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ABSTRACT

"Water Measurement Procedures" was written primarily for use in the
Irrigation Operators' Workshop classes. as a teaching ald in presenting the
fundamentals of water measurement to fleld personnel engaged in irrigation
vork. Technical materlial has been simplified to provide a clear under-
standing of water measurement devices and procedures. Basic hydraulics
presented includes the discharge equation, velocity head concept, orifice
and weir relationshlps, and-the effect of submergence. Factors affecting
the accuracy of measurement such as worn equipment, infrequent head meas-
urement, use of wrong measuring device, and others are analyzed. Commonly
used devices and methods are discussed including orifices, weirs, Venturi
meters, Parshall and Venturi flumes, meter gates, constant head turnouts
and propeller meters; new devices and methods include vane deflectian
meters, acoustic and magnetlc meters, and the dilution and radioisotope
methods of méasurement. Hints for troubleshooting poorly operating de-
. vices, suggestions to operators on how to do a good Job, and a selected
reading 1ist for operators are given. This edition supersedes the previous
1965 and 1966 editions numbered Hyd 552 and 565. Has 3L references.

~ DESCRIPTORS-- *hydraulics/ *hydrasulic structures/ *discharge measurement/
*irrigation/ water delivery/ *water measurement/ open channel flow/ errors/ -

.. closed conduit flow/ discharge coefficients/ weirs/ orifices/ water meters/
current meters/ water metering/ irrigation 0&M/ turbulent flow/ Venturi
peters/ imstruction/ Venturi flumes/ Parshall flumes/ submerged orifices/
radicactive 1sotopes/ velocity/ field 1nvest1gat10ns/ flow meters/ laser/
bibliographies/ submergence/ instrumentation
* IDENTIFIERS-- textbooks/ Irrigetion Oper Workshop/ dilution method/ vane

flow meters/ ultrasonic flow measurement/ acoustic flow meters/ magnetlc i
flow meters/ constant head orifices .
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FOREWORD

These notes contain the essential parts of six previous workshop sessions
presented between 1961 and 1966. The purpose of this writing is to ful-
fill the needs of operators in making meaningful and accurate measure-
rnents of irrigation water. . -

After a discussion of the need for improved measuring dev1ces and tech-
niques, standard and nonstandard devices are defined and their 1mp11ca-
tions in regard to water measurement are discussed.

Water-measurmg devices and methods are classified under three cate-

gories: (1) the velocity device, (2) the head device, and (3) miscella-

neous devices, including chemical and dye dilution methods total count
radioisotope methods, magnetic methods and sonic methods.

Under "'Some Basic Hydraulics, " the concepts of the discharge equation
_and velocity head are developed; these two concepts are used to derive
.the basic equations for both orifice and weir discharge using the sim-
plest methods possible. Several of the general aspects of water meas-
'urement accuracy are also discussed,

5 The procedures for operatmg flumes and weirs, probably the most com-
mon- devices, are used to furnish examples of good and poor water meas-
urement practices because the effects of good and bad measurement prac-
tices are often not visible on some of the more sophisticated measuring
devices. -

The more comphcated dev1ces and techniques such as: the submerged
orifice meter, Venturi meter, metergate, and constant- head orifice
turnout measurmg dev1ce, and propeller meters are then described.

Hmts are given for troubleshooting metering dev1ces suspected of being
-1naccurate and instructions are given for selecting the proper size and
obtaining proper installation of’ metergates constant head or1f1ce meters
-and Parshall ﬂumes

" Progress in water measurmg techmques including the chernical dilution - -
and radioisotope methods is reported, and an evaluation of a commer-
.01a11y available open channel deflection meter is given. Progress in the -
development of magnetlc and acoustic meters is reported

The section. on ‘Parshall flumes br1ngs together under one cover the es-
sentials needed to understand the size selection, vertical placement; dls-_

. charge defermination procedures for free and submerged flows, and the

theory of ﬂume operation and performance. Sample problems are used

_:_:_to 111ustrate proper procedures

A hst ‘of reference materlal and a chart showmg the head requlred to ;:
operate certam measurlng dev1ces are prESented




NEED FOR IMPROVING WATER-MEASURING
DEVICES AND TECHNIQUES

It is 1mp0551b1e at the mOment to overstate the need for an improved
water measuring program, not only in your district, project, or region,
but nationwide, and even worldwide. The population explosion and the
sh1ft1ng of the populatlon center of the United States toward the West is
causing concern in that water needs may eventually limit this movement.
Accordmg to the latest figures, if we account for births, deaths, immi-
grants, ‘and emigrants, a new person arrives on the scene every 10 sec- -
onds; 8, 000 a day; 3,000,000 a year. By the end of the century the pop-
ulation will have doubled. Twice as many people--the same amount of
water. Within the next decade, every water supply, not only those in

the West but throughout the United States, will be critically examined to

- determine quantity, use, and waste. Plans will then be formulated for
extending the use of the water.

One way to increase the quantlty of available water, of course, is to
~ find new water sources. . This is not always possible and is usually
costly. The other way is to conserve and equltably distribute the water.
~now developed and available. This latter. course is usually possible and -
less expensive. We are interested in the latter course because this is
our business and, as all of you know, more extensive use of the avail-
able water can be made if all measuring devices are accurate-and de-
.pendable at all times and the best water. management procedures are.
“followed at all times. It is, therefore, important that every attempt be

- made to upgrade existing water~measur1ng devices, not only in ditches,

“laterals, and canals but in the supply systems as We_ll Every cubic

_ foot of water "saved” as a result of improving the measuring devices
‘is. more valuable than a similar amount obtained from a new source be-
cause the saved water can be produced at considerably less cost.

: '.Accuracy in water measurement is therefore of- prlme importance in the

‘operation of any water distribution system. Even-though a surplus of
water may now exist on your project, it is time to begin accurate ac-
' counting of what happens to your water. An experience on a project ac-
tively erigaged in upgrading water-measurement devices and procedures
- will serve as a good example. A water user. entitled to 1 cfs (cubic feet
per second} had been recelvmg up-to 5 cfs because water had been plenti- *
Aful and no accurate measuring device had been installed at his turnout.
‘When a new meter was installed and 1 cfs was delivered, he complained
‘that his new concrete field distribution system would not operate pr0perly
and much of his acreage would have to go without water until he could
;change the elevatlon and slope of his d1tches : "\,

'-Thls actt.al occurrence - illustrates another pomt Whlch is 1mportant in
“water meéasurement. Practically all measuring devices, when in run-
.:down condltmn ‘or when 1mproper1y installed, dehver more water- than_




they indicate they are delivering. The very nature of most measuring
devices makes it 1mp0551ble for a device to deliver less water than it in-
dicates. For this reason, water accounting records may not show a
proper division between water used and water lost through seepage or
waste. Proper evaluation of losses is necessary to establish the eco-
nomic advisability of providing canal linings. Canal linings obviously
cannot help to recover water lost through poor measurmg equlpment or
procedures.

The purpose of this presentation is to discuss the factors in flow meas-
urement devices which affect the accuracy of discharge measurement.
To accomplish this, it is necessary to understand the basic flow prin-
ciples involved and to know how each flow factor can influence the flow
quantity indicated. By upgrading existing measurement devices or by
properly installing and maintaining new devices, considerable quantities
of water can be made available for‘new uses. This 'new' water can be
- produced at considerably less cost than can a snnllar quantity be de—
veloped from a new source. -

STANDARD AND NONSTANDARD DEVICES

It has been sa1d that a waterlogged boot which is partially blocking the

. flow in a ditch can be a meéasuring device--if it is properly calibrated.
Certainly the boot would be a nonstandard device because no discharge
tables or curves are available from which. to determine the discharge.
Many other ' devices including certain weirs, flumes, etc., are also
nonstandard because they have not been installed correctly and, there-.
fore, do not produce standard'discharges. Although these:commonly
used devices may appear to be standard devices, closet-inspection

" often reveals that they are not, and like the boot, must be cahbrated to
- provide accurate ‘measurements. - :

A truly standard device is one wh1ch has been: ft.lly descr1bed accu-
rately calibrated, correctly installed, and sufficiently maintained fo ful-
fill the original requirements. Standard discharge tables or curves may
-.then be relled upon to prov1de accurate water measurements

Any measurmg devtce therefore is n0nstandard if it has been 1nstalled
improperly, -is- poorly maintained, is operated above or below . the pre-
scribed limits, or has poor approach (or getaway) flow conditions. Ac-
. curate discharges from nonstandard structures can be obtained only

+ from specially prepared. curves or tables based on cahbratlon tests as
current meter rat1ngs S %

| ;,Cahbratlon tests can. be qulte costly when properly performed Ratmgs

must be'made at fairly close.discharge intervals over the ¢omplete oper- B

:"-"atmg range; and curves and/or tables prepared It 13 therefore less




costly and usually not too difficult to install standard devices and main-

tain them in good condition. Standard discharge tables may then be used .

with full confidence.

In maintaining a standard structure it is only necessary to visually check

a few specified items or dimensions to be sure that the measuring device

has not departed from the standard. In maintaining a nonstandard device

it.is difficult to determine by visual inspection whether accuracy is being
maintained except by recalibration, an expensive procedure.

BASIC PRINCIPLES OF WATER MEASUREMENTS

To upgrade existing water-measuring devices and improve the guality of
installation of new devices it is necessary to understand some of the
‘basic principles which influence the quantity of water passed by a mneas-
uring structure. Most devices measure discharge indirectly, i.e.
velocity or head is measured directly and prepared tables or an indi-
_cator are used to obtain the discharge. Measuring devices may be
classified, therefore, in two groups: (1) velocity type and (2) head type.
' iThose using the velocity principle include:

Float and stopwatch S Va.ne deflectlon meters
Current meters - . Magnetic and acoustic meters
Propeller meters Salt velocity method

Flow boxes _ ~ = =  Color velocity method

: .When the: veldcity (V) prmeiple is used, the area ofl\ the stream cross
section (A) must- be measured and the: dlscharge (Q) computed from
Q= AV ’ 3 . LE l\' .

:Z:;H

i Devmes usmg the head pr1nc1p1e mclude ‘\

‘Pitot tubes B
Rectangular weirs =
~ V-notch or. mu1t1p1e-notched ~we1rs
~Cipoletti weir ' - '
Parshall flume, Venturi. flume
Metergates ‘
"Orifice or Venturi meters
- :Constant head turnouts
.='C1ausen weir: gage (or stlck)

“When the head (H) prmmple is used, the d1scharge (Q} may be computed
. from an equatlon such as the one used for a. sharp crested rectangule-r .
" weir of length L, . : '

e




The area of the cross section {A) does not appear directly in the equa-
tion but C, a coefficient, does. C can vary over a wide range in a '
nonstandard installation but it is well defined for standard installations. -

Special methods and devices may also be used and these include dilution
methods whic¢h utilize chemicals or radioisotopes, acoustic or magnetic
meters, tapered tube and-float devices, and many others which are not
commonly used. .In the dilution method the discharge is determined by
calculating the quantity of water necessary to dilute a known quantity of
concentrated-chemical, dye, or radicisotope solution, injected into a
flowing stream, to the strength obtained by sampling the stream after
thorough mixing has taken place. Chemical analysis, color comparison,
or gamma ray counting may be used to determine the degree of dilution
. of the injected sample. In the acoustic meter the variation in velocity
of a sound pulse produced by the water velocity is used to determine
_the average water velocity of the flow. In the magnetic meter the flow-
ing water disturbs the lines of force in a magnetic field to produce a
voltage that can be related to the discharge. Pitot tubes and tapered-
tube-and-float devices utilize the velocity head to indicate velocity.

SOME BASIC HYDRAULICS
DERIVATION OF DISCHARGE EQUATION

The volurneof a cube, Flg_ure' 1, may be
found by multiplying a times b times c

" a times b .gives the area A

2x%2=4sqft

A t1mes c g1ves the volume

4x 2 =°8 cu ft .

Flgure 1
' -The volume of a cyhnder (or p1pe) may ‘be
‘similarly found. 1If the A for'the cyhnder
__1s 2 sq ft and 1-is 4ft then _ :

area, A t1mes 1 glves the volume

2x4"8 cuft




The measurement of dis-
charge is actually-a volume.
measurement and can be cal-
culated in the same way usmg
‘different terms

“velocity (V) in
feet per second

TFigure 2

Inéteéd of ﬁsing 1, as before, substitute the velocity, V, Figure 2, and,

‘Discharge = Area x Velocity

Q- AV

_Since “Area unlts are in square feet and "Veloc1ty uhitsiare in feet
-.'-_'-per second . : R o
Q = =s'quar_e feet times feet per,se'c_ond
Q =";_“cull_'):ié :feet per _s'ec'o'nd‘
" f'Therefore, the dlscharge Q Ain’ gublc feet per second is equal to the Area B
“of the flow cross section in squgre feet times the Velocity in feet per '
:second. "The. relat1onsh1ps between A and V ina. plpehne of varymg

:cross sectmn are shown 1n Flgure 3.

_; ;The f]_rst ba51c equa.tlon 1s
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'DERIVATION OF VELOCITY HEAD CONCEPT

‘It has been found by direct measurement that an object (including water)
falling from rest will fall 16.1 feet in the first second. Because of the
continuing acceleration caused by gravity (32. 2 feet per second per
second), the ob]ect will fall 64. 4 feet in 2 seconds, etc., as shown in

- Table 1. - : >

Table 1

Time in [ Vertical fall Instantaneous
seconds - feet velocity

16.1 32. 2

. 64.4 | - 64.4
"144.9 1 7 96.86
. 257.6 .. 128.8
. 400.0 - ©'161.0

At the end of the first. second the veloe1ty will be twice the vertical fall
distance (because the object started from rest at zero velocity) or .

: o 32,2 feet per second Table 1

o
)

o Since the acceleratmn ¢aused by the steady pu11 of grav1ty, g, is con-

stant, the 'velocity values in Table. 1 increase 32. 2 for each succeeding .
J_second . , . _

---_An equatmn to express these facts is _'

Vvﬁg—H\f_\F

where g 1s the acceleratlon due to graVLty and H 1s the helght of fall o

'_.-:..Substltutmg values from Table 1

'Vf;3Q02“16 32 2
'*fv.;.é;bz? 64, 4'— 64 4, etc;

T-fThe equatmn is therefore seen to be vahd

:‘After squarmg both S1des Equatmn 2 becomes._E




The latter 'expression is often_._uSed to express velocity head, i.e., the
head necessary to produce a particular velocity. It is discussed further
under '"Velocity of Approach,' page R9-23.

BASIC ORIFICE RELATIONSHIP

 Equations 1 and 2 can be used to develop an equation for the flow through
“an orifice (a hole in the side or bottom of a contamer of water, Figure 4).

| Flgure 4

To fmd the veloc1ty of ﬂow in the or1f1ce use Equatlon 2 V =y2gH.
Then using'the size or area of the hole, the gquantity of water being dis-
'charged Q. can be determined using Equation 1, Q = AV. This can-
.be accomphshe_d_ in one step, however, if the two equations are combined.

" Inserting the value \2gH for v_' in Q = AV gives |

Q A\’ZgH

_ ”"'Ithe equatlon for the theoretlcal dlscharge through an or1f1ce This: equal-fl |
tion assumes that the water is frictionless and is an ideal fluid. Slnce
--water is not an ideal fluid, a correction rnust be made

'The dlameter of the water JEt contmues to ‘contract’ after passmg through

U the orifice,” and if the or1f1ce edges are sharp, the Jet w111 appear as

shown in Flgure 5




Figure 5
To explain, at one-half of the orifice diameter downstream from the .. -
- sharp edge, d/2, the maximum jet contraction will occur and the cross-
- -sectional area of the jet of water will be only about 6/10 of the area of
- the orifice, A. The maximum velocity also occurs at this point; and

so Equation 4 must contain a. coefficient "C" (0. 61 for an orifice in a
‘large c_onta_lner} to determine the quantity of water being discharged.

Q = CA2gH
. For a e0effieient_ of 0.61, the equation would become

Q- 0.61.A.-\I§E\]ﬁ.
B 0.61 A 8. 02\[-
4.89 A\,-

The value 0. 61 should not be used mdlscrlmlnately, however, cahbratlon :
‘tests estabhsh the proper value for a partlcular orlflce under a given set.
of cond1t10ns o

L j.iBAsxc WEIR RELATIONSHIP
'. Equatlons 1 and 2 can also be used to deve10p an equatl.on for ﬂow over

+a weir (a sharp-edged blade that meaSures dlscharge in terms of over- o
S flow depth or head Flgure 6) ‘ _ ‘ I B




j---w_ 5.

~Elementary Strip Orifice

‘4"' .
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Figure 6 '\T_}.\
The weir flow is divided into small e_l'ementary horizontal strij;s and -
each is considered to be a long narrow rectangular orifice of length (L.},

height (t}, and a flow producing head (h). The area (a) of each strip is
a=tL

~The. velocity (B) of each element is expressed by Equation 2:

V =4J2gh

" Since g = VA by _Eqﬁat'ibn 1, the discharge (q) of ea;':'h'.elem‘eri.t 'is:.

q = tLqf2Zgh

"To obtam the total dlscharge (Q) over the weir, the sum of: all elemen- B

tary dlscharges {q) must be taken. For example; the flow 1s d1v1ded

S into'two elementary strlp orl_fmes Flgure 7.




'/"h[ = (V4)H

®
~~Crest
y
173 - !

. ‘_q...._._:.'__:' _'_:--;.:..'

Figure 7

v oy
Vs =m =‘/ Sg(%)H |

By Equa't.ic.m 2,

-and-the areas of“th_e".-el_ements ére equai.and exp'réssed by '

s

i "By Equatlon 1 and addltlon the total dlscharge ‘(Q):_:c'){r'e'r the weir is
::_ glven by P RIS R . B '




| Taking (v/2g - LH\/I'-_I) out of each expreseion on the right-hand side:

(1 T.1[3 _
Q (E\E * E\E‘) (V2 - LEVE)

(2\(_ 24—) _068?’7%\

4,
As more and more strips are used in the analySJ.s K approaches the
value 0.667. Therefore

"3VEE LAVE

c 'Introducmg a constant (C') to account for. contractlon and friction 1osses
.. a'more, accurate dlscharge formula is: . . i

Q - _J_ C LH\/_
= By re..gro.u'pi:ng. and 1ettin'g.
y Qcmm
 a-au é‘--

.,_,-,_'-‘-‘.‘Thls relauonshlp is the bas1c weir formula and can be mod1f1ed toac- -
““count for weir blade- shape :and veloc1ty of approach. However, C must ‘
“ibe: determlned by calibration tests. carefully conducted C ‘usually varles i
,'l-.from ‘dbout 3. 3 for. a broad crested welr to about 3. 8 or more for a’ ‘ '
'-3sharp—crested welr e : -




The two examples given indicate that discharge determination methods:

are a mixture of rationalized thinking and coefficient evalunation. Tt'e

equations are useful in making calibrations because they reduce the’

number of calibration points required to make up a discharge table.

However, the equations alone will not suffice without sufficient testing
 to establish the value of C.

GENERAL ASPECTS OF WATER
MEASUREMENT ACCURACY

In this portion of the text general aspects of water measurement accu-
racy will be considered. The performance of weirs and flumes will be
used to illustrate flow and accuracy principles because the average
irrigation operator is more familiar with their use. Also, many of

the factors which adversely affect accuracy are visible on these de-
vices and are invisible on closed system devices. Many of the facts
‘and principles established for weirs and flumes also apply to other
water-measuring devices. These principles will be mentioned and elab-
orated upon later when the more sophlstlcated meters and teehmques
are considered.

FLOW CHARACTERISTICS REDUCING ACCURACY OF MEASUREMENT

In inspecting a water measuring station to judge or evaluate its probable
- accuracy, it should be determined whether the device is a head or veloc-
ity measuring statior:. This is the key to the order and importance of
_other observations. In either case, the first observation should concern
the visible flow’ conditions Just upstream from the measuring de\nce

APPROACH_ FLOW

Extremely large errors in discharge indication can occur because of
poor flow conditions in the area just upstream from the measuring de-

- viece. In general, the approaching flow should be the same as tranqull
flow in long straight canals {(without obstructions) of the same size. _
Any deviation from a normal horizontal or vertical flow .distribution, or the
.presence of water surface boils, eddies or local fast currents, is reason -
to suspect the accuracy of the. meaSuring'de'vice Errors of 20 percent
are not uncommon and may be as large as 50 percent or more, if the
approach flow conditions are very poor. Sand, gravel, or sediment bars
submerged in the approach channel, weeds or _ripr'ap-obstructions' along -
the banks or in the flow area can cause unsymmetrical approach flow.

~Other causes may be too little distance downstream from a drop, check,’
turnout or other source of high velocity or concentrated flow, -a bend
or angle in the channel just. upstream from the measuring device, a too -
- rapid expansion inthe flow section, or an eddy tendmg to concentrate
. the flow cross sectlon :




Figure 8 shows ari example of a poor approach to a weir. The high-
_velocity, turbulent stream is approaching the weir at a considerable
“angle. Head measurement is difficult because of the high-velocity
approach flow and the waves on the surface. This weir will not dis-
‘charge a "standard'’ quantity of water consistent with the measured
head. ' ' :

Standard weir installations for rectangular, Cipoletti, and 90° V-notch’
‘'weirs are shown in/Figure 9. The velocity of approach to a weir should
be less than 0.5 foot per second. This value is obtained by dividing the
maximum discharge by the product of channel width B and depth G meas-
ured at a point 4H to 6H upstream from the blade.

TURB ULENCE

Turbulence is the result of relatively small volumes of water spinning

in a random pattern within the flow mass as it moves downstream. It
may be recogmzed as ‘water surface boils or three-dimensional eddies
which appear and'disappear in a haphazard way. Because of this local
motion within the general motion of the flow mass, any particle of water
‘may at any given instant be moving forward, sideways, vertically, or -
even backward. In effect, then, the water.is passing a given pomt with
‘a start and stop motion rather than with a uniform velocity 'which is -
ideal. It may be said that-turbulent water does not flow as a train of g
railroad cars on a level track, but rather as a train of cars coupled with
.elastic bands, traveling over a series of rises, dips, and horizontal
curves. Thus, fewer or more cars may pass a given point over identical
short periods of time, depending on the observation point chosen., Tur-

3 -_bulent water flows in the same manner, F1gure 8.

Excessive turbulence will adversely affect the accuracy of any meas-
.uring device but is particularly objectionable when using current meters
or propeller meters of any kind. Turbulence can be objectionable even
~without the "white water,' caused by air entrainment, ‘which'is often

~-associated with it. Turbulence is usually caused by a stilling basin or

other energy-dissipator 1mmed1ately upstream, by a sudden drop in |
water surface or:by-obstructions-in-the=: flow area such as operating or .
.nonoperatmg turnouts havmg projections or’ 1ndentat1ons from the net
area; Shallow flow passmg over a rough-or steep bottom can also be
“the cause. Weeds or. riprap slumped into the flow area or along the
_banks, or sed1ment deposits upstreanr ‘from’the” measurmg ‘device also .
can cause. excesswe turbulence. ‘ : ‘ S

_Measurmg errors of up to 10 percent or more can be caused by exces-
.. sive turbulence and it is absolutely necessary that all visible _signs of -
-"*_"__.'turbulence be’ ellmlnated upstream frorn a measurmg device.
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Poor approach flow conditions upstream from weir. The high-
velocity, turbulent stream is approaching the weir at a considerable
angle. Head measurement is difficult, and the weir does not discharge

a ''standard" quantity.
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ROUGH WATER SURFACE

A rough water surface, other than wind generated waves, can usually be
eliminated by reducing turbulence or improving the distribution of the

 approach flewr A rough water surface can cause errorss in dis charge ‘
measurements when it is necessary to. (1) read a staff gage to determine -
head, or (2) determine the cross-sectional area of the flow. A stilling
well will help to reduce errors’in head measurement but every attempt
‘should be made to reduce tile*waier surface disturbances as much as

by

possible before relying on the wells:.

Errors of 10'to 20 percent are not uncommon if a choppy water surface

- -makes it impossible to determine the head:accurately. It is sometimes
necessary to resort to specially constructed wave damping devices to
obtain a smooth water surface. Figure 10 shows a schematic of an
underpass type of wave suppressor successfully usad in both large and-
small channels, o ' ' - '
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Turbulence and waves in a Parshall flume produced by an outlet works
stilling basin made accurate discharge determination impossible. l.og
raft in foreground, used in futile attempt to quiet the flow, is inoperative

Figure 11

Underpass~-type wave suppressor significantly reduces turbulence and
waves in Parshall flume, making accurate discharge determination a
routine matter. P245-D-30663

Figure 12
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The channel may be either rectangular or trapezoidal in cross
section. Waves may be reduced as much as 93 percent by construct-
. ing the suppressor four times as long as the flow is deep. A slight
“backwater effect is produced by the suppressor for the most effective
vertical placement. The suppressor may be supported on piers, can
be constructed of wood or concrete, and need not be watertight. The
‘design of several other types of suppressors, along with sample prob-
lems; is covered in Engineering Monograph No. 25, available through
the Chlef Engineer's Qffice, Denver, Colorado. Figures 11 and 12
{(before and after) show the effectiveness of an underpass wave suppres-
sor at a Parshall flume measuring station.

VELOCITY OF APPROACH

It can be observed that as flow appro'aches-a weir the water surface
becomes lower on a gradually increasing-curve, Figure 13.

~Velocity head h="V%
\ Acceiergtion due ta
\‘.' gravity g=32.2

- ‘Heoriz. Line~,
| Line~y

—
—
—
s

//////77///7//////////////////////7/7///////////

'ECTION ON LONG'ITUDINAL CENTERLlNE
Flgure 13 '

At the we1r blade the water surface is con51derab1y lower than say,
.5 feet upstream - The difference in elevation between the two circled
points on the surface of the approach flow is called the veloc1ty head’ _
“and represents the potent1a1 required to produce the increase in veloc~ e
ity between the points. The relat1onsh1p between head (h) and: ve10c1ty (V)
 is expressed as : , -

o
.

' g:is the acceleration due to gravity, 32.2 {feet per second per second).”. -




A drop in water surface of 0.1 foot is not uncommon just upstream from
a weir and (from the equation above) represants an increase in velocity
of 0.8 foot per second. If the head on the weir is measured too close

to the weir, the head measurement can be 0.1 foot too small. For a
weir 6 feet long and discharging 7 cubic feet per second, the corre-
sponding error in discharge would be about 35 percent, based on an in-
dicated or reported discharge of 5.1 second-feet.

Standard weir tables are based on the measured head on the weir (veloc-
ity head negligible) and do not compensate for excessive velocity head.
Any increase in velocity above standard conditions, therefore, will re-
sult in measuring less than the true head on the weir and more water
will be delivered than is measured.

Causes of excessive velocity head include (1) too shallow a pool up-
stream from the weir, (2) deposits in the upstream pool, Figure 14,
and (3) poor lateral velocity distribution upstream from the weir,
Figure B.

P-20-D-2]558
HrB844-7

Sediment deposits have reduced the depth of the weir pool sufficiently

to increase the velocity of approach to well above the desirable level.
The head gage should not be located close to the weir blade. The weeds
should be removed and the ''edge" of the weir should be sharp. Dis-
charges over this weir will be larger than indicated in ''standard" tables.

Figure 14




POOR FLOW PATTERNS

It is often found that the poor flow distribution which exists upstream
from a measuring device cannot be resolved on the basis of any one of
the above-discussed causes. The best solution then is to assume that
several or more basic causes have together caused the difficulty. Start-
ing with the easy factors, work through the list, improving each probable
cause of poor flow patterns until the desired flow conditions are obtained.

Operating or nonoperating turnouts located just upstream from a meas- -
uring device may cause poor approach conditions as may bridge piers,
channel curves, or a skewed measuring section. Relocating the meas-
uring device may be the only remedy in these cases.

Submerged weeds or debris can cause excessive turbulence or local high-

. velocity currents. Eddies adjacent to the shoreline can cause the flow -
approaching a weir to contract into a narrow band. Sediment bars de-
posited from inflow or from sloughing banks can also produce undesirable
flow conditions. More drastic remedial measures include deepening the
approach area, widening the approach channel to make it symmetrical,
or introducing baffles or other devices to spread the incoming flow over
the entire width of the approach. Surface waves are usually very diffi-
cult to reduce or eliminate by ordinary procedures. These may reqmre
special treatment as discussed under "Rough Water Surface.'

EXITF LOW CONDITIONS

Exit flow conditions can cause as much flow measurement error as some
of the approach flow problems. However, in practice, these conditions
- are seldom encountered. In general, it is sufficient to be sure that back-
water does not or tend to submerge a device designed for free flow. Oc-
casionally, a Parshall flume is set too low and backwater submerge the
throat excessively at high discharges. Extremely large errors in dis-
charge measurement can be introduced in this manner: The only remedy
is to raise the flume, unless some local obstruction downstream can be
- removed to reduce the backwater. Weirs should discharge freely rather
‘than.submerged, although a slight submergence (the backwater may rise
above the crest-up to 10 percent of the head) reduces the discharge a
negligible amount {less than 1 percent}. ‘Whenever a weir operates at
near submergence the operation should be checked. Submergence may
not affect the’ d1scharge as much-as the possible lack of nappe ventllatlon :
as a result of the rlsmg backwater

"The underside of weir nappes should be ventilated sufficiently to prov1de .
near atmospheric pressure beneath the nappe; ‘between the under nappe
e surface and the downstream face of the we1r Figure 13.




If the nappe clings to the downstream side of the weir (does not spring
clear) the weir may discharge 25 percent more water than the head read-
ing indicates. An easy test for sufficient ventilation is to part the nappe
downstream from the blade for a moment with the hand or a shovel, to
allow a full supply of air to enter beneath the nappe. After removing the -
“hand or shovel the nappe should not gradually become depressed {over

a period of several or more minutes) toward the weir blade." If the
upper. nappe profile rermains the same as it was wh11e fully ventllated

the weir has sufficient ventilation.

When the head on a stralght weir is about an 1nch or' less the weir may
- not give reliable discharge values unless the weir has beern’ calibrated
under exactly similar flow conditions. On V-notch weirs, reliable
results” may not be obtainable for heads.of 2 inches or even 3 inches.

Gates calibrated for free discharge at partial openings should not be
submerged nor should eddies interfere with the jet of water issuing from
the gate. Gaging stations should be kept free of deposited sediment bars
or other obstructions to prevent backflow or eddies from interfering with
the uniform flow condltlons which should exist in the cross section being
: -measured

EQUIPMENT CHARACTERISTICS REDUCING ACCURACY OF
~ MEASUREMENT

‘Measuring dev1ces themselves may be at fault in-producing measurement
errors rather than the flow conditions discussed in the previous section,

. The faults may be divided into two types-~those caused by normal wear
and tear, and those resultmg from poor installation.

- ‘WEATHERED AND WORN EQUIPMENT

) Anrunwelcome but fairly common sight on older 1rr1gat10n systems are
-welr blades which were once smooth and sharp, in a sad state of dis-
repair. Edges are dull and dented; the blade is pitted with large rust
- tubercles--weir plates are discontinuous with the bulkheads and are not

° vertical. Weir blades have sagged and are no longer level. Staff gages

‘are worn and difficult to read. Stilling well intakes are buried in.sedi- _
ment or partly blocked by weeds or debris. Parshall flumes are frost .
heaved and out of level. Meter gates are partly clogged with sand or

N "debrls and the gate leaves are cracked -and warped.

These and other forms of deterioration are often the causes of serious’

- errors in discharge measurements. This type of deficiency is difficult

to detect because normal wear and tear may occur for years before it
'is apparent to a person who sees the equlprnent frequently On the other

. hand, it is readlly apparent to an- observer viewing the 1nsta11at10n for

e "the flI‘St tlme




It is imperative, therefore, that the person responsible for the meas-
uring devices inspect them with a critical eye. His attitude should be--
I am looking for trouble--not, I will excuse the little things because
they are no worse today than they were yesterday.

Measuring devices which are rundown are no longer a standard meas-
uring device, and indicated discharges may be considerably in error.
To be certain of the true discharge, they should be rehabilitated and/or
cahbrated :

Repalrmg or refurbishing a rundown measuring device is sometimes a
difficult or impossible task. Fixing the little things as they occur will

. prevent, in many cases, replacing the entire device at great cost at

‘some later date. Regular and preventive maintenance will extend the
useful life of measuring -devices.

PdOR WORKMANSHIP

Contrasting with the measurement devices which were once accurate
and dependable and have deteriorated, are those which, because of
poor workmanship, were never a standard device. These include de-
vices which:are installed out of level or out of plumb, those which
‘are skewed or out of alinement, those which have leaking bulkheads

- with flow passing beneath or around them, and those which have been
set too low or too high for the existing flow conditions. Inaccurate
weir blade lengths or Parshall flume throat widths, insufficient or non-
existent weir nappe ventilation, or incorrect zero setting of the head or
staff gage can also be the cause of measuring errors.

A transverse slope on a weir blade can result in errors, particularly -
if the gage zero is referenced to either end. The error can be mini-
mized by determining the discharge based on the head at each end and
using the average discharge. Errors in setting the gage zero are the
same as misreading the head by the same amount. At low heads a rel-

- atively small zero setting error can result in errors up to 50 percent

of the discharge or more. A head determination error of only 0. 01 foot
can cause a discharge error of from' 5 percent on a 90° V-notch weir,

to over 8 percent on a 48-inch Cipoletti weir (for a head of 0. 20 foot)
The same head error on 6- and 12-inch Parshall flumes can result in
12 and 6 percent errors, respectwely, for low heads,

Weir- blades which are not plumb or are skewed will show flow meas-
urement inaccuracies of measurable magnitude if the weir is out of line
by more than a few degrees. Rusted or pitted weir blades or those
having projecting bolts or offsets on the upstream side can cause errors
of 2 per cent or more depending on the severity of the roughness. Any

- form of roughness will cause the weir to dlscharge more water than
indicated. Rou.ndmg of the sharp edge of a weir-or reversmg the face of




the blade also tends to increase the discharge. On older wood crests
a well-rounded edge can cause 15 to 25 percent or more increase in
discharge, Figure 15.

The well-rounded edge on this once sharp-crested weir will increase
the discharge well above '""standard. "' The weeds are also undesir-
able as is the weir gage which projects into the flow area.

Figure 15

Pressure readings are needed to determine discharges through cer-
tain types of meters, Piezometers, or pressure taps as they are
sometimes called, must be regarded with suspicion when considering
accuracy of flow measurements.

Piezometers must be installed with care and with a knowledge of how
they perform, otherwise the pressure values they indicate can be in
error. For example as shown in Figure 16, the three piezometers will
indicate different pregsure readings (water levels) because of the man-
ner in which flow passes the piezometer opening. Unless the piezom-
eter is vertical as in Y, the water elevation will be drawn down as in X,
or increased as in Z. Rough edges or surfaces in the vicinity of the
piezometer can also result in erroneous indications in that they deflect
the water into or away from the piezometer opening. The higher the
pipe velocity, the greater the error will be.




Flgure 16

Note: Plezometer openings above are ShOWn larger than they should
be constructed in practice. Always use the smallest diameter opening
consmtent with the possibility of cloggmg by fore1gn materlal

The effect of a few deficiencies oftcn found in measurmg devicec-has
been given to illustrate the degreeof error to be expected in makmg
_ ordinary measurements under ordinary conditions. Other effects have

- not or cannot be stated as percent error without an”exact definition of

" the degree of fault or deterioration. The examples given should be

‘sufficient,  however, to emphasize the importance of careful and exact
installation practices, as well as regular and prompt repalr or reha- -
bilitation of the devices after they have been mstalled

: MEASURING TECHNIQUES REDUCING ACCURACY OF MEASUREMENT

It is possible to obtain maccurate discharge measurements from reg-
. ularly maintained equipment properly installed in an ideal location, if
‘poor measuring techniques are used by the operator. Measurement of
head is very important and some of the techniques now in use are not ~
compatible w1th the relatlonshlps between head and dlscharge known to
~-exist.

The frequency of head measurement is also important and may be the
‘cause of inaccurate water measurement. These and other related miscel-
1aneous techruques are dlscussed in the next paragraphs -

- FAULTY HEAD MEASUREMENT -

_Measurement of:the head on a weir seems to be a 51mp1e matter but can - .

i be difficult under all but ideal conditions. The head is the height of water
~.above t_he blade edge {or crotch of a V-notch) measured at a point where .




the velocity head (or velocity of approach) is a negligible value, Fig-
ure 9. In practice this means a point located four to six times the head
' upstream from the center of the weir blade. If the head is measured
farther upstream, the head necessary to produce flow in the approach
channel {(water surface slope) may be 1nadvertent1y included to give a
larger head measurement. If the head is measured closer to the weir

. blade, some drawdown (caused by increased velocity near the weir) may

occur and less than the trué head may be measured. If the head is meas-
ured at the side of the approach channel, more or less than the true head
may . be measured depending on the geometry of the approach pool, Flg-
ures 9 and 13.

The practice of placing staff gages on weir bulkheads or on bankside
structures should be investigated in each case to be sure that a true
head readmg can be obtained, Placing a rule or a Clausen-Pierce gage
on the weir blade also gives an erroneous reading. The taking of head .
measurements when debris or sediment has a visible effect on the flow
pattern can also result in faulty head determination, Figure 17. Meas-
uring head, when the measuring device has obv1ously been damaged or
altered, is also to be av01ded .

Figure 18 showe a weir performing properly for the discharge shown..
At larger discharges the unSymmetrical approach pool may produce un-
de51rable conditlons

The pr1nc1p1es described above also apply to head meaSurements on
Parshall flumes, metergates or any other device dependent on a head
measurernent for diseharge determination.

-‘ifImprOper gage location, ‘or an error in head measurement in a Parshall
flume can result in very large discharge errors. Throat width meas-
‘urements (and weir lengths) can also produce errors although these er-
- rors are usually small because of the relative ease of making accurate
length measurements. {Operators should measure lengths in the field
‘and not rely on values stated or shown on drawings.) Readings obtained
from stilling wells, whether they are visual or recorded, should be
questioned unless the operator is certain that the well intake is not par-
tially or fully clogged. . Data from an overactive stilling well can also
be ‘misleading, partieularly if long period surges are occurring in the .
head pool. In fact, all head determinations should be checked to be sure
that the instantaneous reading is not part of a’long period surge. Suf-
ficient readings, say 10, should be taken at regular time intervals, say
15 seconds, and averaged to obtain the average head. More readings
“may be required if it is apparent the pool is continuing to rise or fall.
- . If this is too'time consummg ‘the cause of the 1nstab111ty should be
removed ; :




Weeds protruding through the opening and sediment in the approach
pool will result in inaccurate discharge determinations.

Figure 17

Cipoletti weir operating with good flow conditions in the approach pool.
Flow is well distributed across wide pool and shows no evidence of ex-

cessive turbulence. Accurate or ''standard' discharges can be expecte
under these conditions.

Figure 18
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Readings from gages or staffs which may have slipped or heaved should -
be avoided. Periodic rough checks can sometimes be made with a car-
penter's level or square from a reference point on another structure.
A still water level at weir crest height is a valuable check on the staff

. gage zero.

In short, it is desirable that each operator understand the measirement
he is trymg to make, and then critically examine each operation to be

sure he is measuring what he intends to/measure. He should try to find
fault with every step in making.a head measurement and try to improve

his technique wherever possible.

-

INFREQUENT MEASUREMENT

When a head or velocity measurement is made to determine discharge,
it can be concluded that the measured discharge occurred only at the
~ moment of the measurement. It cannot be concluded that the discharge
- -+ was the same even 5 minutes later or 5 minutes earlier. Therefore,
e water deliveries can be accurate only if enough -measurements are made
- ' to establish the fact that the discharge did er did not vary over the pe-
riod of time that water was being delivered.

T~ B - In many systems, ‘measurements are made only once a day, or only
I when some mechanical change in supply or delivery has been made.
Problems introduced by falling head, rising backwater, gate creep or
hunting are often ignored when computing a water delivery. The prob-
_ lem is not'a simple one, ,at times, and there are many factors to con-
S -sider in determining the number of readings to be made per day or
' gy other unit of time. If the discharge in the supply system is increasing
- or decreasing, it will be necessary to take more than a single reading.
If the rate of rise is uniform the average of two readings, morning and
night, would be better than one. If the rate of change is erratic, fre- -
quent readings may be necessary. If a great many readings are known
to be necessa“y, a recording device may be justifiable. :

™ew...  Sometimes when the dlscharge in the supply system remains constant,

' -..the water level or velocity reading change because of a change in con-
trol, or because checks have been placed in operation. Temporary

. changes in discharge in the main supply system may occur for example .

. because water, in effect, is being placed in storage as a'result of the
rising water level, Conversely, the discharge may temporarily in-

. crease in parts of the system, 7if the operating level is being lowered.

S The changing water level may make it necessary to take more fre-

S ~quent head readmgs

48

: s
Here again, the Operator should try to vxsuahze the effect of anv ‘~hange
- in discharge in the supply system, upsiream or downstream from a meas-
~uring device, and attempt to get more than enough readmgs to accurately
compute the quantlty of water delwered '
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USE OF WRONG MEASURING DEVICE

Every water-measuring,device has limitations of one kind or another
and it is impossible to choose ons device that can be:used in all lo-
cations under all possible conditicns. It is to be expected, therefore,
that for a given set of conditions there may be several devices which
would be suitable, but none could be. considered entirely satisfactory.
If flow conditions change or are changed by modified operations, an
original devicde, which was marginal in suitability, may be found to be
totally 1nadequate It is possible, too, that the wrong device was
selected in the first place. Whatever.the reason, there are instances
‘where accurate measurements are being attempted using a device
.which cannot, even with the greatest care, give the desired results.

* The operator should* call attention to such a 51tuatlor( and attempt to
have remedial measures taken w

For example, a weir ‘cannot be expected to be accurate if the head is
-apprec1ab1y less than 0.2 foot, or greater than about one-third of the
weir blade length.. Large measurement errors can be expected (de-
parture from standard), if tHese limits are exceeded appreciably.  If
a weir is submerged*appremabl_}r by backwater, large errors may be
introduced depending. on -other factors. In view of uncertasntles which

- cannot be explained satlsfactorl ly, sﬁbmerged weirs-should be avon:led

wherever possible.. Parshall flumes should not be operated at more
.“than the critical degree of submergence (80 percent); in fact, they should

“ not be'submerged.at.all, unless. ‘provisions have been made in the flume N

for a downstream head measuring well, and the: method of computing

; T-snbrnerged dlscharges from the pubhshed tables is thoroughly ;under-

“"tood Thls 1s explamed 1n deta11 in the secuon on’ Parshall flumes.
Prop 1ler meter_de\rlces should not be permanently 1nsta11ed where weeds

rnovmg li¢brisi or sedimentare apt to foul the métexr or grind the bear-’

. ingsi” Submerged devices, such as metergates, should not be used where

_ _a moving kbedload can partly block the: opemngs L

In short, itis necessary to analyze the flow conditions to'be encountered

“ata partlcul"“ site, and only then, seiect the measuring device that can

) best cope. with the unusual condition to be encountered

ELABORATIONS ON THE BASIC WATER MEASURING
2 DEVIC“‘S AND TECHNIQUES '

ORIFICES N

Submerped Ornlce\\\ o . o , =

: For al; ree-flow orlflce Flgure 5 ‘the dlscharge equatlon was shown to be :
approx1mate1y equal to Q = 4.88. A\/_ : : :




. If the head H on the orifice was 4 feet and the area of the orifice was
2 square feet, the discharge would be

Q=¢89x2xvq=135ds

: :If an or1f1ce is d1scharg1ng into a ditch, as shown in Figure 19, there
‘ may be some backwater to prevent. free-flow conditions,

Smce the- head H is pushmg water’ through the orifice and the head h is
attempting to hold it back, h must be subtracted from H before using a
head value.in the equation - :

-.'_Q_."-='C{\'- V2g®EH - h)

o

| In:the;'i)_r'”é'}:edirﬁg p:pbbler_n,. if .h was_l'_‘feot, the dischérge would be

.1\- .

VQ~489x2xv’ 171

or.a reductlon of 2. 5 cfs from the 19 B cfs cornputed w1thout
,submergence ;

s
ks




Orifice in Pipeline

If an orifice is placed in a pipeline as shown in Figure 20, there is al-
most certain to be a backwater effect, and it will be necessary to meas-
ure both the upstream and downstream heads. Since there is no free
water surface in a full pipe, piezometers or pressure taps must be used
to obtain the necessary data.

Head loss because of orifice-,

F1gu r'e 20

Plezometers are no more than small dlameter standplpes in which water
rises sufficiently to balance the. pressure inside the pipe. The accuracy"
aspects of piezometers have been discussed, Figure 16: :

If piezometers were placed in a pipe asusshown in Figure 20, the dlffer—
ential pressure H - h (between B and CJ\Would be the head producing .
flow to be used in the orifice discharge equation. The head at A would
be lower than at B because some of the totaI\head would have been used
in producing the velocity in the pipe. At B the\velomty of flow would be
nearly zero, and so the true head would be mdlcated by the plezometer
The pressure at -C would be very low because of the high veloc1ty At D
some head recovery would occur because of the. reductmn in veloc1ty
-caused by-the spreadmg of the orifice jet. ' : :

At E normal pipe flow has been reestablished and the loss A-E repre- .
.sents the head lost because of the disturbances in the flow caused by the
orifice. Energy ia the flow was converted to heat as a result of turbu-
lence in the flow and extra friction losses at the 0r1f1ce plate and plpe
'_bound aries. o ,

o

f\r1f1ce discharges may be calculated w1th reasonable accuracy 1f all the
fa"tors affectmg the~f10w are evaluated and the coeff1c1ent "C” is adjusted

\\




accordingly For example, the graph in Figure 21 shows the variation
in C to be expected for various combinations of pipe size and orifice
diameter. S

The orifice. coefficient is seen to be 0. 61 (in the solid line curve) when
the orifice is 0.2 of the pipe diameter or less and increases to 1.0
when the orifice is 0. 8 of the pipe diameter. It would therefore appear

* that large orifices would be preferable to small. This is not neces--
sarily so, however, because large orifices give such a small differ-
ential that the error in reading the head is a large part of the differen-
tial. Also the head tends to fluctuate severely so that at times it may
appear that there is a reverse d1fferent1a1

‘Thus,. orifice installations-should provide sufficicient head (and/or
differential} to make head reading errors negligible in terms of the dif-
ferential head. In fact, it has been shown that the head on a freely dis- _
charging orifice should be at least twice the diameter of the orifice. '

~ For lower heads, the coefficient falls off rapidly and may be as low as
0.2. :

Rounding of the sharp edge of a circular orifice may be the cause for
considerable error in determining discharges. A l-inch-diameter cir-
cular orifice rounded to a radius of 0.01 inch will discharge 3 percent
"more water than a sharp edge. This is because the contraction is not
as great with a rounded edge as with a sharp edge. (Note that this is
-a very slight degree of rounding.) :

In generai the percent increase in C (or discharge) due to rounding, |
equals three times the percent that the radlus of rounding is of the di-
ameter of the orifice.

"The dotted‘ line ci.1rve shows ' coefficients {(for H - h = 3 feet) obtained from
 a careful volumetric calibration of five orifices 1-1/2-inch, 2-3/8-inch,
3-7/8-inch, 6-inch, and 8-1/2-inch used in a 12-inch pipeline as a lab-.

oratory metering system. The departure of the coefficient from the gen- . -

_erahy accepted sohd line curve 1s con51derab1e

The brokenhne curve shows coefficients for five orifices 1-1 [4-,
1-3/4-, 2-3/8-, 3-3/8-, and 4-3/8-inch used in an 8-inch pipeline hav-
“ing an 8- to 5-1/2-inch reducer ‘placed upstream from the orifice. The
" 8-inch pipe size. was used to compute the ratio plotted as the abscissa
in the sketch. Here, again, is a departure from the generally accepted -
' .coefficient curve and if a coefficient had been assumed from the solid
line curve, serious discharge measuring errors of perhaps as:much as
' 15 percent could have occurred.

Because of the many factors which affect or1f1ce discharges, it is usually.® -
_.desirable to calibrate an ‘installation by volumetrlc measurements, cur-
. .rent meter,. P1tot tube, or other prlmary means. This may not be pos ..
: ‘=51b1e and it may then be necessary to 1mprov1se a calibration. Another

_R9-36.




objection to the use of orifice meters is that the head loss caused by the
meter may be excessive. Losses may run as high as one or more ve-
locity heads. One velocity head is equal to the head required to produce
the ve10c1ty in the pipe upstream from the orifice determined from Equa-
tion 3.

Orifice meters are not generally available from commercizal supply houses,
~and it is not ordinarily possible to buy a ‘meter complete with piezometers
and head or differential head gages.

When a submerged orifice is used in an open ditch, the area of the ori-
fice should be no more-than about one-sixth the ditch cross-sectional
flow area to minimize velocity of approach effects. This is roughly

* equivalent to using an orifice-to-pipe-size ratio, Figure 21, of about
0.25; coefficient 0.62. A high velocity of approach means that some of
the head {which is to be measured) has been converted tc velocity and
cannot be measured directly. To account for this head the velocity must
‘be determined, converted to head, and added to the measured head.

. The height of the rectangular orifice should be considerably less than the.
‘width to minimize the effect of variable head on the orifice coefficient.
- The submerged orifice equatlon (6) may be used along with a coeffi-
C1ent of 0.61-0.62.

If the velocity of approach is excessive (head has been converted to ve-
locity and cannot be read on the staff gage), the velocity head (use the
average velocity in the ditch upstream from the orifice and convert to

H by v H) must be added to the measured head.

2g

If the orifice is suppressed (hmdered by floor, walls, or other) from a
normal approach flow pattern .use the equatlon

Q- 0.61 (1 + 0. 15r)"A\/—2gH

-where r is the ratlo Iengt‘q of suppressed portmn of perlmeter of ori-
fice d1v1ded by total perlmeter

Dlscharges for standard rectangular or1f1ces are gwen m Table 29 and
correct coefficients for suppressed orifices in Table 30 of the Water

- Measurement Manual. Other 1nformat10n on submerged or1f1ces is

‘ 'gwen in Chapter IV of the Manual :
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VENTURI METERS AND FLOW TUBES

The Venturi meter is basically a streamlined orifice meter and was
devised to reduce the head loss produced by the orifice meter. The
meter consists primarily of a constriction in a plpe with a curved
approach to the constriction and a gradual expansmn to the pipe di-
ameter as shown m Figure 22.

O.! Velocity head
- Head loss---~,

VENTUR! METER

Figure 22

A typlcal Venturl meter is shown in the sketch for a constriction of one-
 half the pipe meter (d/D = 0.5). The piezometric heads are shown as

H and h and the differential used to determine meter discharges as
‘H - h. The head loss is shown at the downstream piezometer as being
about 0.1 velocity head, considerably less than for an orifice of the
same size. Line A (the hydraulic grade line) shows the elevation of
the water surface which would be indicated if a large number of pie-
zometers were installed in the meter to 1nd1cate the "arlatlon in<pres-

_ sure from pomt to point.

Although tables are usually used the curve in Figure 23 shows a typical
~ rating curve for a commercial 8-inch Venturi meter (approx1mately
' 4 5- 1nch throat and 8 -inch pipe).
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Of particular interest and concern is the shape of the lower portion of |
the rating curve. A differential head of only 0.1 produces a discharge
of 1 cfs. It would be difficult to measure 0.1 foot accurately because
of the usual fluctuations; and, consequently, it would be difficult to say
whether the discharge was 0.7, 1.0, or 1.2 cfs. The meter should not
be used, therefore, for discharges less than 2. 5 cfs where the differ-
ential head is-about half a foot. For discharges of 3 to 5 cfs, the 8-inch
‘meter could be expected to be extremely accurate. If a discharge of _
1 cfs must be measured accurately, a smaller Venturi meter should be
used. Because of the nature of the meter, the differential varies as the
‘square ‘of the rate of flow. This means that when the meter is discharg- -

-~ ing 50 percent of capacity the differential is 25 percent of maximum;

10 percent of capacity shows only 1 percent of the maximum differential;
b percent of capacity shows only one-fourth percent of maximum differ-
ential. An orifice meter has the same characteristic ratmg curve, and

' _ the above statements apply to or1f1ce meters as well

Ventum meters are avallable commer c1a11y in a range of sizes and can
'be purchased with an accompanying set of discharge tables or curves.
Venturi meters must always be calibrated because it is impossible to

. calculate discharges accurately Cahbrated meters are usually accurate
to w1th1n 2 percent ' -

- '.'_Venturl meters are usually machined castings and are relatively expen- -
sive, although cheaper cast concrete has been successfully used in some
cases. Some success has been achieved in constructing meters from

standard pipe fittings which can bé screwed or bolted together. Two. stand- .-

ard pipe reducers with a standard gate valve between them makes a satis-
- factory measuring device which has been found to be accurate to plus or -
‘minus percent. Some of-the early work on this subject is contained in a
Master of Sc1ence The51s 1942, "Hydraulic Characterists of Simplified




Venturi Meters, " by R. A. Elder Oregon State University, Corvallis,
QOregon.

Venturi meters are usually of two basic types--the standard long form

~_.or the short form. The Dall tube is a commercial version of the short

“form tube, but is claimed by its manufacturers to have a low head loss.
The long form tube usually has less head loss than the short form be-

" cause more head is recovered in the long tapered expanding section
‘downstiream from the throat than in the more abrugt short section. The
~short form usually costs less and requires less space, however. Flow
tubes constructed of fiberglass and epoxy are available for installation
between flanges in a pipeline. These require little space becsuse the
.flow tube is placed, essentially, inside the pipe.

Head loss must be considered when selecting a meter because pump
sizing may be affected and pumping costs may be a part of the daily
operating cost. The head loss is governed chiefly by-the length of the-
tube and the ratio of throat to inlet diameters, the loss being greater
for short tubes and small throats. Attempts to reduce the head loss by
increasing the throat diameter will result in smaller differential pres-
sures for a given discharge ~Too large a throat therefore, may result
in measurement inaccuracies.

Comparatlve ‘head losses for several types of meters are given in
column 2 .of the table below, for a throat-to-inlet diameter ratio of 0. 5

= ~ Yearly pumpirig
Me__tgr_tx&e . " Head loss, feet cost, dollars

" Flow tube .87 13
Long form Venturi .- o1 X ) 23
', ~Short form Venturi : . _ .28
Orlflce ‘ : R A 140

The yearly cost of electr1c1ty for pumping 1 cfs agamst these heads is
~shown in column 3 (75 percent’ eff1c1ency, power cost $0. 02 {kwh).

Concrete meters '(Flgure 24) have been: constructed and used by the

. Fresno Irrigation District, Fresno, California. The Fresno meter con-

sists of a length of standard concrete pipe into which has been formed a

- eircular throat section to give a. reduction in-area so that the prmc:.ple .
-of the Ventun meter is apphcable for the measurement of flow.
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Figure 24

Meters are available in 8-, 10-, 12-, 14-, 16-, 18-, 20-, and 24-inch
sizes (D). Accurate laboratory calibrations have been made for the
8-, 10-, 12-, and 18-inch sizes.. Head loss versus discharge curves
are- also available for these sizes. The losses range from 0, 2 foot
for the 8-inch meter discharging 1 efs, 0.4 foot for a 10~-inch meter
discharging 2 cfs, 0.7 foot for a 12-inch meter discharging 4 cfs,
to 0. 9 foot for an 18-inch meter discharging-lo cfs. A report, Re-.
stricted Hydraulic Laboratory Report No. Hyd-340, gives the results _
of extensive tests on these meters, and is available to Bureau employees
' from the Technical and Foreign Services Branch, Bureau of Reclamatlon
g Denver Federal Center Denver Colorado. .

- 'VENTURI FLUMES

'The famlhar Parshall flume (Figure 12 Parshall flume section of this
- report) belongs to a large class of water-measuring devices known gen- .
..erally as Venturi flumes used in open channel installations. These de-
vices depend upon contraction of the flow either by tapering the side
“walls of the flume, by changing the elevation. of the flume bottom, or
‘both.  Parshall flumes incorporate a floor drop along with the converg-
ing of the side walls. "Parshall flumes are discussed in a separate sec-
~tion in this report o e :

""Venturl flumes are of two, types the "free—flow type where a simple
. head reading is- requlred to'determine dlscharge and the "'submerged" | -
‘type whlch requlres two. head readlngs to account for the backwater




depth effect and determine the dlscharge The latter type is some-~
times called a "critical depth flume" and/or a "standing wave flume."
The former is sometimes called the "true Venturi" type. The Par-.
shall flume is an example of a Venturi flume that is often used in
either category or both.

‘When head must:be conserved the flat-bottomed Venturi flumes are

more desirable than flumes having vertical configurations in the floor.

" If the canal is trapezoidal, the flat-bottomed Venturi flume can also

_ be made trapezmdal for convenience of construction of placement. But,

" like allimeasuring devices they should be either calibrated before use

or be constructed exactly the same as‘an existing flume (standard device)
that has been cahbrated -

From studles made on Venturi flumes it has been found that for any given
flume, each value of the discharge (Q} has a unique and corresponding
head (H). The results of these studies indicate that the relation between
~discharge and head may be expressed in the general form:

Q=K H"?

“ where the coefficient (K) and the exponent (n) are predominantly depen-
~ dent upon the geometry of the flume. When the values of (K) and (n) are
"determmed from actual measurements the dev1ce is said to be calibrated.

.The ‘Bureau-of Reclamatlon has stud1ed the flat bottomed trapezoidal
Venturi flume shown in Figure 25. This, particular flume was studied ~
for discharges rangmg from 0. 5 to 5 cfs; the dlscharge equation was
found to be _ : .

. Q=-3.48H2-2¢

- Studles of other flumes of both larger and smaller sizes w1ll be contmued
‘and. will be directed toward standardizing the flumes in terms of geometry

~and in prowdmg ratmg tables. for general use.

Small flat- bottomed trapezmdal Venturl flumes were studied by A R.

=  Robinson and A. R, Chamberlain, 'Trapez01da1 Flumes for Cpen-

-Channel Flow Measurément, ' ASAE, Volume 3, No. 2, 1960. Thelr
- study presents the cal1brat10n test results on seven flumes: w1th side =

- .. slopes (8) ranging from 30° ta"60°, throat bottom width varying from
‘.. 0'to 4 inches; ‘and contraction a_ngles (@) varying between 8° to 22°.

The discharge range covered by these flumes is from 0.02 to-2.0 cfs.

. H flumes, .of this type are to be built and used w1thout field calibration

the dtmensmns and 11m1tatlons dlscussed in the arttcle should be care-
: ;fully followed N - _ o




Flat-bottomed Venturi flumes can be made of concrete, metal, or wood.
However, the use of wood. should be. avoided wherever possible because
the effect of swelling and warpage can be severe. Regardless of the
material used for construction, the flumes should be sufficiently rigid
to prevent bowing caused by earth pressure from backfilling.

For best results the flat-bottomed flume should be set flush with the
bottom of the incoming canal. If possible, the cross sections of the
canal and the start of the converging portion of flume should match. If
matching is not possible’ transitions to the flume can be made of con-

=, crete, metal, wood, or gravel large enough to resist movement with the

"flow.

. The head measuring station should be located just upstream from the
start of the convergence in the flume, Figure 25. If a stilling well and
hook gage aie‘used, the pressure tap or piezometer should be placed
about 2 inches sbove the bottoin of the flume to prevent sediment and
other debris from plugging the lines to the stilling well” Staff gages
may also be uséd to measure the head. To indicate the necessary
accuracy for a head determination {in terms of discharge error) the
following table may be used. This table is for the flume size shown in
Tigure 25. ' '

Errorin °  Discharge
head reading error range
feet=~ - percent

0. 005
0.010
0.020
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In an. ordmary 1nsta11at10n the. _veloc1ty of approach to a Venturi flume
-would not’ have an effect on aécuracy Excessive flow velocity at the.
flume entr, :_ce can cause errors of up to 4 percent, however, and .
_\, some:; ‘carein mstallatlon and maintenance is requlre.t "if the Venturi
' Uﬂume is tobe consuierea an avcurate measurmg dev1ce
: o~ AN P '
__“Reasé”nable enhrance véloc1t1r-s w111 result in no measura.ble discharge
;errorb. If ‘the’ waterrsurface st upstream from the flume is smooth -
. {shows-no- -surface boﬂs wayes, OT, h1gh-veloc1ty current concentratlons)
-it:may.be conﬂudedjl:hat the Venturl flume a.ccura.cy is notwbemg a.ffected e
“by.ithe pproach flow T R o
'Venturl ..flumes are ca.hbrated in'a channel havmg a horlzontal bottom
: F1e1d 1ns'ra11at10ns .:.hould approxlmate this condltlon if” accurac:y is ©»
1mportant : . ‘ : S Lo




METERGATES

A metergate is basically a modified submerged orifice arranged so that
the orifice is adjustable in area, Figure 26.

‘Bottom of ditch.
_Min. submergence
about | ft. .

T

[

60 TD or more ------ ,..'
SECTION

_-~Measure H here
fMeasure h here

PLAN
METERGATE

Figure 26 .

'Although it should be possible to compute the discharge, this is rarely
done because there are usually too many departures from standard de-

5' flnable conditions for which correction coefficients are not known. Meter-
gates are usually purcnased from a commercial supplier who supplies a
discharge table. Ordinarily, the tables give a good accounting of the

flow, but 1n some instances, errors of 15 percent or more have been
found.




If a discharge error is suspected, the installation should be thoroughly
checked to be sure that it complies with the essential conditions shown
in the above sketch, particularly that there is no blockage.of flow and
" that the outlet is sufficiently submerged to make the pipe flow full. The
many factors affecting metergate performance and accuracy are de-
scribed in detail in the following paragraphs. These suggestions apply
particularly when the gate is operated at large openings (50 percent or
rnor;e) and for with small upstream submergence (1D or less).

SOURCES OF DISCHARGE INDICATION ERROR

Ty%e of gate

The discharge table being used should be checked to be sure that it
applies to the metergate in question, - Tables for round bottom gates
‘will not work with square bottom gates, or vice versa, except perhaps
at the wide-open position. Be sure that the table being used is for the
brand of gate, model number, or other identifying symbols.

Stilling well blockage

If there is no blockage of flow at the gate or in the pipe, make sure that
the stilling wells are open. A bucket of water poured into the well should
readily drain-out or, if the gate is in operation, the water level in the
-“well should rapidly return to the head indicated before the water was
added. As a matter of general maintenance, it would be a good idea to
flush the wells occasionally, push a probe through the piping, and flush
again, Any difference in readings before and after cleaning might indi-
cate the need for further flushing and cleaning. Staff gages or scales
-should also be checked to be sure they have been installed at the proper
zero position and that they have not become displaced vertically.

Gate and gate openulg 1nd1cator

Be certaln that the gate opening indicator, whether it is the rlsmg stem

on the gate or some other device, has not become displaced to give a

false gate opening indication. Check the installation of the gate on the

end of the pipe. The gate must seal when closed. Too much clearance ’

- may allow an excess of water to {low between the gate or frame and the
end -of the pipe, changing the flow pattern and indicated head in the down-

stream stilling well. : :

Approach area L _' - . L

o

Weeds trash, or sednnent in the approach to the gate can change the
.. pattern of flow sufficiently at the gate leaf to produce sizable discharge

. errors.” Theflow along the sidewalls (wingwalls) has more effect on °

. dlscharge than the flow along the bottom. Be sure that flow can follow e
_ the 51dewalls w1thout 1nterference Large amounts of Sedlment dep051ted

.','G




in the area just upstream from the gate can upset the normal flow pat-
terns as can waterlogged trash, rocks, or other submerged material.
The approach area should be cleaned and reshaped, if necessary, until
no flow lines or velocity concentrations are visible on the water surface.

Submergenée

The water level at the gate should be at least one pipe diameter (pref-

. erably two) above the crown of the pipe during operation (flow meas-
urement). As previously shown for the orifice, considerable error
results when the head is less than one diameter above the top of the
pipe. The pipe outlet must also be sufficiently submerged to make the
pipe run full. Usually, if the pipe length is standard, at least six or
seven diameters (discussed later), the submergence need be only about
6 inches above the crown of the pipe. Unless the pipe runs full at the
outlet, the downstream head measuring stilling well may not contain
enough water to indicate the true differential pressure across the meter-
gate, and serious discharge measuring errors can occur,

Small differential head

Large errors in discharge determination can be introduced if the dif-
ferential head (difference in water surface elevation between the two
stilling wells) is small. For’example, in reading the two water sur-
face elevations in the stilling wells, an error of 0.01 foot could be made
in each reading, giving a differential of 0. 10 footinstead of 0. 08 foot.
The difference in indicated discharges would be about 0.12 cfs for a dis-

. charge of 1.10 through an 18-inch metergate open 5 inches, an error of
about 11 percent.

If the gate opening was reduced to 2 inches and the upstream pool could

be allowed to rise to pass the same discharge, the differential head

would be 0. 40 foot and the same head reading error of G. 02 foot would

indicate a change of only 0.03 cfs. The error in discharge determination
.. would be reduced from about 11 percent to.less than 3 percent.

If the pool level cannot be elevated as described and it is necessary to
“operate continually with small differential heads, it would be well to
consider installation of a smaller gate. This would allow operation in
the upper ranges of capacity where the differential head is larger. If
a smaller gate cannot pass the required maximum flow, it might be
necessary to use two small gates in place of one large one.

Aside from head reading errors, it.is desirable to operate with larger:
differentials because (1) the flow is more stable and the water _surface
in the stilling wells does not surge as badly and (2) the higher velomty
~ through the meter prevents a redL.ctlon in: Ol"lflCe coefflclent (as discussed
" for the orlflce meter), S




Other methods of achieving a larger differential might include reduc-
ing the backwater level, if excessive, or reducing the pipe length, if
it is considerably longer than six or seven diameters, to reduce the
backwater effect; change the location of the downstream stilling well
and recalibrate the meter (discussed later).

Location of stilling well intakes

Because the discharge is directly related to the difference in water levels
in the two stilling weiis, it is essential that the stilling well intakes (pres-
sure taps or piezometers) be located exactly as they were when the meter
was calibrated.

The upstream intake should be located in the headwall several inches (at
least) from the gate frame, several inches (at least) from any change in
headwali alinement in plan (see Figure 26), and at an elevation such that
the intake will be covered at minimum operating level. The opening
should be flush with the surface of the headwall and the piping arranged
so.that a cleaning probe may be pushed through for cleaning purposes.
The pipe shculd slope continuously downward from well to headwall to
prevent air locks in the system. If air is suspected in the piping, it
may be flushed by pouring water into the well at a rapid rate to force
the air out through the intake end, taking care not to entrain air in the
‘pouring process,

The downstream piezometer (pressure tap) should be located on the
centerline of the top of the pipe, exactly 1 foot downstream from the
downstream face of the gate. The intake pipe must be flush with the
inside surface of the pipe (grind off any projections beyond corrugated
or smooth surface) and absolutely vertical (the effect of tilted piezom-
eters is illustrated in Figure 16}, .

As shown in Figure 27, the rate of change in pressure is very rapid in
the region of the downstream pressure tap and any displacement of the
tap from the location used during calibration will resuit in large dis-
charge determination errors.
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A better location for the downstream piezometer would have been D/3,
measured from the downstream face of the gate. The pressure grade-
line here is lower and flatter. Minor variations in piezometer locations
would not result in major measuring errors. However, if the piezom-
eter is moved to this point {to increase differential head), the meter
‘must be recalibrated because the published tables will not apply.

Laboratory tests have been conducted on.metergates to determine the
coefficient of discharge Cg for a pressure tap located at D/3, as dis-
cussed. This curve shown in Figure 28 is valid for all sizes of meter-
gates under certain standard conditiong. These include; '

1. Appro_ach channel floor sléping upward, 2:1, toward gate with
downstream end of floor 0. 17D below pipe entrance invert.

R =:.. FIaring entrance walls, 8:1, starting D/4 distance 'fr_om édges
© of gate frame. . : : L R

3. Zero gate opening set when bottom of leaf is at invert of entrance.

4. Upstream submergence is greater than D.

OB _-bov}nstr'eam end of pipe 'i's.s_'ubmérged.to make pipe flow full.

T
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Figure 28

It should be noted that the coefficient Cq is a different coefficient than
the C used in the orifice equation. Cq is used with A which in this case
is the area of the pipe and not the gate opening. Dlscharges may be com-
puted from this equation with an accuracy of plus or minus 2-1/2 percent.
The degree of downstream submergence does not affect the accuracy of
the meter if water rises sufficiently in the downstream well io obtain an
accurate reading and the pipe runs full at the outlet.

METERGATE INSTALLATION

Metergates have been found to be set too low, too high, or the wrong
size of gate was employed. To aid in the proper selection of gate size
and the elevation at which the gate should be placed, the following sug-
gestions are given'in the drawing in Figure 29. The metergate entrance
structure should be as described in the preceding discussion.

An analysis of other factors that influence metergate performance and
accuracy, in cases where the installation is not standard, is given in
Hydraulic Laboratory Report No. Hyd-471, dated March 15, 1961, ”Flow
Characteristics and Limitations of Screw Lift Vertical Metergates.'

This report covers various entrance problems effects of submergence :
“velocity and gate design, and gives rating curves for 18-, 24-, and 30-inch
gates for both confined and unconfined approaches.
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CONSTANT-HEAD ORIFICE TURNOUT {CHQO)

The constant-head orifice turnout, Figure 30, is essentially a sub-
merged orifice-meter type of measuring device. The upstream or ori-
fice gate controls the discharge while the downstream or turnout gate

controls the submergence on the upstream gate.

Getes not shown

04"x18"Orifice gate --. 18" Dia. Turnout gate

(Controls discharge)y ‘.  (Controls
= submergence)

——————

Max.W.S.y

Min.W.S

i
5
Ao Wi
"y L]

Y A

TS Niar siope 4:1
o PLAN I
CONSTANT HEAD ORIFIGE TURNOUT

Figure 30




As a means of standardizing the device, it was arbitrarily decided to
always subrnerge the orifice gate sufficiently to produce a 0. 2-foot
difference in water surface elevation (differential head) across the
upstream or orifice gate.

The constant-head orifice is usually operated as follows: The orifice gate
opening for the desired discharge is obtained from ihe discharge table
and set. The turnout gate is adjusted until the differential head across
orifice gate is at the required constant head of 0.2 foot. The discharge
will then be at the desired value. Two standard sizes of constant-head
orifice meters have been calibrated and the discharge values are given

in Tables 32 and 33 of the Water Measurement Manual.

The 10-second-foot capacity turnout is designed to operate with the
‘canal water surface from 21 inches to 6 feet above the orifice gate
seat. Minimum operating depth is 18 inches. This turnout uses a
rectangular 24- by 18-inch screw lift vertical gate for the orifice gate
and an 18-inch-diameter screw lift vertical gate for a turnout gate;
two sets of gates are used side by side in the turnout structure which
employs 18-inch-diameter pipe.

The 20-second-foot-capacity turnout is designed to operate with the
canal water surface from 27 inches to 6 feet above the orifice gate
seat. Minimum practical operating depth is about 24 inches. This
turnout uses a rectangular 30- by 24-inch screw lift vertical gate

for the orifice gate, a 24-inch-diameter screw lift vertical gate for
the turnout gate; two sets of gates are used side by 51de and discharge
into 24- mch dlameter precast concrete pipe.

DISCHARGE CHARACTERISTICS

The discharge through a constant-head orifice turnout may be computed
from the orlflce equat1on

Q = CA VIgH

~where
@ = discharge in cfs
- H =udifferential head on orifice gate (0. 2)
A = area of orifice gate opening in square feet
'C = coefficient of discharge
g =

acceleration due to gravity (32 ft/sec/sec)

R9-54-




The coefficient "C" determined in 98 tests on 6 different designs of
turnout, for a complete range of gate openings and canal water sur-
face elevations is shown in Figure 31.

S 072 |
o Nofe H was malm‘amed af | "]

0.2 f‘t ln all tests

<
O 070 e

- ot:‘.e_L/+ S U :
o 002 04 06 08 1.0 )2 L4 16

ORIFICE GATE OPENING IN FEET

Figure 31
. ;?I
The dlscharge tables {referred to above) were prepared from this curve. ¥
Single barrel and double barrel tests gave the same discharge coefficients.

When only one of the two orifice gates is open, it is desirable to open
the turnout gate directly downstiream from the opened orifice gate. The
head should be read on the sidewall of the pool next tc the open gates.
An incorrect head reading will be obtained if the gages on the sidewall
opposite the open gate is used. If both turnout gates are opened with
only one orifice gate 0pen an incorrect head reading will be obtained on
all gages. .

More consistent results will be obtained if the downstream gage is re-
- located adjacent to the orifice gate instead of adjacent to the turnout

gate. Any arrangement of open and closed gates that pr oduces a tilted

water surface between the orifice and turnout gates should be avoided
-because of the difficuity in determining the head by any means.

DISCHARGE DETE‘RMINATIC.)N ERRORS

Since the principle of operation of the constant-head orifice turnout is

" to maintain a constant differential of 0. 2 foot across the orifice gate, it
is extremely important that this differential be determined accurately in
the field if accurate discharge determinations are to be expected. The
equation for dlscharge may be written : '

Q= CA'-\/2g s/'I:I'

_where H is 0.2 foot.




If an error of 0.0l is made in reading each gage, H could be as small
as 0.18 foot or as large as 0. 22 foot. The error in discharge would be
* proportional to the square root of the head or
Difference

-‘/0. 18 = 0.4243
0.0229 0.0224

{J0.20=0.4472 | average
/022 = 0. 4690 o

0.0224

: x 100 ="+5 percent

0. 4472 )
For an error of 0. 02 foot in readlng each gage the d1scharge determi-
nation error would be plus or minus 10 percent

It is, therefore, apparent that accurate dlscharge measurements can
be obtalned only if great care is used:in determlnlng the differential
head. Some operators have complained that it is next to impossible

to read a staff gage accurately when looking downward at a steep angle
into a dark hole at a choppy water sarface which may also be surging.
Since there is a good bit of truth in this statement, two suggestions are
-glven to help obtain a better differential head readmg

The staff gages could be mounted in stllnng wells made from a sultable
length of commercially available transparent plastlc pipe. This would
- prevent the choppy water surface from interferirg with making an ac-
curate reading. The wells should be qulckly rembovakie for cleaning.
If surges are causing the water level in the well to rise and fail, a wood
. bottom having a 3/8-inch hole drilled in it could bé fastened in‘the well.
This would allow the well to average the surg and provide a more de-
,pendable head determination, \:\ W,
S _
A second rnethod would make use of a portable mariometer cotlstructed
to be temporarily mounted on the transverse concrete wall between the

~ staff gages. The portable manometer would be consrructed as shown | "0 -

“in Flgure 32..

erxlble transparent plastlc tubing is slipped.over a metal tee (soldered
- copper tubing} so that both 1 legs are interconnected at the top and lead t¢

a stem fitted with a stopcock Water is sucked up into the manometer to
' the desired height for ease of reading and the stopcock tightened to hold

. the water.columns up. The partial vacuum, applied equally to each water ..~

column, does not change the differential head. The metal discs with>small-

“‘holes (p11:ls ‘or minus 1/8-inch) dI‘l]_].F-d in them may not be necessary but = . :

will help to stablhze the water colamns 1f surges are a problem The dlSCS

R9-56
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-should be thin (1/16 inch or less) and several inches in diametcr. Rubber -
. stoppers with a preformed hole might be used in place of the discs if

' the velocity past the hole is not too great. The inside diameter of the
tubing should be several times greater than the diameter of the hole in .
‘the rubber stopper or metal disc to obtain’ 51gn1f1cant damplng action on
the water columns in the tubing.

. The differential head for normal operation may be increased if difficulty
. still exists in setting, reading, or maintaining the 0. 2-foot standard
differential. Discharges may be calculated using the coefficient for the
orifice gate opening actually used and the differential head actually meas<:
ured. Turbulent flow conditions or a reduced submergence at the turn-.
., out gate "Will not affect the discharge if it is possible to obtain a true
-downstream ‘head To be certain of the accuracy of these higher dif-
. ferential head dlscherges, it would be desirable to check several gate
- settings usmg—a current meter or other calibration method to measure.
the dlscharge . This displacement; if any, of the coefficient curve from -
- the values glven for the 0. 2 -foot dlfferentlal could be deterrmned from

| orificegate ..o



ealculations, and a new coefficient curve drawn parallel to the one
shown. Only a few accurate check points would be required because
the curve shape would necessarily be the same as for the 0. 2-foot
_curve,

Errors in discharge measurement might be caused by factors other
than the head measurement as discussed for metergates and orifices.

EFFECT OF ENTRANCE STRUCTURE GEOMETRY

The preceding sketch of the constant-head orifice turnout indicates
8:1 flaring walls in plan on the entrance or approach structure and a
4:1 sloping floor. The floor slopes downward away from the orifice
gate,  Plan 1, Figure 30. Other common installations are shown in
Figure 33; each has §:1 flaring walls in plan.

Selection of the type of entrance for a new installation will usually be
limited by the relative elevations of the canal bottom and the pipe invert.
If there is any choice in the matter, however, it should be noted that
Plans 1 and 2 provide the best operating structures. Flow conditions

'~ with these entrances are steady and smooth and the differential head

is not difficult to read. . When the entrance is partially consiricted as

in Plans 3 and 4, by an adversely sloping floor, the flow pulsates and
the surface is'rough., Surges and boils upstream from the turnout

gates tilt the water surface and make the head difficult to read.:

It has been noticed that some structures in the field are now of the-
Plan 4 type, even though they were Plan 2 type when installed. Sedi-
ment and debris have collected near the entrance to the turnout and

. maintenance crews have cleaned for only a short distance upstream,
prbducing the sharp downward slope to the orifice gate., More exten-

~sive pool cleaning would improve the ease of obtaining head readings
and might unprove the accuracy of the measurement.

CURRENT METER GAGING_S

. The current meter uses the velocity principle to obtain discharge. Veloc-
ity is measured in a small area.at one time and therefore, enough read—

- ings must be taken to insure obtaining accurate values. for the average

, 've1001ty and for the area of the flow section,

In selectmg a site for a gagmg station or a location for a meter or any
other propeller device, itis important that smooth uniform flow exist
upstream (to some degree downstream) from the location at all times.

S ‘The approach to the site should be straight for several hundred feet or - '

more and, to the eye, the surface velocity should be the same across

the entire width of the section: The cross section of the site should be
~typical of the sections upstream and dowustream and should be in stable -

matenaF Locatlons where banks or bottOm can erode or where sedlment

a2
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is known to deposit, should not be used. A site where meters can be
operated from the upstream side of a bridge is desirable because a
cableway or other crossing need not be constructed. The depth at
minimum flow should be sufficient to use a current meter in its usual
velocity range. If this is not possible, choose one site for low flows
and another one for high flows.

The sensitivity of the station, in general, should be suitable--small
errors in stage reading should not result in large measurement errors.
Conversely, a:significant change in discharge should be accompanied
by a significant change in stage.

Sites affected by variable depth backwater should be avoided as should
those having seasonal growths of aquatic weeds, or those having a
. confluence with a sizable tributary downstream

The selected site should be close to a benchmark for easy zeromg of
the staff and other gages.  The station should be suitable for the instal-
lation of a water stage recorder and an intake to the stilling gage well,
These should be closely grouped because it is imperative that the re-
corder and staff gage indicate the same water level.

Reference or staff gages should be firmly anchored and in an inclined .
or vertical position. Vertical gages should be vertical in all respects.
Inclined gages should be graduated on the site by precise leveling after
the gage is installed. Clear, accurate markings (0. 01 foot) should ex-
tend to above and below the anticipated levels. Stilling wells should be
vertical and have sufficient depth and height to allow the float to travel
the entire range of water levels. The float diameter should be large

~ enough to overcome fricticn and actuate;the recorder as necessary.
The intake’ p1p1ng to the well should be Jarge enough to allow the water
in the well to rise andfall with the river or canal stage without undue
delay. All pipe joints should be watertight, Elbows should be made
up of: plugged tees to allow roddmg if clogged : .

Recorder chart records should be leg1ble to read plus or minus 0. 02 foot -
" or better. If waves are causing the recorder to blur, use a restriction .
- (perhaps a partially open gate valve) in the st1111ng well piping. A steel
- tape {electric indicator) should be 1nstalled in the well to set and check

‘ the recorder

Recorders should be of such a design and type that a change in the chart
record can be produced only by a change in water level. The recorder
should be sensitive to changes of 0.02 foot or less Clocks should be
reliable and keep good tlme ‘

The paper chart scale chosen for recordmg should permit readmgs to
be made which are within 1 percent of the’ depth of the water {above
-zero flow level) or w1th1n 0. 02 foot, whlchever is greater




'Price-type current meters should not ordinarily be used where veloc-
ities are less than 0. 5 foot per second. The upper range should not
exceed the calibrated range of the meter. Meters should not be dper-
ated in shallow water when the horizontal axis of the meter is closer
to the surface than 1-1/2 times the vertical dimension of the rotor.
Similar bottom clearance should be provided, measured from the
top of any obstruction such as a rock or ledge. Meters should be
re-rated after about 100 hours of use or at least checked against
some known standard. They should be re-rated immediately if
dropped, bumped, or used extensively in sediment laden water.

In making a gaging measurement, choose a time when the stage will
remain constant throughout the measurement. Discharge corrections
for a changing stage are never completely satisfactory, even when all
of the factors are known

Current m‘eter measurements are usually made on "verticals; i.e.,
vertical lines on the cross-section,' chosen so that they provide an
adequate sample of the velo=ity distribution in the cross section.

These verticals should be chosen so that (1) the error in computing

the area of the segment between two verticals does not exceed 3 per-
cent if the portion of the bed profile between the verticals is treated

as a straight line, and (2) the difference between the mean velocities on

ad]acent vertlcals does not exceed 20 percent by reference to the lower

two (except close to the banks). ‘In general, this means that the inter-
vals between verticals should not be greater than 1/15 of the cross-

~ section width (when the bottom is smooth), or 1/20 of the width when-
the bottom is irregular, Verticals need not be closer than 1 foot in any
case; the number may be reduced when working in small lined channels

'hav1ng a regular r=reometr1c profile.

T rovisions, shoulu be made to operate the meter from a cable or rod
- suspended in such a way that the performance of the meter is not affected
by disturbances in the flow caused by the observer or the suspension
‘equipment. The meter should be held in a. given position, after allowing
operation to become stabilized for 40 seconds or more. Total operation
."of the meter at each vertical should be not less than two consecutive '
- periods of at least 40 seconds. If significant differences are apparent‘,
' more readings should:be taken. The mean of all the readings at that -
' '-pomc ‘should be used for the velocity, unless there is an obvious reason
for‘eliminating one or more readings. The meter should be removed
from the water between readings to be sure that its rotatlon is not bemg
L '-1mpeded by debrls or. any other cause..

f Errors w111 arlse 1f the meter
(1) 1s used to measure VEIOClt.LES less than 0. 5 foot per second or’
beyond the cahbrated range ' : :




(2) is not held steady in the same location durmg the t1m1ng
sequence, or if the meter is held in an unsteady flow area such
as an eddy .

(3) is used when there is a s1gn1f1cant water surface dlsturbance
by w1nd :

(4) is used in flow which is not para_llel\_to the axis of a propeller-‘
type meter or is oblique to the plane of the cup-type meter

If only one or two velocity measuring points on each vertical are ob-
tained, an arithmetic solution to obtain the discharge is appropriate.
If only one velocity on a vertical has been determined, the mean veloc-
ity is {1} the value observed at 0. 6 depth used without modification; .
(2) the value observed at “0. 5 depth multiplied by 0.96. If two velocity
points, such as the 0.2 and 0. 8 depth have been determined the aver-
age of the two pomts should be used, '

To compute the dlscharge the cross section should be regarded as
being made up of:a number of segments, each bounded by the two ad-
jacent verticals. If V) is the mean-velocity at the first vertical and
Vg the mean velocity at the second vertical and, if D; and Dg are
.the depths measured at the respective vertical, and 1f b is the hor- .
- izontal distance between these vertlcals the discharge of the segment
-is: .

(V1 + Vg)  (D; + Dy)
Q= > X ——— Xb

This calculatlon is repeated for each full segment. Segrnents “adjacent
" to the banks may be handled by assummg zero depth and velocity at the
~water's edge. The total discharge is obtained by addlng together the
' dlscharges from all. the segments _

" -Careful plottlng of a stage chscharge relatlonshlp curve for each ‘gaging

| “istation will'help to evaluate the accuracy of each gagmg measurement

_-as it is made, and will help to establish confidence in the station. After
the station is'put into operation, the cross section should be checked ;

' periodically and maintained in its or1g1na1 condition. Sediment bars

- should be removed from the bottom and corrections to the net section
made, if erosion occurs on the banks or bottom. If the water surface

is ralsed or lowered by checkmg, careful time: records should be kept
. to:determine when the staff gage or water stage records are.an 1nd1- ‘
- ..catlon of the dlscharge . : - ‘




WEIRS

Since weirs were frequently used as examples in ""General Aspects of
Water Measurement Accuracy, " they will not be elaborated upon in
this portion of the text. They have been specifically referred to under
headings of: Approach Flow, Turbulence, Velocity of Approach, Exit
Flow Conditions, Weathered and Worn EJuipment, Poor Workmanship,
Faulty Head Measurement, and Use of Wrong Measuring Device,

PROPELLER METERS

Propeller meters have been in use since about 1913 and are of many
kinds, shapes, and sizes, They are used submerged near the ends of
pipes or conduits or "in-line' in pressurized pipe systems. Many meter
designs and modifications for special conditions and purposes are avail-
able from manufacturers-and it is therefore impractical to try to discuss
all makes and models. All propeller meters have certain common fea-
‘tures, faults, and advantages, however, which can be analyzed to pro-
vide a better understanding of meter operation. A thorough compre-
hension of meter principles, their inherent limitations and advantages,
and the operating experiences of many users may be beneficial when
purchasing, installing, operating, and maintaining meters for a field
installation. The information presented herein has been gathered from
project and water district personnel, letters, reports, inspections,
complaints, and from laboratory and field tests conducted specifically
to evaluate propeller meter performance. Much inforination, some
good-and some doubtful has been sifted to emphasize basic material

and eliminate incorrect or conflicting statements. An attempt has been s
made to eliminate material which applies only,” or particularly to, one.
make of meter or to one specific installation. The material presentec_ :

~ applies to all meters, in general and to all installations, except as
noted

" Propeller meters utilize a "nultlbladed propeller {two to six blades)
made. of metal, plastic or rubber, rotating in a vertical plane and
geared to a totalizer in such a manner that a numerical counter can
totalize the flow in cubic feet (perhaps to within 10 cubic feet), acre-
feet, or Ahy other: desired volumetric units, and/or an indicator to .
show _thie instantaneous discharge, in cubic feet per second, acre-

¥eet'per day, or any other desired units. The propeller, designed and
calibrated for operatlon in a pipe or conduit, should always be fully

‘submerged, thatis, the pipe or conduit must be flowing full. The pro- a

peller diameter is always a fraction of the pipe diameter; usually.varies

| . ‘between 0.5 to 0.8 of the diameter of the.pipe. Compound flowmeters

. have more than one propeller and are more: comphcated in design.
Meters are avallable for a range of plpe 51zes from 2 to 72 inches in
'dlameter :




The measurement range of the meter is usually about 1 to 10; that is,
the maximum discharge the meter can indicate or totalize is about

10 times the minimum that the meter can handle. The meter is ordi-
narily designed for use in water flowing at from 0.5 to 17 feet per
second although inaccurate registration may occur for the lower veloc-
ities in the 0.510.1.5 ftlsec range.

The meter size is usually stated as the diameter of the pipe in which- it
is to be used. The propeller size may vary for a given size of meter.

- For example a 24-inch meter might have a 12-inch-diameter prOpel—
ler for use in a 24~inch-diameter pipe. Thus, the: pr1nc1ple involved.:
in measuring discharges is not a displacement principle as in certaln
municipal water meters or indicating devices used on gasoline ser-
vice station pumps, but rather a simple counting of the revolutions of
the propeller-as the flow passes the propeller and causes it to rotate.
Anything that changes the frictional resistance of the propeller, the
number of revolutions in a given time, or the relationship between pipe
and propeller areas, therefore, affects the registration or accuracy
of the meter. The many factors affecting propeller rotation are dis-

 cussed in the followmg pages.

F_LOW- -PKTTERNS_

The accuracy of a propeller meter (in new condition) is primarily de-~
pendent upon the similarity of the flow patterns in the vicinity of the
. propeller during calibration and during regular use. Factors which
change the flow pattern approaching or leaving the propeller will ..
' - cnange the accuracy or reg1strat1on of the meter. . . P ®

| "SPIRAL FLOW

_ A poor entrance to a turnout pipe, elbows, flttlngs unsymmetrlcal ap-
proach flows and many other factors can produce spriral flow in a pipe.
“The propeller meter, because it has a hub at the center of the pipe and
- a revolving propeller, is therefore very sensitive to water flowing in a-
~gpiral pattern.. ~ Significant errors in registration can result when“the
.meter is used in spiral flow. Depending on the direction of rotation of
-the flow with respect to the pltch and direction of rotation of the propeller
‘the meter will over or under register. Flow straightening vanes inserted.
in the pipe upstream from the meter will help to eliminate errors result-
.ing from this cause. - The meter manufacturer usually has specﬁ ¢ in--
structions regardmg tne size and placement of vanes and these should be
+followed when 1nstallmg & propeller meter.. It is usually suggested that
vanes be several pipe diameters in length and that they be located  in
- a'straight, ‘horizontal piece of pipe just upstream from the propeller.
. ~The horizontal pipe should be seven diameters or more in length Vanes
- for clean watérflow are usually made in the shape of a *+ .sign to divide
. the p1pe mto equal quarters ‘Laboratory experiments have shown_ that -




vanes of this type (used where no spiral flow exists) may reduce regis-
tration by 1 to 2 percent compared to readings made with the vanes re-
moved. - This is because the area taken up by the vanes tends to reduce .
the velocity near the center of the propeller. Some manufacturers have

' suggested the use of vanes which do not meet in the middle but divide the
‘pipe into thirds as shown in Figure 34. A variation of these two config-
urations, that leaves the central part of the pipe open and provides four
vanes, is shown in Figure 35. : o ' ‘

Meter may under --regtste'r
“for velocities below /
- 1.5 feet per second _

Pr;opel'ler 0.5 to 0.8 of pipe D--
0.8 D preferred.

Velocity Range to be well
obove 0.5ft/sec. ond ¢

beiow 17 ft./sec. :
. 1 . - - \ (e
. . ) . - :“)

Propeller to be-centered'
"-.ord inside of pipe. -« &

o ‘-ﬂ ,; = ( | . 7. Pipe must flow full.
o ~ NQopen-Center--3 or 4 Vane System
‘ I > el gz .- 2-3pipe Dia long. :
<’ ‘ L : . - Substitutes for 30 dia. of straight pipe.

;?'P_i_pe'- diameters (or mare) of straight’
pipe upstream from meter.. . o

. DESIRABLE FEATURES FOR PROPELLER METERS
e ' FIGURE 34~ ‘ - s

Y

" Figure 34
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Figure 35

Because of the open flow area in the center of the pipe there is less dis-
{urbance to the flow patiern in the center of the pipe. One or more diam-
eters of clear space between the downstream end of the vanes and the
propeller helps to nullify any adverse effects caused by either type of
vane.

If straighliening vanes are not used, a long length of straight, horizontal
pipe (30 or more diameters long) may be required to reduce registration
errors. Venting the pipe to the atmosphere just downstream from the
control gate, if this is possible, may help to reduce spiral flow.

VELOCITY PROFILES

In any pipe--even a very short one--the friction between the inside flow
surfa.e cf the pipe and the water is greater than the internal friction of
the water. This results in the water in the center area of the pipe having
a higher velocity than the water near the boundarv.

In a short pipe the velocity profile would be similar to Case A, Figure 36;
in a longer pipe the profile would look as shown in Case B. In the latter
fully developed velocity profile the difference between the center and edge
velocities is quite large but is stable and does not increase further. It

is obvious therefore that the propeller, which receives its impetus from

the central area of the pipe, will receive different total forces for Cases A
and B above, and that a greater number of revolutions will occur in the long
pipe, Case B. On the other hand, less force, and fewer revolutions (under
registration), will occur for Case A. Laboratory tests have shown that
long turnouts or pipes (30 or more diameters long) have fully developed




velomty profiles and give 3-4 percent greater reg15trat10n than short
pipes, 6-10 diameters long. Rough or corrugated pipes tend to procuce
the Case B velocity profile in shorter lengths than smooth wall pipes.
No exact data are available to define every situation, however.

Control gates, such as the slide gate often used at a turnout entrance,
.may affect the flow pattern and/or the velocity profile irn' a short pipe.

For example, tests have shown that for a 24-inch pipe turnout 23 feet
long from gate to meter,-in the 5-cfs range, a full gate opening resulted -
in an indication of 96 percent of the true discharge. When the same
discharge was put through a 6-inch gate opening, the meter indicated

100 percent of the actual discharge. The 4 percent difference in dis-
charge was the maximum effect noted in these tests

It is apparent therefore, that changes in velomty distribution in the
pipe cross section, that make the distribution significantly different from
that used during the meter calibration, will cause a change in meter reg-
istration.. Changes-may be either plus or minus with respect to the orig-
inal discharge calibration.- Inspection and analysis of the flow conditions
‘upstream from the meter may prove beneficial in trouble shooting a field
installation suSpected of giving incorrect meter registrations, Checking
the flow distribution in a cross section just upstream from the meter
with a Pitot tube would conclusively establish whether a poor velocity:
pattern was present. Meters are never calibrated w1th poor veloc1ty pat-.
terns in the pipe. : .




PROPELLER AND PIPE SIZE RELATIONSHIPS

Meters should always be used in pipes of the proper or recommended

- .diameter. The meter manufacturer can supply this information. -How-
ever, a discussion of the relative effects of propeller diameter will be
helpful in understanding'the trends in over and under registration where
' a meter is used in a pipe larger or smaller than the recommended size.
Propeller diameters vary between 0.5 and 0.8 of the pipe diameter. It
is therefore not always possible to determine the proper p1pe size by
measuring the propeller dlameter

In visualizing the effects of a larger or smaller pipe on the accuracy of

a given propeller meter, Cases A and B of Figure 36 will be helpful. De- -

'pendlng on the type of velocity profile in the proposed larger or smaller

pipe, the propeller will tend to intercept h1gher velocities (overregister)  °

_or lower velocities (underregister) and will be in error depending on the -

' change in the average velocities intercepted. No numerical values can
be given because different meter manufacturers have different propel-
ler deS1gns For example, propeller tips are affected diffei enily by
varying velocity values; also, different clearance requirements between
‘the propeller and the pipe wall produce different register values. Items .
that are important for one propeller shape may not affect another., Tests
have shown, however, that the larger the pipe diameter with respect .
to the propeller diameter, the more a change in velocity profile will
affect the meter reg1strat10n Thus, meters having propellers nearly
the diameter of the pipe they are to be used in should provide most ac-
.curate results. Conversely, ‘propellers that are half or less than the

: _p1pe dlameter w1ll glve the least accurate results : :

It has been establlshed in laboratory tests that changes in reglstratlon
for two p1pe sizes will be minor if, for both pipe sizes, the propeller -
diameter is 75 percent or more of the pipe diameter. In all cases,
registration eérrors will be less in rough wall pipe because the rough

' wall helps’ to establlsh qulckly a fully. developed velomty profile.

',Even when it is estabhshed that the, dlfferences in veloclty proflles inter- |

‘cepted by the propeller w1ll be negligible, the meter must be corrected .
- {change in gear ratlo or. other means) to’ account for the change in p1pe
‘ '_d1arneter

L PROPELLER MOTION

P
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;Slnce the rneter head in effect counts the number of revolutions of the

- of propeller turnlng can a_ffect the rneter registration. Pract1cally all

they reduce the number of pro-
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Propellers are usually designed to turn on one or more bearings. The
bearings are contained in a hub and are protected from direct contact
with objects in the flow. However, water often can and does enter

the bearing, Some hubs trap sediment, silt, or other foreign particles,
and after these work into the bearing a definite added resistance to
turning of the propeller becomes apparent. Some propellers are there-
fore desipned for flow-through cleaning action so that particles do not
permanently lodge in the bearings.

Silt has been found to be particularly dameaging to bearings. It is
present in many flows and as a result many otherwise satisfactory
meters have been rendered unfit for service, Figure 37 shows the
wear in the worm gear teeth of an inline meter laboratory lested for
2, 200 hours in fairly clear water.

Figure 37. Flowmeter gear teeth worn on one face--
2, 200 hours of operation

In another laboratory-controlled test a flow containing 5, 000 parts per
million of silt and very fine sand (0. 005-0. 15 mm) wis used to test a
medium size open-flow propeller meter. In less than 2 hours of oper-
ating time silt particles had collected in the bearing and produced
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propeller binding. After 5 acre-feet of water had passed the meter,
22 grams of silt (dry weight) were found in the propeller hub and bear-
ing housing. (A 50-cent piece weighs about 12 grams.} A check of
the propeller showed that it turned intermittently and slower than when
new, in water flowing at 0. 5 ft per sec and less. '

After 45 acre-feet of water had passed the meter the unit was dis~
assembled; bearing wear was easily visible. Holes were drilled
through the bearing assembly. Less silt was then found to accumulate.
In effect, when the hub could be drained, less bearing damage was
evident but bearing wear was not eliminated. Sand traps may be neces-
_ sary in field installations to reduce the amount of sediment (bedload)

" reaching’ the meter, =~

Care should be taken in lubricating meter bearings. Use of the wrong
lubricant (perhaps none should be used) can increase the resistance to
propeller motion, particularly in cold water. It should also be estab-
lished that the lubricant is reaching the desired bearing or other sur-
faces after it is injected. For some meters, the manufacturers did
not recommend 'lubricatiOn of the bearings.

Although prOpellers are designed to pass (to some degree) weeds, moss,
and other debris there is a limit to the amount of foreign material that
can be tolerated in the flow. Even moderate amounts of floating moss
and /or weeds can foul a propeller unless it is protected by screens.
Heavy objects can break the propeller. .With larger amounts, or certain
kinds, of forelgn matenal in the water even screens may not solve the
problem :

METER SCREENS, SAND TRAES'

Screens to protect meter propellers are usually designed for a par-
ticular type of turnout on a particular canal, and to handle a particular
‘type and size oF debris; however, screens have certain common fea-
_ tures which seem to be unlver_sally desirable and which help to prevent
'head losses across ‘the rneter and 1mprove the quality of water
o _measurement ‘

- Screens usually consist of a metal frame, covered with wire mesh,

»which fit into a slot at the ups’)ream end of the turnout. Double screens

(set a foot or more apart in sinall turnouts) are usually ‘desirable so

-that protect1on is provided while one screen is being removed and cleaned.
- The wire mésh usually varies from 1- by l-inch (No. 9 wire) to 1/4-inc¢h

. ..galvanized hardware cloth. Openmgs of one-half inch seem to be most

. 'successful and popular. "Another common size is’ 5 by 5, or 5 by 4

o mesh and 19-20 gage wire. : :

'Small screens may be set on a slope but larger screens should be set -
in the vertlcal p051t10n so that a w1nch (SOmetlmes portable) can be: used

- P = .
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to raise and lower the screen for cleaning. Cleaning may be done by
broom, wire brush, or water jet. Reverse flow through the screens
may also be used but provisions must then be made for wasting the

~cleaning water. In large turnouts from canals, traveling screens may
be used.to remove-debris and reduce the trash problems for several -
meters in the turnout. - -

Screen area should be a minimum of 8-10 times the area of the flow
cross section; in many installations the screen area is 15-20 times
the flow area and this has not been found excesswe Where sizable
head losses cannot be tolerated the screen area should be large, the
‘cleaning frequent or both. .

Sand traps, to ‘catch the bedload {sand and gravel that moves along the
bottom), should be arranged so that the trapped material can be flushed
-along the main canal--not into the turnout. Settling basins to trap the
‘larger particles of suspended sediment (suspended in the flowing ‘water)
may be helpful at a meter installation. To remove suspended sedi-
ment the velocity of the approaching flow must be reduced to allow sedi-

ment to settle out. - To accomplish this, fairly large and relatively
costly settling basins are required. The advice of an expert should be
obtained before con51der1ng a facility of this type.

HEAD LOSSES

The head loss across a propeller meter is usually considered to be
negligible, although there is evidence that losses for open-flow meters
‘may run as h1gh as two velocity heads. This is equivalent to 0. 6 foot
of lost head in a 24-inch-diameter pipe carrying 8 cfs. The losses.
for certain inline compound and other type meters may be as high as
6 to 8 feet of head. In general, however, losses are low but meas- -
urements of loss for a11 meters: have not ‘been made. '

‘In many c_ases turnout losses 1nc1ud1ng losses through the pipe -entrance,
..screens, .sand trap, pipe, etc., are large enough to make the losses at
- -the meter seem negligible. Some allowance for meter losses should
“be made during turnout design, however, and the meter. manufacturer
can: usually supply the necessary 1nformat1on :

- METER ACCURACY

fo LThe accuracy of most pr0pe11er meéters, stated in broad terms, is within
G -.plus or minus 2 to 5 percent of the actual flow. Greater accuracy is L
-+ sometimes claimed for certain ‘meters and this may at times be justified.
. <'On’the other hand,~it is:sometimes difficult to repeat.calibration tests .
" under controlled conditions in a laboratory within plus ‘or minus. 2 percent.
A change in lubricating. practice or lubricant, along with a change in.
: ‘-_water temperature can cause errors of thls magmtude A change 1n




line pressure {the head ofn the turnout entrance) can cause errors of
from 1 to 2 percent, .

EFFECT OF METER SETTING

The setting of the meter in the turnout may be responsible for sizable
errors if the meter is not carefully positioned. A meter (24-inch-

-~ diameter pipe, 12-inch-diameter propeller, 8-cfs discharge) set with
the hub center 1 inch off the center of the pipe showed an error of

1.2 percent. When the meter was rotated 11. 5° in a horizontal plane

. {one-fourth inch measured on the surface of the 2-1/2-inch-diameter
vertical meter shaft housing) the error was 4 percent; for 23° the error
was 16 percent (under registration). Setting the meter (shaft housing)
‘in a nonvertical position would introduce the same degree of error.

EFFECT OF INITIAL COUNTER SETTING

Meter manufacturers recognize that meters tend to underregister after

'they have been in use for a time and some meters are set to read

101. 5 percent of the actual flow as their initial registration. This is
done in anticipation that the meter will read correctly (100 percent of
the actual flow) during the middle portion of the meter's life. Meters

~.which are readjusted to record a particular flow {the lower end of the
‘scale) with greater accuracy may cause registration errors. o:t‘ up to

10 to 15 percent at greater ﬂows (the high end of the scale).

EFFECT OF RAPIDLY VARYING DISCHARGE

- Meters are most accurate when a near constant dlscharge is to be meas-

‘ured. Considerable error can be 1ntroduced by varying the flow rate
greatly or ‘quickly. - Registration accuracies may vary from 97 to 102 per-
cent of true measurement as a result of continually varying the flow over

“a significant range during the measurement period. The greatest er- .
ror always occurs for low flows (at the lower end of the meter capacity

-:scale). Propeller meters are always most dependable and accurate:
- when used in uniformly- flowmg clean water and a:closed system

'-EFFECT OF TURNOUT DESIGN

The exact posnlon of the meter in’ the turnout and the arrangement of
the turnout are responsible for sizable differences in meter reglstratlon
Since the relative location of the meter with respect to the entering
~flow .can vary, the intercepted velocity profile can vary and different

. meter registrations can occur. Figure 38 shows the range of accuracies =

that exist for. three dlfferent types .of turnouts
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The geometry of the outlet box downstream from the flowmeter may
also affect meter accuracy. If the outlet is sufficiently constricted to
cause.turbulence, boils and/or white water the meter registration may
be aﬁ'ected
41
Cu.rve' 1 of Figure 38 shows a meter calibration where the pipe d1scharges
into allarge open box that has no backwater or other effect on the meter
- excepi-to keep it submerged. Curve 2 shows the calibration for the same
meter] us:rg the outlet structure shown in the sketch of Figure 40. This
outlet’Structure (shown to scale) is believed to be the smallest that can
be built without significantly affecting the meter calibration. The ver-
tical step is as close to the meter as is desirable. Larger outlet struc-
tures--those providing more clearance between the meter and the
vertical step--would probably have less effect on the registration. More
rapidly diverging walls (in plan) should be avoided since they tend to
produce eddies over the meter and/or surgmg flow through the turnout.
This has been observed as a continuously swinging indicator hand which
follows the changing discharge through the meter. The surging may
often be heard as well as seen. As previously discussed, large regis-
tration errors can occur when rap1dly or contmually changing d1s-
charges are being measured.

METER COSTS, MAINTENANCE

Propeller meter and maintenance costs are difficult to state in terms
of dollars but some relative figures may be of value in making rough
estimates. A propeller meter installation may cost two or three times
more than a weir, depending on labor rates, and be somewhat less
- costly than, say, a Venturi meter. Two-thirds of the cost usually is
for the meter (and other equipment such as screens, etc.) and one-
third is for installation. The propeller meter will require more main-
. tenance than a weir or a Venturi meter. Propeller meters may require
' 'continuous maintenance which may amount to as little as $10 to $25°
‘per year or several times more. In some meters a single bearing .
‘may cost up to $75.  To offset these costs, meters have paid for them- -
selves in as short a time as 2 months, based on the value of the water
- they have saved. In other areas where water is. relat1ve1y plentiful

f _ ‘they have never pa1d out.

. Hundreds of propeller meters bought for regular use have been ta.ken

. out of service and stored in warehouses because of various troubles,

either because’the meter did not serve the purpose for which it was
- purchased, or because it became unreliable or inoperable after a pe-
- riod. of service. Propeller bearing trouble is the most common problem -

_."and may be d1ff1cult to overcome except by means of a well-planned

“maintenance program. In districts where mamtenance is accepted as’
.. inevitable, and where bearmgsfand spare parts are stocked for imme- . -
T d1a1:e use, the ma1ntenance costs and problems seem to: be m1n1mum '




In other districts where personnel are unfamiliar with meter mech-~
anisms, and where spare parts are ordered on a one-at-a-time basis,
the maintenance costs are high. In some cases users expect to re-
place bearings--they do not consider the need for bearing replacement
to be a defect in the meter; in other areas a bearmg failure is cause

for permanen‘rl.,.r removing the meter from service. Experience has
shown that maintenance costs can be reduced by establishing a regular

" maintenance program which includes lubrication and repair of meters;
screen cleaning, repair, and replacement (about every 2 years); sand’
trap cleaning; and general maintenance of the turnout and its approaches.
In a regular program many low-cost preventive measures can be made
routine and thereby reduce the number of higher cost curative measures
to be faced at a later tlme

CHOICE OF METER SIZE _

" Many meters have-been retired from service without ever having ac-

complished their original purpose, simply because a larger than nec-

essary meter was purchased and the meter was ‘not able to record the

usual smaller daily flows. In attempting to use an existing turnout

pipe (pipe sizes may not have any relationship to the discharge to be-

measured).a large meter was purchased to fit the existing pipe. The

. meter could then handle the maximum possible flow through the turn-
“out but was too large to handle the small flows that were the usual daily
requirement. In some districts it has been necessary to state the mini-

‘mum flow that can be delivered and measured; the user is then expected
to arrange his water use sc that smaller discharges are not necessary.

“Care should be taken not only to match the meter to the pipe size but

. to match the meter to the proper discharge range. It may be neces-
‘sary to'rgduce the turnout pipe size as a result, -but the savings.in .
purchasmg a smaller meter might help to offset this cost. If p0551b1e

- the meter size should be selected so that usual operatlon w111 occur in

B the m1drange of the meter.

L performance If sediment is present in the water, ‘the velocity should
" be even higher to minimize the added friction effect produced by worn

L - ‘bearings. - A meter that operates continually in the lowest range: {or.
o h1ghest) w111 not be as accurate as one tha.t Operates in midrange. -

NEW MEASURING DEVICES AND TECHNIQUES

' ‘VANE DEFLECTION METER

A portable vane ﬂowmeter is on'the market and, accordlng to the manu* :
‘.'-yfacturer 's 'claims, the meter is accurate:and useful, ' The meter has =~ .
; _;'_g=b.een___eva_1_1..1akted, f,I‘._O_lT_l comprehensive tests _Ipade_under s;mulated f1e1d L




conditions in the Hydraulic Laboratory and the claims of the manufac-
turer were found to be quite truthful. The meter is indeed an accurate
and useful device. '

The portable deflector vane rests in permanent brackets mounted in af A
6-foot-long ditch liner, either rectangular or trapezoidal in cross sec-
tion, set in an earth ditch. Therefore, one meter head will service
any number of ditches of the same general flow capac1ty having liners
‘and brackets permanently installed. About 30 sizes of meter and ditch -
liner are available: Each meter handles a wide range of flows in a

- given size of ditch and automatically compensates for different combi-
nations of velocity and depth. There is negligible loss of head caused
by the ditch liner or meter. Installation is simple and the cost is rea-
sonable, ‘especially if several or more ditches can be served with one
meter.. Instantaneous discharges may be read and if an available spe-
cial recorder is purchased the total dehvery may be recorded.

Since the meter works on the deflection pr1nc1p1e wind effects on the
exposed portion of the meter can cause serious measurement errors
unless precautions are taken. A wind break made from a piece of ply-
wood was found to be effective in minimizing wind—cauSed errors.

Under 1dea1 cond1t10ns the meter was found to be accurate to 1.8 per-
cent, and to about 3 percent under less favorable conditions. Wind
produced errors of up to 100 percent but simple precautlons ehmmated

practlcally all of this error.

The meter is durable well constructed and should retain its or1g1na1

factory calibration indefinitely. Interchangeable calibrated scales are

available from the manufacturer to 1nd1cate cfs, gpm, miners inches,
acre-feet per day, etc. _ -

'.The complete evaluatlon of the meter is avallable to Bureau employees:
in a restricted report, Hydraulic’ Lanoratory Report No. R-Hyd-10,

. dated July 20, "1962. This may be obtained by writing to Technical and

Foreign Services Branch, Bureau of Reclamatlon Denver Federal Cen-
ter, Denver, Colorado. '

| "-'-_”DILUTION METHOD

~ In makmg the usual water measurement it is necessary to measure head

. wvelocity, cross-sectional area, ‘depth, meter revolutions or some fac-.

tor(s) that may be difficult to measure, because the measurement must. -
~’be made in, on, over, or beneath the flowing water.. One method of
determining discharge that circumvents ‘the need for making difficult -
mechanical measurements is the.dilution method. In this method a
" 'substance in concentrated form is introduced into the flowing water and
_;_-allowed to thoroughly mix. - At-a downstream station'a sample is taken
. _and from the degree of dllutlon of the concentrate ‘the d1scharge is




“computed. Since only the quantity of water necessary to accomplish the
dilution is involved, there is no need to measure velocity, depth, head, -
cross-sectional area or any of the other hydrauhc factors usually con-~
sidered in a discharge measurement,

Fi'gur.e_ 41, illustrates sc’hematically the use of the dilution method. A
relatively large quantity of chemical or dye, called a tracer, is dis-
solved in a small quantity of water and placed in a bottle so that the
tracer solution can be discharged into the flowing water at a known
rate. A canal is illustrated but a pipe or pressure penstock could also
have been shown. In either case the discharge to be measured is
referred to as Q.- ' T ' ' :

(Tracer
q" Injection rate-
Cy=Tracer eonunirdthﬂ

Qco+q0|= (Qﬂl)(cz)
ﬂca*un'OGquz

Gﬂr 'q,(cr . r
- a
0 q——-?caco Cu b[lfl::m‘:i.;“c'-' )

DILUTION MEI'HOD OF DEI'ERMINING DISCHARGE

Flgure 41 PX‘D“43Q65' RS

D11ut1ommethod of measurlng dlscharge

wéight of tracer’ ’ | -~ '
welght of water . of tracer 1n the bottle is a

I‘El.th Cl | The rate of | anECthI‘l (cublc feet per second) is q;. Te '
account for any tracer wh1ch mlght already be in the upstream flow

. " The concentratlon (




‘‘the original tracer concentration will be called Cqy. At the down=- =
' stream .station .shown in‘the figure it will be assumed that thorough

" transverse mixing of the tracer with the flow has taken place. - Since .
no flow has entered the canal during the mixing of the tracer and since .
" no loss of flow has ‘occurred, including seepage losses; the upstream.

Q is the same as the downstream Q plus the quantity of added tracer. . -

'_I‘.h_e‘_ concentration of tracer at the qownst;eam._ s’tat_ion isCa.

' .The above conditions may be stated in a simbple relationship--the
canal discharge Q multiplied by the concentration of upstream tracer
- “Cq, plus the injection rate q; rnultiplied by Cq ‘the tracer concen-

tration in the bottle; are equal to the quantity @ plus ‘q; multiplied
by the concentration Cg ‘at the downstream station, or -~ '

“QCq +qC =@ +q)) Cy

QG qCy= 0t 4Gy

..-.' ':jRe_a.:rfraflgi'r_ig.:térms ’ g
'Simplifying

Q( CO- C2 )




In effect, Equation {B) states that the discharge in the canal (pipe

conduit or other) may be obtained by multiplying the injection rate

of the tracer by a ratio obtained from three concentration values.

There is no need to know or measure canal velocity, depth, cross _
section or any of the ust:al hydraulic elements. A thorough under- . -
“standing and realization of these facts is the key to understandmg
:the dilution rnethnd of 1rreasur‘mg discharges.. = -

Many different substances have been used in dilution tests. Chemicals,
including ordinary salt, have beerfused and the dilution has been eval-
uated by the change in the ablhi’j of the flowing water to conduct an
electric current. Or chemicals such® ‘ag sodium dichromate have been .
utilized and the quantity in a sample dete. rmined by means of chemical - .
analysis or flame photometer determmatlon Sodium dichromate has ol
béen recornmended for use in many waters bégause it is stable and

" ¢chromium ions do not ordinarily appear in natural waters. Dyes have
been used to color-the water and colorimeters and comparators have
established the dilutions by comparing the samples with standard con-
centrated or dilute solutlons ;

_ Fluoreseln Rhodamlne B, or Pontacﬂ Pmk dyes have been used. The
latter two are very stable, do not occur in nature, and can be simply
and accurately detected by means of a fluorometer in very low concen-~
trations (several parts per billion). New dyes are being developed to
fill the needs of“dilution: testmg Rhodamine WT. (water tracer) is one
of the newer dyes found to give better response in a fluorometer.

d11ut1on is: determlned by counting the gamma ray emissions from the

diluted isctope solution (the downstream flow) using- Gelger counters

., ‘or.scintillation counters. Since the counters can at.best account for

. cnly the emissions in'the sphere of influence surrounding the counter
device, and since the understanding of the radioisotope method involves
complete comprehension of the laws of probability and of mathematical

and'physical derivations beyond the scope of this paper, no attempt
will be made here to.explain‘directly the theory behind the radioisotope

method of making discharge measurements. .However, considerable

comprehensmn of the method may be had by understanding the princi-

ples involved in makmg a dtlutlon dlscharge determmatlon

//
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PX-D-430€6
RADIOISOTOPES TOTAL COUNT METHOD

OF MEASU RING DISCHARGE

Figure 42 PX-D¥43066
Radlolsotope method of making a dlscharge measurement

. RADIOISOTOPE METHOD

Radioisotopes may be used in place éfa chemical or dye tracer and

the same general procedures followed. Flgure 42, "Radioisotopes

" Total Count Method of Measuring Discharge, " shows all the elements
‘necessary to make a radiosotope.discharge measurement. The follow-'
" ing explanation may help to explain the procedures. In the "pulse'.
‘"total count' method a known amount of radioisotope A (corrESpondlng
to C}vl where v| is the volume of injected tracer) is introduced-into

ow in'a relatively short time. At the measuring station down-
stream where the rad101sot0pe is throughly mixed, the concentration

. of the" radioisotope tracer is determined from the gamma ray emis-

* - “Equation

' sions detected ‘and counted by ‘Geig'erMuller or scintillation detectors.
“Where :C, was a constant of .concentration in the chemical dilution,

%8), the concentration of rad10act1v1ty in the pulse is a vari-
 able with respect to time. Thus, Cg in-the latter case must be meas- -
‘ured with respect to time. In mathemat1ca1 terms thlS may be ertten

C1V1

fczdt < szdt . (9)




In preparing for a chscharge determmatlon test, the Gelger or other ‘
‘counters must be calibrated, taking into account the exact conditions
under which the counters will be used. The counters are submerged

in a'large container filled with a mixture .of water and radioisotope of
known concentration. The container must be large enough that any _
further increase in volume would not change the counting rate. Deter-
mination of the countmg rate in this manner simulates the action of the
counter in.a ca_nal where the contamer is, in effect 1nf1n1te in size.

Smce the total number of gamma rays (counts) N' counted durlng the
passage of a pulse of tracer is. .

N =Fszdt .

ur'here F is'the calibration or correction coe_ffici'ent for a specific count~
- 'ing system in a specific location substitution of (10} into (9) gives

e

1n whlch

volume per u.mt t1me (cublc feet. per second) .
counts per unit-of radioactivity per unit volume per. unit of
o ‘time (counts per second} (millicuries per cubic feet) .
total units of radioactivity to be 1ntroduced for each d1scharge :
: - measurement (m1lhcur1es) '
N = total counts (number)

In prepartng A a su_ff1c1ent quant1ty of 1sotope for the de31red meas- -
“urements (Gold-198--salts dissolved in aqua-regia) is divided into =
_ parts ‘known as aliquots, . ‘using a- portable field laboratOry contalnlng
. a standardized countmg system. The individual parts, A, are. usually
" contained.in 1-pint plastic bottles and are transported to’ the test s1te
'_'f'_r 1n numbers suff1c1ent for the dtscharge measurements DR

In makmg a. measurement in a canal the bottles are handled w1th tongs
_ ~about 3 feet’ 1ong and the isotope is introduced 1nto the canal by pour-
. ing, ‘onto the water. ‘surface. Somettmes the isotope is contained.in- .
' glass bottles which are smashed in-an 1mpa.ct device below the surface
_of the water. ‘When: posmble ‘the 1sot0pe is introduced at a: point where P
-turbulence’ ‘can aid in the mixing, Figure: 43. Turbulent water aids o
dlspersmn and thorough m1x1ng of the radlolsotope w1th the ﬂowmg water'. -




Figure 43

Turbulent water aids dispersion and mixing of the radioisotopes and water

s
a9y
ks
o

A

-a

Figure 44

Radioisotope detector and counter installed for canal discharge
measurement
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. Geiger or scintillation counters and portable decade scalers for total-
izing the gamma ray emissions are used in the measurements, Fig-
ures 44 and 45.

To obtain a total count, N, the counts received from natural sources
such as cosmic rays (usually called background) must be measured
before and after a test and the background count subtracted from the
overall totals indicated. Therefore, counting is usually started well
before the time of arrival of the diluted isotope and is continued long
after the isotope has departed. Recording of the counting is not usually
stopped until the background has receded to pretest levels.

Thorough mixing of the isotope with the flowing water is of primary
importance in obtaining accurate measurements. In canals it is very.
difficult to obtain sufficient mixing because of the lack of turbulence,

a characteristic of a well-designed canal. The isotope tends to string
out in a long line rather than extend itself laterally. .Studies are pre-
sently bemg made - (throughout the world) to determine the length of
canal or river needed to obtain satisfactory mixing. Equations are
‘being derived and investigated to determine whether it is possible to
predict the lengths required for a given set of initial conditions. Less
difficulty in obtaining satisfactory mixing has been experienced in
natural streams and in pipelines because of the higher velocities which
usually prevail and the correspondingly greater intensity of turbulence.
It may be necessary to use turbulence inducers when working in canals,
particularly if they are checked up, or are discharging at less than
maximum capaCity In a typical canal discharging 300 to 600 cfs the
required mixing length in a recent set of tests was found to be less
than 2, 000 feet. In other canals insufficient mixing has occurred in a_
length of 5,000 feet. It would be desirable to reduce the required length
as much as possible in order to increase the number of possible meas-
urement sites and also because absorption of isotope by materials such
as earth, concrete or sediment might adversely affect the accuracy of
the measurement.- ,

The radioisotope used in Bureau of Reclamation tests is Gold-188. This
. isotope was selected because it has a half-life of 64 hours, can be de-
tected in weak cohcentratiohs is cheap, and is easy to obtain. In the
concentrations used, the isotope is practically harmless after it is intro-
duced into the flow. 'In case of an accident only a few days would be re-
quired to dissipate half of its radioactivity (half-life) and in another few
days half of the remaining activity would be dissipate'd No danger to

human, animal, or fish life exists, however, since the radiocactive mate-.

rial is handled in such a way (only by licensed personnel) that only small
quantities are concentrated in any one area. Concurrence of all pubhc
health agenmes is always obtained before any tests are run.




Figure 45

Radioisotope detection and counting system used in Bureau of Recla-
mation tests




Other isotopes which have been used by other investigators and which
could be used in discharge determination tests are: iodine-131

{15¢ per m/c), sodium-24 (12¢ per m/c), and bromine-82 (12¢ per
m/c). These have not been used by the Bureau because of their short
half-life or their less desirable health effects. The minimum cost of
Gold-198 is about 10 cents per millicurie. In terms of a field test, the
cost of Gold-198'is about $1. 00 per 1, 000 cfs to be measured. The quan-
tity of isotope used is based on obtaining statistical counting accuracy
within about plus or minus 1 percent. (If there are too few emissions to
count, the background count becomes a significant part of the total count;
also, the lower the total count the greater the chance for error.)

Greater possible statistical accuracy, which may or may not always

be justified, could raise the cost to as much as $3 per 1, 000 cfs of

~discharge. Considering practical limits, very little gain in possible

statistical accuracy can be expected when more than $2 worth of Gold- 198
is used per 1, 000 cis.

The accuracy of the results achieved in using isotopes to measure canal
discharges in over 100 tests has, in general, been encouraging. If -
thorough transverse mixing of the isotope with the flow can be assured,
measurement accuracy to within plus or minus 1 percent can be ach1eved.
Comparisons of isotope discharge determinations with "operational' dis-
charges, ‘current meter measurements, or other means, have been

used to evaluate the isotope tests. It is believed that the isotope method
shows real promise of becoming a routine method having guaranteed
accuracy limits which are comparable to other devices and methods.
Figure 44 shows the detection and countmg equlpment in operation on

a medium-size canal. :

~ The greatest deterrent to obtaining consistently accurate measurements
~has been the inability to obtain thorough transverse mixing. Work on
this phase of the problem is continuing, both as a research subject in
~the laboratory and as a test problem in the field. Tests on devices to
. produce or introduce turbulence into canal flows have not been made,-
~mainly because every attempt is being made to keep the measuring pro-
cedure and equipment as simple as possible. . However, it may be
necessary to provide turbulence- inducing injectors which utilize an ex-
ternal source of energy, such as an air blast, to startthe eddy action
‘which promotes transverse mixing. If this can be done with simple”
“and reliable eqmpment the problem of adequate mixing W111 be greatly
sunphfled

Conmdermg all the factors 1nv01ved in makmg any type of discharge
determination, it may be seen that the radioisotope method shows
promise of being developed into a simple procedure, requiring a mini-
“mum of time to execute, and providing maximum possibilities for being
~accurate.. Eventually the radioisotope discharge determination develop-
'.ment program w111 be expanded and 1n3ect10n equipment w111 be developed




to introduce radiocisotopes into pipelines or penstocks flowing under high
heads. Pipe capacities, or, turbine or pump efficiencies could be deter-
mined as an ultimate goal of the radioisotope discharge method develop-
ment program.

ACOUSTIC FLOWMETER

Commercial develcpment of acoustic flowmeters has progressed rapidly
since the practical nature of the method was realized about 1958, Sys-
tems for small pipes (up to 10 inches) have been available but in 1964

a system was installed and experimentally evaluated in a 24-foot-
diameter steel penstock at Oahe Dam on the Missouri River with satis-
factory results, An open channel acoustic flowmeter has been installed
in the Delta-Mendota Canal of the Central Valley Project by Govern--
ment agencies. Research and development of the system shows promise
‘that the principle utilized in the pipe systems may be satisfactorily
applied to most open channel discharge measurements. Comprehensive
studies of both open-channel and closed-conduit types of acoustic meters

" are contmuing with the expectation that the method can be applied to

measuring large dlscharges in both open- channel and closed- condult :
systems.

Acoustic flowmeter systems are expected to offer, eventually, a rel-
atlvely inexpensive, rapid, and reliable method of measuring discharges
in large pressure conduits and in large canals. The system uses the..

. principle that the difference in time of arrival of two acoustic (pressure) -

. _pulses traveling in opposite directions through the water can be related

to the water velocity. F1gure 46 shows a schematic arrangement of an

' ‘acoustic meter installation in a pipeline. In one .direction the waterflow

velocity increases the speed of the acoustic pulse (C + V_ ) while in the
~other direction the flow velocity delays the arrival of the pulse (C - V).
Acoustic transducers are used to transmit and receive the acoustic pres-
sure energy along obhque upstream and downstream paths in the chan-
nel or conduit. The accuracy of the system depends on p051t10n1ng the
;transducers to obtain a true average velocity in the pipe or canal. Sev--
- .eral pairs of transducers may therefore be required to obtain the true
- average velocity if the velocity profile in the conduit is not symmetmcal
© about-the .centerline of the conduit. In an open channel the transducerS\
must be raised -or lowered as ‘the flow depth changes to compensate for ™
a changmg velocity profile. . R

Acoustic systems are bemg developed that can operate over a range of

conduit diameters or open-channel path lengths. The power supply,

transducers, and velocity read-out components can be made compact

for ease.of installation in the structure. Power requirements have been.

~ reduced so that a 110-volt supply source can be used. - There are indi-
_.cations that velocities .can be measured with 1 percent accuracy. Conse-
‘quently, discharges may be -determined with conSLderable accuracy de—‘

pendmg on the ve10c1ty profile at ‘the measurmg statmn
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_LASER FLOWMETER

: Laser (light amphﬁcatmn by stimulated emission radlatmn) beams have
‘been used for studying the turbulent characteristics of flowing liquids

.- and for determining the velocity of fluid flow. As in the acoustic meter

- the Doppler principle is used in comparing the shift in frequencies. :
The flowing water scatters part of a beam of light (laser). directed through
C it By comparmg the frequencies of the scattered and unscattered rays,
collected in'receiving lenses on-the opposite side of the stream, the veloc-
ity .of the water {hence the discharge) can be calculated. 'In laboratory -

.. experiments the instrument has measured fluid flows as slow as a fraction

of an inch per second and as fast as 5, 000 feet per second. = The device is
" a valuable research tool but should be con51dered a possible future water-
measuring device. :

. -MAGNETIC“FLOWMETER :

Magnetic .ﬂow_rneters. are _used_.commerci_ally in chemical a.nd pro'ces_s
 industries to measure and proportion liquids used in manufactured




products. Recently with the increased cost of irrigation, municipal
and industrial water, magnetic flowmeters are being con51dered for:
use as turnout measuring devices. :

The operating principle of the meter is based on Faraday's law of in-
duction, in that the voltage induced across any conductor moving at
right angles through a magnetlc field is proportional to the speed of
the conductor. The principle is the same as used in dlrect and
alternatlng current generators

In the flowmeter, water flows through a nonmagnetic tube which is in-
stalled as.a portion of the pipeline, and surrounded by a magnetic field,
produced by electronic circuitry. The flowing water induces an
alternating-current voltage between two electrodes located in the tube
walls. The voltage produced is proportional to the speed of the water

in the tube and is used to indicate and record the rate or volume of flow.
These meters are capable of measuring velocltles of up to 30 feet per
second through the tube.

Magnetic flowmeters are supplied:in sizes ranging from an inch or less
to several feet (diameter of the nonmagnetic flow tube). Development

- of the meter is continuing and considerations are being given to install-
ing electromagnetic coils and electrodes on the inside surfaces of
existing concrete pipes to form large ﬂowmeters for use in pumping
plants or dlstrlbutlon systems.

Accuracy of the smaller flowmeters has been shown by cahbratlon to be
relatively high. For velocities less than 1-fps accuracy is plus ‘or minus
3-4 percent; 1-3 fps, plus or minus 2 percent; 3-30 fps, plus or minus

1 percent. .Calculations indicate that the accuracy of large meters should
also be high and attempts are being made to establish the accuracy of
‘meters having diameters of 10 to 15 feet. The discharge measurement
range of any particular, meter can be extended by suitable swltchlng in the
-electronic controls, to as much as 30 to 1, a definite advantage in most
installations. Other types of meters usually have a 10 to 1 range. A min-
imum velocity of about 0.5 fps through the flow tube is desirable for pro-
ducing a sufficiently High voltage for discharge measurement. The meter
will operate below the 0 5= fps range but w1th decreased accuracy

- Contrary to most meters little effect on the accuracy of the flowmeter
is'caused by elbows, gdtes or valves: located within a few pipe diam-
eters upstream from the entrance to the meter flow tube, or near the
.. outlet.of the tube. The head loss in the system caused by the meter is
'neghglble is no more than the loss produced by the same 1ength of pipe '
of S1m11ar roughness S . # _ :




MEASURING, INDICATING, AND FLOW CONTROLLING METERS

Rising labor rates and the increasing value of water has accelerated the
trend toward automated distribution systems and has helped make pipe
delivery systems competitive with open ditches in some areas. Pipe
systems often operated under high head and need a pressure-reducing
device, eontrol valve, and flowmeter to make them practical. Automatlc
-and/or remote control along with indicating and recording devices on
the flowmeter are also desirable. Devices that eliminate;. reduce, or
combine these essential functions will reduce the cost of a _turnout and
its maintenance, and will find ready acceptance if they are dependable.

Two devices, utilizing the tapered-tube variable area principle, have -
been 1nvest1gated in the laboratory and one has undergone short duration
field tests in poor quality water (dissolved salts and silt). The meters
indicated a greater than usual head loss and some technical difficulties
that limited their expected performance. Both had a so-called "float"
(actually a weight} which moves in the tapered tube to provide more
flow area when the discharge is increased. The position of the float
in the tube is. used to'indicate the quantity of water flowing. In one meter
a rod attached to the float was used to actuate a punch which punched
holes in paper tape to record the flow. The tape could be put through
decoding and b1111ng machines to simplify customer paying procedures.

‘In the other rneter.a pilot device controlled a large main valve which
maintained a constant discharge (limited to 1 to 3 cfs) for a head

range of from 7 to 175 feet, while indicating and totalizing the discharge.
_ Pilot control could be manual or by remote wire or wireless signal.

These valves, and others expected to be designed and promoted are

‘expensive by ordinary standards but are certain to find a market in™
_thriving agricultural areas. ‘Although they are new and relatively
- untested under adverse field conditions or for long periocds of time,
-they are being-installed in some areas. More and more of these devices
. are certain to be developed as automation continues, There is no
techmcal reason why these dev1ces cannot be made to perform
satlsfactorlly
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':PARSHALL FLUMES

The Parshall flume is an open chan.nel type measuring device contain-
ing a specially shaped constricted throat section, and was developed for
use in a stream, canal, ditch, or other open flow way, to measure the
rate of flow of water. Standard flumes are available over a wide range
- .of sizes and each will measure discharges accurately within the limits
of general irrigation requirements; usually within plus or minus 2 per-.
‘cent accuracy for free flows and plus or minus 5 percent for submerged
ﬂows ' -

Each ﬂume is capable of measurmg a w1de range of discharges:

{a) w1thout excessive loss of head (less head loss than an
orifice or weir)

(b) without excessive amounts of sedlment depositing in ‘the
structure :

(c) without backwater or submergence effects nulhfymg the
accuracy of measurement

(d) w1thout a deep and w1de upstream pool to reduce the ve10c1ty
-.of approach :

The cou‘éﬁt’ricted-throat of the flume, a modified form of Venturi profiie,

produces a differential head, between the upstream and downstream

. water surfaces, that can be related'to discharge, Figure 1. The raised

. ‘crest and the other configurations of the flume bottom give the Parshall

- flume ihe ability to withstand a relatively high degree of submergence

without reducing the rate of flow through the flume. In other words, the

tailwater (Hp) may rise to-at least 50 percent of the upstream depth (Ha)

shown in Figure 1 without causing a reduction in discharge. (The :

50 percent figure assumes that both H, and Hp are measured from the :

crest e1evat1or1 +o the water surface as in Flg‘ure 3.) -

The converglng upstream portlon of the flume accelerates the enterlng
flow and. >1most eliminates the depositing of sediment in critical parts

of the flume, Sediment deposits tend to reduce the accuracy of flow -

- measurements.: High velocity of approach, whizh oftenisa detrimental
factor in the operatlon of weirs, has little,if any, effect on the rate’of
-~ discharge of the flume. The approaching flow. should; -however, be well
" 'distributed across the channel and should.be relatlvely free of turbulence
..'-«eddles, and wa"es fOr ‘accuracy of measurement

-.-Dlscharge through a Parshall flume can oceur for two COIldlthIlS of flow..

"C"I"'-'The first, ‘called free flow, occurs when there'is insufficient: backwater

- “depth to reduce the dlscharge rate; water surface’ 11ne FF in Sectlon A A
of Flgure 1 'would not reduce the dlscharge ' - :
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SECTION A-A
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Plan and. elevation of o concrete Pnrsholl mensurlng flume W, size of flume. in inches or 'Fee‘t A. length of
‘side waoll of .converging. section; ,A distance hack’ from end of crest to gage point; B, oxial length of
~ converging sectien; C, width of -downstreom end of flume:.D, width of ups‘rreum end of flume; E, depth of
- fiume; F, length of :throat; G, iength of diverging™section; K, difference in eievation between lower end of
Flume .ond crest: M, Ieng‘th of approach floor: N, depth of depressmn in throat betow crest; P, width
between-ends of curved wing walls; R, rodius of curved wing:wall: X, horizontal distonce to Hp goge point
xfrom\'nw point in-throot; Y, vertical distonce to Hg goge point from law point in fhrouf Woter surface
FF is free fiow profile, S is submerged flow proflle.-‘ applies o Ito3- mch Tlumes, L, lz inches, flume s:zes
-0 ta 8-0 feet
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DIMENSIONS FOR PARSHALL MEASURING FLUMES OF LARGE SIZE
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. "The second condition, called submerged flow, occurs when the water

. surface downstream from the flume is sufficiently above the elevation
of the crest of the flume to reduce the discharge. Water surface line 5
in Figure 1 would reduce the free flow d1scharge rate.

For free flow .only the head, Hg, at the upstream gage location is needed

" to determine the discharge from the standard tables. The free flow - -

range includes some of the range which might at first be considered the
submerged flow range, because Parshall flumes can tolerate 50 to
80 percent submergence before the free flow rate is reduced to a meas-
" urable degree. For submerged flows (when submergence is greater
than 50 to 80 percent, depending on flume size), both upstream and
downstream heads, Hy and Hp, are needed to determine the discharge.

A distinct advantage of the Parshall flume is its ability to function.as

a single head device over-a wide operating range with minimum loss of.
‘head. This loss is only abtout one-fourth of that needed to operate a

weir having the same crest length. Another advantage is that the veloc-
1ty of approach is- automatmally controlled if the correct size of flume

is ‘chosen and the flume is used as it should be as an "in-line" structure.
- Parshall flumes are widely used in irrigation systems because there is
~ no-easy way for the unscrupulous to alter the flume dimensions or

: change the flow channel:to obtain an unfair proportion of the water. Also,

- . itis easy for.one water user to.check his own water delmreryr against
‘those of ne1ghbor1ng users:.

The main- d1sadva.ntages of a Parshall flume are (1) it may ‘not be an
_accurate 'measuring device when used in:a close- coupled combination
.. structure -consisting of turnout, control, and measuring device, and-
-2} it 1s (usually) more expenswe than a weir or submerged or1f1ce

' Parshall flume sizes are stated in terms of the throat w1dth W, and :
. -are available from the 1-inch size for discharges as small as 0. 01 cfs—ﬁ‘ '
~to. the 50 foot size for dlscharges up to 3, 000 cfs Flgure 1.

-Parshall flumes .may be constructed of wood concrete galvamzed sheet o v

metal, ‘or other materials. Large flumes may. be constructed plece by

- piece on the site, whereas smaller flumes may be purchased as pre- -

" - fabricated $trictures to be installed in one piece. Construction methods
.and mater1a1s are discussed in Items 1, 2, and 3 listed in.''Acknowledg- °
-:ments' at the end of this section. Some flumes are available as light =

“weight shells- -which are made r1g1d and immobile by placing concrete_

'agalnst the outside of the walls and beneath the bottom.  The larger

% . gizes are used in rivers and large streams; the smaller ones for meas- '
f'.:.urmg farm dehvenes or: for TOW requ1rements in. the farmer's field,

-‘-;:-;.'.3 “'0 01 cfs 1s approx1mately 5 gallons per mlnute




DEVELOPMENT OF FLUME

Experiments on a device called the Venturi flume were started in 1815
at the Colorado Agricultural Station, Colorado State University, and
further experimentation was continued through 1920. The flume had

a converging entrance and diverging outlet, joined by a parallel-walled
throat. The walls were either vertical or inclined outward, and the*
floor was flat and level. In 1922 the late Mr. Ralph Parshall proposed
some radical changes--the angles of convergence and divergence were
altered, and the lengths of the various parts were changed. Also, the
crest was elevated, and the floor in the throat was sloped downward to
form a fixed control in the structure. The walls were made vertical
and the floor of the diverging section was inclined upward. {The dip in
the floor is the reason that discharges are not reduced by mild back-
water effects.) The flumes were developed in various sizes with the
larger sizes resulting from field tests on flumes constructed and cali-
brated in the Arkansas River Valley between the years 1926 and 1930.
This perfected device was named the Parshall Measuring Flume by the
Irrigation Committee of the American Society of Civil Engineers. The
flumes are not patented nor are the discharge tables copyrighted.

Care must be taken to construct the flumes according to the structural
dimensions given for each flume because the flumes are not geomet-
‘rically similar. For example, it cannot be assumed that a length
‘dimension in the 4 foot flume will be three times as great in the 12-foot

flume.

The various flume sizes have been classified (in this discourse) ac-
cording to throat width, W, into three main groups for convenience in
discussing, selecting sizes, settmg in the field, and determining dis-
charges. These groupings are the ''very small,” "small,' and "large, "
as shown in Figure 1. The flumes cover a wide range of discharges
and have overlapping capacities to provide wide latitude in the selection
. of sizes when considering submergence effects.. The flumes are cap-
- able of handling a range of discharges from 0. 01 to 3, 000 cfs with sub-
mergence effects up to 85 percent. Each of the flumes in Figure 1 is
"standard'' device and has been calibrated for the entire range of
' dlscharges shown in the curves and tables. The flumes can be relied
upon to provide reasonably accurate measurements if the standard
dimensions are attained during construction, and if the flume is "'set””
. (placed in the proper vertical position} and operated according to the
recommended procedures. : .




PRINCIPLES OF OPERATION
FREE FLOW

In free flow the quantity of water a flume of width W will pass is
solely dependent on the depth of water at the gaging point, Hg, in the
converging section, Figure 2, Free flow conditions in the flume are
similar to those that cceur at a weir or spillway cresit, Water passing

over the cresi is not impeded or otherwise affected by downstream
conditions.

Figure 2. Four-foot Parshall flume discharging 62 cfs
under free flow conditions. Downstream scour
protection is required with this height of fall.

The lower curve, labeled free flow in Figure 3 shows a typical relation-
ship between discharge, Q, and head H,, for a Parshall flume dis-
charging in the free flow range.
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Figure 3

Typical discharge curves for Parshall flumes with

 free flow and with submerged conditions '

- SUBMERGED FLOW
~In most installations when the discharge is increased above a certain -

~critical value the resistance to flow (produced by the downstream
reaches of the channel) is sufficient to reduce the velocity, increase

. the flow depth, and cause a backwater effect (sometimes called
"flooding') at the Parshall flume. ' The effect is similar in some’

- respects to that explained for the submerged orifice where {H - h) was
" the flow producing head. - ' o :

aE
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It might be expected, therefore, that the dischargé would begin to be
reduced as soon as the tailwater level exceeded the elevation of the
flume crest. This is not the case, however. Calibration tests show
that the discharge is not reduced until the submergence, in percent,
exceeds the following values: ' -

= 0.80= 50 percent for flumes 1 to 9 inches wide

0.70 = 70 percent for flumes 12 inches to 8 feet wide

80 percent for flumes 8§ to .30 feet wide

In the terminology used with Parshall flumes H is known as ‘H, and
h is known as Hy,.

A typlcal submergence curve which illustrates the effect of submer-.
gence in reducing the discharge through an open channel control struc-
ture such as a weir or small Parshall flume is shown in Figure 4.

The submergence curve shown is schematic, but characteristic, and
indicates that the downstream tailwater surface can rise to 67-70 per-

cent of the height of the headwater above the crest before the reduction - .

in dlscharge becomes significant. Then with each additional percent

.- increase in submergence the discharge is reduced at a more rapid rate,

- until, when Hy, equals H, there is-no flow. This ultimate condition :
is purely theoretical, however and would occur in nature only when the
flow was stopped. : . '

The 95 pe’rcent ‘rnalj'k on the curve also represents ‘a point of p:fa:c;tical -
interest. In this range the Parshall flume ceases to be an accurate de-
vice. In other words a small differential between H, and H;, is diffi-

- cult to measure and any slight error in dlfferenual determmatmn re-~

Sults in a large error in dlscharge

'The submergence curve of Figure 4 helps to explam the rela’uve posi-

" “tions of the typical discharge curves shown in Figure 3 and indicates
.+ . why the” 70 percent submergence curve lies so close to the free flow
- -curve, Also, Figure 3 shows that 60 percent of the maximum discharge

; -occurs for 95 percent submergence therefore, the remamlng 40 per-.
~cent of the maximum flow must be reduced to zero in the next 5 percent

S of submergence. Prohibitively accurate measurements of Hg and Hp -
~ -would be reguired to make accurate dlscharge measurements in thlS

.‘range
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APPROXIMATION OF DISCHARGE RATE--SUBMERGED FLOW

It is difficult to visualize or estimate the change in discharge rate
caused by changing the degree of submergence in various sizes of
flumes. The curves in Figure 5 can be used to estimate the effect

of increasing or decreasing the submergence, or increasing or de-
creasing the flume size without the need for knowing or considering
the upstream head, H,. For example, Figure 5 showsthat at 60 per-
cent submergence only the i-inch flume would be affected; the dis-
charge would be; reduced to about 93 percent of the free discharge rate -
At'70 percent submergence only the 1-foot andismaller flumes would -

R9-101
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_ 'be a_ffected the 1- inch: flume would dlscharge 89 percent of the free .
discharge rate and the 1-foot flume would discharge 94.percent of the -
~+free discharge rate. iso, at a submergence of 80 percent the dis~
- charge from all flumes will be affected‘to some degree. The 8-to .

30-foot sizes will discharge 96 percent of the free discharge while the
. 1-inch flume will discharge only about 79 percent of the free discharge.
- The nomograph in the frontlsplece can be used to obtain most free dis-
: charge values : :




v

It may be seen, therefore, that submergence effects on discharge rates
-occur at the lower submergence ratios (percentages) on the small flumes,
‘and that the greatest percentage reduction in discharge also occurs on

~ the srnall flumes.

Although the curves in Figure 5 are approximate, because they do not
include the small changes in discharge which also occur as a function
of the magnitude of the discharge, the values are reasonably accurate
and are useful for most estimating purposes. The graph may also be

~useful in making rough calculations for determining the size of flume -
required, and the best vertical placement in the channel. The curves
represent observed data {obtained during calibration runs and checks}
with a maximum- deviation of plus or minus 7 percent. In most of the
usually used regions of the curves the overall accuracy is somewhat
better. Methods for determining exact submerged discharge values
are d1scus-ed later.

APPROACH FLOW CONDITIONS

In the original writings on ‘Parshall flumes only brief mention is made

- of the importance of good or bad approach flow conditions. A few state-
ments are made such as ''* *.* the accuracy is not affected by silt or
slow water' * * * '"nor by changing velocity of the stream * * *," "the
velocity of approach is automatically controlled * * *'" "the angles of
convergence and dlvergence are such as to el1m1nate the effect of
switching of the current in the diverging section * * %, ! QOver the years
these and similar phrases in the original writings have been loosely -
interpreted to mean that the Parshall flume is able to overcome poor.
flow conditions in the approach to the flume and still maintain a good -
degree of accuracy. Nothing could be further from the truth It should
be remembered that these flumes were intended for use as "in-line"
structures in a stream or canal where reasonably smooth flow, uni-
formly distributed across the width and depth of the cross sect_lon was
the normal condition.- It was not expected that the fluimes would be -
placed in turnouts where the main flow lines are at right angles to the
flume, or below control gates where turbulence and flow concentratlons

g 'are in ev1dence

i The convergmg section of the flume is deS1gned to accelerate the flow .
and smooth’ out. small:-differences in velocity and flow distribution so
that the flow/ passes through the flume throat in a "standard'. smooth
-pattern Each lineal inch of throat W1d+h is expected to pass the Same
quantity of water as every other:inch. Only under these cond1t1ons can
the flume pass a standard dlscharge

_ It is obvious, then, that any upstream flow condltlon which results in |
changing the standard pattern at the flume throat will cause a departure
_from the standard’discharge indicated in the tables. Considering the

| length of the ap_prcach,secticn and the geometry: of the flume, it is




understandable that the relatively short converging section can exert
only a limited influence on redistributing flow concentrations, or in
correcting excessively high velocities. Therefore, if accuracy is of
importance, the approach conditions to the flume should be obviously
good. ;o

Experience has shown that tne fiume should not be placed at right angles
to the flowing stream--such as in a2 canal turnout--unless the flow is
straightened and redistributed to form a uniform velocity and flow pat-
tern before entering the flume. Surges in the flow, which sometimes
persist through the flume, should be’eliminated as should surface
waves* of any appreciable sizé. The water should enter the converging
section reasonably well distributed across the entrance width and the
flow streamlines should be essentially parallel to the flume centerline.
Also, the flow at the flume entrance should be free of "white" water and
turbulence:in the form of visible surface boils. Only then can the flume
be considered as belng capable of fulfilling all of the claims made for it.

Experlence has also shown that it is better to provide "standard' con-
ditions of approach and getaway then to try to estimate the effect of
nonstandard conditions on accuracy: Nonstandard flow conditions are
1mp0551b1e to describe and evaluate in terms of measurement accuracy
Poor appt )ach flow conditions should therefore be eliminated by ceep-
ening,’ w1den1ng, or straightening the flow channel; or by resetting or
rearranging the measuring station. These procedures are preferred
.over attempting to correct the indicated discharges.
in locations where inequalities in the approach flow have resulted in
flow measurement difficulties and no upstream wingwalls have been in-
cluded in the original construction, the curved wingwalis shown in Fig-
ure -1 should be considered for mstallatlon If it appears that a more
-. gradual acceleration of the- approachmg flow would improve the flow
/ patterns in the fiume, the wingwalls'should be consiructed (perhaps on -
1 temoorarv trial, ba:.1s at first).. Curved, w1ngwa11s are preferred
. 7. over s\raJ.ght 45° walls, although.any arrangement of walls, channel
S banks or other that’ 1mproves the un;forrmty and smoothness of the
approachmg £ Dw is acceptable A :
R -/
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FLUME SIZE _SLLECTION AND SETTING

>
FACTORS (JOVERNING SIZE OF FLUME BT

‘-‘:- g e .
Because 1t is posmble to pass a gwen dlscharge through any of several * S
“gizes of. flume; ‘the choice .of the proper size requires the full consider-
atlon of other factors # For example d1fferent throat w1dths W will be

R o

. %A wave snppressor may. be requlred See Reference 6 in
Acknowledgments 4 :
; o




required if 20 cfs is to be discharged with 2.5 feet of depth rather
than with 1 foot of depth. In the interests of economy, the smallest
practical size should be selected.

In selecting a flume size it is necessary to use the trial and error
system on several sizes which are believed to be minimum or ade-
quate. The final selection is then made, keeping in mind the origi-

nal channel dimensions in terms of the requirements of the various
flumes. In other words, if a 2-foot flume will handle the discharge
without producing an overtopping of the upstream channel banks it
would ordinarily be preferred over a 3- or 4-foot flume. However,
when the width of the channel is also considered in the problem, it
may be just as economical to use a 3- or 4-foot flume because longer
and more costly wingwalls may be required to span the channel when
using the narrower flumes. Also, the narrower flumes will avoid sub-
mergence for a greater range of flows because the greater constriction
of the narrower flumes causes a greater rise in the water level up-
stream from the flume.* The exact placement site of the flume should
therefore be selected before the flume size is finally determined.

FACTORS GOVERNING SELECTION OF SITE

Proper location of the flume is very important from the standpoints of
accuracy and ease of operation.. For convenience it should be located
near the diversion point and near the regulating gates used to change
the discharge. On the other hand, the flume should not be located in
turbulent, surging, or unbalanced flow, or in a velocity pattern poorly
distributed across the channel. The flume should be in a straight
section of channel; no bends upstream, particularly. Finally, the site
should be readily accessible by car or truck for both installation and
maintenance purposes. (See also remarks on the selection of site in
"Current Meter-Gaging Stations.') After tentatively selecting the flume
-location, hydraulic data should be obtained for the site, if available, and
the channel dimensions should be measured (surveyed). Width, depth,
height of banks upstream {to contain the increased depth caused by the
flume installation) should be recorded. A rating curve for the chan-
 nel would be helpful although this may be difficult to obtain, particularly
for the smaller channels. However, the elevation of the water surface
for the maximum and minimum flows should be obtained as a minimum
data requirement. (The high waterline on the ditch banks may be all
that is needed in certain cases.) -~ '

_ SELECTION OF FLUME SIZEAND CREST ELEVATION

. Selection of flume size and the vertical placement ‘in the channel; as
- required in irrigation practice, are best described by examples.”

 ¥This fact is in direct.opposition to a statement made in a manufacturer's
brochure. _ L : ' o




Problem: Determine the flume size and setting to measure
flows up to 20 second-feet in a channel of moderate grade
where the water depth is 2. 5 feet and the channel banks are
about 10 feet apart; both for a free flow and submerged
setting.

~ Free ﬂow .
' Twenty second-feet can be measured in several sizes of flume as in-
-dicated by the throat width- W in Table I. A ﬂume B feet wide at

0. 75 foot of head, Ha; 7 feet wide at 0.81 Hy; 6 feet at 0.89 Hy;

5 feet at 1. 00 Hg; 4 feet at 1.15 Hpy; 3 feet. at 1.38 H,; 2 feet at

1.80 Hy; and a flume 1.5 feet wide at 2.19 Hy are a?l capable of
handling a discharge of 20 cfs. Considering the site, the 4-foot

flume seems to bé most practical but the 3- and 2-foot flumes will
-also be 1nvest1gated : :

For the 4-foot ﬂume Hg is 1. 15 feet. For free flow the maximum
“submergence can be 70 percent; or the ratio Hp/Hg = 0. 7 70 per-
cent Therefore . :

= (L. 15) x (0.7) = 0'805'-foot :
The depth downstream from the proposed flume, after the flume has
been installed will be unchanged and w111 be 2.5 feet as assumed in. ”
-:the problem '

.;Referrlng to Flgure -6, thlS 2.5 feet of depth w111 oceur at D,

',{Heudw_'urer_f R _ _ . Tailwaters,
. . . N . . . [}

- Station 1

Figure 8. '_Rélétions.hip'.-é_f -flo_w'_de,pths“to{ th_e cres't_-elevet_ion S
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" Table 1--Continued
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Table 1- -Continued
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Table 1--Continued
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Table 1--Continued o

Free-flow discharge table for Parshall messuring flumes--3 inches to 8 feet';

Discharge,'Q, in second feet, for throat widths, W, of--
Q inches}l footil,H feetl2 feetl3 feetil featls feetitb feet Eib feet
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Depth X is 1.69 feet (D minus Hp) which is the elevation of the crest

- above the channel bottom. For this setting the flow of 20 cfs will occur
at 70 percent submergence and there will be no reduction in discharge
caused by downstream backwater effects. - -

The structure itself, however, is an obstruction in the channel and will
_produce a backwater effect that will extend upstream from the flume and
will raise the headwater elevation.  This difference in elevation of the
flow upstream from the structure with and without the flume in place is
the head loss causad by the flume.

The head loss value can be determined from Figure 7.

Starting at the base of the diagram follow the 70 percent submergence
line vertically to intersect the slanting 20 cfs discharge line; project

a horizontal line through this point to intersgect the slanting throat width
line for W = 4 feet; project this point vertically downward to the loss of
head scale and determine that the head loss L is 0. 40 foot.

The water surface elevation of the approaching.ﬂow will then be,
D+L=250+0.40=2.90

" H, is therefore located 2, 90 feet above the channel bottom.
An examination of the site dimensions should now be made to deter-
mine whether the freeboard that would exist for these conditions (if
the 4-foot flume were to be installed as indicated above) is satisfactory.

For the 3-foot flﬁtne’, .follOwihg the same -anal'ysi.s, .

Hp = 0.97 foot

1.53 feet "

L. =0.54 foot

and the upstream depth of water, 'Ha, " would be located 3.04 feet above
. the bottom. . ' . : - oV
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For the 2-foot flume,

Hb = 1. 27 feet
1.23 feet

L 0,70 foot

and the depth of water upstream Hj, would be located 3. 20 feet
above the bottom.

Thus the upstream depths for the 4-, 3-, and 2-foot flumes would be
2.90, 3.04, and 3. 20 feet, respectively. Assuming the channel banks
to be sufficiently high and any other special considerations to be favor-
able, the 2-foot flume would be chosen because of its lower first cost.
However, when the width' of the channel is considered in terms of con-
structing wingwalls to provide a nonoverflow section on each side of
the flume, the 3- or 4-foot-width flume might be chosen to simplify
construction or reduce the cost of the installation. As a general rule,
the most economical flume size (W) is from one-thlrd to one-half the
width of the channel.

It should be noted in the above analysis that the increase in upstream

flow depth is considerably less than the distance the crest is set above
the bottom of the channel, i.e., L is less than X, Figure 6. For the’
4~-foot flume the increase in water level is only 24 percent of the height
of the crest above the channel bottom, 35 percent for the 3-foot flume, -
and 57 percent for the 2-foot flume.

It is usually desirable to set the flume somewhat higher than absolutely
necessary,  rather than lower. This procedure will help to compensate
for unknown or changing factors downstream which usuaily tend to in-
crease the expected submergence. Deposits of sediment may increase
+ the resistance to flow as may weeds, tree roots, moss, or other bio-
logical growths. A general lowering of the channel by scour or degra-
- dation, -an unusual occurrence, is the only factor that would tend to de-
crease submergence ) I =3

Setting the flume higher than necessary w111 increase the velocity of
the flow leaving the structure and may:make it necessary to provide

protection from local scour at the downstream end. However, these
 are the factors ‘that must be considered in selecting’a flume size and
1n Settlng the crest elevatlon at the most desirable elevation.

o If the Parshall flume is never to be operated above the 70 percent sub-
mergence limit, there would be no need to construct the portion of the

=




flume downstream from Station 1, Figure 6. When only this portion
of the flume is constructed, the flume is sometimes referred to as
the "Montana' flume. When installing this abbreviated version, the
crest should be set above the channel bottom (the same distance as
worked out in the previous example} just as though the downstream
portion of the flume were in place. This will insure that the flow
profile over the crest section is not modified by having too high a
 channel bottom downstream from the crest. As a suggested pro-
cedure, the channel bottom should be stabilized to a shape which is
always below the level of the lower dotted line in Figure 6, to insure
unchanged or "standard" operation of the flume.

Submerged flow

- If the analysis of the free flow data for the 4-foot flume showed that
it was necessary or desirable to lower the upstream water surface
elevation as much as possible, the effect of operating the flume at
95 percent submergence (or any other value between 70 and 95) at
the maximum discharge should be investigated. Operation at the
‘higher submergence would allow the entire structure to be lower in
_the channel and would provide more channel bank freeboard up- .
siream. Proceed-as follows: . )
Using the same-data-given in the free flow analysis, the maximum dis-
charge of 20 cfs is to be passed with a depth of 2. 5 feet, but with
95 percent submergence. As in the free flow analysis from Table1

Hy = 1.15 feet

For 95 percent submergence

0.95 = 95 percent

&,"‘"-
S LA

(2.5-1.09) = X = 1. 41 feet.

In Figure 6 (D minus Hp) = X

“URS-115




Therefore, for 95 percent submergence the crest of the_ 4-foot ﬂume
should be set 1. 41 feet above the bottom of the channel. " (For 70 per-
cent submergence the correspondmg dimensions is 1. 59 feet.)

To find the increase in headwater elevation (loss of head) resulttng
-from 95 percent submergence, use Figure 7. Intersect the 95 per-
‘cent submergence vertical line with the slanting 20-cfs line; project
a horizontal line from this point to intersect the slanting 11ne W = 4 feet;
. project a vertical line downward to.""Head Loss" scale and find '
_ L -0:007 foot.

The headwater elevation will be

*L+D=0.07+2.5 = 2.'57.feet dbove channel bottom

: Stnce the headwater elevatmn for 70 percent submergence was found )
to be 2. 90 feet, the difference in upstream water levels for 70 and
85 percent submergences (2,90 - 2.57) = 0. 33 foot. . Lesser degrees
of submergence may be 1nvest1gated if necessary, in a similar man-

. ner. After all possibilities concerning the size of flume and the proper
i degree of submergence have been investigated, the most'economical

size of flume can be chosen and the opt1mum Llevatlon of the crest for

~ best performance may be selected : :

DIS CHARGE DETERMINATIONS--S INCH TO 8- FOOT SIZES

. EE The method of determlnmg the d1scharge of . flumes installed in the fleld
- . depends on. whether the flume is submerged .or dlschargmg freely
. ::j/
_FREE FLOW AND SUBMERGED FLOW

R 'When the flow is free or when the submergence is 50 percent or less .
- for the very small flumes, 70 percent or less for=t he small flumes; - .
- and 80-percent or less for the large flumes, the d1scharge may be. read e
.directly from Table 1, usmg the upstream head "Ha, and.the throat ]
o - width, W, .of the flume. ‘When the percent of submergence is greater -
" than the above limiting Values the flow is considered to be "submerged."’
_-In other words, the downstream water surface. is enough above the ele- °
~vation'of the’ flume crest to reduce the dlscharge that would otherwise -
~occur for free flow.  Both heads, H,;and Hp, must then be used to deter-
' mine the d1scharge i.e., a correction is made. to the values shown in, :
: _Table 1 Correctlons for various s1zes of ﬂumes are d1scussed separately

h




SUBMERGENCE CORRECT;QN FOR 1-FOOT FLUMES

Figure 8 shows the corrections in cubic feet per second to obtain sub-
merged flow values from the free flow values given in Table 1. For
example, in a 1-foot flume with Hj = 1. 00 foot; the discharge from

. Table 1 is 4. 00 cfs. If Hp is measured to be 0.8, the submergence

ﬁE is equal to 80‘ percent. ‘In Figure 8, for Hy = 1.00 and a submergence
a

of 80 percent, the correction is 0. 35 cfs. Submergence uould therefore
reduce the discharge (4. 00 - 0.35) to 3.65 cifs.

F1gure 8 may be used to make corrections for a wide range of sub-.
mergence in a 1-foot flume, using the method illustrated. In another
example the discharge through a 1-foot flume with H, = 1. 60 feet,
Hp=1.41 feet is 6.38 cfs. As an exercise, check this.

For flumes 1arger than 1 foot, apply the corrections as indicated below.
SUBMERGENCE CORRECTION FOR LARGER THAN 1-FOOT FLUMES

When the- submergence correction is for a 1. 5- to 8-foot-wide flume the
values obtained from Figure 8 should be multiplied by the'factors shown
in the table in Figure 8 before the product (the correction) is subtracted
from the free discharge value.

For example, submerged flow occurs in a 3-foot flume where

H,= 2.10 feet, and Hp = 2. 00 feet. The submergence ratio 3 (1)3 g
is 0. 95 or 95 percent submergence The free flow d1scharge Table T,
for a 3-foot flume and Hy = 2.10, is found to be 38.4 cfs. In Figure 8,
for H, = 2.10 and 95 percent submergence (which is an invisible inter-
polated h.ne ha]iway between the 94 and 96 percent lines) the correction
i8'5.75 cfs. This is for a 1-foot flume, however, and the correction
must be multiplied by the value 2. 4 given in the table for a 3-foot flume
(2.4 x 5. 75) to get the total correction 13. 8 cfs. The correction dis—
charge is therefore 38. 4 minus 13. 8 or 24.6 cfs, o

. As ‘another- example the submerged flow through a 6- foot ﬂume when
" Hg = 1 79 feet and Hp = 1 65 feet is 46,7 cfs. Check this.

SUBMERGENCE CORRECTION FOR SMALLER THAN 1-FQOOT FLUMES

When 3-, 6-, and 9-inch flumes are submerged the correction should
‘be made directly, using Figures 9, 10, and 11, respectively. Example:
What is the discharge through a 3- 1nch flurne when i, = 1.32 feet and

' Hb 1. 20 feet? The submergence ratio ———2 is 0.91 or 91 percent. In

~ Figure 9 ‘estimate 91 percent dlong the left-hand vertical scale (halfway
. between 90 and 92) and follow the invisible 91 percent line horizontally -

""R'Qg;'jll 7
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to intersect the curved line for Hy = 1. 32 (one-fifth the distance between
the 1.3 and 1. 4 lines), then move vertically downward from this point
to the scale at the base of the diagram and find the submerged rate of
flow to be 0, 88 cfs, :

In another example the submerged flow rate through a 9-inch flume
when the Hy head is 1.40 feet and Hp is 1.20 feet is 4.19 cfs. Check

this.
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) : Eigure 9. Rate of submerged flow, in cubic feet per
" second through a 3 1nch Parshall flume

DESCRIPTION OF FLUMES OF LARGE SIZE--
- 10 FEET TO 50 FEET

The large size flumecjlnclude thOSe hawng throat widths W of from
10 to 59 feet. Figure ! shows the minimum and maximum capacities,
the lengths and dimensions of wvarious parts of the flumes, and other,
pertinent information regarding flumes of 10-, 12-, 15-, 20-, 25-, 30-
40-, and 50-foot throat widths. .In general, these large Tlumes are simi-
'lar in appearance and operation to the intermediate sizes but there are .-
51gn1f1cant differences in certain dimensions. "Also, a more thorough .
analysis is’ requlred to determme the proper vertlcal settmg of the .
- ﬂume :
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In the small flumes, Figure 1, the length of the wall, A, of the con-
verging section, in feet is

EV-+4:A
2

where W is the throat width.

Also, the dimension used to locate the upstream head measuring sia-
tion, Hy. is 2/3 A. In the large flumes the length of the converging
section is considerably longer, in proportion, than in the small flumes.
This was found during flume development to be necessary to obtain an
adequately smooth flow pattern in the upstream part of the structure.
The gage point, Hg, is maintained at the 2/3 A point, but A is a longer
leng‘th in the large flumes.

Also, in the large flumes the downstream or Hp gage point is always

- located 12 inches upstream from the low point in the floor and 9 inches.

~ above the crest. In the small sizes, the Hp gage point is located much
‘closer to the low point in the floor and more nearly at the crest elevation.

" In all flumes, the gage zeros should be established so that both the Hy
and Hj, gages give the depth of flow above the crest and not the depth

of ‘water above the Hy and Hp pressure openings. :

SIZE SELECTION AND SETTING OF LARGE FLUMES

The rules and procedures for setting large flumes are, in general, the

- same as those for setting the intermediate sizes. However,:because of
the greater cost of large flumes ‘and the f1na11ty of the placement insofar -
as’ adjustmg the- structure after it is built 1s concerned,: greater. care

and more extensive analyses are usually made before the‘SIZe and ver-
tical placement are finalized. A brief mention of these ‘extra precautions.
~will be made and a sample problem 111ustrat1ng the usual procedure is
g1ven . : - : .

,lFor the large flumeq it is very 1mportant that the crest: be set at the most -
- favorable elevation with reference to the. gradeline of the channel. "The
- freeboard of canal banks must-be considered as well as the possibility .

- of reducing the full capacity of the channel. Also, interference with

_ 'the operatlon of esta.bhshed turnouts should be avmded if possible.

; Con51derat10n should be gwen to the fact that it is usually more. desirable . ‘.

- to -measure accurately the smaller dlscharges which usually occur when -~
. water is scarce and valuable, than to measure -accurately the maximum
. -dlscharges which may occur 1nfrequent1y when water is plent1fu1 I :
L compromlses are necessary it is- usually preferable to, sacrlfl.ce accuracy

R :when maxlmum dlscharges are: belng rneasured <




The desirability of setting the flume suificiently high to eliminate the
need for the downstream Hp gage readings (insofar as is possible)
cannot be overemphasized, Figure 12, On the other hand, excessive
vertical fall of the water may result from this action and the higher
exit velocities may make it necessary to provide scour protection (per-
haps riprap} at the flume exit, Flgure 2. Proper riprap sizes and
placement practices are dlscussed in Item 6 in Acknowledgements.

In analyzmg the setting of a large flume, it is necessary to have certain
data on hand rzther than to rely on estimates of the stream character-

.. istics and capacity. For example, if it is desired to select a flume size

and establish its vertical placement in a channel 50 feet wide having a

.- capacity of 950 cfs, the following information should be available. The
maximum, dlscharge to be measured has been established as 500 cfs. _
(Quantities above 500 cfs may contain floodwaters which are not account-
able or sa‘leable ) Maximum submergence, based on accuracy require-
~ments and ease of operation, has been set at 80 percent. From a rating
curve obtained from actual field measurements the dlscharges and gage
heights (flow depths) are:

Gage height -Di_scharge Gage height D1scharge
feet . cfs | feet - cfs

18 1 s 398
45 | . 500 -
86 [ .5 607
145 | .0 718
218 | 5.5 . 892
303 * .| 6.0 950

- Based on the general rule that the flume width, W, should be between*
one-third and one-half of the stream width, and on an approximate

" matching¥ of the gage height given above for 500 cfs with the Hy values

.~ for 500.cfs in the flume dlscharge tables, Tables II - IX a 20-foot flume
is tentatwely selected : _ .

e 'lIn Table V, Ha is 3. 24 feet for a. ﬂow of 500 cfs The gage -height for
- this d1scharge (see: table above) is 4. 0 feet, - At B0 percent submergence

Hp will be equal to 80 percent of 3.24, or 2.59 feet. The elevation of .
~:the crest above the channel, X, in Figure 6, is 4.00 - 2.59 =1, 41 feet. .
“For this setting the maximum dlscharge 950 cfs will be submerged To:
- <.determine the actual value, a cut-and-try/processis necessery; assume
- ./80: percent submergence - The, gage helght for 950 cfs’ (m table above) is

: '-"-"*Ha Tor a fn-st tr1a1 should be chosen to be: somewhat less than the

-_gag_e_hel_ghtto_allow_ foris_fre‘ebo_arld.and.he,ad loss .through the Structure_.-'-: '




6.0 feet; the Hy gage reading will then be 6.0 - 1.41 or about
4.8 feet, For 90 percent submergence the corresponding Hg

. 4,6
[ value will be g g = 5. 11 feet. The free flow value for this Hgy

“:" value, Table V, is 1, 037 cfs. From the correction diagram, Fig-
ure 13, the reduction in discharge for 90 percent submergence in
a 20-foot flume, for Ha = 5.11, is about 145 cfs and is determined
< as follows: In Figure 13, project a horizontal line through the ver-
tical scale, at the point where Hg = 5.11, to intersect the sloping
fi: 90 percent submergence line, The value on the horizontal scale
& vertically below this point is 72.5 cfs. Because the corrections are

PX-D=55349 NAKL

Figure 12. Twelve-foot Parshall {lume discharging
82 cfs under free flow conditions.
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TABLE V

FREE-FLOW DISCHARGE 20-FOOT PARSHALL MEASUR

FORMULA Q=-7825 H!®

ING FLUME

Q Q H, - q

H, Q
FeeT Skc. Fr.

H, Q
FEET 5K FT.

Hy. 4Q
FeaT SKc. Fr.

HA .
FEET SEC Fr| Fretr Stc. Fr. | FEET Skc. P,
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FREE-FLOW DiISCHARGE 25-FOODT PARSHALL MEASURING FLUAE
FORMULA Cmp489 HY
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TABLE VIt
FREE-FLOW DISCHARGE 30-FOOT PARSHALL MEASURING FLUME
. FORMULA, Q=113.12 H,‘
Hl @ H,, @ Hy Q Hy ] Hy ] Ha - Q
FexT Skc.FriFrer Stc.Fr.| FReT SIc. FY.| FLET Stc.Fr | Feer See. FT. | Frer Sec.Fr '
10 LO—:_t 15 2.0‘—:__345 3.0—:_ 880 401040 503 44,4 . . "
3 T+—35¢C I ' 11050 I-ts500 ’
120 I I~ 870 : -
N Ti2s T30 F 31080 31510
‘ S 1 I 880 1070 11520 .
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3138 I I 700 $10s0 1540
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3 = T 710 115360 .
1145 3380 T 110 I N
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TABLE vl
FREE-FLOW DISCHARGE 40-FOOT PARSHALL MEASURING FLUME
FORMULA Q<15000 K1
a M2 Q H, Q@ | " Q& K Q oM, Q
Feer Sre.Fr | Frer Sec Pt FEET Sic. 7ol feer Sec Fn . FErT Zec. Fr
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TABLE IX .
FREE-FLOW DISCHARGE 50-FOOT PARSHALL MEASURING FLUME
FORMULA Q=18888 M0
He @ Ha @ Hy [+ H,, Q My [ Hy a
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'shown in terms of 10-foot lengths of crest the correction must be
multiplied by 2 for the 20-foot flume. The resulting correction is :
therefore 145 cfs, and the corrected discharge is 1,037 - 145 = 892 cfs.
Because this corrected discharge value is less than 950 cfs the assumed
submergence is too great and another trial calculation is necessary. For
88 percent submergence, H, = 5.23 and the. discharge is 972 cfs, which
'is greater than 950 cfs. For 89 percent the discharge is 934 cfs. The
submergence for 950 cfs will therefore be between 88 and 89 percent.

-The increase in depth upstream from the structure (loss of head) should
next be investigated using Figure 14. For a 20-foot flume set 1. 4 feet
 :above the bottom./f the channel, dlschargmg 950 cfs with a submergence

of 90 percent, the head loss shown in Figure 14 is about 1 foot. This
value is obtained as follows: Intersect the vertical 90 percent submer-
. gence line with the curved discharge line for 950 cfs (halfiway between
900 and 1, 000). Project a-horizontal line through this point to inter-.
sect the diagonal line for W = 20 feet. This point has a value 0.9 foot
on the "loss of head" scale below. o S S

Referrmg to Figure 6, X =1.4; Ha =5,2; L =0; 9 the total depth is
7.5 feet. This is 1.5 feet greater than the gage height for 950 cfs. If
this extra depth would cause overtopping, flooding, or other problems
upstream, a larger flume should be 1nvest1gated :

- Using similar procedures for a 25-f00t t_'lume, X is found to be 1. 7% feet,
- submergence will be 91 percent for 850 cfs, and L will be 0, 8 foot. The
upstream depth will therefore be {1.7 + 4.7 + 0.8) = 7. 2 feet; about a

- .third of a foot lower if the 25-foot flume is built. Check this analyS1s

and 1nvest1gate other larger flume gizes as an exercise.

The_demsmn as to.wh1ch_f1ume.51ze to use will depend therefore on

" whether the extra depth which occurs upstream for the 20-foot flume

can be tolerated and whether the greater cost of the 25-foot or larger . .
flume would be excessive. An analysis of depths versus discharges over

. the entire range of gage heights provided in the original data might need .

- to be-made, using the methods just described, before coming to a final .
. decision. Any of several 51zes of. flume would satlsfactorﬂy measure the. :
'range of flows ) S : o

B ,:_5STILLING WELLS

: To obtaln accurate flow measurements in any flume, it is necessary to _
‘accurately measure the effectrve heads, H, and Hy,, but this is particu-
‘larly true in the larger sizes. "If staff gages are used on the inside face .

- ..of the*walls," only approximate head determinations: can usually be made

' ‘because of waves and fluctuations at the upstream gage and turbulent

.~ conditions.within the throat section at the downstream gage. The still-
1ng wells (and ﬂushmg system) spec1f1ed in the standard drawings of -

LR
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large Parshall flumes should always be used. Before ma.kmg a meas-
-uremenrt the wells should be flushed with clear water to be sure they

are free of sediment or other foreign material, including ice in the

" pipelines, . which could be the cause of erroneous head determinations.
 The head recording equipment should be chécked and serviced regularly.
‘Cross checks should be made between the staff gages, hook gages, plumb
bobs, recorder values, and any other discharge 1nd1cators to expose -
p0551b1e system errors.

. 'DISCHARGE EQUATION AND TABULAR VALUES FOR FREE FLOWS

. .The equatlon which expresses the true relatmnshlp between head and
discharge for the small size flumes {W =1 to 8 feet) is

0 026
Dlscharge Q= 4WH 1 522W

' _If this equation is used to compute dlscharges through the large flumes
(W = 10 to. 50 feet) the computed vaiue is always larger than the actual
discharge. Therefore, the more accurate equation developed for use
with flumes ranging in size from 8 to 50 feet should be used The ‘equa-
- tion is also 51mp1er to use. - =

 Discharge @ = (3. 6875W + 2. 5) Hal

t L . . . . “‘i

' The dtfference in computed dlscharges obtamed by usmg the two above
formulas for an 8-foot flume is less than 1 percent ‘the dlfference be-
' comes greater as the flume size increases. .

: BecauSe of the dlfflculnes in regularly usmg these equatlons dlscharge

- ‘tables have been prepared for use with the large flumes. Tables II
“-through1X give the free discharge in cfs for a complete range of Hy =
- “values for flumes of throat widths. 8 to 50 feet. It is possible by est1-

B :.Vmatlon to read these tables w1th an error of less than 1 percent

S DETERMINATION OF SUBMERGED FLOW DISCHARGES

e The method of determlmng the dlscharge rate for submerged flows in
large flumes is similar to that described for the smaller flumes. The.
.ratio Hp to Hg expressed in percent and the H, value are used in the

| -'_graph of Figure 13 to obtain the correction to be subtracted from the :
. free flow discharge. determined from Hg and Tables II to IX; The cor-
" Tection-values,- indicated in cfs alorig the base of the diagram-in Fig- -

Aire 13- give the number of cfs to be subtracted for each 10 feet of crest
'wtdth “W.“As an-aidin determmmg the multlplylng factor the ‘table -
m'Flgure 13 should be used L . ‘




For e:rar_nple a 30- foot flume has a multlplylng factor of 3.0. Cor-
* rections obtained from Figure 13 should be mu1t1p11ed by 3.0 to get the
_ total correct1on for a 30 foot flume,

To uetermme the discharge for submerged flow through a 20-foot flume
when Hy is 3.25 feet and Hp is 3. 06 feet, first determine the submer-
gence ra.tlo : '

_ 3.08
3.25

= 0, 9.41 =94.1 percent

' Enter at the left 51de of the dlagram of Flgure 13 and at H, = 3.25,
pro;lect a.horizontal line to intersect the 94 percent line, then continue

" “onto 1/10 of the distance between the 94 and the 95 percent lines, Ver-

tically below this point on the horizontal scale is the correction value

56 cfs. For a 20-foot flume the multiplying factor is 2. 0; the total cor-
rection is therefore 2 x 56 = 112 cfs. The free discharge value from -
Table V for H, = 3.25 is about 503 cfs. The submerged flow, therefore,
is (503 - 112) or 391 cfs. Additional examples of the use of Figure 13
and Table V are given in the sectlon on ”Slze Selectlon and Setting of
Large Flumes. :

 VERY SMALL FLUMES-—1~ 2-, 3-INCH SIZES.

The or1g1na1 development work on Parshall flumes did not 1nc1ude the
. 2-"and ‘1-inch throat width sizes. Over the years, however, a need for
‘these smaller sizes became apparent, and calibration and standardi-
zation were completed and published by the Colorado Agricultural Ex-

perlment Station in 1957. The work included some redesign and re-

. evaluation of. the 3-inch flume because of difficulties reported-in the use .
- of the Hy, gage. The capacity of the ''very small'* flumes ranges from

" -about 0. 01 cfs for Hy = 0,10 foot in the 1-inch flume, to the 1. 134 cfs

for Hy = 1.0 foot in the 3-inch flume. The capacity of each size of flu:ne

.. overlaps that of the next size by about half the dlscharge range. To vis-' -

-ualize.the magnltude of the very small flows, it may be helpful to know
s that 0. 01 cfs is’ (appro:umately} equal to 5 gallons per mlnute

Turbulence and the relatlvely deep and narrow throat section make read-
ing the Hy, gage extremely difficult in the 1- and.2-irich flumes and dif-

.. ficult onthe 3-inch flume. ' Consequently, the H; gage, located down-: ‘.
... 'stream near the end of the diverging portion of the flume, Figure 15, was
~ i -added to the very small flumes. This gage may be read in place of the _

Hb gage H readmgs are. then converted to ‘Hp readmgs us1ng a graph

_'-‘C*The term very small" is. used in this' pubhcatlon to dlfferentlate between_“":‘
the two groups of ﬂumes or1g1na11y referred to as, small flumes ‘
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'as explained later. The converted Hy, values are used in the discharge

** determinations.

CONSTRUCTION OF FLUMES

Experience has shown that the very small ﬂumes are best constructed

of galvanized sheet metal. Folded- 18 20 gage .:.teel reinforced with
~3/4-inch steel angles, using welds or rivets, is‘a recommended stand- -

" ard of construction. One-inch folded flanges, punched for bolts, at =
each end and at the t0p and bottom of the flume for rigidity are also rec-
ommended, Figure 15. Because the flumes are small, their accuracy
is. dependent, ‘to a large extent, on the accuracy with which the throat
and adjacent features are constructed. Particular care. should be taken
to avoid twists or warps in the floor whlch prevent settlng both ends of .
the flume level.. A suggested tolerance on the throat width is plus or :
minus 1/64 inch; other dimensions plus or minus 1/32 inch., The throat
sidewalls must be parallel and at rlght angles to the crest. The gages.
must be accurately located if the standard calibration curves are {o be

. used for dischz#ge determinations. Flgure 1 shows the dlmensmns for
- the three sizes of flurnes referreu to in this publlcatlon as . very small” :
w.,,flumes : : : '

' DETERMINATION OF DISCHARGE

FREE'FLO'W
" Tables 1 -2, and 3 give'the free flow discharge in cfs for the very small
-~ flumes over the complete range of useful heads, Ha. Tables 4, 5, and 6
 give the discharge in gallons per minute. If a flume throat w1dth dimen-
‘sion is“found to be'inaccurate, the discharge rate may be corrected on

o the basis that each unit w1dth of crest discharges the same quantity of
water as every other unit, For example, a.so- called 1-inch flume with

a throat width of 1-1/16 inches would discharge 1. 06 times the tabular

+ discharge indicated for the particular H, value, because the throat is
. {about) ‘6 percent oversize: The average width of the throat, determined . .
by several measurements: over the depth occupled by the flowmg ‘water,
' should be- used to make the correctlon i . S

g .'SUBMERGED FLOW

2 ,Submergence beglns to reduce the dlscharge through the very small

-~ flumes when the submergence ratio exceeds 0. 50, or 50 percent. To
. - determine’ discharges for submerged flows, the heads Ha and Hy are
. used-with Figures 16, '17,7and 18, to obtain the discharge rate directly.

S Ha -and. Hy, gages should be.zeroed to gwe the depths above the eleva-

S ‘tlon of the ﬂume crest

"j-.-Flgures 16 17 and }.8 should be used in the followmg manner. I."ri a"', R
3 1nch flume, Ha 20 foot and Hb 0 17 foot determme tne dlscharge,,.'-.




Computed from formula Q = .338 Hal*

Table l.-~-Free flow diacharge through l-inch Phrshall measuring flnme
- in second feet.

Upper|

head

B

0.00

0.01

0.02

0.03

o.d‘

0.05 0.06

0.07 | 0.08

6.09 )

0.10
‘0.20

' 0.30
- 0.ko
Q.50

0.00 |.

[0.00095
.028
.052
082
115

:0.®

153

.030
.055
2085
Oug
-157

+032
.058

.088
.123
Jd61

0.0126{0.0142

035
061
.091
126

— Cubic Feet per

0.0160
037
'0@*“
.095

130"

.165

.169

Second |

.0179| .0196
.039 '| .ok2
066 .069
. 098 «101
173 | W77

L0216} .0237|
LOhs5. | .ohT
072 | .0T5
.105 | .108
A1 | .1k5
182 | .186

1 0.0032 [0.0043{ 0.0055 0.0068| ¢ 0.0081
~.025T

050
078
.1h9
clm

Table 2.»-Free flow discharge through 2-1nch Parahall measuring flume

1n second feet._

Computed from formule Q = .676 Ha

" head| 0.00 }0.01 | 0.02 | O. 03 o.oh 0.05 [ 0.06 | 0,07 | 0,08 | 0.09
o Cubic Feet per Second
Feet : ' : ‘
Q.00 | ' - ]0.0065 [0,0087{0.0102{0.0135({0.0162
0.10{0.0191| = P .0251 [0, oosh 0.0321} .0358| .0392] .0Ok33| .O4T3| .0513. -
.0.20| ..055 |.060 | .065.1 .0TO | .OTH | .O79 | .09k | .0B9 [..09k | .099
- 0.30| .105 }.110( .116 | .120 | .127 | .132 | .139 | .145 | .151 | .157 |
0.bo| .163 |.170| .176 | .182 | .189 | 196 [-.203 | .210 | .217 | .22k
0.50| .230 |.238 | .2b5 | .253 | .2€0 | .268 | .275 | .283 | .290 | .298
0.60} 306 .31k | .322 | .330 | .338 | .347 [ .355 | .363 | .372 | .381
. 0.70| .389 .397 406 | .15 | .b2k | (B33 | b2 | W51 | W59 | LL69.

in second fEet.

COmputed from formula Q = ,992 ﬁg

Tuble 3.--Free flow discharge through 3-inch Parahall measuring flume'_

.o Upper
e head

0.00‘

0.01

0, 02

0.03*

o.0h 

0 05 0 06

0.7 |

0;09

" Cubic Fbet per

| o.oha?

o. OhT
2109
187

Second-

0.053 0. 058a o.osh

A17 | W12k |
196 | ..205
.289 |..299
.393 | .hob4

509 | 522 | .

636 |- .

LT
1 .916
Ti. OTO~

_01.31‘E
_1213:_
309

hle

0.076
- !lhé k
[
|k

5B

.689

=:. .828
| .ot7 -
8 1. 34
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Thble h.--Free Flow discharge through l-inech Parshall measurlng flume
in ggllons per minute. Cbmputea from cfs ‘x 448.8
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_Table S ~=Free Flow discharge through 2-inch Parshall measuring flume in
= “gallons per minute. -Computed from cfs x 448.8

Upper - _ '
‘head 0.01 0.02. .03 ) : 0.06 | 0.07

k.9
19.k
39.9
65.1
gk.2

127.0
162.9
1202l

NAw
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- 1+33.2 |}
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| Table 6.--Free flow discharge thrnugh 3-inch Parshall measuring flume
_ “'in gallons yper minute. Computed from cfs x 448,8 _ .
mmmg“ 1w ‘ _ _ T —

~head | 0.00 .01 |0.02 | 0.03: - 0.05 _0,06_ 0.07 { #0.! 0.09°

Minute

23.8 28.T]| 1 3k.1
52,5 58.81 61 -
88.0 | - | 95.6
129.7 1138.7
L AT6.s 3 1186.3
W17 228.4 239.7
285.4 297.1 |
-7 346.0 .81359.0 [
4.8 | h11.1 .8 | b2k.6 :
0] 480.2 | uBT.L |LGL.6°

79%0903&_ ¢ o
;‘i-'i8f8i°o‘_’3 85830 |
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DISCHARGE: 0.003 SEC.FTr—oi|
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Rate of submerged flow _thlrough a 1-inch
Parshall flume




UPSTREAM HEAD Hg, FEET.
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~ Rate c_:fﬁ submerged flow through a 2-inch
Parshall flume

S




DISCHARGE = ?.oa'ﬁ-:c. F o—

?.04
IOIOS
0.06
N 0.07
= 0, 08 p—

0.09
0.10

—.? .|5==ﬁ

-
W
W
w

o
x
=]
-4

L)
I
-
-4
w
- 4
-
L
[

>

0 . ) 70 60 50
PERCENT OF SUBMERGENCE =Hp/Hgx100

103-D- 878

Rate nf submerged flow through a 3 inch
Parshall flume

R9-148




_Submergence H'_z F_é.g. = 0. 85 = 85 percent Enter Figure 18 .with the
- upper head value H, = 0.20; 1ntersect the horizontal line through this

.;p01nt w1th the vertlcal line for Eb = 85 percent. Note that this inter- -

a

'sectlon point lies about 7/10 of the distance from the curved discharge
line for 0.06 cfs, toward the 0.07-cfs line. The interpolated discharge
‘value is, therefore, 0.067 cfs. It should be noted that the free dis-
charge value for Ha = 0.20 foot, in Table 3, is 0. 082 cfs.

. These flgures indicate that- submergence of 85 percent reduced the
-apparent discharge from 0.082 cfs to 0. 067 cfs, a reduction of some
. 18 percent . :

If the - Hy, gage is d1ff1cu1t to read accurately, the Hc gage readings may
‘be used to improve the accuracy of the discharge measurement. The He-
gage location is given in Figure 1. The relationship between Hy, and H,
-gage values, determined during the calibration tests is given in Figure 19.
~A straight edge placed on the curve in the graph shows that the value of
H., on the vertical scale, is shghtlg,r greater than the Hy value shown

on the horizontal scale. There is some recovery of veloc1ty head at the .
H, -gage because of the expanding flow area (a reduct1on in velocity al-

g ways produces a. greater depth of ﬂow) .

- PrOper use of Flgure 19 is 111ustrated in the followmg problem Deter- '
.mine the discharge:if H, = 0.36 and H, = 0.32 in a 3-inch flume. Enter -
1F1gure 19 .with He = 0 32 foot the correspondmg Hp is 0 30 foot '

0 83 83 percent From Flgure 18, the line Ha =0, 36 inter- .

: sected Wlth the 83 percent submergence 11ne g1ves a d1scharge of
0.17 cfs (m’rerpolated) R ,

. SIZE- SELECTION SETTING AND USAGE

'The size of the very smalL ﬂume to'be selected depends on the quantlty |
‘of water to’be measured and on the elevation the crest is to be set. ;
‘Whenever possible the flume should be set to operate under free flow '

- ,”_.}condltlons If this is not p0551b1e the settmg should be made to. create L

mlnlmum submergence

i An example will 1nd1cate the method of selecting a flume Size and makmg

~ the .proper setting. A discharge.of about 0.14 cfs is to be measured in.

o channel 0. 52 foot deep, flowmg 0. 30 foot: deep

In Table 1 for a dlscharge of 0.15 cfs through the 1 1nch flume
Hg o= O 6 foot thlS 1s too deep, the ‘banks would be overtopped
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Relationship of H, and H 'gages for 1-, 2-,
and 3-inch Parshall flumes for submergences
greater than 60 percent '
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Table 2, Ha = (. 38 and in Table 3 H, =0, 30 therefore, either a
2-or 3-1nch flume could be used. The submerged flow condition

‘s should be investigated to determlne which size would be preferable.

~ For the very small ﬂumes a reductlon in discharge is ev1dent as soon “
Hb - 0.5. 1In this

-example, since Hy = H, x 0.5, Hy, should not exceed 0.38x0.5=0.19 .
in the 2-inch flume and 0 30'x 0.5 = 0.15 in the 3-inch flume. In Fig-
ure 6, the relationship between flume dimensions is - ‘

- as ‘the submergence exceeds about 50 percent, or.

: X._-D_:Hb

""‘""‘(X is the dlsta_nce the crest is placed above the channel bottom )

" For the 2-inch flume, X =0.30 - 0.19 = 0.11 foot

~ For the 3-inch flume, X = 0.30 - 0.15 = 0.15 foot.

- .'-:"'The upstream depth for the 2 :anh flurne will be
H + X - 0 38+ o 11 0-24-9 foot

. 'For the’ 3 inch flume Ha £X 0,30 +0.15 = 0. 4.5”‘.'foot “"Tf]e small dif=
L ference in upstream depths wouldxprobably help in ruling in favor ‘of the : .’
- 2-inch flume because of 1ower cost also, the channel banks w111 not be LT

: ""ﬁovertopped R R S

In 1nsta111ng the very- small ﬂumes the approach ﬂoor should be used -
‘as an index for levehng rather than, say, using the tops ‘of the" walls '
as a support for a carpenter's level. Extraneous parts of the flume
“may have no known relat1onsh1p to the plane of the crest. “Procedures. o
should'be such that the crest is the leveled portion of the flume," Care-'f- e

ful/leveling is necessary in both 1ong1tud1na1 and transverse d1rect10ns
o if standard discharge tables are to be used with the flume. In sett1ng

_ﬂumes in the field, two main precautlons should be taken. The first,

. the flume should be set.on a solid foundatlon perhaps on footlngs or

pilings; to prevent setilement or heaving. Second, a collar bolted to

" the upstream and/or downstream flanges extendlng from the bottom and
. 'sides of the flume, well out into the channel banks and down into the” - .
: ,.earth ‘could help to prevent-flow from bypassmg the structure and-eroding -
"7 the foundation.’ Careful zeroing and readmg of the staff gages are also -
”musts” if accuracy is to be, obtained. “An-error of 0. 01 foot {about :: -

- one elghth inch) in settmg the flume ‘the! gage zero, or'with a 0. 01, fo'ot' g
in readlng the staff gage could result 1n an. 8 percent d1scharge




determination error in the 2-inch flume (mid~range). In the l-inch

- flume, similar setting and reading errors could result in a 12 per-
cent discharge determination error. The importance of using extra
precautions in setting and reading gages in these small flumes is
evident. S o

In reading a staff gage it should be noted whether the gage tends to
attract the water {(crawl up the gage) to give a high reading, or tends
to repel the water to give a low reading. Visual compensation may

be possible to improve accuracy. Figure 20 illustrates the meniscus
shapes (exaggerated for demonstration) that often occur at a staff gage

" ,-True water surface.
o il SRR . _ _
Apparent.  g§-1 Vo Apparent
‘water level J v water level-~_

GAGE ATTRACTS  GAGE REPELS

 Figure 20

., Sections through flume walls. Meniscus effects at staff gages..
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CONCLUSIONS

The accurate measurement of water is both an art and a science

and requires the full understanding of the irrigation operator. To
achieve success, the operator must understand the workings of his
water-measuring equipment and must apply his knowledge in a prac-
tical way to the degree necessary to achieve the desired accuracy of

‘measurement. He must be alert to ever-changing flow conditions and

make the necessary alterations in equipment or procedures. He must
exercise proper judgment in all matters and this is best accomplished
when as many facts as possible regarding the behavior of water are
known to him.

It is difficult, if not impossible, to establish definite rules which
apply generally to water-measurement procedures and equipment.
Similarly, one measurement device cannot be recommended over any
other device until all variables at the particular installation site are
considered and properly weighted. 1t is therefore necessary for each

-operator to learn as much as: possible about the device he is using and

to evaluate the effect of each variable (at the partlcular site) on the
measurement he is maklng

Each operator must learn to look objectiveiy at his equipment and
procedures He must be able to ''see' that his equlpment is run . o

are not_compatlble with what he is trying to measure. "He should
become familiar with various types of measuring equipment, learn
the advantages and disadvantages of each, and decide whether the

- existing equipment is the best for the job at hand. He should try

to find fault with his equipment and every step he uses to make a;
discharge measurement, and try to improve wherever possible. This
means that he must understand the basic measurement he is trying to
make and then modify, if necessary, his methods of getting it. He
should try to understand why he is doing the things he does and develop’
confidence in his knowledge. He should read available literature as
much as possible to get background information on water measurement. .
He will thereby not only obtain more meaningful information, but w111
also have the satlsfactlon of knowmg his job is well done

4~ Re-149 ¢
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CONVERSION FACTORS--ERITISE TO METRIC UNITS OF MEASUREMENT

The following conwersion factors adopted by the Bureau of Heclamation are those published by the Ameriean Society for
Testng and Materials (ASTM Metric Practice Guide, January 1264) except that additonal factors (%) commonly used in
the Bureau have been 2dded. Further discussion of definittens of quantities and units is glven on pages 10-11 of the

ASTM Metric Practice Guide,

The metric units and conversion faciors adopted by the ASTM are based on the "International System of Units” (designated
81 for Systeme International d'nites), flxed by the International Committee for Welghts and Measures; this system is

also known es the Glorgl or MKSA {meter-kilogram (mass)-second-ampere}
Internaticnal Organization for Stendardization in ISO Recommendation R-31.

The metric tecknical unit of force 1s the kik
mass of 1 ky, gives it an acceleration of 8. 8

mist be distinguts

system. This system has been adopted by the

am-force; this 1s the force which, when applied to & body having a
Bb m/sec/sec, the standard acceleration of free fall toward the earth's
center for sem level at 45 deq latitude. 'The metric unit of foree In SI units is the newton (N}, which iz defined as
that force which, when applied te a body having o mess of 1 kg, glves 1t an acceleration of 1 m/sec/sec. Those unlis

hed from the (inconstant) local welght of a body having & mass of 1 kg; that 1s, the weight of a

body 1s that force with which a body 1s attracted to the earth and 1s equal to the mass of a body multiplied by the
acceleration due to gravity. However, because it is general practice to use "pound" rather than the technically

correct term "pound-force, ™ the term "kil

m" (or derlve

mass unit) has been used In this gulde lnstead of "kdlogram-

force™ In expressing the conversion factors {or forees. The newton unit of force will find increasing use, and is

essential in SI units.

Mu'lﬂn'[v

" Tahle I

_ . QUANTITIES AND UNITS OF SPACE

By

LENGTH

25.4 (exactly). . . .

25.4 (exaetly). . . . .

2.54 {exactly}*.-
30. 48 (exactiy} .
10,3048 {exactly)*.

- 0:0003048 (exactly)*

Q. 9144 {exactly) . .
1,608, 344 (exactly)* .

Micron
Millimeters .
Centimeters
Centimeters
Maters
Kilometers
Meters

_.» Meters

.. Kllometers

1, 609344 (exnctiv) .
AREA ]

6.4516 (exactly) . .
929, 03*, .

a2 . o ow

048, 9% , . 0
0. 0040489+

Square centlmeters
Square centlmeters
Square meters
Square meters
‘Heclares )
Square meters
Square Hlometers

2.58008. .
VOLUME

Square kllometers

Cuhic Inches
- Cuble feet. .

18.3871 . . .
00283188, .
0. 764555

. Cuble centimeters
. Cuble meters

Cubjc meters

Fluld ouﬁces U.5.) ’
Liquid phﬂs (U.8.)
Quarts (U,5.) .
Gallons (U.8,}.
Gallons (U.X.)

" Cuble feet. .

. Cuble yards. . .
i Acre-feet, . .

Cuble centimeters
Milliters -
Cuble decimeters -
Liters
Cuble centimetars
Liters
Cublc. centimeters
Cuble decimeters
Liters - . C
Cuble meters
Cuble declmeters
Llters
Llters
Litars

. Cuble meters
Liters o
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ABS‘IRACT

‘™ater Measurement Procedures” was wrltten primarily for use in the

" Irtigation Operatora' Workshop classes as s teaching aid ip presenting the

v . fundamentals of water measurement to field personnel engaged in irrigation

.work.  Technical material has been simplified to provide a clear under-

o standing of water memsurement devices and procedures. BHaslc hydraulics™

: presented includes the discharge equation, velocity head concept, orlfice
and welr relationships, and the effect of sutmergence.  Factore affecting
the accuracy of measurement such as worn eguipment, infrequent head memss-

'..urement, use of wrong measuring device, and others are amnalyzed. Commonly -

used devicea and methods are dlscussed including orifices, weirs, Venturi

meters, Parshall and Venturi flumes, meter gates, constant hesd turnouts

" and propeller meters; new'devices and methods include vane deflection

meters, mcoustic and megnetic meters, mnd the dilution and radioisotope -

methods of measurement. Hints for troubleshooting poorly operating de-

vices, suggestlons to operators on how to do a good Job, and a selected

- reading liet for operators are given. This edltlion supersedes the previous
1965 and 1966 editions mumbered Hyd 552 end 565. Hme 3k references.

i

ABSTRACT S

"Water Measurement Procedures" was written primarily for use in the

- TIrrigation Operstors' Yorkshop clmasses g8 a teaching aid in presenting the
. fundamentals of water measurement to fleld persomnel epgsged in irrigaticn

. worlk, . Technlecal material has been simplified to provide a clear under-
_‘standing of water measurement devices and procedures. - Basic hydraulies

© presented includes the discharge equation, velocity head concept; orifice
- and weir relationships, and the effact of submergence, Frctors affecting
the accuracy of mespurement such as worn equipment, infrequent head meas-
urement, use of wrong measuring device, and others are analyzed. Commonly

;used devices and methods are discussed including orifices, welra, Venturi

- meters, Parshall and Venturi flumes, meter gates, constant head turnoute

and pmpeller meters; nev devices and methode imclude vane deﬂection
meters,- acoustic and magnetic meters, and the dilutlon and radfoisotope
methods. of measurement. Hints for troublesheoting poorly operating de-~

D vices, suggestions to operators on how to do a good Job, and a selected

. reading 1list for operators mre given. ' This edition 'supersedes the previous
.. 1965 and 1966 editions mmbered Hyd 552 and 565, Has 3k references.

ABSTRACT

"Water Measurement Procedures” ves wrltten primarily for use in the
Irrigation Operators’ Workshop clesses me & teaching ald in presenting the
fundamentals of water measurement to field personnel engaged ln irrigation
work. Technical material has been simplified to provide a elear under-
standipg of water measurement devices and procedures, Basic hydraulics
presented includes the discharge equation, velocity head concept, orifice
and veir relationships, and the effect of subtmergence,.. Factors affecting
the accuracy of measurement such as worn equipment, infrequent head meas-
urement, uee of wrong measuring device, and others are mnalyzed. Commonly
used devices and methods are discussed including orifices, weirs, Venturi
meters, Parshall and Venturl flumes, meter gates, constant hemd turnouts
and propeller metera; new devices and methods include vane deflsction
meters, acoustic and maguetic meters, and the dilutico and radioisotope
methods of messurement. Hints for troubleshooting poorly operating de-
vices, suggestions to operators on how to do s good job, ard a selected
reading 11st for operntors are glven. This edition supersedes the previous
1965 and 1966 editions numbered Hyd 552 and 565. Has 34 references.

ABITRACT

"Hater Measurement Procedures™ was written primarily for use ip the
Irrigation Qperators' Workshop clesses ag & teaching ald in presenting the
fundementals of water messurement to field persomnel engeged in irrigation
work. Technical materiml has been simplified to provide & e¢lear under-
standing of water memsurement devices and procedures. Basic hydraulics
presented includea the discharge equation, veloecity head concept, orifice
and weir relatipnships, and the effect of submergence. TPactors affecting
the accuracy of measurement such as worn equipment, infrequent hesd meas-
urement, use of wrong measuring device, and others are analyzed. Commonly
used devices and methods are diacussed including orifices, weirs, Venturl
meters, Parshall and Venturl flumes, meter gates, conetant head turnouts
and propeller meters; new devices mnd methods Include vene deflection
meters, acoustic and magnetic meters, and the dilution and radioisctope
methods of measurement. Hints for troubleshootitig poorly operating de-
vices, suggestlonr to operators on hovw to do & good job, and a selected
reading list for operators are glven. This edition supersedee the previous
1965 and 1966 editions numbered Hyd 552 mnd 565. Has 34 references.
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Peterka, A J

TRRICATION OPERATORS' WORKSHOP, 1967--‘JATER MEASUREMENT P'RWEDURES
" USBR 1ab Rept Hyd-$77, Hyd Br, Aug 1967, Bureau of Reclamation, Denver,
153 p, 66 fig, 19 tab, 34 ref L .

DESCRIPPORS--_ #hydraulics/ shydraulic structures/ *dissharge measurement/
sirrigation/ water delivery/ *water measurement/ open channel flow/ errors/
. closed conduit flaw/ Aischarge coeffleients/ weirs/ ortfices/ water meters/
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153:p, &6 flg, 19 tab, 3h ref :
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- closed condult flow/ discharge coefficients/ welrs/ orifices/ water meters/
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Hyd-577

Petorka, A J
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151 p, 66 fig, 10 tab, 34 ref
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#irrigation/ water delivery/ *vater measurement/ cpen channel flow/ errcrs/
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current meters/ water metering/ irrigation OBM/ turbulent flow/ Venturi
meters/ inatruction/ Venturi flumes/ Parchall flumes/ subtmerged orifices/
radiocactive lsotopes/ velocity/ field investigations/ flow meters/ laser/
bivliographies/ submergence/ instrumentation -

IDENTIFIERS-Z texthooks/ Irrigation Oper Workshop/ ailutfon method/ vane
flow meters/ ultmsonic flow mensurement/ acoustic flow meters/ magnetic

flov meters/ constant-head crifices

Hyd~5T77

Petarka, A J
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©. 153 p, 66 fig, 19 tab, b ref
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+irrigntion/ water delivery/ %water mensurement/ open chamnel flov/ errors
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current meters/ water metering/ irrigntion 08M/ turbulent flow/ Venturi
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