212.'1 318.6 424.S 0:J7.2 49.6 1062.
.75 0 !'i:l.8 107.6 16U>j215.3 323.0 4;i0.6 6·15.9 801.2 1076.
,80 " 5u.611L2 106.81222.'1 33:'$.0 4H.R 007.2 88n.a 1112.
.85 10 \4 !'i7.3 114.G 171.9229.2 :~4:,J.8 4!'iS.'I OS7.6 916.8 1146.
.90 \I 5!).O 117.9 170.812:{5.8 3\')3.7 471.0 707.4 !Ha.2 1l7l).
.0:-; 11\\ GO,9 121.2 181.7 242.3 303.4 4S4.n 7:!O.0 oon.2 1212.

1.00 12 62.2 124.3 186.4 24S.6 :n2.!1 407.2 H!'i.S Oll4A 1243.
1.0~ 12% 63.7 127.4 191. L25-1.8 382.2 !'ion.o 764,4 1010.0 1274.
1.10 13 !4 65.2 130,4 Ln:;.O 260.8 3!H.2 1)21.6 7S2,4 1043.0 la04.
1.U; 13% 06.9 133.3 200.0 266.6 400.0 !'i:~:1.2 700.8 1060.0 1:1:,J:l.
1.20 1.4% 68.1 ]36.2 204.2 272.3 4Oft4 !l4-l.6 81 (I.!) 1080.0 1302.
1.25 10 09.u 129.0 208.5 278.0 417.0 VG(J.O 834.011]]2.0 1390.
1.:{0 " 70.!) 141.8 212.6 283.5 42G.:': ~O7.0 850.51134.0 ]418.0
1.35 161,4 72.2 144.4 216.6 288.8 4:13.2 !'iii.a 866.4 I 15r).0 1444.0
lAO 1G \I 73.6 147.1 220.6 2!),I.2 441.3 1188.4 882.0 1177.0 1471.0
1.45 17% 7<1.8 149.7 224.6 ZO!),4 441').1 50 ,8 o .2 1198.0 1497.
1.1)0 18 76.1 Hi2.2 228.4 30Vi 4Mt8 609.0 91:-1.5 1218.0 1u22.0
1.60 10 \4 78.6 157.2 235.!) 314.5 471.S 620.0 0·13.5 1258.0 Iv72.0
1.70 2O*, 81.0 162.1 243.2 324.2 4S6.:i (i4RA fl72.6 12117.0 J021.
loRO 21 " B:l,4 IR6.8 250.2 333.0 r,00.4 607.2 1001.0 1334.0 t068.0
1.90 22% 85.7 171.4 257.0 342.7 l'i14.0 OS5.4. 1028.0 J371.0 1714.
2.00 24 81.9 175.8 263.7 351.6 '-,27.4 703.2 10M.0 1406.0 17G8.
;i.OO 'a6 107.8 215.5 323.2 431.0 64<''-5 802.0 ] 203.0 1724.0 2]M.
4.00 48 ]24.0 248.0 372.0 406.0 744.0 092.0 1488.0 1984.0 2480.
G.OO 60 1:j't8 2H.5 416.2 ;'i55.0 832.1) 1110.0 1065.0 2220.0 2775.
6.00 72 Hi2.0 :-104.0 456.0

1

608.0 0'2.0 1216.0 1 24.0 24:12.03040.
7.00 84 164.0328.5 492.8657.0 . 986.0 1:l14.0 ]071.0 2628.03285.
8.00 06 176.013!'i:!.0 528.0704.0 IOM.O 1408.0 2tl2.0 2810.03G20.
9.00108 186.8373.5 569.2 74 j.O 1120.0 149·1.0 2241.0 2988.0 373!:).0

10.001120 190.sI393.5 590.2 787.0 llSO.O ]i'"'i4.0 2361.0 314 .03935.

The elfeetlve head is the dift'erenee hetween the water level
above the orifiee and tbe water level below tbe orifice. When the
upper and lo....er ga~e' are set on the same level it ill equll) to the
differenee in tbeir readings.
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