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ABSTRACT |

"Water Measurement Procedures” was written primarily for use in the
Irrigation Operators' Workshop cisssee as a teaching eid in presenting
the fundamentals of water measurement to . field personnel enmgaged in
irrigation work. The 1966 Edition centains a new section devoted to
the size~selection, setting and use of Parshall measuring flumes, and

a fuller description of current meter site selection and practices.
‘Technical material has been simplified to en ultimate degree to pro-
vide a cleerer understanding of water measurement devices and procedures.
Basic hydraulics presented includes the discharge equation, velocity '

. bhead concept, orifice and weir relationships, and the effect of sub-

- mergence. Weirs are used to indicate the influence on accuracy of
approach flow, turbulence, rough water surface, and poor flow patterms.
Factors affecting the accuracy of measurement such.as worn equipment, '
infrequent head measurement, use of wrong measuring.device, and others .
are analyzed. Commonly used devices and methods are discussed including:

. orifices, weirs, venturi meters, flumes, meter gates, constant head

. turnouts and propeller meters; new devices and methods include vane
deflection meters, acoustic and magnetic meters, and the dilution end
radioisotope methods of measurement. "Hintg for troubleshooting poorly
operating devices, suggestions to operators on how to do.a good Job, .

- and a selected reading list for operators are given. This edition
supersedes the previous 1965 edition numbered Hyd. 552.
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FOREWORD

These notes contain the essential parts of 5 previous workshop sessions
presented in 1961,-1962, 1963, 1964, and 1955 A new section on Pershall
flimes has been added. A fuller description on the selection of current
meter gaging station sites hss ‘been provided and hints on obtai.ning
better current meter gagings are given.

| "Sts.ndsrd and nonstandard devices are defined and their implications

for the first time the essentials needed to understand the size-

in regard to water measurement are discussed.

Water messurins devices snd methods are classified under. three cate-
gories: (1) the veiocity device, (2) the head device, and (3) miscel-
laneous devices, including chemical and dye dilution methods, total
count radioisotope methods, magnetic methods and sonic methods

Under "Some Basic Hyﬂ.ranlics, the concepts of the discha.rge equation
and velocity head are developed; -these two concepts are used to derive
the basic equations for botk orifice and weir discharge using the
simplest methods possible., Several of the general aspects of water
measurement accurscy are alao discussed. -

Flumes end weirs, probably the most commonly used devices, are used

- to furnish exazples of good and pocr water measurement practices be-

cause the effects of good and bad measurement practices are often
not vis:l:ble on some of the more sophisticated measuring devices.

The more compliceted devices and techniql.es such as the submerged

- orifice meter, Venturl meter, metergate, and constant-head orifice

tu:mout neesuring device, and propeller meters are then described.

I{ints are given for troubleshooting_ m_eteri.ng devices suspected of
- being inmccurate and instructions -aere given for selecting the proper

size and obts.ining proper installation of metergetes and constent-
heed orifice meters. _

Progress in water. measuring techniques, including the chemical dilution 2
'end rediocisotope methods is reported, and an- -evaluation of a commer-

clally availsble open channel deflection meter is given, P-ogress o
in the development of msgnetic -and acoustic meters is reported

'Ihe new. section on Pershall i'lumes brings together under one cover -

. . gelection, vertical placement, discharge determination procedures

- for free and submerged flows, end the theory of flume operation amd

- perforasnce. Ssmple_ problems are use_d -to._,illustrate -proper pro-

' - cedures.

o

A st of reference msterial and a cha.rt showins the head required to “ R

operate certein messuring devices are presented e

T
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FOR IMFROVING WATER MEASURING
DEV'ICFS_A!ID TECHNIQUES

It is impossible at the moment to overstate the need for an improved
water measuring progrem, not only In your district, project, or

- region, but nationwide, and even worldwide. The population explo-

* gion and the shifting of the population center of the United States
toward the West is causing concern in that water needs may even-
tually 1limit this movement. According to the latest figures, 1if we .
account for births, deaths, immigrants, and emigrants, a new

person arrives on the scene every 10 seconds; 8,000 a day; 3,000,000
a year, By the end of the century the population will have doubled.
Tvice as many people--the same amount of water. Within the next
decede, every water supply, not only those in the West but through-
out the United States, will be critically examined to determine
quantity, use, and waste. Plans will be fortmlated for extending
the use of the water. .

One way to increase the availeble 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 equitably distribute the water .
now developed and available, This latter course is usually poseible
and less expensive. We are interested in the latter course becauee
- this 1is our business and, as all of you know, more extensive use

~ -.of the avalilable water can be made if all messuring devices are

accurate and dependable-at all times and the best water management
procedures are followed at all times. It is, therefore, important
that every attempt be made to upgrede existing weter measuring

- devices, not only in ditches, laterals, .and canals, but in the
‘supply eystems as well, Every cubic foot of water saved as a result
of improving the measuring devices 1s more valusble than a similar
amount obtained from a nev scurce because the saved water can be
'produced at considerably legs cost.

-Accuracy ‘In vater measurement 1s therefore cf prime :meortence in

s '._the operat:lon of any water distribution system Even though 8 sur-

. plus of waterimay now exist on your project, it 18 time ‘to begin
_--'.accurate accounting of what happens to your water, An experience '
on a project actively engaged in upgrading ; water measurement '
devices and procedures will serve as-a good example. A water user

T ‘entitled to 1 cublc foot per second hed been receiving up to 5 cfs

‘because water had been plentiful and no e.ccurete measuring device

' "had been installed at his turnout.  Vhen a.new meter was installed

and ‘1 .cfs was-delivered, he:complained that ‘his new: concrete field‘_
‘ d:l.stribution system would not operate properly nnd much of his '
. acreage would have to go without ueter until he . could chenge the

| ‘elevation and slope or his d:ltches.

L

R




‘calibrated. Certainly the boot would be a nonstandard device
‘because no discharge tables or curves are avallsble from which to

.discharges. . Althnugh these commonly used devices may appear to be

3A truly standard device is one which has been fully described

;aecurately calibrated, correctly 1natalled, and sufficiently -

‘maintained to fulfill the original requirements, 'Standard discharge
_‘gt&bles or. curves may then be relied upon to provide accurate water -
'5measurementa. SR :

L -Any measuring deviée, therefore, 1s nonstandard if it has been
- . -installed improperly, 1is poorly.maintained, is- operated above nr
; ;below ‘the prescribed limits,-or has poor approach (or getaway)
. ¢ Tlow conditions. ' Accurate dischargee from nonstandard etructures
_jucan ‘be obtained only from:specially prepared curves ‘or tdbles based
'V'on calibration teate such as current meter - ratings.;

This mctual occurrence 1llustrates another point which is important

in water mweasurement. Practically all measuring devices, when in

rundown condition or when improperly inetalled, deliver more water
than they indicate they are delivering. The very nature of most
measuring devices makes it impossible for & device to deliver less
water than it indicates. For thie reason, water accounting records

‘may not show a proper division between water used and water lost
“through seepage or waste. Proper evaluation of losses 1s necessary -

to establish the economic advisebility of providing canal linings.
Canal linings obviously cannot help to recover water lost through

poor measuring equipment or procedures. _ &

The purpose of this presentation is to discuss the factors in flow
measurement devices which affect the accuracy of discharge measure-
ment. To accomplish this, it 1s necessary to understand the basic

flow principles involved and to know how each flow factor can
iIncluence the flow quentity indicated. 3By upgrading existing meas-

urenment devices or by properly imstalling and maintaining new I .
devices, considerable quentities of water can be made avallsble ;
for new uses. This "new" water can be produced at considerably _

legse cost than cen a similar quantity be developed from a new source.

STANDARD AND NONST&BDARD.DEVICES

It has been said that a uaterlogged boot which 13 partially blrck- : -
ing the flow in a ditch can be 2 measuring device--if it is properly ' :

determine the discharge. Many other devices including certain
weirs, flumes, etc., are also nonstandard because they have not
been installed correctly and, therefore, do not produce stendard -

standerd devices, closer inspection often reveals that they are not,
_and like the boot must be calibrated %o provide accurate measure-
ments ‘ . .




Calibration tests can be quite costly when properly performed.
Ratings must be made at fairly close discharge intervals over the
complete operating range, ‘end curves and/or tables prepared. It.
is, therefore, less costly and usually not too difficult to install
-standard devices and maintain them in good condition, Standard;
:I.scharge tablee may then be used with full confidence AN

_'In maintaining a standard structure it 1s only neceasary to

visually check a few- gpecified items or dimensions to ve 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 1is being maintained except by
recalibration, ‘an expensive procedure

BASIC PRIN"IPIES oF HA']!ER MEASUREMENTS

- To upgrade existing water meaauring devices end improve the qual:l.ty
of installation of new devices it is necessary to understand some
of the basic principles which influence the quantity of water
passed by a measuring structure. Most devices measure discharge
indirectly, 1i.e., velocity or head 1s measured directly and pre-

. pared tables.are used tc cbtaln the discharge. Measuring devices
may be classified, therefore, in two groups: (1) veloeity type end
(2) head type Those using the velocity princ:l.ple include. :

Fleoat end . stopvatch  Vane deflection meters
Current meters Magnetic ‘and sonic meters
" -Clausen-Plerce weir Radioisotope methods
gage (or stick) Salt velocity method
Pr0peller meters : . Chemical dilutlion method
Flow boxes ; ‘ ' 0010r velocity method

When the velocit (v) principle 1s used, the area of the stream
cross-section (Ag must be measured and the discharge (Q) computed
from A= AV.

Devices using the head principle include:

Pitot tube #
_ Rectangular weirs ~.. -
- -¥-notch or multiple notcha;h-;eira
. Cipoletti-weir .
- :Parshall flume, Venturi fltnne
. _‘Metergates '
~Orifice or venturi meters
Constant head tu.rnouts K

When the head (H) principle is used, ‘the diacharge (Q) nay’ be com- o |

" ‘puted from an equation such:as -the:one used for. a sharp-crested
) rectangular Heir of 1ength L, Q cm3/2 - :

-_ ‘39;@_._3._;; T




_The area of the cross—section (A) does not appear directly in the .
equation but C, a coefficient, does. C -can very over a wide renge
ina nonstam,ard installa.tion but 1t 15 well defined for standard -
’-installations

Spe01a1 methods and ‘devices ‘may also be used ‘and these include
" dilution methods- whlch utilize chemicals or radioisctopes,.acoustic.
or magnetic meters, Pitot tubes, tapered-tube-and-flcat devices, and
many Others which are not commonly used. In the dilution method the
- discharge is. determined ‘by calculating the ghantity of water necessary’
 to . dilute a known gquantity of concentrated chemical, dye, or radio-
‘isotope. solutlon, injected into a flewing stream, to the strength
obtained by sampling the stream after thorcugh mixing has taken place.
, u'Chemlcal ‘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 ‘useéd to determine the average water velocity of
- the flow, In the magnetlc meter “the flowing water disturbs the lines
-of force in a magnetic field to precduce a voltage that can be related
to the discharge, Pitot tubes and tapered-tube—and—fIOat. dev:.ces
-utlllze the veloclty head to 1nd1cate veloc1ty.

SOME ‘BASIC HYDRAULICS

" Derivation of Discharge Fquation -

‘yThé folume;of a cube (Figure“I)fmayfbeﬁn
' sfcund"by HUltiPlying a timesfb times ¢ -

‘ .

Area (A)

'A:’times-c gives the’ volme ' R '_ E - T _"'-'- VO'Ume

a tlmes b EiVEu the area A

2 x 2 g L Sq o

. i};h’iﬁe‘t 8 cu ft
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or the cﬂ.itﬂg:‘isZqut'&:ﬂ'lﬂ’is

'.area.,-.'A, times -'1'; gives the ‘wolume
2 xh w8 ouft

‘similarly found (Rigure 2). If the

velocity (V) in

 Znstead of using 1, a8 before, mbstitute the velosity v (Fgwe3)

- :;@"? '

-
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The first basic equation is

Q = AV

'Derivat‘.lon of Velocity Head Concept

R - ha.s 'been fmmd. by djrect mea.s\n'enent tha.t an o'b:ject (mcluding '
- - ~vwater) falling from rest will fall 16.1 feet in the first second.

.. .Because of the ‘contimuing acceleration’ caused by gravity, the
o'b:]ecrb will faJJ. 6k, 1! feet fin’ 2 second.s, ete., as shovm in Table 1.

Inst&:rtanébus
veloci‘tl
92.2
ekl
.-'96.6 ’
1128.8
161.0°

L ","l;At the end of the :t‘irst second the velocity will be twice the ver-
“tical Tell distance (because the cbject started fram rest.at zero
- -velocity) .or 32.2 feet per second, Table 1.. ‘Therefore,  the a.cca'l.-
3 eration ‘due: to gra.vity :Ls 32. :feet per second per. second

i '-'_‘Sime the a.cceleration d.ue to° gra.vity, g ;s consta:rl:., the velocity
T va.lues 4n Tahle 1. increa.se 32 .2 for ea.ch succeeding secon:l. o

S

An equa.tion to express these :t‘a.cts :Ls

; *;?‘vhere g is 'tne a.ccelera.tion clue !to gravity a.nd H 13 the height

\.




: -:‘cusued ?:mrtlzr un

@

The eqlm.tion is therefore seen to be valid..
A:E‘ter squaring 'both sid.es, Ilquation 2 'becomes
v

w‘."f-_‘,-=-2g1_1“- cu:' H - EE

"The 1a.tter ex_pression is. often used to- express veloc:u.ty heaﬂ., .e.,“

the .head,necesserg to _produce © a - ieular veloclity. - It 13 dis- '
er e]ocity of oach, page R9a-

- _;naaic Orifice Relntionshig

e Equa.tions 1 a.nd. 2 can be’ used to develop ‘an equation :Eor the ﬂuw _
: 'through an orifice (a 'hole in the side or bottcm of a container of -




K _,___A B

'the eg.:a.tion for the M d.ischﬂ:rge through an ari_'.l"ice.
Phis equation assumes that the water is frictionless end is an
o :1d.ea:|. ﬂuid. S:I.nce water i5 not an 1deal ﬂ.uid, 8 correction mast

"' EI!'ne ;]et of 'aa.ter, after pass:l.ng through the orifice, cantimes to
-:cottrbract, andifﬂ:eoriﬁce edgesa.re Bharp the.jetv:l:l.lappear
ﬂa.s ‘shownin Eigure 5. :

To a.—pla:m' da.jl:- ciiechalf of the arifice diameber dovnstream from the
: } ‘edge /2 ithe:ma:dmnn_ .jet_ contra.ction wﬂl occur a.nﬂ the

£ the ‘ares of ‘the or:l.ﬁee 5 The mmdmm velocity a.lao occurs &t

this point, and o)E_i;uabion ll-mzs'b contain &’ coefficie:rl: o™ (in
8:0.01) & .




0. 61 A J?E JE
-"_1;.'89 A Jﬁ
' The va.lue 0.61 :I.s an: a.pprmdmate va.lue a.nd should not 'be used in

“practice, however, until. calibration tests have established it a.s
a proper 'value for the parbicular a.pplication at hanﬂ

B .'_Bas:l.c He:lr Relationship

"Eq:u.a.tionﬂ 1 and 2 can also be used. to devﬂ.op an equa.t:.on for flow
- overa welr' (a sharp-edged. blade that measures dis.ha.rge in terms o
_'of overﬂow depth or head, Figure 6)

f.--w. S.

.~-Elementary Strip Oritice -

TF7% : . 7 . / Ty
et

--Sharp Edge Crest.

. Weir Biade-.,,

TTTTTIA AT IATTTTIIITIIT | T I T IR TI T I T 7 77777777

e

The ﬂeirﬂow iB divided into smal'l. elemetrl:arty harizonta.l strips _
a.nﬂ. ea.ch 8 cons:l.d.e.red._‘to ‘be .z long mArTow. rectangﬂa: oriﬁce of . G
; ght (t), a.nﬂla._ ﬂow prod.ucing hea.d (h) The a.rea.




since q =VA by Equation 1, the aischarge (q) of each element 1s:

q= o

Py dotain the total discharge (Q) over the weir, the sum of all .
clementary discharges ‘(q) must be taken. For example, the flow 1s
divided into two elementary strip arifices, Figure T. '

.w.._s._. ’*
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By Equa.tion 1 and aeaition, the total d.ischarge (q) over ‘the welr
tis: given by

= 1,( ) m : . L(g) AZEEBH .

E _Te.k:l.ng (-J— IH 'JE) oul: o:L’ each e:cpression on the right-ha.nd. side:

(AR &
(f J")=K-°-683

As a.nd more strips ‘are: uaeﬂ. in the a.na.lysis K a.pproa.ches the

_Itrtrod.ucin.g a consta:n'b (C') to* a.cccunt “Por contra.c‘bion a.nﬂ. frict:lon

'f'.loases, a more a.cm:ra.te discharge :t‘cmla :I.s- '




or - | |
Q-cm¥? | N )

. This relationship is the basic weir formula and can be modified to
- account for-welr blade shape and veloeity of apprcach. However,
- C. mast.be determined by calibration tests carefully.conducted.
€ usually varies from about 3.3 for & broad-crésted weir to about
3.8 or more for a sharp-crested weir.

'Ehe two examples given indice.te that discharge determine.tion methods
- . are a mixture of retionalized thinking and coefficient evaluation.
" The equations are useful in meking calibrations beceuse they reduce
the mmber of calibration points required to make up & discharge
. table. However, the equations alone will not suffice without suffi-
-cient testing to establish the value of C.

| GENERAL ASPECTS OF WATER
 MEASUREMENT ACCURACY |

'In this portion of ‘the text genera.l aspects of water mea.surement

-_eccura.cy will be considered. The performance of weirs and flumes -

v will be used to 1llustrate flow and accuracy principles’ because the .

' average. irrigation operator is more familiar with their use. Also,

. many of the factors which. adverse‘l.y affee-r‘ accuracy are visible on

..these devices and are invisible on closedksystem devices. :Many of

..~ .the ‘facts and principles established for welrs and. flumes . -also:. '

. ‘apply to other water measuring devices.  These principles: will be

.- -mentioned and elaborated upon later when the more: sophisticated '
S _'r"meters and: techniques are considered R

k-'.‘(“‘\ Flow Characteristics Reducing Accuracy of Measurement .

g In inspecting a ue.ter measuring stetion to. .judge or. eva.lua.te :lts '
‘.. ;probable:accuracy, ‘it should.be determined whether: ‘the ‘device is
“ iaihead or:veloeity: mee.suring station. 'This is the key -to the order
T and’ importe.nce ‘of ‘other observations. 'In either case, the first T
observation ‘should: concern ‘the visible flow conditions .just upstreem R
'.E'rcln the mes.suring device.‘ B _ e

: ':_i*'Amoach Flaw

_'jExtremely la.rge errors. in disclm.rge indication can: oecur because

“-of :poor :flow conditions in:the area Jjust upstream from the measur-. = s
iing: device. In general;, the approaching - flow:should: ‘be: the ‘seme as R
mi_tra.nquil flaw in long stre.ight ce.nals (Hithout o'bstructiens) OF




- measuring device. Erroars of 20 percent are not uncamon and may

" be as large a5 50 percent or more, if the approach flow conditions
. are very pocr. - Sand, gravel, or sediment bars submerged in the
'approe.ch chammnel., weed.s or riprap obstructicns along the banks or

1n the flow area can cause: un@metrical approach flow. Other
‘cguses may be. too 1little distance dovmstream fram a d.'rop, checlt,
."twmout or other source of high velocity or concentrated flow, a
. bend or- angle in the chamnel just upstream. from the measwring

‘device,. a too rapid expansion in the flow sectlon, or an eddy tend-
_ :Lng to concentrate 'bhe flow cross. section. ‘

igm.'eB Shows anexample ofapeor a.pproa.chtoa.weir.. The high-
velocity, turbulent stream is approaching the welr at a- consider—
-.gble angle, ‘Hesd measurement is. difficult because of the high -
“wvelocity approach flow and the waves cn ‘the surface. This welr
will not discharge a "standard"™ quantity of wa.ter consistent with

. - the measured head.

S'be.nda.rd weir ins‘t.a.lla.‘hions fo:' rectangular, C:Lpolett:l., and 90
- Y-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
© obtelned by dividing the meximm discharge by: the produet of chan~
- nel width B amd depth G measurec". et a po:.nt lm to. 6H upstream fram
the’ 'bla.d.e '

) ',Tur'bulence . '

“Durbulence 1s the result of rela.tively small, volumes of vater spin-f

C .ning An & rendom pattern within the flow. mass as it moves downstream.

It -may ‘be- recognizeﬂ. as water .;urfa.ce boils' or S-dimensional eddies

o ~which:appear and- disappear ina ha.phﬂ.za.rd wa.y - ‘Because :of this " -
" "1local motion within-the gemersl motion of the flow mass, any parti-
+ .cle . of water may at any given 1nste.nt be moving forward, sideways, - .
vertica.lly or-even’ “backward.  In effect, ‘then, the water is pass-. - ... -

';:'_:lng a glven po:ln'b with a. start and’ stop motion ra.ther than with a-
“uniform-velocity which is ideal.: It may be 'said tha.t turbulent -

wa.ter does | not fLow.as - a tra.:l.n of railread cars ‘on'a. level track, :
.n-_}{"bu'!; rather as & tra.in of cars - coupled with ela.stic ba.nﬂs tra.vel:n.ng ;

o Lover.a. series of rises, d.ips, and ! horizon'ba.l curves. Thus, fewer '

"' . oF more:cars:may pass:a glven. point over:identical short periods

: ‘of ‘time, . .depending ‘onthe o‘bservation point chosen. 'J.‘ur‘mﬂ.ent

A =V.ra.’tn'-::: flows in t.he Same. manner, Figu:re

s Excessive 'I:ur'bulence wﬂl ad.versel:,r a.:t‘fec-l:. ‘the accurec‘y' of any A
”‘mea.suring device but-is- pa.r'bicula.rly ob:]ectionable when: using cur- - U He
;ren‘a meters O prope:L'Ler meters of any kind. ‘Turbulence ean:be - o o
o‘bjec‘hionah].e even‘without the’ '\q’hite mter, .camsed by gir. errtra.in-f I




Pocr approach flow conditions upstream from'weir.  The high- _
velocity, turbulent stream is approaching the weir at a considex-
able angle. Head measurement is difficult, and wier does not
discharge a "stendard” quentity. FX-D-3066k

Figure 8
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caused by a stilling besin or other energy dissipator immediately
upstream, by a sudden drop in water surface or by obstructions in

the flow area such as operating or nonoperating turnouts having
projections or indentations fram the net area. Shallow flow passing
over a rougch or steep bottom can also he the cause. Weeds or riprap
shimmped into the flow area or along the banks, or sediment deposits
upstream'from the measuring device also can cause excessive turbulence.

Measuring errors of up to 10 percent or more can be caused by exces-
sive turbulence and it is sbsolutely necessary that all visible signs -
of turbulence be elimated upstream from a measuring devlce. '

Rough 15I.5~.1'.er Surface

A rough water surface, other than trind generated waves, can.usually -
be eliminated by reducing turbulence or :.tnproving the distrilution
of the approach flow. . A rough watexr surface can cause errors in
discharge measurements vhen it 1s necessary to (1) read a staff
gage to determine head, or (2) determine the cross-sectional area
of the flow. A stiJ_'L:Lng well will help to reduce errors in head

- measurement but every attempt should be made to reduce the water
surface disturba.nces as much possible before rely:.ng on the we]_l.

Errors of 10 to 20 percemt are not uncommon if a chopp Yy va‘ter sur=
face makes it impossible to determine the head accurately. It is
sametimes necessary to resort to specially constructed wave damp:u.ng
devices to obtain a smooth water surface.. Tigure 10 shows a sche=-
matic of an underpass type of wave "up'oressor successiully used in
-both, la:rge and -swall - .channels. - :

Objechonohle . " Woves reduced 60 fo 93
 Waves-, . =7t o percent in height o

—_———-——

TLENGTH U< PERCENT ‘WAVE REDUCTION® -

- ID 70 LS80 - R 60 TQ 75 -
. .7eD.TO.28D7 | o b i 80 .TQ 88
~3.50° TO 400 A -90-TQ! 93

UNDERPASS WAVE SUPPRESSOR SECT!ON
I-‘igure 10
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Turbulence and waves in a Parshall flume produced by an outlet
works stilling basin made accurate discharge determination impos=-
sible. Iog raft in foregrcurd, used In futile attempt to quiet
the flow, is incperative. PRUS5-D-30666

Figure 11

Underpass-type wave suppressor significently reduces turbulence
and waves in Parshall flume, meking eccurate discharge determination
a routine matter. P2l5-D~30663.

Figure 12
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The chammel may be either rectangular or trapezoidai in cross
section. Yaves may be reduced as much as 9% percent by .construct-

ing the suppressor four “times as long as the flow 1s deep. A
Cslisht backwater effect is produced by the suppressor for the most

- effective vm’tical,_placanent.'. The suppressor may be supported ‘on .
. plers, can be: constructed of wool or concrete, and need not be

. watertight. The design of ‘seversl. other types of ‘BUPDTESSOrS,
with sample problems, 38 covered in Fngineering Monograph
: aveileble through the Chief Ergineer's Office, Denver, 0
“Colorado. ‘Figures L ,and_la-(befaéété.ﬁd--a.fter.);__shaw the' effective
ness .of an underpass’vave SUPPTesSsor a%; o Parshall flume measuring

ok

. Velocity of Appreash © . © M
. Tt cen be cbserved that as flow approaches &) weir the water sur-
. Taece :'beccx'nes lower -on @ gradually Increasirg eurve, Figure 15.

[ o ;’VEIDC_“\] ‘hegd h=véfzg
i 'Acceleration due to
| _grumy g=32.2

3
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., SECTION ON LONGITUDINAL CENTERLINE

4%
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S :

. At the welr blade, the vatersurface is considerably dower than .
¥ say, 5 feet upstream. “The. difference in elevation between the =

w0 circled points on -the surface ‘of “the approach flow is .. .= e
. called the velocity head and: represents-the .potential - required to

produce ‘the increase in welocity between the points. The r_ela'.tidnghiii_ﬁ'_}'-_

ol

?';f_fbe'tl_;i\fégn’ihea;d._;_(h) -and ‘veloeity (V):is expressed; as ;.

a

 second)

& s the seceloration due to grevity, 2.2 (feet per 8

90




A drop in water surface of 0.1 foot is not uncommon just above a
welr and {from the equation sbove) represents an increese in veloc-
ity of 0.8 foot mper second., If the head on the weir 1is measured
tou cloee to the welr, the head measurement can be 0,1 foot too
small. For & welr 6 feet long and discharging 7 cubic feet per
gecond, the corresponding error in dlscharge would be about

35 percent, based on an indicated or reported discharge of 5.1
gecond-feet.

Standard weir tables are based on the measured head on the weir
(velocity heed negligible) and do not compensate for excessive
velocity head. Any increase in velocity above standard conditions,
therefore, will result in measuring less than the true head on the
weir and more water will be delivered than 1s measured.

Causes of excessive velocity head include (1) too shallow a pool
upstream from the welr, (2) depusits in the upstream pool,
Figure 14, and (3) poor lateral velocity distribution upstream
from the weir, Figure 8.

P-20-D-21558
rigeas:7 |

Sediment deposits have reduced the depth of the weir pool suffi.
clently to increase the velocity of approach to well sbove the
desirgble level, The heed gage should not he located close to the
weir blade. The weeds shounld be removed and the "edge" of the
welr should be sharp. Discharges over this welr will be larger
then {ndicated in "standerd" tsbles, P-20-D-21558

Figure 14
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Pobr Flow Patierns

It is often found that the poor flow distribution which exists
upstream from & measuring device cannot be resolved on the basis
of any one of the sbove-discussed causes. The best sclution then
is to assume that several or more basic causes have together -
caused the difficulty. Starting with the eagy factors, work
through the list, improving each probable cause of poor flow pat-
- terns until the desired flow conditions are cbteined. .

Operating or nonoyerat:l.ng turnouts located just upatream from a
measuring device mgy cause poor approach conditions as may bridge
plers, channel curves, or a skewed measuring sectlon. Relocating
the measuring device may be the only remedy in theese cases.

Submerged weeds or debris can cause excessive turbulence or local
high velocity currents. Eddies adjacent 1o the shore line can
cause the flow approaching a weir to contract into a narrow band.
Sediment bars deposited from inflow or from sloughing banks can
~also produce undesirable flow conditicns. More drastic remedial
measures include deepening the apporach 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. BSurface waves are usually very difficult to reduce or
eliminate by ordinary procedures. These may require specilal
treatment, as discussed under "Rough Water Surface."

Exit Flow Conditions

Exit flow condit:l.ona can cause as much flow measurement error as
some of the approach flov problems. However, in practice, these
conditions are seldom encountered. In general, it is sufficient
to be sure that backwater does not occur sufficiently to submerge
or tend to submerge a device designed for free flow. Occasionally,
a Parshall flume is set too low and backwater submerges the throat
excessively at high discharges. Extremely large errors in dis-
charge measurement can be introduced in this memner. The only
remedy 1s to ralse the flume, unless some local obstructicn down-
stream can be removed to reduce the backwater. Weirs should
discharge freely rather than submerged, although a slight sub-
pmergence (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 dis-
" charge as much &s the possible ‘lack of nappe ventilation as a
resalt of the ris:lng backwater. Gates calibrated for free diacharge
at partial openings should not be submerged nor should eddies
interfere with the jet of water issuing from the gate. Gaging
‘gtations should be kept free of deposited sediment bars or other
otht.mcti_ons to prevent backflow or eddies from ‘interfering with

| Fead




the vaiform flow conditions which should exist in the cross section
being mezsured. The underside of welr nappes should be ventilated
sufficiently to provide negr aimospheric pressure bereath the nappe;
between the under nappe surface and the downstream face of the
wvelir, 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 then the
head reading indicates. An easy test for sufficient ventilation

‘1s to part the nappe downstresm from the blade for a moment with

the hand or a ehovel, to allow a full supply of alr to enter beneath
the nappe. After removing the hand or shove, the nappe should not
gradually become depressed {over e period of several or more minutes)
toward the weir blade. If the upper nappe profile remains the

seme as it was vhile fully ventilated, the weir has sufficient
ventilation.

- When the head on & straight weir is about en inch or less, the wvelr
may not give reliable discharge velues unless the weir has been
calibrated under exactly similar flow conditions, On V-notch weirs,
‘relisble results may not be obtainable for heads of 2 inches or even
3 inchen.

Eguipment Characteristics Reducing Accuracy of Measurement

Measuring devices themselves may be at fault in producing measurement
errors rether then the flow conditions discuseed in the previous
- gection. The faults may be divided into two types--those caused by
normal wear and tear, and those resulting from poor installation.

Hea.thered and Worn Eguiment

.An.umielcme 'hut‘rair'.lar common sight on older irrigetion systems are
weir blades which were once smooth and sharp, in a sad state of dis-
repair. Edges ere 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 ssgged and are no longer

level. Staff geges are worn end difficult to resd. Stilling well

intakes are buried in sediment or partly blocked by weeds or
‘debris. Parshall flumes are frost heaved and out of level. MNeter
-gates are partly clogged with sand or debria and the gate lea:ves
are cracked and varped.

These and other forme of deterioration are often the causes of
serious errors. in discharge measurements. This type of dericiency
1 difficult to detect because normal wear and tear may occur for
- years before it is apparent to a perscn who sees the equipment.

' frequently. On the other hand, it 1is readily apparent to en

a o'baer\rer vieuing the installntion for -the ﬁrst tilne ’ :

. _. .'It 18 hperative, therefore, that the. person responsihle for the
mea,suring de'v:lces mapect them with & critical eye.. His attitude
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‘should be-~I am locking for trouble--not, I will excuse the little
things because they are no worse today than they were yesterday.

Messuring devices which are rundown are no longer a standard mea-
uring device, and indicated dischsrges may be considerably in errcr.
To be certain of the true discharge, they should be rehabilitated

- and/or ealibrated.

Repairing or refurbishing a rurdown measu:ring device is sametimes
a difficult or impossible task. Fixing the little things as they
occur will prevent, in many cases, replacing the entire device at
great cost et some later date. Regular spd preventive malntenance
will extend the useful life of measwring devices.

- Poor Workmanship

Contrasting with the measurement devices which were once accurate
and dependsble and have deterlorated, are those which, because of
- poor workmanship, were never a stendard deviece. These include
‘devices which are installed ocut-of-level or out-of-plumb, those
" which are skewed or cut of alinement, those which have lesking
bulkheads with flow passing beneath or arcund them, and those which
‘have been set too low or too high for the existing flow eonditions.
Inaccurate welr blade lengths or Parshall flume throat widths,
insufficient or nonexistent weir nappe ventilation, or incorrect
zero setting of the head or staff gage can also ‘be the cause of
mea.sur:lng ErYoTS. '

A transverse slope on a welr blade can result in errors, part.icu-'
larly if the gage zero ls referenced to either:emd. The errcr can .
be minimized bty determining the discharge based on the head at each
.end and using the aversge discharge. Errors in setiing the gage
zero are the same as misreading the head by the same amount. At
low: heads a zero setting error can result in errors up to 50 per-
cent of the discharge or more. A heed determination error of only
0.0l foot can cause a discharge errcr of fram 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 errcr on 6-.emd 12-inch =
Parghell flumes can. result in 12 and- 6 percent errors, respectively, -

focr dow head.a TR : .

Weir 'blad.es ﬂh:l.ch are not plumb or are skewed will show flow meas-
urement. inaccuraecies of measursble magnitude 1f the weir is ocut of
' 1ine by more than o few degrees. Rusted or pitted weir blades or °
those having projecting bolts or offgets on the wpstream side can

' _cause errors of 2 percent. or more d.epending on the severity of\‘the

roughness. Any form of roughness will cause the welr to d.ischa.*ge '
‘more wa.ter tha.n ini:lca.ted. : Rmmding of the sharp edge of a weli: or.

AF




reversing the face of the blade also tends to increase the dis-
charge. On older wood crests a well rounded edge can cause 15 to
25 percent or more incresse in discherge, Flgure 15.

The well rounded edge on this once sherp-crested welir will increase
the discharge well sbove "standard." The weeds are also undesir-
gble as is the welr gage which projects into the flow area. P-20-D~t1557.

Figure 15

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

Plezometers mist be installed with care and with a knowledge of how
they perform, otherwise the pressure velues they indicete can be

in error. For example as shown in Figure 16, the three plezcmeters
will indicate different pressure readings (water levels) because
of the manner in which flow passes the piezometer opening. Unless
the piezometer 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 piezameter can also result in erroneous




indications in that they deflect the water into or. away from the

piezameter opening. The higher the pipe velocity, the greater the
errcr will be. :

Figure 16

" Hote: Pilezometer openings shove are shown larger than they should
be constructed in practice. Always use ‘the smallest diameter opening
consistent H:Lth the possibility of clcgging by foreign mtarial.

. The effect of a few deficiencies orten fourd in mea.sm-ing devices
. has been given to illustrate the degree of errcar to be expected in
' making ordipary measurements under ordinary conditioms. Other .

" - effects have not cr camot be stated as percent error without an
exact definition of the: d.egree 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 repair or rehah:llita.tion of the dev-.l.ces a.ﬁ'.er
~they" ha.ve been Installed.

3 ‘MeesuriQLTechniguea Hcdnc:lng Accuracy or Measurement

B :I.a possi‘ble to- obta.:l.n inaccurate discharge measurements rrun '
regularly maintained equipment pm'operly installed in an ideal loca-

- tiom; 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 campatible with the rela.t:l.onships ‘between head
_anidischarge knuwntoa:ist-_._ _




The frequency of heed measurement 1s also.imporbant and mey be the
cauge of insccurate water messurement. These and other related
miscellanecus techniques are discussed in the next peragraphs.

Faulty Head Messurenent

Measurement of the head on a welr seems to be 2 simpie matter but
ean be difficult under all but ideal conditions. The head is the
height of water above the.blade edge (or crotch of & V-notch)
measuredi at a point where the velocity head (or velocity of approach)
is a negligible value, Flgure 9. In practice this means a point
loeated four to six times the head upstream from the certer of the
" weir blade. If the head is measured farther upstream, the head
necessary to proiuce flow in the approach chamnel {water surfece
slope) may be ipadvertently included to give a larger head measuree
ment. If the head is measured closer to the welr blade, some draw-
down (cansed by increased velocity near the welr) may occur and
less than the true heed may be measured. If the head is measured
at the side of the approach channel, more or less than the true
hezd may be measured depending onthegecmetry of the approach
poal, Figures 9 and 13.

The practice of placing staff gages on welr bulkheads or on bank=
side structures should be investigated in each case to be sure that
-8 true head reading can be obtained. Flacing a rule or a Clausen-
Plerce gage on the welr blade also gives an errcneous reading. The
taking of head measurements when debris or sediment has a visible
effect on the flow pattern can elso result in faulty head determi-
mtion, Figure 17. Measuring head, when the measuring device has
o'bv:i.w.sl:r been damged or altered, is also to be avolded

Figure 18 shows & weir perfoming properly for the discharge showm.
At lerger discharges the unsymmeirical approach pool may produce
" undesirable conditions.

The principles d.esc_ribed. above also apply to head messvrements on
Parshall flumes, metergetes or any other device dependent on a
head measurement for discharge d.etemiue.tion.

Improper gage location, or an. error 1n ‘head measurement In a Parshall
flume can result in very large discharge errors. Throat width
measurenents (and weir lengths) can also produce errors although
these errors are usuvally small becanse of the relative ease of
making accurate length measurements. (Operators should measure
lengths in the f£ield and not rely op values stated or showm om -

. drawings.) ‘Readlngs obtained from stilling wells, whether they

are visual or recorded, should be gquestioned unless the operator

is certain that the well imteke is not partially or fully. clogged..

. Data from an overactive stilling well can a2lso be mizleading, .

I:a.rtic'ula.rly if long period surges are cceurrdng in the head ;pool- '
In fa.ct, all heed determinations should be checked ta be sure tha.t
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Weeds protruding through the openinz and sediment in the approach
pool will result in insccurate discharge determinations. FX-D-30665.

Cipoletti weir operating with good flow ccnditions in the approach
pool. Flow is well distributed across wide pool and shows no evidence
of excessive turbulence. Accurate or "standard" discharges can be
expected under these conditions. POAY-D-18350.

Figure 18
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the instan‘baneous rea.d.ing is not part of a long period surge. Suf-
Picient readings, say 10, should be taken at regular time intervels,
say 15 seconds, and averaged to obtain the average head. Mare
readings may be required if it is apparent the pocl is contimuing
to rise or fall. If this is too time consuming the cause of the
instability shculd be remmred. _ _

Readings fram gages or steffs which may have slipped. or heaved
should be avoided. Periodie rough checks can sametimes be made
with a carpenter's level or square from a reference point on
another structure,

In short, it is desira.'ble that each operator understand the meas-
urement he is trying to make, and then critically examine each
operation to be sure that he is measuring what he .intends to
‘measure. He should try to find fault with every step in making a
;heaﬂ mea.suremen't and try to improve his technigue wherever possible.

- Infrequent Mea.suranent

When a head or velocity measurement is mede to dete.rmine discharge,
1t can be concluded that the measured discharge occurred only at the
mament of the measurement. It cannot be concluded that the dis~
charge was the same even 5 minutes later or 5 minutes earlier.
-Therefore, water deliveries ean be accurate only if enough measure-
ments are made to establish the fact that the discharge did or did
not vary over 'I:.he period. of time that wmter was belng d.elivered

In many systems, _mea.surenen'bs are made only once .8 d.a.y, or only
‘when scme mechanical change in supply or delivery has been made.
Problems introduced by falling heed, rising backwater, gate creep. .
or hunting are often ignored when computing a water delivery. The
‘problem is not a Bjmple one, at times, and there sre many factors
- to-consider in de‘bermining the mmber of readings to be made per -
day or cther unit of time. If the discharge in the supply system
‘is-increasing or- decrea.sing s 1t wi_'l.l be necessary to take more
_ “than a single reading. If the rate of rise is uniform the average
of two read.ings, morning and night, would be better than one. If’
“the rate of change is erra:l:ic, frequent readings may be necessary.’
'If a great many readings are known to be necessary, a recording C
de\rice maar be .justifia.‘ble.

o Sanetim.es ﬂhen 'l:.he discharge in the supply systan remging constaut, :

B the water 1eve1 ar wvelocity reading change because of a change in -
.control, ‘or beceuse checks have been placed in operation. Temporary

o ~changes in ‘discharge in the mein supply system mey occur for example K
--because water, in eﬁ’ect is be:.ng Pl&ced in storage as a result ‘
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of the rising water level. Conversely, the discharge may tempo-

_rarily increase in parts of the system, if the operating level is

being lowered. The changing water level may make 1t necessary to
teke mere frequent head readings.

Here again, the operator should try to visualize the effect of any

" change ‘in discharge in the supply system, upstream or downstrean

from a measuring device, and attempt to get more than enough read-
ings to accurafsely compute the quantity of water delivered.

Use of Wrong Measuring Device

Every water measuring device has limitatlcns of one kind or spother
and it is impossible to choose onme device which cen be used in ell
locationg under all possible conditions. It is to be expected,
‘therefore, that for a given set of conditions there may be several
devices which would be suiteble, but none could be considered
entirely satiefactory. If flow conditions charge or are changed -
by modified operations, an originel device, which was marginel in
suitability, mey be found to be totally inadequate. It is pos-
sible, too, that the wrong device was selected in the first place.

“Whatever the reason, there are instances where accurate measure-

ments are being attempted using a device which camnot, even with -
the greatest care, give the desired results. The operator should

‘call attention to such a situatiom and attempt 'bo have remedial

measurea taken,

For example, a weir cemnot be expected to be accurate 1f the head
ie appreciably less than 0.2 foot, or greater than about one-third
of the weir blade length. Large measurement errors can ‘be expected

) '(depa.rtu,re from standard), if these limits are exceeded apprecisbly.
If - veir ia submerged apprecisbly by backwater, large errors may
~ be introduced depending on other factors. In view of uncertainties

which -cannot be explained satisfactorily, submerged weirs should
be avoided 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 for a downstream head
measuring well, and the methed of computing submerged discharges
from the published tables is thoroughly understood. This is
explained in detail in the section on "Pa.rsha].l flumes."”

Fropeller meter devices should not be permencntly inatalled where

weeds, moving debris, or sediment are apt to foul the meter or

grind the bearings., Submerged devices, such as ‘metergatee; should

_ not. be uaed vhere a muving bedload can partly block the openings




In shorb, :I.t is necesaa:qr to a.na.lyze the flow cond.‘ltions to 'be

encountered -at:a particular. site, ‘and only then, .select the meas-.
. urlng device: which ca.'a 'best cope w:l.'l'.h 'bhe unusual condition 'l:.o 'be
enccnmtered. - il
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S For 8 ﬁ'ee-ﬂcw or:l. ce, F:I.gtn‘e 5, the d:l.scharge equa:bion was shown
'tobeQ thA He . _
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: _' : If an. urifice s ﬁscharging into a- ditch, ‘there may be scme back-
: wa:l:.er to prevent ﬁ'ee-ﬂow conﬂ.i'bions a.s shown in Figm‘e 19. -
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In the p-eced.:.ng pro‘blem, it h was 1 foot, t.he discharge would
be

Q=180 x 2x 3 =17.1"

or a reduction of 2. 5 cfs ‘“fram the 19. 6 efs camputed without sub-
‘ ;mergence. L

 orifice in Pipeline

. If an orifice is Placed. in a pipeline a.s shawn in Figure 20, there
- 4s almost certain to be a baclkwster effect, and it-will be neces-
sary to measure both:the upstream and downsiream heads. Since _
" there is no free water surface in ¢ full pipe, plezometers'or pres-

.sure ta.ps must be u..ed uO obte.in the neces"ar:,r datn.

“'-' b

Head loss because of orlf:ce-_

e
ey

P:Le.zaneters are no more than small dla.meter standpipes in wh:.ch '
- water rises - .Juff:.c:l.ently 4o, balance the pressure inside the pipe.
The a.ccu.ra,cy aspect.s of plezmneters have 'been discussed, Flgu.re 16..

E'.\. .
o S ; . : = =5

If piezometers were pla.ced :urﬂ. pipe as- shcm'n m FJ.g.EO the dlfi‘erept.lal' :

_.pressure ‘H.-h (between B. and C)<Crould: be the head. producing flow
‘l:o be usefl in the or:.fice discharge equation. The hea.d a.t A would




be lower than at B because same of the total head would be used up
in producing the veloclity in the pipe. At B the veloclty of flow
would be nearly zero, and so the true heed would be 1ndicated by
the plezameter. The pressure at C would be very low because of
the high velocity. At D some head recovery would occur because of
the reduct:l.on in ve_'l.ocity ca:u.sed by the spreaﬂing of the orifice
Jetk.

At E normal pipe flow kas been reestablished and the loss A -E
rerresents the head lost because of the disturbances in the flow
caused by the orifice. Inergy in the flow was converted to heat

- a8 a result of turbulence in the fiow and extra frictlon losses at
the orifice rplate and pipe boundaries.

Orifice discharges may be calculated with reasonable accuracy if
all the factors affecting the flow are evalueted and the coefficlent
"Cc" 1s adjusted accordingly. For example, the graph in Figurs 21
shows the variation in C to be expec'bed for variocus cambinations of
Pipe size and or:lfice d.iameter.

The orifice coefficient is seen.to be 0.6). (1n the solid line curve)
when the orifice is 0.2 of the pipe dlaneter or less and increeses
to 1.0 vhen the orifice 18 0.9 of the pipe dlameter. It would

. therefore appear that large orifices would be preferable to small.

' This is not necesserily so, however, because large orifices give
such a sms'L'L differential that the error in resding the head is a -
“large pa.n of the differential, Alsc the head tends to fluctuate

- Beverely s¢ that at t:l.mes it nay appee.r that there 1s: ‘& reverse
dd.fferetrt.ial.

Thus, orifice installations should provide sufeicient head (e.nd./or -
differential) to make head reading errars megligible in terms of the -
differential herd. In fa.ct, it has been showm that the head on

a freely discharging orifice should be at leest twice the dia:neber
of the orifice. For lower heads, the coeﬁ‘icient falls off
.rapidly end may be as 1<:r-ar es 0.2,

Ram._ing of the sha:r.'_p edge of & circular:orifice may be the cause
for considersble errar in determining discharges. A 1-~inch-diameter
circular ‘orifice rounded to a radius of 0,01 inch will discharge

'3 percent more water them a sharp edge. This is becmuse the con-
traction is not as great with a rounded edge as with a sharp edge.
_ (Note tha.t this is a very slight degree of round:mg.)

In general ‘the percent inerease in C (or discharge) due to° rounding,
., equals three times the percent that the radn.us of reunding is of the
¥ d:.a.meter of the or:l.flce. 2

: _The dotted line curve shous coei‘i‘iclents (for H-h-3 feet) obtamed

from a carefulzvolumetric cal:_bration of five orifices l-1/2 :anh
- I A
U
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£-3/8-inch, 3-T/8-inch, 6-inch, and 8-1/2-inch used in a 1l2-inch
plpeline as a laboratory metering system. The departure of the
coafficlent fram the generally accepted solid line curve is con~
slderable.

The broken line curve shows coefficients for five ori:fices 1-1/k-,
1w3 ke, 2-3/8, 3-3/8-, and 4-3/8-inch used in an 8-inch pipeline’
having an 8- to 5-1/2-inch reducer placed upstream from the orifice.
The 8-inch pipe size was unsed to compute the ratio plotied as the
abscicsa in the sketch. Here, again, is a departure fram the gen-
erally accepted coefficlent curve and if a coefficient had been
assumed from the solid line eurve, sericus discharge measuring
errors of perhaps as much as 19 percent could have occurred.

Because of the many factors which affect orifice discharges, it 1s

" usually desirable to calibrate an installation by volumetric meas-
urements, current meter, Pitot tube, or other primary means. This
may not be possible, and it may then be necessary to improvise a
cedibration. Another objection to the use of criflce meters l1s
that the head loss caused by the meter may be excessive. ILosses
may run as high as one or mare velocity heads. One velocity head
is equel to the head required to produce the veloclty in the pipe
upstremn ﬁ-arm the. orifice detemr.i.ned. fram Equetion 3.

Orifice meters are not genera.]_‘l.y a.va.ﬂable from cammercial supply
houses, and 1t 1s not ordinarily possible to buy & meter complete
with plezameters and head or da.fferential head gages:

When a submerged orifice is used in an cpen ditch, the area of the
orifice should be no more than sbout one-sixth the diteh cross-
sectional flow srea to minimize velocity of approach effects. o
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 same of the head (vhich 1s to be measured) has
been converted to velocity end camnot be measured directly. To
secount for this head the veloeclty must be detemined, conver'hed
to heaﬂ, and added to the measured head. !

: 'The heiglrb of" the rectangular orifice shou.'l.d be comsiderahly less
than the widih to minimize the effeet of veriable head on the
orifice coefficient. The submerged orifice equation {6) may be
used ‘along with a coefficient of 0.61-0.6 2.

If the veloc:lty of ‘approach is excessive (head has been converted
to velocity and camnot be resd on the staff gage), the velocity .
head (use the average veloeity in the ditch upstream from the ori-

fice and converb to ‘H by -Ye-é - E) mist be a.dded to the measured
~bead. . _ _
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If the orifice is suppressed (hindered by floor, walls, or other)
from a normal aprroach flow pattern, use the equation

Q = 0.6 (1 + 0.15r) A-Jegn
- vhere 1 is the ratio, length of suppressed portion of perimeter
of orifice divided by total perime‘ber ‘
Discharges for standard rectanguler orifices are given in Table 29
and correct coefficients far suppressed arifices in Teble 30 of
‘the VWater Measurement Manual. Other information on submerged ori-
f:l.ces is given in Chapter IV of the Marmual.

Venturil. Heters

The Venturi meter is basica.uy & streamlined arifice meter and was
devised to reduce the head loss produced by +the orifice meter,
The meter consists primarily of a constriction in a pipe with a
curved approach to the constriction and a gradual expa.nsion to the
 pipe dismeter as shown in Figure 22. ‘

0.1 Velocify head
Heod loss---~

Y

VENTURI 'METE_R |
Fie;ure a2 '

A typ:lca.l Ven'mri meter is shown in the sketeh for a. constrictior.
* of one~half the pipe meter (4/D =0.5). The piezametric heads
. ~ereshown as H andi b anpd the differenmtial used to determine B
- “-meter discha:rges es H~ h- The hea.ci loss :ls shown a.t the downs’cream :




piezometer as being akout 0.1 velocity head, considerably less

then 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 an infinite number of piezometers were installed in
the meter to indicate the varistion in pressure from point to polnt.

Although tables are usually used, the curve in Figure 23 shows a
typit;al rating curve for a.commerciel 8-inch Venturi meter (8-inch
pipe). . .

3.0

7

2.0—

L.O

LY M—_ '

0 I 2 3 4q . 5
DISCHARGE (Q) CFS

LABORATORY 8" VENTURI METER
: {N.E. BANK).

DIFFERENTIAL HEAD {H-h)
IN FEET OF WATER

| Figure 23

.0f particular :tnterest and concern is the shape of the lcmer
;portion of the rating. cu.rve " A differential head of only 0.1
- produces a diescharge of 1 cfs. It would be difficult to measure
0.1 foot accurately because of the usual fluctuations; and, con-
sequently, it would be difficult to sey whether the discharge -
.was 0.7, 1.0, or 1.2 cfs. The meter should not be used, therefore,
- for. discharges :less then 2.5 cfs where the ‘differential head is
_@bout half:a foot,  For discherges of 3 to'S 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
waries ‘as ‘the square of the rate of flow., This means that vhen
the meter is dischaerging 50 percent.of capacity the. d.:l.ﬂ'erentia.l
is 25 percent of maximum; 10 percent of capacity shows only °
p percent of the:maximum differential, 5 percent of capacity shous

.only 21/l percent of maximum differentiel. An orifice meter has
. the:seme characteristic rating curve, a.nd the above statements

‘apply to: oriﬂce metera as .well.

-Venturi metera .are milable <:om::1er«r:i.all;r 11: a range . or sizes end.
gan' ‘be purchased with an accompanying set of discharge tables or
ccurves. -Venturi meters must.always ‘be calibrated because’ it is
: Z’impossible to calculate d.iachargea accu.rately.. Calibrated. meters '

are uaually accumte to. within 2 percent

R9a39




Venturi meters are usually machined castings and are relatively
expensive, although cheaper cast concrete has been successfully
used in come cases. Some success has been achieved in comstruct-
ing meters from standard pipe fittings which can be screwed or
bolted together. Twe standard pipe reducers with a standsrd gate
valve between them makes a satisfactory measuring device vhich has
been found to be accurate to ¥ 1.7 percent. Some of the early
vork on this subject is contained in a Master of Science Thesils,
1942, “"Hydraulic Chsracteristics of Simplified Venturl Meters,"
by R. A, Elder, Oregon State University, Corvallis, Oregon.

Venturl tubes 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 heed
loss than the short form because more head is recovered in the
long tapered expanding section downstream from tke throat than
in the more abrupt short section. The short form usually costs
less and requires less space, however.

Head lose must be considered when selecting s 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 dlameters,

the losa belng greater for short tubes and swmall throats. Attempts
to reduce the head loss by increasing the throat diameter will
result in smaller differentiml pressures for a glven discharge.

Too large a throat, therefore, may result in measurement inac-
curecies.

' conparatiée head losses for sewveral types of meters are given in
colurn 2 of the table below, for a throat-to-inlet diameter ratio
of 0.5.

Yearly pumping
Meter type - Head loas, feet cost, dollars

B
i

i Flow tube 0.6 T a3

Long form Venturi . 1.0 . 23
" Short form Venturi : 1.2 29
' Orifice 6.3 140

‘The yearly cost of electricity for pumping 1 cfs against these
heads is shown in column 3 {75 percent efficiency, power cost
$0. oe/m) |

Concrete meters (Figure 24) have been constructed and used by the
. Fresno Irrigation District, Fresno, California. The Fresno meter
consiats of a length of at.andard concrete pipe. into which ha.s ‘been




'formed'a-circular-throat section to give a reduction in area so
that the principle of the Venturi meter is applicable for the
measurement of flow.

l-:——Meter secﬂon-—- '
*~ Stondurd concrete ptpe

FRESNO IRRIGAT!ON FLOWMETER

Figure 2U

' Meters are. available in 8-, 10-, 12-, 1k-, 16-, 18-, and
2h-inch sizes (D). “Accurate lsboratory calibrat:lons have been
 made forithe 8-, 10-, 12-, and 18-inch sizes. Head lose versus.

' ‘discharge curves ere also available for these sizes. The
‘losses range from.0.2 foot for -the 8-inch meter dlscherging ' :
-1 .efs, 0.4 foot for.a 10-inch- meter discharging 2 cfs, 0.7 foot '
for a 12-inch meter dlscharging b cfs, ‘to 0.9 foot for an
18-inch meter discharging 10 cfs. A report, Restricted

. Hydreulic Laboratory Report No.:Hyd-340, gives the results of

~extensive tests on these metera, and is asvallable to Bureau.
S employeea from the Technical and Foreign Services ‘Branch, - .
__'-Burea.u ‘of: Reclmation, Denver Federa.l Center, Demrer, Colorado. .

Ventur:l Flumes S

" fhe femillar Parshall Tlume (Fisure 12) belongs to a 1‘“'3“’

_-elass -of water measuring devices. known generally .as’ Venturi
flumes- used - 1n :open.channel instellations. These devices depend -
SN ?:npon contraction of the flow.either by tepering the side walls

01‘ the rlume, by changins the eleva.tion of t.he flume bottom, '




or both. Parshall flumes incorporate a floor drop along with
the converging of the side walls. Parshall fiumes are dis-
cusged in a separate section in this report.

Venturl flumes are of two types, the "free-flow" type where a
gimple head resding 1s required to determine diacharge and the
"submerged” type which requires two head readings to account for the
backwater depth effect and determine the discharge. The latter
type is sometimes celled a "eritical depth flume™ and/or a
"standing wave flume."” The former is sometimes called the "true
Venturi" type. The Parschall 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 Venturl flumes are
more desirgble than flumes having vertical configurations in
‘the floor. If the canal 1s trapezoidal, the flat-bottomed
Venturi flume can also be made trapezoidal for convenleace of
constracetion of placement. But, like all measuring devices
they should be either calibrated before use or be comstructed
exactly the same as an existing flume (standard device) thet
has been calibrated.

"From astudies made on Venturi flhuwes it hes been found that for
any given flume, each value of the discharge (Q) has a unigue and
corresponding head (H). The results of these studice indicate
that the relation between discharge and head may be expressed

in the general form:

Q= KH?

where the coefficient (K) and the expoment (n) ere predominantly

dependent upon the geometry of the flume, ' When the values of

(K) and (n) are determined from actual measu:ements, tne device
~1s- sa.id to be calibrated -

The USER- ha.a studied the ﬂat-bottaned trapezoiﬂal Venturi
- fhnne shm in Figure 25. ' _

This’ pnrticular flume vas studied for d.ischarges renging frun _
0.5 to 5 cfs. The discharge equation for this flume was found
£0 be _ . ' S o




Studies of other flumes of both larger and smaller sizes will

- “be continued and will be directed toward standardizing the flumes
in terms of geometry amnd in providing rating tebles for general
use. '

Small flet-bottomed trapezoldal Venturl flumes were studied dy

A. R. Robinson and A. R. Chamberlain, "Trapezoidal Flumes for
Open-Channel Flow Measurement, " ASAE, Volume 3, No. 2, 1960. _
‘This study presents the calibration test r@sulte on seven flumes
with side slope {9) ranging from 30 to 60°, throat bottom width
varying from O to 4 inches, end contraction angle (@) varying
between 8 and 22°. The discharge range covered by these flumes
18 from 0.02 to 2.0 cfa.

If flumes of this type are to be built and used without field
calibration the dimensions end limitationa discussed in the
article should be carefully followed.

Flat-bottomed Venturli flumes can be made of concrete, metal,
or wood. However. the use of wood eghould be avoided wherever
- possible because the effect of warpage can be severe. Regerd-
less of the material used for construction, the flumes should
be sufficiently rigid to prevent bowing caused by eart.h
pressure from back filling.

For best results the flat-bottomed flume should be set flush
with the bottom of the incoming canal. ‘ If possible, the
‘eross sections of the canal and the start of the converging por-

. tion of flume should match. If matching is not possible,

transitions to the flume cemb““’\‘ade of concrete, metal, wood,
or gravel large enough to ms\{st movement with the flow.
o e

The head measuring station should be located Jjust upstream
from the start of the convergence in the flume, Figure 25.
If & stilling well end hook gege are used, the pressure '
tap or piezometer should be placed asbout 2 inches above
the bottom of the flume to prevent sediment and other debris
from plugging the lines to the stilling well. Staff gages
“may also be used to measure the head,  To indicate the .
recessary accuracy for a head determination :(in terms'of
discherge error) the following tsble may be used. This
table 1is for the flume size shown in Figure 25.

5 ' - : :
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. Error in. ' -Discharge =

- head reading error range .

.. feet - _percemt -
0005 lto 2.
0.000 2% 6
0.020 - htolo

. ,-Head Ma_a'f_.'pring, :‘S_'ru'ri'on-'
o ."I_ ; '._ “ .. .‘I . .. . : .l B . ..
e -3 --—'0——_--=-E<—_- —3- ofim—--:r-;—'—'——a‘-—' 0%——» -

. PROFILE

' u'an.criinary installation the velocity of approschto s Vemtuwri .
Fiume' would not have an effect on:accuracy. Excessive flow veloelty .

ot ‘the flume emtrance can cause errars of up to 4 percent, hovever,

‘Tequired if the

' errbra.nc




15 smooth (shows mo surface boils, waves, or high velocity curremt
concentrations), it mey be concluded that the Venturl ﬂme accuracy

15 not being affected by the approach flow.

i S .. Ventwrl flumes are calibrated in & channel having a horizontal bot-
' -tom. Field installations should approximate this econdition if

acouracy is imporban‘h

| '-'Metergtes
A metergate is basically a mod.iﬁ.ed subnerged orifice arranged 80
that the orifice is. a.d.justable in area, Figure 26. '

‘Bottom of drlchs

o "2y Min. submergence 3
f<--H-h should - not* about 1 1.,
_ be greater than 18°%
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GD-7D or more ------>

SECTION

_--Measure H here
" -Measure h here

 PLAN
 METERGATE




Although 1t should be possible to compute the discharge, this

is rarely done because there are usumlly too many departures

from standard defina.ble conditions for which correction coeffi-
cients are noct knowr - Metergates are usually purchased from

a commercial suppli r who supplies a discharge teble. Ordinarily,
the tatles glve a good accounting of the flow, but in some
instancee, errors of 18 percent or more have beer found.

If a discharge error .is suspected, the instellation should be
thoroughly checked fo be sure that it complies with the essential
conditions shown in ine sbove sketch, particularly that there 1s
no blockage of flow and thet the outlet is sufficiently submerged
to meke the pipe flow full. The many factors affecting netergate
performance and asccuracy are described in detail in the following
paragraphs.” These suggestions apply particularly when the gate
15 operated at large openings (50 percent or more) amd/or with
small upstream submergence (].D or less).

Sources of Discharge Indicat:lon Error __ ' ;;_-;ff?

of gate. The d:l.scharge 'L.ahle being uaed should be checked
to be sure that it appiles to'the metergate in question.. Tebles
for round bettom gates will not work with square bottom gates,
. or vice versa, ‘except at the wide-open position. Be sure that
s “he table belng used 1s for the brand o.E' gate, model nunber, o
‘*"'other :ldentirying eymbols.

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 ehould readily drain out |
-or, if the gate 1& in operation, the .water level in the well
ghould rapidly ‘return.to the heed indiceted before the water was

vo-gdded., & matter of generﬁr.1 maintenence, it woul?be a good

idea to flush nthe welle occas’lonally, push a probe throu.gh the
. piping, and flush’ a@ain. Am Adifference in readings before and
. afte; cleaning might indicate the need for further flLshins and
*c].naning. ‘Slaft gares "or scales should &1s) be checked to be
sure they ‘have been 1natalled.~ at the proper zero position and
that they have: not,lbecome displaced vertically.f - =
5 R _J/

’ , L Gat-e a.nd gabe openit_lg_indiea'&or. Be certa.:l.n the.t the gate open- ;

“.ing indicator, whether 1t is the rieing otem on'the gete or some
. other: device, has’ not ‘become displaced to give & false ga'r.e . i

- opering:indication. : Check the instslistion of the gate on- the
‘end’ or the pipe.: ‘The :gate must Beal when closed. Too mach

: cle( ance mey allow an excess of water to flow between the gate

.@r rrame ‘and’ the': Pnd of. the plpe, changing the flow pattern and -
:I.ndicated heaﬂ 1n the downstream st:l.lling well.

‘rJ




Approach area. Weeds, trash, or sediment in the anproach to the
gate can change the pattern oi‘ flow sufficiently at the gate leaf
to produce sizable discharge errors. The flow slong the side-
walls (wing walls) has mare effect on discharge than the flew
along the bottam. Be sure that flow can follow the sidewalls
without interference. Large amounts of sediment deposited in
+the area just upstresm from the gate can upset the normal flow
patterns as can waterlogged trash, rocks, or other submerged
material. The approach area should be cleaned and reshaped, if
necessary, untll no flow lines or veloelty concentrations are
visible on the water surface.

Submergence. The water level at the gate should be at leest

one pipe dimmeter (preferably %wo) sbove the crown of the pipe
during operation (flow measurement). As previously shown for
+the orifice, considersble error results when the heed is less
than cne dismeter gbove the top of the pipe. The pipe outlet
mist also be sufficlently 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 cnly ebout
6 inches above the crown of the pipe. Unless the pipe runs full
at the outlet, the downstreem head-messuring:stilling well may
not contain encugh water to indicate the true differential pres-
.sure across the metergate, and serious discharge measuring
€rrors can occur.

Ena.'L‘L differen:bia.l head. ILarge errors in discharge determina-~
tion can be introduced if the differentiel head (difference in
water surface elevation between the two stilling wells) is small.
- For example, in reading the two water surface elevations in the
stilling wells, an error of 0.0l foot could be made in each
reading, giving a differential of 0.10 foot instead of 0.08 foot.
The difference in indicated discharges would be about 0.12 cfs
. for a discharge of 1.10 through an 18-inch meterga.te open
: 5 inches, an error of about 11 percent.

I the gate openipg was red.uced. to 2 inches and the upstream
‘pocl 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 0.02 foot would Indicate a change of only 0.03 cfs.

The error in discharge detennination would be reduced from a.bout _
11 percent to less then 5 pe_ceub. .

' -ﬂI:E' the. pocCL level cannot ‘be elevated as described. and it is |
necessary to operate.comtimiaily with sm=ll diTferentiol hea.ds,
-1t would be well to consider installation of a smaller gate.
- This would allow cperation in the upper ranges of capacity _
" where 'l:he differentia.l head is la.rger. ..If & smaller ga:be cannc.*b




pass the required maximumn flow, it might be necessary to use two
spall gates in place of one large one.

Aside from headwreading errors, it is desirable to operate with
larger differentials because (1} the flow is more stable and

the water surface in the stilling wells deoes not surge as badly
and (2) the higher velocity through the meter prevents a reduc-
£ion in orifice coefficient (as discussed for the orifice neter).

Other methods of achieving a larger differential might include
reducing the backwater level, if excessive, or reducing the pipe
length, if it is considerably longer than slx or seven diameters,

to reduce the backwater effect; change the location of the downstream
stilling well snd recalibrate the meter (discussed leter).

Location of stilliaz well intakes. Because the discharge 1s

directly related to the difference in water levels in the two
stilling wells, it is essentlal. that the stilling well intakes
(pressure taps or piezameters) be located exactly as they were

when the meter.was callbrated.

The upstream intake should be located in the headwall seversl
inches (at least) frou the gate frame, several inches (at
least) from any change. in headwall alinement in plan (see sketeh),
and at an elevation such that the intake will be covered st
minimm operating level. The opening should be fiush wlth the
surface of the headwall and the piping arranged so that & clean-
ing rdbe mey be pushed through for cleaning purposes. The plpe
should slope contimzonsly downward from well to headwall to
prevent air locks in the system. If alr 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, teking
care not %o entrain air in the pourlng process.

The downstream pilezometer (pressure tap) should be loecated on
the centerline of the top of the pipe, exactly 1 foot downstresm
fran the downstreem face of the gate. The Intake pipe mast be
flush with the inside surface of the pipe (grind off any pro-
Jections beyond corrugated or smooth surface) and absolutely
vertical (the effect of tilted piezometers is illustrated in
Figare 16).

As showm in Pigure 27, the rate of change in pressure is very
rapid in the reglon of the downstream pressure tep and any dis-
placement of the tap from the location used during calibration
will result in large discharge determination errors. ’
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Figure 27 '
5y _ _
A be'bter 1oca.tion for the downstream plezameter would have been
D3, measured from the downstream face of the gate. The pres- =
sure gr&delim here .is lower end . flatter. Mincr variations in .
- plezometer. Jocations would not result in. ma..jcn- nmeasuring errcrs.
- However, 1f the ;piezcne'ber ‘i .moved: ‘to this point (to increase

.. -aifferemtial ‘heed), the'meter must be reeali‘bra.ted because the
L -pub]iehed ta:bles w:!.ll not a;pply

_ fIabora.tory 'bests ha.ve been conduc'l:ed cm meterga.tes to detmnine
~-the coefficient of discharge ‘C, for a pressure tap located at:

* Df3, as-discussed. This curve shown in Figure 28 is valid for
. all:sizes of meterga.tes under certa:l.n stanﬁard cond.itions. ] '.Eheae B

A --__‘incltﬂe' o

,'1- Approe-ch cha.nnel floor sloping upwa::d, 2 1, towerd. ga.te
with dmmstream ‘end - of floor 0. l"{D 'belcnr p:l.pe entrance invert

e, Fla.r:lnp_; entraiice wa.'.IJ.s, 8 1, starbing D/il- tﬁs‘bance frcm :
‘ V_'f;edges ofgateirme R

. _-.‘_::3 Zero ga.te cpening se-l.-, when 'bottan of lea.f is a.t im'ea:t of




A= Nominal area of pipe_|
entrance-in sq.]-f'r.
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Figure 28

It should be noted that the coefflcient C; 1s & different

. coefficient than the C used in the orifice equation. C, is
uvsed with A which in this case is the area of the pipe and

- not the gate opening. Discharges may be computed from this

" equation with an accuracy of * 2-1/2 percent. The degree of
‘downstrean submergence does not affect the accuracy of the meter

" 1f weter rises sufficiently in the dowmstream well to obtaln an
accurate reading anl the pipe runs full at the ocutlet.: :

Meterpate In tion

Metergates have been found to be set too low, too high, or the
wrong, size of gate was employed. To ald in the proper selection
of gate size and the elevation at which the gate should be placed,
the following suggestions are given in the drawing in Flgure 29.
‘The metergate entrance structure should be as .desexribed 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 ILaboratory Report No. Hyd-47l, dated March 13,
1961, "Flow Characteristics end limitatdons of Screw Lift Vertical

i

- Metergates.” -This reporticovers various emtrance problems ‘effects

' . of submergence, veloclty and gate design, and gives rating curves

for 18-, 2k-, and 30-inch gates for both confined and unconfined
:approaches. - o o EE R
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CONIPANT-HEAD ORIFICE TURNOUT (CHO)

The constamt-head orifice turnout ,Figure 30,1s essentially a
submerged arifice-meter type of measuring device. The upstream or
orifice gate controls the discharge vhile the downstream cor Hurn-
out gate cantrols the submergence on the upstream gate.

~ Gates notshown  «4™-0"

R AP
e
e 0y

24f'xla'-'0rifice gate -, ,!8"Dia. Turnout gate

(Controis discharge)y, _  (Gontrols
T - submergence)

xx Amm

Lok "
Py er I
I

41’ “istaff gages

-,

. e T A
g Max.slope

PLAN |

CONSTANT HEAD ORIFIGE TURNOUT

‘ iﬂgure 50

R9a<52



As & means of standardizing the device, it was arblirarily decided i
to elways submerge the orifice gate sufficlently to produce a
0.2-foot difference in water surface elevation (differential heed)

across the upstresm ar orifice gate.

The constant-head orifice is usually operated as fallows: The
orifice gate cpening for the deslred discharge is cbtalned from the -
discharge teble 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 dlscharge will
then be at the desired velue. ‘Two standard sizes of constant-head
orifice meters have been calibrated and the diascharge values are
given in Tables 32 and 33 of the Hater Measurement Mamual.

The 10-sacond-foot capacity turnout is designed to operate with
the canal water surface from 21 inches to & feet above the arifice
gate seat. Minimm operating depth is 18 inches. This turnout

uses & rectangular 24— by 18-inch screw 1lift vertical gate for the

orifice gate and an 18-inch-diameter screw 1ift vertical gate for
a turnout gate; two sets of gates are used side by side 1n the
turnout structure which employs lB-inch-d.imneter pipe.

The 20-second-foot capacity turnout is d.esigned %o operate with
the canal water surface fram 27 inches to 6 feet above the corifice
gate seat. Minimm practical operating depth is about 2% inches.
This turnout uses a rectangular 30- by 2h-inch screw 11ft vertical
gate for the arifice gate, a 2l-inch-diameter serew 1lift vertical
gate for the turnout gate; two sets of gates are used side by s:l.de

e 7j'a.nd d.'l.scha.rge into 24-inch-diameter precast concrete pipe.

Dis_c_:h_a_rge ‘Characteristics

The d.ischarge through a constant~head orifice turno\rl: may be ccm-
pl.rted from the orifice eguation

oy

Q= o JEE | -

vhere
Q= discha.rge in cfs
H = differential 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).

T e T

 R%a-53




‘e coefficient "C" determined in 98 tests on 6 different designs -
of turnout, for a camplete range of gate openings and canal water
surface elevations is shown in Figure 35l.

|5 o012 — —T

8 [ Note H was mam'rcnned ut

> 1 0.2 ft. an all tests | P
S 070 ]
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-ORIFIGE GATE OPENING IN FEET

. F:lgure 31 .

:'The d.isoharge tables (referred to- a.'bove) were '_Drepa.red. i‘rcm this
'-;_‘curve. Single barrel and double 'barrel tests gave the same dis-
‘charge coefﬁcients. . e

nen on_.y one of the two orifice gates is gpen, it is des:.ra.‘ble
%o apen the turnout gate directly below the opened orifice gate.
The head should be read on the sidewall of the pocl next to the
-open:gates. ‘An . inecrrect head reading will be c¢btained if the
gages on the sidewsll opposite the open gate is usefi. If both
turnout gates are opened with only ome orifice gate open, an
incorrect hea.d reading will Dbe r"btained on all gages.. :

 : I-Iorewonsisten‘c. results will ‘be ob'bained if the dcwnstream gage is -

. relocated- ad;]a.cent to the orifice: ga.te instead of adjacent to the
turnout gate.’ Any errangement- -of open and: closed gates that
produces -a tilted water surface between ‘the orifice and ‘burnout
. -gates should. 'be a.w:ided beca.use of the difi’iculty' of determining
the: head by any means . ;

i .‘Discha.rge De‘beminatim En'ors

_:Since the pr:lnciple of: operation of the: consta.rrb-hea.d. orifice turn-
out 15 -to maintain a constant differential of 0.2 foot across the
‘orifice gate, 1t is extremely: im;porta.n‘t that this: differential be
'-determined accurately in the - field if: accurate discharge determi-
‘nations -are to. 'be expected The eqlm'tion for d.ischarge ma._r be
written : - e . . o
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1whe:l:-e H is 0.2 foot.

| IEm 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- errorAn dis-
J:arge wauld be proportional to the square root. of the head or

-'.;\0.15‘::0.1»21&5' SR bifferénce S

. ) E . - ‘.o ¢ » » :- O ..1 .- '::‘0.0229 . 0.0221+ _
. Leooa ‘. *0. - [ ] ‘.‘r! .’ ; - .‘- 0.02.8 T i .
-JB.—".-oh690 o '

aﬁ% * 100 = 51'P¢r°e{i’°_ _f'

'-1\

For an-error of 0.02 :E‘oot in reading ea.ch gage 't.he d.ischarge deter-
mina.tion erro:' would ‘be . t 10 percent.

It i therefore P a.pparent -Lhat e.cmara.te d.:.scharge measurements o
-.can be -gbtained - only = b i great care”. is -used ‘in- d.eterm:.ning ‘the:dif-
" -ferentizl head. Some: opera.tors “have complained that: it 1s next to
-"‘::l.mpossi’ble Yo read & staff gage . accurately when: looking. dovmvaxd -

into g dark: ‘hole ata- steep:angle at:a: ‘choppy water surface which.
may ;also be: surging.. Since there is.a good blt of tnrbh 4dnthis. o
- . statement, two: sugges-!::.ons a.re given 'I:-o help ob'ba.:i.n a 'better aif- :

i 'ferentia.l head readj.ng - N L _

The' sta.i‘f gages could 'be moun‘bed in still:lng wells ma.d.e from a

e suitable 1eng'bh of-, oonmercia.‘l_’w vailable- trans_parent plastic pipe.', "

-‘-This would prevent “the: choppy mter surface ‘from interfering: with

‘making en. accurate reading. The: walls should be quickly. removable

ifor cleaning._ “If surges are: ca.using “the water ‘level ‘in'the: well .
4o Tise-and fall,: s wood bottom! having 8’ 5/8-1nch:hole. drilled in -
t ccmld “'bei:f?fa.Steneﬂ. :I.n 'bhe weZL‘L This‘_would allow;the wel'l. to

‘& porteble manameter constructed. -
transverse\;._concrete wa.ll 'between
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not change the differential head.

columns in the tu'bing.

Flexible t"canspa.rent plast:.c tub:lng is slipped over a metal tee _
. (soldere\:. copper tubing) so that both legs are interconnected at
“=-"-~the top and lead to & stem fitted with a. stopcock. Water is
. sueked up into the manameter to the desired height for ease of
- reading and the stopcock ‘tightened to-hold the water ‘columns up.
The pertial vacwum, applled equally to each water column, does
The metal disks with small
" hales (% 1/8 inch) drilled in them may not be necessary but will
- “help to stabilize the:water columns if surges are a prcblem. '
The disks:should be thin (1/16 inch or less) and several inches
Ani diameter. Rubber ‘stoppers with a preformed hole: might be used
in place of +the disks if the veloclty past the hole is- not too R
great. Thne “inside diameter of the -tubing should be several times e
. greater than the Qdlemeter of the hole in the rnbber stopper .or
-metal disk to obtain significant d.am::r.n.g a.ction ‘on the water 8

E- l ‘orlflce gate




The differential head for normal operation may be increased 1f dif-
flculty still exists in setting, resding, or maintaining the
De2=foot standard differential.. Discharges may be caleulated using
the coefficient for the orifice gate opening actually used and the
differential head actually measured. TPurbulent flow conditlons or
a reduced submergence at the turnout gate will not affeet the dis-

~ charge if it dis:'possible to obtain a true downstream head. To be

* certain of the accuracy of these higher differential head dis-
‘charges, it would be desirable to check several gate settings using

. 'a current meter or other calibration method to measure the dis-

- charge. This displacement, if any, of the coefficient curve from
the velues given for the 0.2-foot differentiel could be determined
‘fram caleculations, and a new coefficient curve dravn parallel to
the one shown. Only a few accurate check points would be required
because the curve shape would aecessarily be the same as for the
'0.2—foo’c curve. .

Other errors in discharge measurement might be -'ca.used by other
factors ‘such as discussed for metergetes and orifices.

Ef'fect of Entra.nce S‘bmc'!:ure Gécénetg_- -

:'l'he preced.ing sketch of the consta.nt-head or:l.fice tm:'nw.t ind:u.ca.‘ces
8:1 flaring walls in plan on the entrance or a.pproa.ch structure end
a 4:1 sloping floor. The floor slopes downward away fram the:ori-
fice gate, Flen'l, Figure 30. Other cammon insta.]_"..ations are shoun
-.inFi,gureBB,eachhasBlﬂ.aring‘mJJ.sinplaa.” o

. Selection of the type of entrance for g new: insta].'l.a:bion will usu—‘
ally be limited by the relative elevations of the canal bottom and
~the pipe dmvert. If there 'ls any choice in the matter, however, it

. .shodld ‘be noted that Flans 1 amd 2 provide the best operating ‘strue-

tures. Flow conditions with these emtrances are steady an® smooth -
' and the differential head is not difficult to read. ‘When the R
- .entrance is partially constricted as in Plans 3 and k%, by an adver-

o ‘sely sloping floor, the flow p'ulsa.tes and the surf=ss d.s rough..

. ‘Surges and boils upstream Trom the turnout gates t:L‘l:r, s.he w'-ter A
¢ =_Stn'fa.ce and make ‘bhe hesd difflcult 4o read.

.I‘c has. 'been no‘biced tha.t ‘Scme. structures in the field are now of -
. -the Flan 4 type, even though they were Flan 2 type when :msta.]_'l.ed.
_ 'Sediment and debris have collected near the entrance to the turnout;
.and maintenance crews have cleaned for only a:short distance
;upstream, producing the*sharp dowmrard slope to the orifice gate. *
‘More extensive pool cleaning would improve: the -2ase of cbtaining:
head rea.d.:.ngs and might imprcve ‘bhe accura.cy of the mea.surement. )
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CURRENT METER GAGINGS

The current meter technique uses the velocity principle to obtain
a value of discharge. Therefore, encugh readings must be taken
to insure accurate values for both the area of the flow section
-and the average velocity. ,

- .In selecting &8 aite for a gaging station or & location for a meter : -
or any other propeller device, it is important that smooth uniform - '
flow exist upsiresm (to some degree downstreem) from the location

at all times. The approach %o 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

croas section of the site should be typicael of the sections upstreem

and downstream and should be in stable material. Locations vhere

banks or bottom can erode or where sediment is known to deposit,

should not be used. . A site wvhere meters can be operated from the

upstream side of a bridge 1s desirable because a cableway or other. _ .
crossing need not be constructed. The depth at minimum flow S .
should be sufficient to use & current meter in its usuel range. ‘ .
If this is not possi'ble, choose one site for low flows and another

one for- high flovs.

In general, however, the sensitivity of the .station should be
 suitable-- small errors in stage reading should not result in
‘large measurement errors. Conversely; a sigmnificant change in
discharge: should be a.ccompanied by a significant change in
ata.ge ‘ '

Sites affected by varia'ble depth beckvater should be avolded as

‘should those having seasonal growths of aquatic weeds, or those

huring 8 conIluence vith a sizable tributary dovnstream. _

B .o (1 R

' ,'I'he selected Bite should be close to ‘a benchmark for easy check-

ing of the staff and other gages. - The station: ghould be sritable

..for the installation of a water stasge recorder and an intake to

. . the stilling gage well. These should be closely grouped: because__'
- 1t is imperative ‘that the recorder .and Bte.i’i’ gage indicate the o

X i_.Reference or starr gagea ‘should’ be firm]y a.nchored and :I.n an

: inclinecl 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 extend to above .

_‘and‘below :the enticipated levels, 5tilling wells should be

o ‘vertical and have sufficlent. depth end’ height %0 allov the float




to travel the entire renge of water levels., The intake plping
to the well should be large enough to allow the water in the
well to rise aad fall with the river or canel stage without
delay. All pipe Jjoints should be watertight. Elbows should
be mede up of plugged teec to allou rodding :I.f clogged. 5

'Reeorder chart records should be legible to rea.d T 0.02 foot
or better. ‘If waves are csusing the recorder to blur, use a
reatriction (perhaps a partially open gate valve) in the stilling
well piping. -A steel tape (electric indicator) should be
installed in the well to set and check the recorder.

Recorders should I;e.of such a dee:l.gh 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. CI.Ocks should be reliable and- keep good time.

The peper chart scale chosen i’or record.ing should permit read-
ings to be made which are within 1 percent of the depth of the
water (sbove zero flow level) or 1r.zv:I.th.‘q:u 0.02 root, whichever

- 18 greater.

Price-type current meters should not ordinarily be used where
velocities are less than 0.5 foot per second. The upper range
 should not exceed the calibrated range of the meter. Meters
should not be operated in shallow water when the horizontal
axis of the: meter 1s closer to the surface than one end
one-half times the vertical dimension of the rotor. Similar
bottom clearance. should be provided, measured from the top -
of a.ny 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 stenderd: They should be re-rated imme-
diately. if: ‘dropped, bumped, or used: extens:lvely -in sediment
laden- water. _ . _ .

S In ma.king a gaging measurement, choose a t:l.me when the stage -
will remain conatant throughout the measurement, Discharge

o corrections for & changlng - stage»ert. never completely satiai‘ac-_ |

tory, even when all of the factors are known. -_ :

'-Current meter measurements are.usually made ‘on verticals,
1i.e., vertical 1lines on the cross-section," chosen so that .

. they provide en'adequate sample .cf the welocity distribution =
in the: croas-eection. These verticals should be chosen

"' 80 ‘that :(1) the error in:computing the area of the segment . :
: "between two verticals does not. ‘exceed 3 percent if the- portion S

-_'.3":'of the 'bed profile between the verticals is treated as a- atra:l.ght o




line, and (2) the difference between the mean velocities. on

adjacent verticals does not exceed 20 percent by reference
" to the lower two {except closze to the banks). In general,
this means that the intervals 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
irregulsr. Verticals need not be closer than 1 foot in any
- - -case; the number mey be reduced when working in small lined
. channels heving a regulsr geometric profile.

Provisions should 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 dbserver or the suspension equipment. The meter should
be held in a given position, after allowing operation to become .
stabilized for 4O seconds or more. Total operation of the
meter at each vertical should be not less than two consecu-

- tive periods of at least 40 seconds. If significant differences
are apparent, more readings should be teken. The mean of all
the readings at that point should be used for the wvelocity,
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 rotation is not being
impeded by debria or any: other cause.

Errors uill arise if the meter:

'(1) is used t0 measure velocities less than 0.5 foot per
vsecond or beyond the calibrated range

" (2) 1s not held steady in the seme ‘location during the
< . timing sequence, or if the. meter is held in(an unateaay fiow
. _ area. auch as .an eddy - ;: _
-(3) 18 used when there is a significant vater surface dis-
-tufbance by wind

(%) 15 used in flow which 1s not parallel to the axis of
N propeller-type meter or is dblique to the plane of the
_ cnp-type meter - ‘

~1f only one or two velocity measnring points on. each vertical -
are obtained, an arithmetic solution to obtain the discharge 1s
-appropriate.’ Ir only one velocity on ‘a vertical has been
‘deteruined, ‘the meen velocity is (1) the value cbserved at 0.6
',depih used withont modification, (2) the value cbserved at




0.5 depth multiplied by' 0. 96, If two welocity points, such as the
0.2 and 0.8 depth have been determined, the average of the two
pom-«ﬁ‘ mald be uBed.

To .compute the discherge the cross-section should be regarded as
being made up of a pumber of segments, each hounded by the two
‘adjacent verticals. If V., is the mean veloclty at the first
.vertical and VE the mean velocity at the second vertical and,

if D, end D, are the depths measured at the respective vertical,
and if b is the horizontal distence between these verticals, the
discharge of the segment is:

m 2) “’1;"2’n

This calculation 1s repeated for each full segment. Segments
adjacent to the banks may be handled by assuming zero depth and
velocity et the water’'s edge. The total discharge ie obtained
by adding together the discharges from all the aegmenta. .

uareful plotting of a stage-discharge relationahip curve ror

~ each gaging station will help to evaluate the accuracy of each
gaging 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 original condition. E£ediment bars should be removed from

- the bottom end corrections to the net section mede, if erosion

occurs on the banke or bottom. If the water surface 1is raised

. or lowered by checking, careful time records should be kept to .
determine -‘when the staff gage or water st.age records are an
indication of the discharge.

HEIBS'

Since weirs were. rrequentl;r used as examples in "Generel Aspects
. of Water Measurement Accuracy," they will not be elaborated upon
- .in thie portion of the text. They have been specifically
- referred to under headings of: Approach Flow, Turbulence,
Velocity of Approach, Exit Flow Conditions, Weathered amd Worn
Equipnent, Poor Workmanehip, Faulty Hea.d Measurement, and Use
of W:mng Measuring Device. ' _ _

PROPELI.E'R HE']ERS

_ Propeller meters have been in use since about 1913 and are
. oi’ many ki ,..de, shapes, and sizee. They .are used submerged nea:r .




the ends of plpes or conduits or "in-line” in pressurized
plpe systeme. Many meter designs and modificatione for specisl
conditions and purposes are gvallsble from mamifacturers and
it is therefore impractical to try to discuss gll makes and .
models. All propeller meters have certain common features,
faults, and sdvantages, however, which can be analyzed to
provide a better understanding of meter operation. A thor-
ough ccmprehension of meter principles; thelr inherent
limitations and sdvantages, and the operating experiences

of msny users may be beneficlal when purchasing, installing,
operating, and maintaining meters for a fleld inetallation,
The information presented herein has been gethered from project
and vater district personnel, letters, reports, inspections,
complaints, and from lsboratory and field tests conducted
specifically to evaluate propeller meter performance. Much
information, some good and some doubtful has been sifted to
emrhasize basic maeterisl and eliminate incorrect or con-
flicting statements. An attempt has been made to eliminate
material which applies only or particularly to one make

of meter or to ¢one specific instailstion. The material
presented applies to all meters, in general, and to all
installatlons, excep'n as noted.

Propeller meters utilize a multibladed propeller (2 to 6
bledes) made. of metal, plastic or. rubber, rotating in a

vertical plane and geared to & 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 any
other desired volumetric units, snd/or an indicator to show
the instantaneous discharge, in cubic feet per second, acre-
‘feet per day, or any other desired units. The propeller,.
designed end calibrated for operation in a pipe or conduit,
should always be fully su‘bmerged, that 1s, the pipe.or .
conduit: vuu.st be flowing full. The propeller diameter 1s -
always a fraction of the pipe dlemeter; usually varles
between 0.5 to O. 8 of the diasmeter of the pipe.  Compound
flow meters have. more than one propeller and are more compli-
cated in design. Meters are avallable for a renge of pi'pe
sizes from 2 to T2 inches in dismeter. '

The measurement‘ TENge of the met.gr :ts-nsua;_l.ly'ebout 1 to 10;
" that is, the mgximm'discharge the meter can indicate or




- totalize is sbout 10 times the nmiinimm that the meter can
handle. The meter ics ordinarlly designed for use in water
flowing at from 0.5 to 17 feet per second although inaccurate
registration may occur for the lauer velocitt..s in the 0.5 %o
‘1,5 Pt/sec range.

" .The meter size 1s- uau.elly stated 1n terms of the pipe diameter.
For example, a 24-inch meter might have a l2-inch-dismeter propel-
ler for use in a 2i-inch-diemeter pipe. .Thus, the principle
irvolved ‘in measuring dischsrges 1s not a displacement principle
as in certain municipal water meters or indicating devices used
on gasoline service station pumps, but rather a simple counting
of the revolutions of the propeller ae the flow passes the
propeller and cauees it to rotate. Anything that changes the
frictional resistance of the propelier, the number cof revolu-
‘ticns in a given time, or the relationship between pipe and,
propeller areas, therefore, affects the reglstration or accuracy
of the meter. The many factors arfecting praopeller rotat‘lon are
_diacusseﬂ 11: ‘the i’ollowing pagea. :

‘ 'Flw Patterns

‘ The .accuracy - of a prapeller weter {in new coudit:l.on) is primerily
- dependent upon the similerity of ‘the flow patterns in the vicimity
-of the propeller during calibreation and during regular uee.

" .Factors which change the f£low pattern approaching or leaving

the propeller will chnnge the accurecy or registration of the
‘meter.

o Snirel Plou

© A poor entrance to.a turnout pipe, elhnvs, fittings, unsymt—
.- rical approuch flows and many other factors.can prioduce spiral
f£low in a pipe.. The propeller meter, because _i*-uas.a hub at
-the - center of the pipe and.e revolving propeller, is therefore
very ‘sensitive to water flowing in = spiral pattern. Signif-
icant errors in registration can result vhen the meter is used
' in -spiral flow. ' Depending on the: ‘direction of rotation of the
flow with reepect to the pitch and: direction of rotaticn of
. -the propeller, the meter will over or: undzr register. Flow
‘strailghtening vanee inserted in the pipe upstream from the ~
meter will help to eliminate errore resulting from this cause.
The meter mamufacturer usually hae specific instructions regerd-
‘ing the size and plncement of venes and these :should be followed
© " yhen installing a prope'ller meter. It 18 usually suggested that
" wvanes ‘be -several pipe dimeters ‘in"length and that they be
w7 located ‘ina. straight, horizontal ‘plece of pipe Just. upstresn .
“‘trom the propeller 'Ihe horizontal p!.pe ehould ‘be ‘seven: diemetera




or more in length. Vanes are usually made in the shape of &
+ sign to divide the pipe imto equal quarters as shown in

T
1
3
g !
!
.
4t

Iaboratory experiments have shown that vanes of this type

- (vsed where no spiral flow exists) may reduce registation by
1 to 2 percent compared to readings made with the vanes
renoved. This is bzcouse the ores teken up by the vanes tends
to reduce the velocity near the center of the propeller. Scme
mamifacturers have sugaested the use of vanes which do not
meet in the middle but divide +the pipe into thirds as showm

A in Figara 35. o




Because of the open flow area in the center of the pipe there is
less disturbance to the flow pattern in the center of the pipe.
One or more dlameters of clear space between the dowmstream end
of the vanes and the propeller helps to millify any adverse
effects caused by either type of vane.

If straightening vanes are not used, a long length of straight,
horizontal pipe (30 or more dismeters 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 proflles

In any pipe--even a very short one--the friction between the
inside flow surface of the pipe and the water is greater than
the internal friction of the water. This results in the water

" in the center ares of the pipe having = higher velocity than
the water near the boundary.

In a short pipe the velocity profile would be similar to Ceae A,
Figure 36; in a longer pipe the profile would lock as shown in
Case B. In the latter fully developed veloelty profile the dif-
ference between the center and edge velocities is quite large
but is stable and does not increase further. It is obvious
therefore that the propeller, vwhich receives its impetus from
the centrasl area of the pipe, will receive different total

- forces for Cases A and B above, and that a greater mmber of
revolutions will ocecur in the long pipe, Case B. On the other
bend, less force, aml fewer revolutions (under registration),

- will occur for Cese A. Laboratory tests bhave shown thet long
turncuts or pipes (30 or more diameters long) have fully developed
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velocity profiles and give 3=l percent greater registration - e
than short pipes, 6-10 diasmeters long. Rough or corrugeted .
pipes tend to produce the Case B velocity profile in shorter

lengths than smooth wall pipes. No exact data. are avallable

to define every situwation, however.

COrrl:rol ga.tes , such a8 the slide gate often used at & turnout
- _ entrance, may affect the fiow pattern and/or the velocity pro-

file in a short pipe. For example, tests bave shown that for

& 24-inch pipe turnout 23 feet long froam gate to meter, in the
. 5-cfs range, a full gate opening resulted in an indication of
‘ o - 96 percent of the true discharge. When the same discharge was .
o put through a 6-inch gate opening, the meter indicated 100 per- -
: cent of the actual discharge. The 4 percent difference in '
d.iacha.rge was the m.xjmnn effect noted in these tests.

=) It is a.p;pa.rent, therefore, that changes in velocity distribu-
- S tion in the pipe cross section, that make the distribution
. : significantly different from that used during the meter calibree-
~ tion, will cause & change in meter registration. Changes may
- be either plus or minus with respect to the original discharge
calibration. Inspection and analysis of the {low conditions .
upstream from the meter may prove beneficial in trouble shoot-
ing a field installation suspected of giving incorrect meter
registrations. Checking the flow distribution in a cross sec-~
‘tion just upstresm fram the meter with a Pltot tube would con-
clusively establish whether a poor velocity pattern was '
present. Meters are never ca.l:l.bra.ted with poor velocity pat-
terms in the pipe.

o -Pr@' er and Pigg Size Rela.tidnshins':

Metera ahoulﬂ. alwvaye be used in pipes of the proper or recmmemled.
diameter. The meter mamzfacturer can supply this informatiom.
However, a discussion of the relative effects of propeller diem-
‘eter will be helpful in understanding the trends in over and
under registretion where a meter is used in a pipe larger or
smaller than the recomended size. Propeller dlameters vary

S between 0.5 and 0.8 of the pipe diameter. It is therefore not

S - always possible to determine the proper p:l.pe slze by measuring

the propeller d.ismeter. : '

In visualizing the effects of & la.rger or smaller p:l.pe on the |
‘accuracy of e glven propeller meter, Cases A and B of Figure 36
will be helpful. Depending on the type of velocity profile in

-~ the proposed larger or smeller yipe, the propelier will tend to

- intercept higher velocities (overregister) or lower velocities

: (und.erregiater) and will be in errer depenﬂd.ng on the change in -
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the avernge velocities intercepted. Wo numerical values can be
- given because different meter manufecturers have different propel-
ler designs. For example, propeller tips are affected differently
. by varying ebsolute velocity vaelues; also, different clearance .
requirements ‘betveen the propeller and the pipe waell produce aif-
- ferent register values. Items that are important for one propel-
Jer shape may not affect another. Tests have shown, however, = ..
“that the larger the pipe diemeter with respect to the propeller
djametzr, the more a change in velocity profile will affect’the
meter registretion. Thus, meters baving propellers nearly the
- dlameter of the pipe they are to be used in should provide most
‘accurate results. Conversely, propelliers that are half or less
t'ha.n the Pipe diameter will give the least accurste results. '

It ha.s been established in laboratory tests: 't.ha.t chenges :Ln reg=-
istration for two pipe esizes will be mincr if, for both pipe
gizes, the :prope]_'l.er diameter is TS5 percent or more of the pipe
diemeter. In all cases, registration errors will be leas in
‘rough wall pipe because the rough wall helps to establish quickly
a f‘u]ly ﬂ.eveloped velocity profile-

‘Even 'uhen it is este.'blished that the d.if‘ferences in velocity pro- 3
files intercepted by ‘the propeller will be negligible, the meter
must be corrected (chenge in gear ratio or other mea.ns) to a.cf‘uunt

- for the change in p:lpe d.:l.ameter. :

M’:

Prqge;.’lnn,ﬂotion

" Since the meter head, in e:fect, counts the number of revo].utions :
- .of the propeller to indicate the discharge, any factor that _
. influences the rate of propeller turming can affect the meter =
o registration. Practically all propeller effects are negative;
that -is, they reduce the mmber of propeller revolutions wh:l.ch :
o womld otherwise cccur and result in under registration. More -
'-wa:ber 18- therefore d.elivered t‘han is ind.ica.ted. or ;pa.id. for. N

. .-Propel‘l.era are usua.'l_‘l.y designed. to turn on one or more bea.rings. T
 The bearings are contained in & lub and are protected from direct
:‘uj;contact with obJects An the flow. However, water often can and
*" does enter the bearing. Some hubs trap sediment, silt, or other
: foreign rarticles, and after these work imto the bea.ring a defi--
- nite added resistance to twrning of the propeller becames apparent.
I Same propellers -are therefore: designed for flcw—through ‘cleaning -
B e.ction so tha.t ;particles do narb pemanently lodge :I.n the 'bear:l.ngs.

" 511t 1as been Found to be particularly aameging to bearings. Tt -
. is present in many flows and ‘as a . Tesult many othervise satis-' -
H fa.ctory me-bers he.ve been rendered tmﬁt for aerv:tce._ Figure 37




shows the wear in the worm gear teeth of an in-line meter labora-
tory tested for 2,200 hours in fairly clear water.

-3'?9%
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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) was used

to test a medium size open-flow propeller meter. In less than

2 hours of operating time silt particles hed collected in the
bearing and preduced propeller binding. After 5 acre-feet of
water had paessed the meter, 22 grams of silt (dry weight) were
found in the propeller hub and bearing housing. (A 50-cent piece
weighs ebout 12 grams.) A check of the propeller showed that it
turned intermittently and slower than when new, in water flowing
at 0.5 £t 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 accu-
milate. In effect, when the hub could be drained, less bearing
damgeﬂasevident‘btrtbearingmrﬂas not eldmimted. Sand -
traps may be necessary in fleld installations to reduce the amchnt-
of sediment (bedload) reaching the meter.

' Ca.re Bhould. be. taken in luhricatiug me‘ber bearings. Use of the
- wrong lubricant (perbaps none should be used) can increase the

resistance to propeller motion, particularly in cold wvater. It
.should also be established that the lubricant is reaching the

desired bearing or other surfaces after it is injected. For same

meters, the. mm.fa.ctm'ers did not recomend lubxication of the
'bearings.

Although propellers are designed to pess (to same degree) weeds,
moss, and other debris there is a limit to the amount of :fore:lgn
‘material that can be tolerated in the flow. Even moderate amounts
of fleating moss and/or weeds can foul a propeller unless it is .
protected by screens. ;Heavy objects can break the propeller.

_ "With larger amounts, or certaln kin?.a » of foreign material in the
- water even screens may.not solve the problen. )

- Meter Screensz Sand Tra.g _ .
| Screens ~to pro'bect meter propeners are uaua.lly deeigned for a

* ‘particular type of turnout on a particular camal, and to handle &

-particular type and size of debris; however, screens have certain
coamon features which seem to be universally desirsble and which
hely to prevent head losses across the meter and :hnpruve the
quﬂ.ity of water measurement. -

fScreens usmlly consist of a metal freme, covered with wire mesh,
which £it into a slot at the upstream end. of the turnout. Double‘
~screens. (set a foot or more apart in small turnouts) are usually

.desirable so that protection is provided while one screen is 'being_ _

removed ‘and cleaned. The wire mesh usually varies from 1-_"'b'y_ .
‘1~inch (No. 9 wire) to 1/4~inch galvanized hardware ‘¢cloth. Open-

.- ings of 1f2 inch seem to be most successful and popular. Another -.
cmonsize 135'by5, orﬁbyll-mesh e.nd.19—20gegewire

'.i{-hm.l screens may be set.on & slope ‘but larger screens thmlﬂ. be

‘get in the vertical position so that & winch (sometimes portable)

". can be used to raise and lower the screen for cleaning. Cleaning

) ' may be done by brocm, ‘wire brush, or water jet.: Reverse flow
-through the ‘screens may also be: usedbttb ;provisions mist then. b_e

- .made forwa.ating the. clea.ningvater. In large ‘twnouts from e
" eanals, ~traveling screens:may be used. to: remove d.ebr:l.s a.nd. reduce o

o

S the tra.ah problems at ‘the. meter.- .

A




Screen ares should be & minimm of 8-10 times the ares of the fiow
eross section; in many installations the screen ares is 15-20 times
‘the flow area and this has not been found excessive. Where sizable
head losses cammot be tolerated the screen ares should be large,
the cleaning freque:rt, or both. :

. Se.nﬂ. traps, +6 caten the ‘bedload.(sand and gravel that moves along
‘the bobtan), should be arranged so that the trapped material can-
be flushed along the mein canal--not into the turnout. Settling
basins to trap the larger particles of suspended sediment (sus-
pended in the flowlng water) may be helpful at a meter installa-
tion. :"To remove suspend«-d sediment the velocity of the a.pproach-
ing flow. mst be reduced to allow sediment to settle out. To -
-accamplish this, fairly large apd relatively costly settling :
‘basins are required. The advice of an expert should be obta.:lnecl

© ‘pefore- considering a :i;'etc:l.:l.i'l-.;g;r of this type

Head Iossea

'iThe head loss across a propeller meter is usm.]_'l.;r considered 'bo
be negligible » although there is evidence that losses for open-
 flow meters may run as-high as two velocity heads. This is eq:ui-

valent to 0.6 foot of lost head in.a oh-Inch-dismeter pipe carry-
‘ing 8 efs. The losses for certain in-line compound and other type
_meters may be as high as € to 8 feet of head. In general, how-
ever, losses are low but.it ha.s not been esta'blished exectly what
"the usua.l 1osses are.

In mANYy Cases, .turnmrt losses including 1osses thrcmgh 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, hcwever, ‘and the -
c .'.meter mnu:facturer can usma.lly supply tke necessa.ry :I.nforma.tion.

:Meter Acmzracx

o .'I'he accuracy of most propeller meters ’ stated in ‘croad terms , is
. »within *2'%0° 5 percent of "the: detual flow. Greater accuracy. :l.s
. sometimes claimd. for certain meters apd this may at times be = °

“Sustified. ' On the other hand, "1t +is scmetimes difficult to repeat -

- ealibration tests under comtrolled conditions in'a laberatory = -
within + 2. :perce:rh ‘A-change ‘in’ 1uhricating ;practice ‘or lubricant,

T ‘along with a’ change in water tanpere.ture can -cguse errors of this - -~
. magnitude. :A-change-in line pressure (the head on the turnout SRR
_ -.entmnce) ca.n CauSe errors. of :Ercm 1 to 2 percent.
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Effect of meter setting

The settirg 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-dismeter propeller,
-8-cfs discharge) set with the kub center 1 inch off the center
- of the pipe showed an errcr of l.2 percent. When the meter
“was rotated 11.5% in a horizomtal plane (1/4 inch measured on
‘the surface of the 2-1/2-inch-diameter vertical meter shaft
housing) the errcr wes 4 percenmt; for 23° the error was 16 per-
 cent (under registration). Setting the meter (shaft housing)

in a nonvertical poa:ltion would i::rl:roﬂuce the same degree of
.error. .

'Effect of initial counter setting

Meter mamufacturers recognize that meters tend to underregis-
ter after they have been in use Zor & time and some meters are
set to read 101.5 percent of the actual flow as their initial
‘registration. Thls is done in enticipation that the meter will
" read correctly (100 percent of the actusl flow) during the mid-
dle portion.of the meter's life. Meters vwhich are readjusted
“to record a particular flow (the lower end of the scale) with

. greater accuracy may cause registration errors of:up to 10 to
15 percent at grester flows -(the high end of the scale).

L ‘Effect of ra.pidly var{:l_ng d.ischarge _

_.Meters are most accurate when & mear consta.nt discharge is to
.be measured. ‘Considerable error can be introduced by varying

" “the flow rate greatly or quickly. Registration accuracies may o
© vary fron 97 to 102 percent of true messurement s a result of = I

continually varying the flow over & significant range during
the measurement period. The greatest error always occurs for.
low flows (et the lower.end of the meter capacity scale).

Propeller meters are always most dependable and accurate —vhen_ E

‘used in uniformly flaw 8 clean water and & closed. system.

}Erfect of’ turnout design \1:

 The- exa.ct pos:Ltion of the meter: An the turnoub and the amnge
‘ment ‘of the. turnout.are reaponsible for sizable differences in

: meter registration. Since the relative location of the: meter
s wdth respect to the- entering flow can vary, the intercepted -
veloeity prof.'lle can vary and ‘different meter: registmtions R

S ean occur. . Figure 38 shows the range of- a.ccm:'a.cies tha.t exist

--f‘.'._;for three different: twes of turnouts. - -
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The gecmetry of the outlet box dowmstream from the flowmeter
may also affect meter accuracy. TIf the ocutlet is sufficiently
constricted to cause turbulence, beils and/or white water the
meter registration may be affected.

Curve 1 of Figure 39 shows a meter callbration where the plpe
discharges into a large open bax that has no backwater or
other effect on the meter except to keep it sutmerged. Curve 2
shows the callbration for the same meter using the outlet struc-
ture shown in the sketch of Figure 40. This ocutlet structure
{shown to scale) is believed toc be the smallest that can be
built without significantly affecting the meter calibration.
The vertlcal step is as close to the meter as is desirable.
Targer outlet structures--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 anmd/or surging flow through the turnout. This
has been cbserved 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 dis-
cussed, large registration errors can occur vwhen rapidly or
contimually changing discharges are being measured.

"Meter Costs, Maintenance -

Propeller meter and malntenance costs are difficult to state in
terms of dollars but scme relative figures may be of value in
making rough estimates. A propeller meter installation may cost
- two or three times more than & weir, depending on labor rates, R
and be somewhat less costly than, say, & Venturi meter. Two-
thirds of the cost usually is for the meter (and other equipment
such as sereens, etc.) arnd one-third is for installation. The
propeller meter will require more maintenance than & welr or a -
Venturi meter. Propeller meters may re uire continuous meinte-
nance which may amount to as little as $10 to $25 per year or
several times more. In some meters a single bearing ey cost up
to §$75. To .offset these costs, meters have paid for themselves
in as short a time as 2 months, based on the value:of the water
‘they have saved. - In other areas where water is rela.t:.vely plen-
t:.fu.'l. they have never paid out. -

Hundreds of propeller meters bought for regular use have been _
taken out of service and stored in warehouses because of various
. troubles,. either because the meter did not serve the purpose for
vhich it wes purchased, or because it beceme unreliable or
 inoperable ‘after a period of service. Propeller bearing trouble
. 'is the most common problem and mey be difficult to overcome except.




by means of a well-planned maintenance program. In districts
vhere maintenance is accepted as inevitable, and where bearings
and spare parts are stocked for immediete use, the maintenance
costs and problems seem Yo be minimm. In cother districts where
personnel are unfamiliar with meter mechanisms, and where spare
parts are ordered on a one-at-a-time basis, the maintenance costs
are high. In same cases users expect to replace bearings--they
do not consider the need for bearing replacement to be a defect
An the meter; in other areas a bearing failure is cause for '
permanently removing the meter from service. Experience has shown
that mainterance costs can be reduced by establishing e regular
maintenance program vhich includes lubricatién and rvepair of

. meters; screen cleaning, repeir, and replacement (about every

- 2 years); sand trap cleaning; and general maintenance of the turn-
out amd its approeches. In a regular program meny lov-cost pre- -
ventive measures can be made routine and thereby reduce the mmber
of higher cost curative memasures to be faced at a later time.

Choice of Meter Size

Many meters have been retired from service without ever having
accamplished their original purpose, simply because & larger than
necessary meter was purchased and the meter was not able to record
‘the usual smeller daily flows. In attempting to use an existing
turnout pipe (pipe’sizes may uot have any relationship to the
‘discharge to be messured) a large meter was purchased to fit the
existing pipe. The meter could then handle the maximm possible
flow through the turnout but was too large to handle the smell
Plows that were the usual daily requirement. .In some districts
it has been necessary to state the minimm flow +that .can be.
delivered and measured; the user is then e:mected ‘to arrange his
water use so that smaller discharges are not necessary. Care
‘should be taken nat only to match the meter: to the pipe size but
‘ta match the meter to the proper discharge range. It mey be
necessary to reduce the turncut pipe size as a result, but the
savings in purcha.aing a smaller meter might help to offset this
cost. If possible, the meter size should be selected so that
usual opere.tion will. ‘occur in. the midrange of ‘the meter.

 The velocity.in the pipe should be a'bove 1.5 feet per secorui for
" best performance. . If sediment is present in the water, the veloc-
ity should be even higher to minimize the added friction effect .’
produced by worn ‘bearings. A meter that operates comtinually in
. the lowest range. (or: highest) will not be as accurate as one that
operates in. midrange. _




NEEI I-ﬂ'_‘.ASURING DEVICES AND TECHNIQUES

Vane Deflection Meter

A.portable vane flowmeter is on the market and, according to the
manufecturer's claims, the meter is accurate and useful. The
‘meter has been evaluated fron camprehensive tests madé under simu-
leted Tield conditions in the Rydraulic Iaboratory and the claims
' ‘of the mamifacturer were found to be quite truthful. The meter -
is indeed an accurate a.nd useful device.

'I'he‘porta'ble d.eflector Jane res’cs in permanent brackets mounted
4in a 6-foot-long ditch linar, either rectangular or trapezoidsl

in cross section, set in an earth ditch. Therefore, one meter.
"head will service any mmber of ditches of the same genersl flow
capacity having liners and brackets permanently installed. About
30 sizes of meter and ditch liner are avmilable. . Fach meter
handles a wide range of flows in a given size of Qitch and auto-
matically compensates for different cambinations of wvelocity and
depth. There is negligible loss of heed caused by the diteh liner
or meter.  Instantaneous discharges only may be read; no totalizing
device is available. Imstallation is simple and the cost is rea-
sonable, especla.]_'l.y if several or more ditches can be served with
one meter. .

.Since the meter: works on the deflection: principle, wind effects on
‘+the -exposed portion of the meter can cause serious ‘measurement
- errors unless precautions are taken. A wind break made from a
. "plece of plywood was. found to 'be effective in m:n.nimizing wind-
'ca.used eXTOors.

‘Und.er id.ea.l condit:.ons the meter was found to be a.ccura.te to
1.6 percent, and to about 3 percent under less favorable condi-
tions. Wind produced errors of up to 100 percent but simple pre-
"ca.utions elimina.ted pmc’cica].‘l.:,r a.ZL'I. of this error.

‘ The meter is. c'iura‘ble, we]_'l. constructed, a.nd shauld retain its
original ‘factory calibration indefinitely.  Interchangesble cali-

- ‘brated scales are available from the mamifacturer to 1n:11ca.te &

cfs, gpm, miners :.nches, a.cre-feet per d.a.y, ete.

| ’The ccmple’ce evalua.tion of the meter is: a.vailable to Bureau

 employees in a restricted report, Hydraulic Ieboratory Report -

“No. R-Hyd-10, ‘dated July 20, 1962, This may be-cbtained by -

' writing to Technical ‘and Foreign:Services Branch, Bureau of -

_ 'Reclama.tion, Demrer Federal Center, Demrer, Colora.do.




Dilution Method

In meking the ususl water measurement it is necespary to measure
head, velocity, cross-sectional area, depth, meter revolutions
or some factor(s) that mey be difficult to measure, because the
measurexent must be made in, on, over, or beneath the flowing
water. One method of determining discharge that circumvents the
need for making difficult 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 semple is taken, and from the degree of
dilution of the concentrate, the discharge is computed. Since
only the guantity of water necessary to accomplish the dilution
is involved, there is no need to measure velocity, depth, head,
cross-seetional ares or any of the other hydraulic factors usually
considered in a discharge measurement.

Many dlfferent substances have 'been used in dilution tests.
Chemicals, including ordinery salt, have been used and the dilu-
tion has been evaluated by the change in the ability of the
flowing water to conduct an electric current. Or chemicals
such as sodium dichromate have been utilized and the guantity
in a sample determined by means of chemical analysis or flame
photometer determination. Sodiun dichromate has been recom-
mended for use in many- waters because it is stable and chromium
ions do not ordinarily appear in natural waters. Dyes have been
- uged to color the water and colorilmeters and comparators have
‘establiched the dilutions by compering the aamples with ata.ndard.
concentrated or dilute solutions. :

_ Fluoresein dye, Rhodamine B dye, or Pontac:l.l Pink dye have been
used. The latter two are very stable, do not occur in nature

" and can be simply and accurntel;r ‘detected by means of a fluorometer
- in very low concentrations . (one part in a million or better 1is

cleimed). New dyes are being developed to f£ill the needs of

" dilution testing. ‘Rhodamine WT (water traeer) is one of the newer

dyes found to give better response in a fluorometer. -

Radio:l.sotolaes a:r_e also ‘neing used in. d:l.lution tests and the degree

~of dilution is determined by counting the gamma rey’ emissions from

the diluted isotope solution (the downstreamm flow) using Geiger

. counters or scintillation counters. Since the counters can at
best account for cmly the emissions in the sphere of influence

.-aurrmnding ‘the counter device, and since the understanding of the
redioisotope method ‘involves complete comprehension of the laws

of ‘probability and of mathematical and physical derivations

. ;.begrond ‘the ‘scope -of ‘this paper, no attempt will be made here to

" explain directly the theory behind the radioisotope method of

_making diacharge measurements. “However, considerable comprehen-
aion of - the method may ‘be ha.d ‘by understnnding the principles '_ '

. 393—79..'_




involved in making a dilution discharge determinetion. Flgure l!-l,
illustrates schematlcally the use of. the dilution method. :

A rela.tively large qua.ntit},r of chemical or dye, called a tracer,’

" is dissolved in a small qua.ntlty of water amd placed in'a bottle
so that the :tracer salution can'be discharged into the flowing -
water at a known rate. ‘A canal is illustrated in Figure 34 but a '
pipe or pressure penstock could also have been shown. In either
case the discharge to be measured is referred to as 0.

-(weight of tracery

. \ae;y;wnf wa.ter ) of tracer in the bottle is-

a ratio -C, . The rate of injection (cubic feet per second) is g .
To e.ccount for any tracer vhich might already be ‘in the upstream
flow, the original tracer concentration will be called C_. At the
‘dovnstream station shown in the- f:l.gure At 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..concen ;1'

| - the tracer and since no loss of flow has occurred, including seep-

~ ‘age losses, ‘the upstream Q° .15 the same as the downstream § plus
~~the quantity of added: tra.cer. “The concentra.tlon of tracer a.t the

'_‘dcwnstrea.m station is C2

The. gbove conditlons may ‘be stated :Ln a s:.mple rela.t:.onsh:.p—-the
canal discharge Q@ multiplied by the. concentration:of upstream
tracer C,, plus the injection rate g, multiplied by C, the

~ tracer-concentration in the bottle, are equal to the qua.ntlty Q
: plus q, mult:l.pl:.ed by the concentra.tion C a.t the downstrean
s stat:.cn. CInc cther wo:ds R ‘ N .

: 'QCO * q_lc];'.%:':::(Q,"-!-r_ql) Co

| AC, +ig,0 = QC, + g,

' ‘:jii'Rean_-a.x_:ging terms .




(Tracer.
! q,=Injection rate _
c.-Tmcor eonummﬂm

Gq*+qCy= (@+q)(C2)
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DILUTION METHOD OF DETERMINING DISCHARGE

Figure h1 m—n-hsotiﬁ»
D:I.lution method of measunng discha.rge
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- . In effect, Equation- (B) states that the dlscha.rge in the canal.
- (pipe conduit or other) may be cutained by madtiplying the injee-
. (. " tion rate of the tracer by a’ ra.ta.o obtained from three concentra-
e . .tion values. There is no need to\lmcrw or measure canal velocity,
s ' depth, cross section or any of the‘ususl hydraulic elements. A >
.~ thorough understanding and realization of these facts is the key
T S to understand:mg “the d.llutiou method of moa.surmg discharges.

Radioisotope Method \

5

Ra.dioisotopes ma.y ‘be useﬂ. in place of a chemical or dye tracer and

. e o ‘the ‘seme ‘general procedures followed. Fig-lu-e L2, "Radioisctopes

' Totel Count Method of Measuring Discharge," shows all the elements
necesso.rz,r to make & radiosotope discharge measurement. The follow- -
ing' explanation. may help to explain the procedures. In the "pulse”

or "total count" method & known amount of radicisctope A (cor-

. res:ponding to -Cyv, ), is introduced into the flow in a relatively
short time. At the mea.surlnt_, station dowmstream where the radio-
*isotope is thoroughly mixed, the concentration of the rau.:u.o:Lsotope

. tracer is determined ‘from the gamsa ray emissions de‘uected and
~counted by Geiger-Muller or. scintillation: detectors.  Vhere C,
was & consta.n of concentration in the chemical dilution Equation (B)
the concentration of. rad.:.oa.ctivity in the pulse is a variable with:
respect +to time.  Thus ’ in the latter case mist be measured

with respect to t"me. In mthematica.l terms this may be Vr:.tten -

LA 7S ) - Ce e (9)

. -:= ) : ‘ ) . . ’ ' .. . .' . ’ l':A . ‘ : . - Q .lﬂ- . — j.\\
T N f c at ..:,.:f‘-c,,a-s

N Where vl is the volume of in,jected tracer.-

In prepaﬂng for a discharge dmemination test, the Geiger or

' other cou:rters ‘mmst ‘be ca.librated, taking into-account the exmct

7 conditlons under wh:Lch the counters will be used. The counters
”/ _-are submerged in e large container filled with a mixture of woter:

Y and radioisctope of known concentration. The conteiner must be-
large ‘encugh that any further- increase in volume would not change
‘%he. count:mg ra.te. Detemination of the counting rate in this ma.n-;
ner sim:la.tes the actlon of the counter ina ca.ml where the

oo




con'['.a.:lner i8, 4n. effect, ini‘inite “An - size.'_ ')'.:E' ‘F 48 ths cali-

_ ‘bra.t'lon or: correction coefficient for'a - s_pecific cmmting system _
dn-a: speciﬁc location, “the counting re.te R fm: a: lolution having
‘] conce:rl:ration c is ' S G s _

&nce the : atal mmber of gama ra.;srs (counts) N, cmmted ﬂ.uring
1- % :of tra.cer s R
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In preparing - A, & large known quantity of isotope {gold-198--
salts dissolved in aqua regia) in liquid form is divided into perts
known as aliquots, usiag a portable field laboratory containing a
standardized counting system. The individual parts, A, are usually
contained in 1 pint plastic bottles and are trensported to the

test site in mumbers sufficient for the dische.rge measurements.

_ In me.king a measurement in a ca.nal the bottles are handled with-

" tongs about 3 feet long and the isotope is introduced into the
canal by pouring onto the water surface. OSometimes the isotope is
contained in glass bottles which are smashed in an impact device
below the surfece of the water. When possible the isotope is
_introduced at a8 point vhere turbulence can aid in the mixing,
‘Figure-43. Turbulent waeter aids dispersion and thorough mixing
of the redicisotope with ‘the flowlng water..

To obtain a tota.l count, N, the counts received f‘rom natural
sources ‘such as cosmic rays (usually called background) must be
-measured before and after a test and the background count sub-
~tracted from the overall totals indicated. Therefore, counting
is ususlly started well before the time of arrival of the dilluted
‘isotope end is continued long after the isotope bas departed. '
__Recording of the counting is not uwsually stopped until the back-
ground. has receded to- pretest 1eve1s :

Geiger counters (in a bundle) and & portable decede scaler for
totalizing the gamma ray emissions are shown in Figure hb.

- Figure 45 shows the easy-to-read mmbers on the porta.ble decaﬂ.e
scaler which indicate the total count. L s

Thorcugh mixing of the isotope with the ﬂowing water is of pr:.-
mary importance in- obte.ining accurate measurements. In canals it
is wvery 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 presently being made {throughout
the -world) to. determine the length of canal or river needed to .

- -obtain satisfectory mixing. Equations are being derived and

. ;investigated to determine whether it is possible -to pred.ict the

R -_l"1engt.hs required for & given set of initial conditions. less

difficulty in cbtaining satisfactory mixing has been experienced -

- in patural streams and in vipelines because of the higher veloc-
ities which usually yrevall: and the cwrespondingly greater inten-
. sityof turbulence. ‘It may be necessary to use turbulence inducers’
* when working in cenals, particularly if they are checked up, :or '

S .-_"-‘}a\*re discharging at less than maximum capacity. Ina typical canal o
I : d\ scharging 200 40600 cfs the: required mixing length in a recent -

al, ‘oi’ tests wa.s found to be 1ess than 2 000 :f.'eet. In other o




Figure 43 P-212-D-36460 NA

Turbulent water aids dispersion and mixing of the radioisotopes and water

Figure Ll P-50-D-31948

Radioisotope detection and counting devices being developed and used
in Eureau of Reclamation tests

R9a-85




PORTAULE
DECADE SCALER

Figure 45 P-50-D=31946 NA

Dial on portable decade scaler indicates total count
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Figure 46  P-50-D-319L3 NA

Radioisotope detector and counter installed for canal discharge measurement




canals insufficient mixing has occurred in & 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 test sites
and also because absorption of isctope by materials such as earth,
concrete or sediment might adversely affect the accuracy of the
measurement.

The radioisotope used in Bureau of Reclemation tests is Gold-198.
This isotope was selected because it has & half-life of &4 hours,
can be detected in weak concentrations, 1s cheap, and is easy to
obtain. In the concentrations used, the isotope is practically
harmless after it is introduced into the flow. In case of an
accident only a few days would be required to dissipate half of
‘its radiomsctivity (half-1ife) and in another few days half of the
" remaining activity would be dissipated. No danger to human,
‘animal, or fish 1life exists, however, since the radioactive mate-
rial is handled in such a way by licensed personnel that only
smell. quantities are concentrated in any cne area. Concurrence -
of all public health agencies is always obtained before any tests
-are runm,

Other;isotopes which have been used by other investigators and :
which could be used in discharge determinetion tests are: dodine- 131
(15 ¢ ver w/c), sodium-2% :(12¢ per m/c), and bromine-82 (12¢ per
‘m/e). These have not been used by the Bureau because of their

short half-life or their less desireble health effects. The mini-

. qum cost of gold-198 is about 10 cents per millicurie. In terms

of a Tield test, the cost of gold-198 is mbout $1.00 per 1,000 cfs
‘40 be measured {the gquantity of isotope used is based on obtaining
statistical counting accuracy within sbout * 1 percent. If
there are too few emissions to count, the ‘beckground count becomes
a significent 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 $5 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 efs. C .

The sceuracy 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 eccuracy to within + 1 pereent can be achleved.
parisons of isotope discherge determinations ‘with "operational”
discharges, current meter measurements, or other means, have been
“used to evelumte the isotope tests. It is ‘believed that the isotoPe
..method shows ‘real promise of becoming a rcutine method

‘CO!TI-“




having guaranteed accuracy limits which are comparable to other
devices and methods. Figure 6 shows the detection and counting
equipment in operation on a medium-size capal.

The greatest deterrent to dbtalning consistently accurate measure-
ments 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 introdute turbulence into canal
flows have not been mede, mainly because every attempt ies being
made to keep the measuring procedure ard equipment as simple as
possible. However, it may be necessary to provide turbulence-
inducing injectors which utilize an extermal source of energy,

such as an alr blast, to start the eddy action which promotes
transverse mixing. If this can be done with simple &nd reliable
equipment, the problem of adequate mixing will be greatly simplified.

Considering all the factors involved in meking any type of discharge
determination, it may be seen that the radioilsotope method shows
promise of being developed into &2 simple procedure, requiring a
winimm of time to execute, and providing maximm possibilities

for heing mccurate. Eventuslly the redicisotope discharge deter-
mination development program will be expanded and injection equip~
ment will be developed to introduce radiolsotopes into pipelines

or penstocks flowlng under high heads. FPipe capecities, or turbine
or Turp efficiencies could be determined as an ultimate goal of

the radicisotope discharge method development program.

Acoustic Flowmeter

..Carmercial development of acocustic flowmeters has progressed
rapidly since the practical nature of the method was realized
ebout 1950. Systems for small pipes (up to 10 inches) have been
available but in 196k a system was installed and experimentally

' evaluated in & 2h-foot-dlameter steel penstock at Oahe Dam on the

Missourl River with satisfactory results. An open channel acous-
tic flowmeter bhas been installed in the Deltz-Mendots Canal of
the Central Valley Project by Govermmeut 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 continuing with the expectation that the method can be
applied to measuring large discharges in both cpen—channel and
closed-condult systems.

~ Acoustic :I.’J.oumeter systems are expected to offer, eventually, &
relatively inexpensive ’ ra.pid, and relisble method of measuring




discharges in large pressure conduits and in large canals. The
system uses the iple that the difference in time of arrival
of two acoustic (sound) pulses traveling in opposite directions
through the water can be related to the water velocity. Figure 47
shows a schematic arrangement of an:accustic meter instaliation

in a pipeline. In one direction the water flow velccity increases
the speed of the acoustic plus (C + V) vhile in the other direc-
tion the flow velocity delays the arrival of the pulse {C - V).
Accustic transducers are used to transmit and receive the acous-
tic pressure energy along cbligque upstream and downstreem paths
4n the chamnel or comduit. The accuracy of the system depends on
positioning the transducers to cbialn a true average velocity in
the pipe or canal. Several pairs of transducers may therefore

be requirved to cbtain the true average velocity if the velocity
profile in the conduit is not symmetrical about the centerline of
the conduit. In an open channel the transducers must b2 raised

or lowered as the flow depth changes to compensate for a changing
velocity profile.

Receiver T Transmitter|
REbeeir bttt ;'/f"'.',. A= R
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— — . P —— - R
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Acoustic systems are being developed that can operate over & range
of conduit diemeters or cpen-channel path lengths. The power supply,
transducers, and velocity read-cut components can be made campact

for ease of instsllation .in the structure. Power requirements

have ‘been.reduced sc that a 110-volt supply source can be used.

There are indications that velocities can be measured with 1 percent
accuracy. -Consequently, discharges may be determined with con-
glderable accuracy dependlng on the velocity profile at- the
-measuring station.

;Magnetic Flovmeter

‘Magnetic floumﬁters are used cqmmercially in chemicgl ahd process
industries to measure. and proportion liquids used in manufactured
products. Recently with the increased cost of irrigation, munici-
pal and industrial water,magnetic flowmeters are being considered
for use-as. turnout measuring devices.

The operating principle of the meter is based on Faraday's law of

induction,  in that: the voltage induced across any conductor moving

at right angles through a magnetic field is proportionsl to the

speed of the conductor. The principle is the same as used in
direct and alternating-current &enerators, . -

‘In the flowmeter, water flows through e nonmagnetic tube which is

“installed as a portion of the pipeline, and surrounded by a magnetic
field, produced by electronic circuitry. The flowing water induces
a5 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 velocities
.of up- to 30 feet per second through the tube.

'Hagnetic floumeters are supplied in sizes ranging from an inch or
less to several feet (diameter of the nonmagnetic flow tube).
- Davelopment of the meter is contimuing and considerations are .
being given to installing. electromagnetic coils and electrodes e
‘on the inside surfaces of existing concrete pipes to form large
flowmeters Tor use in- pumping plants or distribution systems.

.Accuracy of the amaller floumeters has been . shovn by calibration
.to be ‘relatively high. .For velocities less than 1 fps accuracy
ig '+ 3-k percent; 1-3 fps, +2 percent; 3-30 fps, + 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 switching in ‘the electronic.controls, to as much .as
.30 to 1,:a-definite advantage ‘in most installations.’ : Other types - o o
: ;of meters have a. 10 to’ 1 rangg. A minimum velocity of about 0. 5 fps” .
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NOMOGRAPH FOR'FREE FLOW DISGHARGE
' THROUGH “3-INCH - TO .8- FOOT. -
“PARSHALL FLUMES

DlscHARGE EQUATION
lsaaw‘”’“

Q= 4wH
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‘The Parshall flume 1s an open-channel tyce reasuring device contaln-
‘ing a ‘'specially shape?: constricted throat section, developed for use
in a stream, canal, ditch, or cther flow-way, to mcasure the rate '
»of flow of.water, - Standard flures ere available over a wide range
-of sizes: and each will measure discharges accurately uithin the
1imits of general irrigation requirements, usually within * 2 per-
cent accuracy for frse flous and t 5 percent for suhmerged flows.

Each flume is capable of measuring ‘a wide range of -discharges:

"(a) without excessive loss-of head {less head loss than an
oririce ‘or wcir) ‘

s

(b) without excessive . smounts of ‘sediment depositing in the
structure y?“ e% ‘ L ;s,?;\

.(c) without backwater or submergence effects nullifying thef
'accurecy of messurement T T

;"'(d) without a ‘Geep and wide upstream pool to reduce the
-.. velocity of approa.h '_;’=._? e _ E ,‘aé

The constricted throat of the flume, a. modified form of’ Venturi
profile, produces 8 differential head, between the: npstream and;

p ‘downstream watervsurfaces, tha% cen be related to discharge, .

5 Pigare 1, Theﬁrai sed cregt and the other configurations of -the . .
.£lume bottom give the. Parahall“flume the - -ability Lo withstsnd‘ -
‘a_relatively high degree of - submergence ‘without: reducing the rate :

£ £1ow through the flume. ;In:other words, the tail water (Hy) -
ise to at: least’ 50 percent :of - the depth (H ), shown in Figure

The converging upstream portion of the: flume accelerates the
entering ‘flow - and almost -eliminates the depositing of sediment -
in criticalaparts -of :the :f1lume, which would otherwise ‘reduce the
.aceuracy, ‘of :flow measurements: - High velocity of approach. which
often:is 8- detrimental ‘factor ‘in the operation of. weirs, has
1‘+t1e, 3¢ any, effect onthe rate of discharge ‘of ‘the Tlume.
The approaching -Tlow :should, : houever, be. well’ distributed ‘acToss
the channel -and shOuld be, relatively free of - turbulence, -gddies,
and waves if accuracy of the messuremeutfis important -

: Discharge through a Parsh.al'l flume can occur for two conditions

_..of flow. ' .The :first, called free: “flow, -occurs when ‘there is

1nsufficient ‘backwater-depth ‘to:reduce the. discherge rate, see
-and S water surface 1ines ‘in- bection A-A of, Figure 1 P
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The second conditiun, called sulmerged flow, occurs vhen the
water suxrfeace downstream from the flume is sufficiently above the
elevation of the crest of the flume to reduce the discharge. For
free flow only the head, H,, at the upstream gage location is
needed to determine the discharge from the standerd tables. The
free flow range includes scme of the range vhich might at first
be considered the submerged flow renge, because Parshall fluzes
can tolerate 50 to B0 percent submergence before the free flow
rate is reduced to a messursble degree. For subzerged flows :
(vhen submergence is greater than 50 to 80 percent, depending on
flume size), both upstresn and downstream heads, E, aud Hy, are
needed to determine the discharge,

A diastinct advantage of the Parshall flume is :I.ts‘_‘.sbil:l.ty to
function 23 a single head device over a wide operating range

with minimum loss of head. This loss 1s only about one-fourth

of that needed to operate a weir having the same crest length.
Another adventage 1s that the velocity of approach is sutomatically
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 to alter the Tlume dimensione or change the flow chamnel to
obtain an unfair proportion of the water. Also, it is easy for
‘one water user to check his own water delivery against those of
neighboring users, '

The main dissdvantages of a Parshall flume are (1) it mxy not be an
accurate measuring device when used in & close-coupled combination
structure consisting of turnout, control, and measuring device,

(2) it is (ususlly) more expeznsive than a weir or submerged orifice,
and (3) it requires a solid, watertight foundation and sccurate

_ workmanship for aatisfactory construction end perfomance. '

Parghall flume cizes are stated in terms of the throat width, W,
.and are availsble from the l-inch aize for discharges ae small
‘a8 0,01 cfa%* to the So-focﬂ'. pize for discharges up to 3,000 cfe,

Figure 1.

_Pa.rshall flumes may be constructed of wood, concrete, galmi:ed
sheet metal, or other materisle. large flunes mey be constructed
piece by piece on the site, vhereas smaller flumes may be purchased
es prefabricated structures to be installed in one piece. Construc-
tion methods and materiale are discussed in Items 1, 2, and 3 ’
listed in “"Acknowledgments" at the emd of this section. - . Some flumes
are gvalleble as light welght shells which are made rigid and
immobile by plecing concrete againet the outelde of the walls end

- 'beneath the bottom. The larger sizes sre used in rivers end large

"O_.O]_.cf_s-iq apprqxi,mé.tely_ 5 ga_llon.a per _m:l.n;:te.




streans; the smaller ones for measuring farm deliveries or for
row requirements 1n the farmer’s field.

Defeloﬁﬁent of Flume:

,prerimentL on e device celled the Venturi flume were started in
1915 at the Colorado. Agriculturael Stawvion, Colorado Stale University,
and further experimentation wias continued through 1920.. The flume
had a converging entrance and diverging ocutlet, Jjoined 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
Parchall propoced some radical changes--the angles of convergence
and divergence were altered, and the lengths of the wvarious 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 sec-
‘tion was inclined upward. (The dip in the floor is the reason

that discharges are not reduced by mild backwater effects.) The

" flumes were developed In varlous sizes with the larger sizes
resulting from field tests on flumes constructed and calibrated

in the Arkensas River Valley between the years 1926 to 1930. This
perfected. device was named the Parshall Measuring Flume by the
Irrigation Committee of the American Scciety of Civil Engineers.

The flumes are -not patented nor are the discharge tables copy -
-'rlghted ; .

Care'must be.taken to construct.the flumes according to the structural
dimensions given for each flume because the flumes are not geomet-
~rlcally similar. For exsmple, it cannot be assumed that -a length -
‘dimension in the 4-foot flume will be three times @s grest in the

12 foot flume. .

'fThe:variaus flume sizes have been classified {in this discourse)
. -according to throat width, W, into three main. groups for convenience
in discussing, ‘selecting sizes, setting in ‘the field, and determin-

"o

ing discharges. ‘These groupings are the 'very small,” "small,”
 and "large,”:as shown in Figure 1. The flumes cover & wide range
of dischargea and have. overlapping capacities to provide wide:
“latitude "in the selection of sizes when considering submergence
effects. :The flumes are capable of handling.a range of discharges

. from 0.01 cfs to 3,000 cfs wiih submergence ePfects up to g5

‘percent, Each of the flumes in Figure 1l is.e "standard” device
.and ‘hag- been calibrated for the entire range of discharges shown
in the curves and :tables. The flumes can be relied upon to pro-

:”‘;vide Treasonably accurate measurements if the standard. divensions

_are attained during construction, end if the flume is "set"
[(placed ‘in the proper vertical position) and . operated according

:ifi;to ‘the: recommcnded procedures.




Princinles of Operation

Free Flow

In free flow the discharge is solely dependent on the width of the
throest, W, and the depth of water at the gaging point, Ha, in the
converging section, Figure 2. Free {low conditions in the flume
are gsimilar to those that occur st a weir or spillway crest.

Water passing over the crest is not impeded or slowed by down-
stream conditions.

PrD-8L148

Figure 2, Four-foot Parshall {lume 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
© relationship between discharge, Q, and head Hg, for a Parshall
- flume d:ls{:harg:lng in the free flow range.
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‘l'yp:lcal d:lscharge curves for Parshall flumea with
free flow: and with submerged comitions '




 Bubmerged Flow

In most installations when the discharge ie incressed above a certain
eritical value the resistance to flow prodnced by the downstream
‘peaches of the channel) is sufficient to reduce the welocity, - o
increase the flow depth, and cause a beckwater effect (sometimes
called "flooding™) at the Parshall flume. The effect is similar in
some respects to that explasined for the: submerged oriﬂce ﬂhere

(H-k) was the flow producing heed, _

It might be expected, therefore, that the d.ischarge would begin to be

“'peduced as soon as the tail water level exceeded the elevation of
the flime crest. This 1s not the case, however, Calibration tests
- phow that the discharge is not reduced until the su‘bmergence, in
percent, exceeds the following values'

£ 0.50 =50 percent for flumes 1 inch to § inches wide

=5~ = 0.70 = T0 percent for flumes 12 inches'to 8 feet wide

— = 0,80 = 80 parcent for flumes 8 feet to 30 feet wide

" In the terminology used with Parahall flumee H :ls l:nm as H, and
“his k:nonn as Eb

A typical submergence curve vhich 111nstrates the effect of sub-
-mergence in reducing the discharge through an open channel control
structure such as a welr or small Parshall flume is shown 1n

]hgu:neh

- The suhmergence curve shm is sehmtlc, 'but chara.eteristic,
. indicates ‘that the downstream tall water surfece can rise to
67-TO percent of the height of the headwater above the crest
- before the reduction in d.ischarge becomes significent. Then with -
each additional percent increase 'in submergence the discharge is
reduced at a more rapid rate, until, vhen H, equals. H, there ig

no flow, This ultimate condition is purely theoretical, however,

andwuld ocm:r:l.nnatune onlyrrhen the fiow was. atolaped :

']:he 95 parcent mark on the curve also represents a po:l.nt of _ :
practical interest. In ‘this range: the Parshall flume ceases to o
- ‘be an a.;':curate-der_:lce. In other wordsf a smell dii'ferential between
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Eb is dﬂ'ﬂeult ‘to measure e.nd eny sl:l.ght error in dirreren- S

'._..tinl d.eterminet:lon .results 1n ‘a la:rge error :l.n discharge. o

s 'Ihe aubmergence curve or F:lgure h helpa to explain the relative
‘positions of’ the typical. ‘discharge .curves shown in Pigure 3. and

indicates why the TO percent eubmergence curve lies o close to

the free flow curve. Also, PFigure 3 shows that 60 pexcent of

. “the: mimm discharge occurs for:95 percent : mbmergenee, the:erare,
~the :remaining ‘40 percent of . the maximum £lov must be reduced to - :

.-zero in the next 5-percent of submergence. Prohibitively accurate

‘measurements ‘of H, gnd" 'H, would ‘be required to- make accurete dis— Cw
-charge measunmen%a 1n 'th:ls range. L _ o




w= Width of flume
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APPROXIMATE DISGHARGE AFTER SUBMERGENGE
FLUME WIDTHS | INCH TO 30 FEET

FIGURE 5 -

Approximation of Discharge Rateu-submerged Flow

_ ‘It :ls diff:lcult ‘to visualize or - eatima.te the change in diacharge N
S irate cauaed by changing the degree of submergence in various gizes-
of flumes. ‘The .curves. in: ‘Figure ;5 :can ‘be used ‘to estimate . the o
‘ Jeffect of - 1ncreasing ‘or-decreasing ‘the aubmergence,.or 1ncreasing
Lor: decreasiqg the :flume size without the ‘need for imowing or.con-
3¢sidering the upstream head, Ha- For example, Figure 5 ahovs that -

1:;;1 !




at 60 percent submergence only the 1l-inch flume would be affected;
the diecharge would be reduced to sbout 93 percent of the free
discharge rate. At TO percent submergence only the 1-foot and

" smaller flumes would be affected; the l-inch flume would discharge
89 percent of the free discharge rate and the l-foot flume would
discharge 9% percent of the free discharge rate. Also, et a
submergence of 80 percent the discharge 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 l-inch flume will’
discharge-only shout TS percent of the free discharge. The
nomograph in the frontispiece can be used to obtain most free
discharge values,

It may be seen, therefore, that submergence effects on dlscharge
rates occur at the lower submergence ratios (percentages) on the-
emall flumes, and that the greatest percentage reduction in dis-.
chﬂrgei?lso occurs on the small flumes.

Althougﬂﬁphe curves in Figure 5 are approximate, because they do
not include the small changes in discharge which also ocecur as
a function of the magnitude of the discharge, the values are
reasonebly accurate and are useful for most estimating purposes.
- The greph may also be useful in meking rough calculations for
determining the size of flume required, end the best vertical
placement in the channel. The curves represent observed data
(obtained during calibretion runs and checks) with a meximum
 deviatior of * 7 percent. In most of the ususlly used regions of:
the curves the over=all eccuracy 1s somewhat better. Methods for
determining - exact submerged discharge values are discussed later.

Approach Flow Conditions

In the original writings on Parshell flumes only brief menticu. is
made of the lmportence of good or bad approach flow conditioma. A
' few statements are made such as " * * * the accuracy is not affected
. by silt or slow water” *.* ¥ "nor by changing veloeity of the
 stream * % %," “the welocity of approach is_ automaticelly controlled
L R "the angles of convergence and divergence are such as to .
eliminate the effect of switching of the current in the diverging
-sectiqn * % %" Oyer the years, these and - stmilar phrases in the
- original writinga have been loosely interpreted to mean that the
Parshall flume is sble to overcome poor flow conditions in the
approach to the .flume and still maintain & 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 canasl where reasonably smooth flow, uniformly diatributed
across the width and depth of the cross section was the normal |
- _ e ‘ - LE Lo




‘condition. It was not expected that the flumes would be placed in
turnouts where the main flow lines are st right angles to the flume,
. or below control gates where turbulence and flow concentretions
~.are in evidence. '

The converging’ section af the flume is designed to accelerate the

flow and smcoth cut esmall differences in velocity and flow distri-

bution so that the flow passes through the flume throat in a '
"standard” smooth patterm. Each lineal inch of throat width is

expected to pass the seme guantity of water as every other inch.

. Only under these conditions can the flume pass & standard discharge..

It is obvious, then, that any upstream flow condition 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 approach section and the geometry of
the flume, it is understandable that the relatively short converging
‘section can exeri only a limited influence on.redistributing flow
concentrations, or in. correcting excessively high velocities. 'There-
fore, 1f accuracyié of importance, the approach conditions to the
_flume ehculd 'be o'bviOusly good.

Experience ha.s shown that the flume shoild not be placed. at right
engles -to ‘the flowing stresm--such as in a canal turnout--unless
~the flow 1is straightened and redistributed to form a uniform
velocity ‘and flow pattern before entering the flume, . .Surges in
the flow, which sometimes persist through the flume, ‘should be
.eliminated as should surface weves* of any ‘appreciagble size. The

... vater should enter the converging aection ‘reasonsbly well digtri-

" buted across the entrance width and the® flow streamlines. should

 be essentially ‘parallel to the flume centérline.. Also, the flow

at‘the flume entrance should be free of "white" water and turbulence
4in -the form of visible surface 'boile. ‘Only then can ‘the flume be
. considered -as ‘being capable of mlfilling al" of the claims mnde

-for it LRI

Experience ‘has also shown that it is ‘better to provide "etandard
_ -conditions of epproach’ and getmmy than to try to estimate the
‘ effect of nonstanderd conditions on accuracy. - Konstandard flow
-conditions are “impossible to- describe and evaluate in terms of
:'measurement ‘accuracy. Poor. epprcach flow ‘conditions should there-
- fore be elininated by deepening, widening, .or. atraightening the
. _£low channel; or by resetting or rearranging the measuring :tation.
“These procedures are preferred. over attempting to correct the o
indicated discharges. . : .

SRR *A wave suppressor may 'be required. See Reference_ 6 in
Acknculedgments. AR e Yy




In locations where inequalitiee in the approech flow have resulted
in flow messurement difficulties and no upstream wing walls have ...
been included in the ori;inel construction, the curved wing walls
shown  in Figure 1 shou? .‘be considered for installation. If it
appears that a more gr-Adual ecceleration of the &pproaching flow
would improve the flov patterns in the flume, the wing walls ahould
be conmstructed (perhape on & temporary trial basis at first).
. Curved wing walls are preferred over straight k5° walls, although

- any arrangement of walls, channel banks, or other, that improves
‘the uniformity amnd amcr‘-‘-neaa of the epproaching flow 1s acceptable.

Flume Si1ze Selection-and Sett:l.ng

Factors . Govern ng Size of Flume

Because it is possible to pass a. given discharge through eny of
severel sizes of flume, the cholce of the proper size requires the
full consideration of other Pactors. ‘For example, diﬂerent .
‘throat widths W will be required ‘if 20 cfs ds to be Aischarged
with 2.5 feet of depth rather than with 1 foot of depth.. In the :
interests of ‘economy, the . amalleat practica.l size should be
selected.

In .= 1ect1ng a flume slze it :I.a -necessary to use the tr:lal and error
ayac on several sizes which are believed to be minimum or adequate.
The final selection is then made, keeping in miné the original chan-
nel dimensions in terms of the requirements of the varlous flumes.

~In other worda, 1if a 2-foot flume will hendle the discharge with- _

- out producing’ an ‘overteopping of the upstream chammel -banks 1t weuld u

. ordinerily he preferred over a 3-foot or t-foot flume. However, ki
when the width of the channel 1is also. considered in the problem, it
ray be just. as .economical to useia 3-.or L-foot flume becauae longer
\and more cosLiy u:l.ng walls may be; required ‘to -span the u.hannel when
using ‘the nerrower flumes. - Alao,*the narrower flumes will -avoid
aubmergence for a: .greater’ range r.):l’ flows .because the great-er

. conatr'lL..ion of the: nmwer flume.: raises highor the water level
apatrem Prom thi flume“* “The exact pla.cement silte of the flume
-ehounld : thﬂrefore be se.\ected before the i’lume aize ia finally
determ:l.ned. . i S : =

Factors aweming Select:lon of Site

Proper location of the flume 15 very important from the sta.ndpo:l.nta
- of acculacy .and ease of- operation. ‘For convenience it should be
. located. near the. div'ers:l.on point and near the regulating gates used
to chan, Athe ‘ak acharge.‘ 2, On’;the ‘other hand, ‘the flume should .not.
be lacated in turbulent, aurging, ‘or unbalanced flow, or in a
velocity pattern poorly diatributed across’ the channel. 'Ihe flume

™ e

%¥This statement ia in. direct oppoa:l.tion to one maﬁe in a.
' manui‘acturer'a brochure :

J




should be iz~a straight section of channel; no bends upstreanm,
particularly. Finally, the site should be r=adily accessible by
car or truck for both installation and maintenance purposes.

(See aiso remerks on the selection of site in "Current Meter Gaging
Stations.") After tentatively selectlng the flume location, hydran-
lic data should be obtained for the site, if avallable, and the
channel dimefisions should be measured (surveyed). Width, depth,
height of banks upstream (to contein the increaesed depth csused by
the flume iastalla*ion) should be recorded. A rating curvc.for the
channel would be helpful although this mey be difficult to obtain,
particularly for the smaller channels. However, the elevatlon of
the water surface for the maximum and minimum flows should be
obtained as a minimm data requirement. (The high water line on
the ditch banks mey be all that is needed in certain cases. )

Selection of Flume Size and Crest Elevation

Selection of flume slze and the vertlcal placement in the charnnel,
as required in 1rrigation practice, are best described by examples.

Problem: Determine the flume size and setting to measure
flows up to 20 second-feet in a channel of moderete grade
vhere the water depth is 2.5 feet and the ‘channel banks are

- gbout 10 feet apart; both for a free flow and submerged
setti.ng

Free flow-~-20 second-feet can be measured In several sizes of
flume as indicated by the throat width W in Table I, A flume 8
feet wide at 0.75 foot of head, Hg; 7 feet wide at 0.81 H,:

6 feet at 0.89 Hg; 5 feet of 1. 00" Ha, 4 feet at 1.15 Hy; 3 feet
at 1.38 Hy; 2 feet at 1.80 Hy; and a flume 1.5 feet wide a 2.19 Hy
are all capable of hendling a discharge of 20 cfs. Considering
the site, the h-foot flume seems to be most practicel but the
'r3-foot and 2-foot flumes will also be investigated.

For the h-foot flume, Hy 1s 1.15 feet. For free flow ‘the maxi-
mum -Submergence .can be TO percent; or the ratlo Hb/Ha =0.7 = 70
apercent.__Therefore,

1.15 =0.T

and
: --Hb (1 15) x (o 7) = 0 .805 foot.
Ehe depth downstream from the pronosed flume, after the’ flume ‘has

‘been installed will be unchanged and wlll be 2.5 feet a5 assumed
‘in the prdblem.




Iable 1

F;ee-fluu disehgggg table tor Parahail peasuring flumes--3 inches to B feet

‘ Diecharge, Q, in second feet, for throat widths, W, of--
3 inchesio inches}y inchesjl foot]l.S festi? feetis feetlh feetis feetlt feet
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_ Table 1--Continued

flumes--3 inches to 8 feet

charge table fior Parshall measuring
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Teble 1--Continued

Free.flow discharge table for Parshall measuring flumes--3 inches to § feet

Diecharge, Q, in second feet, for throat widths, W, of--

[4)

inches

9

inches

1 foot

2 feet

3 Teet

4 feet

5 feat

o feet

T feet

g fTeet

Rb hhRbk

L)

WP ?mmmw

miur_umm

25
26
at
28
2
.30
31
32
33
34

- ® &

mMmmp WM

I’\)l\)!\![\)m
5E5RE

n
*

A
o

ESEES BRYRY

.

P )
-l O &

.

BEERR BBEER

gBEEeE
HOM =] =1 W W I'\)I-‘O\Om__

RREES

B g
Jr.p-f-'E'-::—

-

[l
ooy ovnrFlbd

\:F =

L&
h
Lot

[w]
L% ]
.

A\ ]

PRRRE 3013

18.8
18.9

Lo [=]

BEBBB B

[\» WY ]
RE3
n oY

n
=
-

a

D

Torvo Jukneo vVohaE

BRBBB BRBBY _33'-‘3'-‘33 '-‘38\3\3\8\' R

b it Yl oonER

SEEEE GEEFE

*

38.%
38.6
36.9
39.2
39.5

39.8
ko1
mlh
ho.7
k.o

k1.3
.5

=

ol¥FoN Fhwun b

ES5S
2 v

&
AL N

BESSE

* RroueD

-
. D ©°

*

51.6
52.0
52.4%
52.8
53.2-

53.5
53.9
5h.3
ST
55.1

55.5
5509”'
56.3
56.7
5T.1

5T.5
5T.9
58,

58.7
59.2

59.6
-60.C
60-""
60-8
61,2

61.6
62.0°
G62.4
62.9
63.3

63.7"
éh,1
Ghns
65.0
65.4

65.8
66.2

67.1
67.5

67.9

6h.9
65.4
65.9
66

66.9
67.4

23d37 PESES P88

greee JFIdI JFFId

PREIS

A HVOWVIY FOWEW - NG _I-"O\I-‘\HO VIOWVIO & O FO 0 SO EY

o
o
- .

o]

8.5
79.0
79.
2
80.8

81.4
82.0
8a.

83.2
83.8

ak .4
85.0
85.6

oo WibhEFd HUuon® oFEFIRL oW

S 8289 RQYLEY VLLEY SERES &R

v
8
oo

)
8
-

n

91.8
92.5
93.3
.0
«T

95.4

22

()

.

L]

L]

wmimoWwon oHFYD Uk

8% GPEEF EERse suRe
o N

g

§ B5EEE SEEES FESRE §EE

W o

105.4%
106.2
107.0
107.9

108.7 -

109.5
110.3
111.1
111.9
112.8

113.6
11k.4
1s5.3
116.1

. 9 Ll . = L
nwHFI-] VoW

ol

.




Referring to Figure 6, this 2.5 fcet of depth will occur at D.

_ . N
~Headwater Tmtwgre .

Y
L
A
1
b

| Statian |

Figure 6, Relations of flow depths to the ci'est elevation

Depth X is 1.69 feet (D minus H,) which is the elevation of the
crest above the channel bottom. For this setting the flow of
20 cfs will occur at 7O percent submergence and there will be.

" no reduction in discharge caused by dcwastireem backweter effects.

. The structure itself, however, is an obstruction in the channel and
" will produce a backwater effect trat will extend upstream from the
flume end will raise the headwater elzvation. This difference
in“elevation of the flow upstreem from the structure with and
-without the flume: in place is the head loss caused by the flume.

‘The heed loss value can be determined from Figure T.
Starting at the base’of the diagrem follow the TO percent sub-
mergence line vertically to intersect the sle_t);_ting 20 cfs
discharge line; project a horizontal line through this point
to intersect the slanting throat width line for W = k feet;

" project this point vertically downward to the loss of heed
scale and determine that the head loss L 1s 0.40 foot.

e waté'r"?‘su:face_ elevation of the approeching £low will then
be, T 3 -

D+L = 2,50 + 040 = 2,90
| H, 1s therefore located 2.90 feet sbove the chanmel bottom.

' An exdmination of the site dimensions should now be made to
., determine whether the freeboard that would exist for these

: : B9%a-113
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conditions (11' the l&-fout £lume were to be. installed as indicated
" above) is satiafactory

‘For the’ J-fo_ot Tlame, follow:l.ng the -game . analysie,.
N Hp = 0.97 foot
X = 1.53 feet
L = 0.5 foot

.and: the upstream depth of water, Hy would be 1ocat.ed 3 ok feet
—e:bove the bottom _ '

For ..the,a-foo_t ﬂume;
" R, =121 feet
X =, 3 feet

L ='0.70 foot

H,_f} .

,.,_‘

'-"and the depth of water upstream, Ha: would. be 1ocated 3.20 :E'eet

__.g'bwe the 'bottem. :

Z.Thus the. upstream depths for the 1:-- 3-, a.nd 2-foot flumes would
be 2, 90, 3.0k, and 3.20 feet, respectively Assuming the channel

. benks to be sui’ficiently high and ‘any other speclal considerations
. to'be favorsble, ‘the ‘2-foot flume would be chosen because of its

lower first.cost. chever, when the width of ‘the chennel’ is-
.:considered An-terms of. construeting wing walls to prcvide ‘8 .
 non-overflow section on each sids.of the flume, the 3~ or: h-foot

: - width £lume might be ‘chosen to- simplify construction or reduce
" the.cost.of ‘the installation. As.a general rule, -the most

' .éeoncmical f£lume size' (W), 45 from one-third to ‘one-hal? the"
*width of the chennel. 2 o

"-'31'-‘:11., ahould be*nated m ‘the above analysis that the 1ncrease in

f:}upetremn ‘Piow-depth 1s conaiderebly less than the distance the

i’ erest‘isset @bove :the bottom of the channel, i.e., L is less - e

- then X, Figure 6, . For ‘the 4-foot ‘flume the increase in water

. level is.only ol percent ‘of the height of the crest sbove the

A*--f-"chmmel bottom, 35 percent for the 3-fcot ﬂume, and 57 percent T
;.:_for the 2—foo‘t flme ‘ ; , ‘ e

It 13 usually desirable to' Bet the lume. scmewhat higher than

E ;’--‘absolutely necesaary, *rather than 1ower. . T.his procedmr'e will

i - f;help to cmusete for unknown or changing factors dmstream T




which usually tend to increase the expected submergence, Deposits
of sediment may increase the resistance to flow as may weeds, tree
roots, moss, or other biological growths. Lowering of the channel
by scour or degradstion, an unusual occurrence, is the only
factor that would tend to decreese submergence.

Setting the flume higher than.neceesary will increase the velocity
of the flow leaving the structure and may mske it necessary to
provide protection from scour at the downstresm end. However,
these are the factors that must be considered in selecting-& flume :
size and in setting the crest elevation at the most desirable .
elevation. ' ’ :

- If the Parshall flume is never to be operated above the TO percent
» pubmergence limit, there would te no need to construct the portion
of the flume downstream from Station 1, Figure 6. When only this
portion of the flume is ccnetructed, the flume is scmetimes
referred to as the "Montana" flume. When installing this sbreviated
version, the crest should be set above thi channel bottom (the
seme distance as worked out in the previous example) just as though
the downstreem portion of the flume were in place. This will
- insure that the flow profile over the crest section is not modified
Re .. by having too high a chsernel bottom downstresm from the crest. As

: - a suggested procedure, the channel bottom should be stabilized to
a shape which is elweys below the level of the lower dotted line
in Figure 6, to insure unchanged or "stenderd” operstion of the
“flume, : ‘ : o

Submerged flow.--If the analysis of the free flow date for ‘the

~-Poot flume showed that it was necessary or desirable to lower
the upstreem water surface elevation as mch as pessible, the
effect of operating the flume at 95 percent submergence (or:any
other velue between 70 end 95) at the maximum discharge shoulﬂ
be investigated. This would lower the entire structure in the
channel and would provide more channei bank freeboard: upstream.
Proceed as follows- '

Using the same data used in the free Plow enalysis, the maximm
‘discherge of 20 cfs 1is to be pa.esed with a depth of 2.9 feetl, ..
but with 95 percent submergence. As in the free flow analysis
from Tsble 1 S )
' H, = 1.15 feet ‘f’

For 95 percent submergence

By
Z *H—' = 0‘9 95 percent




may be selected. _ _ : a

' -Free Flow and : Submerged Flow

o
T.15 = 0.95

_ H’b = 1.09 feet
In Fi;tme 6 _(D minus H-b) =
(2.5 - 1.09) = X = 1.1 feet.

Therefore, for 95 percent- subme.x gence the crest of the h-foot
flume should be set 1.4l feet sbove the bottom of the* ‘channel.

;:(For “TO percent submergence the corresponding dimensions 1is

1.69 Teet.) .

A

" 'To £ind the increase in hesdweter eievation {(loss of head) result- :

ing from 95 percent sulmergence, use Filgure 7. Intersect the
95 percent submergence vertical line with the slanting 20 cfs
1ine; project a horizontal line from this point to intersect

 tbe slanting line W = & feet; project a vertical line downward

to "Hesd . Loss" scale and find L = 0.07. foot

: The headwster eleva:hion will be

L+D—00?+25—257feetabove channelbottom

rSince the heedwater elevation for TO percent su‘bmergence was

- found to be 2.90 feet, ihe. difference in upstream water levels -

for TO percent end 95 percent submergence 1s (2.90 - 2.57) = 0.33
foot. Lesser degrees of submergence may be investigated, if
necessary, in e similar manner,  After all possibilities concern-

;. lng the size .of flume and the proper degree of submergence have
‘beéen investigated, the most econcmical size of flume can be”

chosen and the optimm elevation of the crest for best perfomsnce .
dF‘Z\ '

A=l
<3 -..QS__H\\\

 Discharpe Detemins.tions--§ inch to: B-foot Sizes’ \,

'Ihe method of detemining t.he dischsrge of fltmes insts.lled in the

field depends .on 1Hhe't:he:r: t.he flu.me is submerged, or discharging
freel;y

"Hhen the flcm is free, .or when the submergence is 50 percen'b or

. . legs for the very small flumes, TO percent or less for the small

flumes, and BO percen'b or less for the large f'iumes, the dischsrge

.
oo

_Rea.‘u'r'
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,;49
may be Tesd d:l.rectly from Table 1, uping the upstreem head, Hgs
and the throet width, W, of the. flm’ae. When the percent of
submergence is greater than the abovc 1imiting values the flow
is considered to dbe "submerged.” In other words, the downstream
water surrace is encugh ebove the elevation of the flume crest
to rednce the discharge that would otherwise occur for free
" flow,. .Both heamds, Hg and Hy, must’ then Jbe used to determine
_the discharge, i.e., a correction is ‘med: to the values shown
“in Table 1, Corrections for ve.rious sizee of f‘lnmes are dis-
cu.aeed peparately.

Submergence Correction for 1-foot Flumes

Figure 8 shows. the corrections in cubic feet per second to ‘
obtain submerged flow wvalues from the free flow values given in
‘Table 1. For example, in & l-foot flume with Ha 1.00 fout; the
. diecharge from Teble 1 is 4.00 cfs. If H, is measured to be
0.8, the Bubmergence By, is equel to 80 percent In Figure 8,
Hy

for H, = 1.00 and a submergence of 80 percent, the. correction
is 0 Ss cfs. Submergence would therefore reduce ‘the diecharge
{4.00 - 0.35) to 3.65 cfs..

_Figure 8 may be used to make corrctions ‘for & wide range -of
. submergence 1n a l-foot flume, . ueing ‘the method illustrated.
In snother exmple ‘the diecha.rge through a' Z-foot flume with -
= 'Hg = 1.60 feet, EB:— 1 hl feet is, 6 .38 c:l’s. “As &n’ exercise,
- check this. = . o o

For flumes larger tha.n ,1 :I':'oot, o.pply the corrections es indicated _.
below. S N _ ;

r‘

Submeggence Cor.rection for Larggr than l-foot Flumes

3 Hhen the submergence correction is. for a1, 5- ‘to B-foot-wide)

-’? flime the values obtained from Figure 8 sbould be multiplied
by the factors shown in:the teble in Figure 8 ‘before ‘the prod-
“uct /(the. correction) ie subtrected i’rom the free diacharge -
value. R . ; .

For exemple submerged flow occura in a 3-foot ﬂume where ‘ '

Hg = 2010 feet, and Hy = 2.00 feet. The submergence ratio ro'rg -
is 0.95 or 95 .percent Bubmergence. . “The’ :free flow: ‘atg- 0 ST

. .charge, ‘Table T, for a 3-foot flume and H, =:2,10, 18 found o

. to be 38.4cfs. ' In Figure 8, for Hy = 2.&0 ‘and ‘95 percént =

- submergence '(vhich is en- invisi‘ole interpolated ‘line ‘helfway:
~between ‘the 9l ‘and 96 percent linee) the correction. 485,75 .cf8. .
'.Ehiafia :I.’or a: l-foot flume, howeﬂrer, end --the correction mu.et be S
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" - Correction dlagren for determining rate of sub-
~'merged flow through & )-foot Parshell flume .



mult:l.pliéd by the value 2.5 given in the table for a 3-foot
- flume (2.4 x 5.75) to get the total correction 13.8 cfs. The
- correction discharge is therefore 38.4 minus 13.8 or 24.6 cfs.

‘As another example, the submerged flow through a 6-foot flume
 when Hy = 1.79 feet and Hp =-1.65 feet. is 46.7 cfs. Check this..

Submerggnce -correction for analiei' 'thén 1;-foot Fimnes

“When_3-inch, ‘6-inch, and 9-inch flumes are submerged the corree-
tion should be made directly, using Figures G, 10, and 11,
respectively. Exemple: What is the discharge through a 3-inch
flume when Hy = 1.32 feet and Hy = 1.20 feet? The submergence
ratio 1.20 is 0.9) or 91 percent. In Figure 9, estimate 91

< .32 A ’ i '
‘percent along the lefthand vertical scale (helfway between 90
and 92) and follow ‘the invisible Sl percent line horizontally
to intersect the curved line for Hy = 1.32 (one-fifth the distance
between the 1.3 gnd 1.4 lines), ther 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 exsmple, the _suﬁnerged_ flow rate through a 9-inch flume
when the H_ head is 1.40 feet and Fy is 1.20 feet, is L.19 efs.
Check this. ' B ,

" UPPER HEAD Hg, FEET
: o FEET L,

L ] ~

r
y -
'I-.; 17 1

I

E |
I
{
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1
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f
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.o Pigure'9, ‘Rate .of submerged flow, in cubic feet per - . -
B TR F’léggﬁc_i,‘“'e_-l;hrough‘;a'_'jl_..i_.nch_ ‘Parshall flume . =
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‘Descrivtion of Flumes of 1arge Sire--ld.feet to 50 feet

.- The large size flumes include those having throat widths W of from
. 10-feet to 50 feet. Figure 1 shows the minimum and maximum capac-
~.ities, the lengths and dimensions of various parts oi the flumes,

- and"other pertinent information regarding flumes of 10, 12, 15,

.. .20, 25,30, 40, and 50 feet throat widths. In. general, thege

- large flumes are similar in appearance and operation to the . .
‘intermediate sizes but there are significant differences in

 eertain dimensions. Aleo, a more thorough analysis is required
~to: determine the proper vertical setting of the flume.

In the small flumee, Figure ‘1, the length of the wall A, of- the

-converging aection, in fEet, is o .
-fge +'h’=ag'

: uhere“ﬂ-ie'the thrOat width.

';5Also, the dimension used to locate the upetream head measuring N
“station, Hy, 1s 2/3°A. In-the large flumes the length of the
.0 ‘converging: :section" 18- ‘considerably longer, in proportion, than
. .in the small flumes. This was found during flume development to
f@be neeessary to cbtain ‘an adeqpately -smooth flow pattern in the
r;f:upatream .of the structure. ‘The gage point, Ha, is maintained
at the 2_3 A point, ‘but A ie a longer length 1in the 1arge flumes.

”wej;AIBo, in the- large flumes the downstream or Hb gage point 18’ alwaye-“
. located 12 inches upstream from the low point in the floor.and 9 -
7" ‘inches- ‘above the : -crest. (In the small sizes, the Hy,.guge 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

-_geatabliahed 8o that’ both the Hy and Hy -gages -give the depth of

- flow:above the creat and not “the: depth of- water above the H and
;Hb preasure openings.“-; D

;Size—aelection and Settingiof Lﬁrge Flumeg [Te-'i'”

%The rules end procedures for eetting large i“umea are, in general,i
the . Bame aa those for setting ‘the- intermedimte -8izes. . ‘However,
! & greater cost .of large flumes and the finality of .




:“f:structure.g‘ﬁ1_.“

For the large flumes it is very important that the crest be set at
the most favorable elevation with reference to-the grade iine of the
channel. The freeboard of eanal banks must be considered as well ag-
the possibility of reducing the full cepacity of the channel. Also,
interference with the operation of established ttmnouts should be
avoided if possible. égf —~;9
Ccn31deration should be given to the fact that it is usually more
- desirable to meagure accurately the smaller discharges which usually
_occur when water is scarce and valusble, thaen ‘to measure-accurately .
. the maximum discharges which may occur infrequentlv when water 1is
plentiful and cheap. If compromises are necessary™ “it is usually pref-
‘erable to sacrifice accuracy when meximum dischargeo are being
measured. :

The desirability of setting the flume sufficiently high to eliminate
the need for the downstream Hy gage readings (insofar as is possible)
cannot be overemphasized, Figure 12. On ihe .other hand, excessive
vertical fall of the water may result from this action and the
‘higher exit velocities may meke it necessary to provide scour
protection (perhaps riprap) at the flume exit, Figure 2. Proper '
riprap sizes and placement practices are discusssd in 'Item 6 in e
acknowledgqnents. _ : & -
= f,,, .o _:
In analyzing the setting of a large flume, it is necessary to heve
.certain-data on hand rather than to rely on estimstes of the stream
characteristics and capacity. For example, if it is desired to

" 'select a flume size and establish its vertical plecement in a

channel S0 feet wide having a capacity of 950 cfs, the following
information‘should be available. The maximum discharge to be
measured has?been established as 500 cfs. Maximm submergence, e
‘based.on ‘accuracy requirements and ease of operation, has beem -7

set at BO percent. . From a rating curve obtained from actusl field

_meaaurements the discharges and gage . heights (rlow depths) are:

Gage height -Discharge
ctfe

_Q' 18

nge height chsrge
feet cfs g

s
: 86
T 1hs
218

' 303 "

ae o5 4t as salee se

LY Y I ]

.Q,ZfBased on the general rule that. the rlume width, W, should be between
'111/3 and l/é of the' stream vidth, and ‘on_an approximate matching *

- e for a FTrat trial should be choaen to be somewhat less then

“thd gage height to. allov for freeboard and head loss through the

R9a-123

I




of the gage height given above for 500 cfs with the H values for
500 cfs in the flume discharge tables, Tables II - IX, a 20-foot
flume is tentatively selected.

In Teble V, H_ is 3.24 feet for a flow of 500 cis. The gage height
for this discharge (see table above) is 4.0 feet. At 80 percent
submergence Hp will be equal to £0 percent of 3.2k, or 2.59 fest.
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 discharge
050 efs will be submerged. To determine the actual value, a
cut-and-try process is necessary; assume 90 percent submergence.
The gage height for 950 cfs (in table above) is 6.0 feet; the

gage reading will then be 6.0 - 1.L1 or about .6 feet. For

percent submergence the corresponding H, value will be

- el
PX-D-55340 NAKY

Figure 12. Twelve-foot Parshall flume discharging
82 ofs under free flcw conditions.
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g go = 5. 13. feet. The free flow value for this H, value, Table V,
is 1,037 c¢fs. From the correction diagram, Figure 13, the
'reduction in discharge for 90 percent submergence in s 20-foot
fluwe, for Hg = 5.11, is about 145 cfs and is determined es
follows: 1In Figure 13, project & horizontel line through the
vertical scale, at the point where H, = 5.11, to intersect the .
.sloping 90 percent sulmergence line. The value on the horizontel
scale vertically below this point is T72.5 ¢fs. Because the
correcticns mre shown in terms of 10-foot lengths of ecrest, the
correction must be multiplied by two for the 20-foot flume. The
regulting correction is therefore 145 cfs, and the corrected
discharge is 1,037 - ‘145 = 892 cfs. Because this corrected dis-
charge value 1s less than 950 c¢fs the assumed submergence 18
too great and. another trial calculation is necessary. For 88 per-
cent submergence, a = 5.23 and the discharge 1s 972 cfs, which
is greeter than 950 cfs. For 89 percent the discharge is 934 cfs.
The eubmergence for 950 cfs will therefore be between 88 and '
89 percent.

‘The increase in depth upstresm from the structure (loss of heed)

- ghould next be investigeted using Figure 1%. For a 20-foot flume

" set 1.k feet above the bottom of the channel, discharging 950 cfs =
‘with a submergence of 90 percent, the head loss shown in Figure ah
is about 1 foot. This value is obtained es follows: Intersect
the vert.ical G0 percent submergence line with the curved dischearge
line for'950. efs (halfway between 900 and 1,000), Project s hori-
zontal line through this point to: intersect the diagonal lipe '
for W.= 20 feet. This point has & value 0.9 foot on the "loss of
head" scale 'belcm. :

,Beferring to Figure 6 X=1, h H = 5 2; L = 0.9; the total depth
-18 T.5 feet. This 1is 1.5 feet greater than the gage height .
for 950 cfs. 1If this extra depth would cause overtopping 5 flood-
" ing, or other problems upstreem, a 1arger flume should ‘be :I.nvestigsted.

' Using Bimilar procedures for a. 25-foot flume » J[ is: found to be
1.7 feet, ‘submergence will be 91 percent for 950 cfs, and: L will .

~ be 0.8 foot. ‘The upstream depth will therefore be (1.7 + L.T +

- '048) = T.2 feet; ebout-a third of a foot lower if the 25~-foot
“flume is-built. ‘Check thie analysis end :I.nvestigate other lsrger
_;flume sizes as an exercise. B

;‘I'he decision as to whieh flume slze to use will depend therefore :
.on .whether .the extra depth which occurs upstream for ‘the . 20-foot -
..:l.’lume .can be tolerated: ‘and. vhether the greeter cost of.the 25-foot
'or 1arger flume would be excessive. -An. snalysis of: depths versun .
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discharges over the entire range of gage heights provided in the
original data might need to be made, using the metheds just
described, before coming to a finel decision. Any of several
sizes of flume would satisfactorily measure the range of flows.

~ Stilling Wells

‘To cbtain accurate flow measurements in any flume, it 1is necessary
to accurately measure the effective- heads, ‘and Hy, but this is
particvlarly true in the larger slzes. B%aff geges are used

on the inslide face of the walls, only approximate head determina-
"tions can usueglly be made because of waves and fluctuations at

the upstream gage and turbulent conditions within the throat
section at the downstream gage. The stilling wells (and flushing
system) specified in the standard drawings of large Parshall
flumes should always be used. Before making a measurement the
wells should be flushed with clear weter to be sure they are free

- of sediment or other foreign material, including lice in the

pipe lines, which could be the cause of erroneocus head determina-
tions. The head recording equipment should be checked and serviced
regularly. Cross checks should be made between the etaff gages,

" hook gages, plimb bobs, recorder values, and any other discharge

indicators to expose possible system errors.

Discherge Equatlion and Tebuler Values for Free Flows

The equation which expresses the true relationship between head
and discharge for the small size flumes (W = 1 to B feet) is

Discharge Q= ) 1. SEEW 0.026

~If this equation is used - to compute discherges through the large
flumes (W = 10 to 50 feet) the camputed value is always-larger

- than the msctusl discharge. Therefore, the more accurate equation
developed for use with flumes ranging in size from" 8 to 50 feet

should be used. . 'The . eqpation is also simpler to use.

 Discharge Q = (3. E8TSW + 2.5) H, 16

_The difference in cumputed discharges obtained by using the two
sbove formulas for an:8-foot flume is less then 1 percent; the
difference becames greater as the flume size lncreases.

Because of the difficulties in regularly using these equations, ‘
discharge tables have been prepared for use with the large flumes.
- ‘Tables II thruugh IX give the ‘free discharge in cfs for a camplete
. range-of H, Vvalues for flumes. of throat widths 8 to 50 feet. It

" is possible by estimation to read these tables with an error of

" less than 1- - percent.




Determination of Submerged Flow Discherges

~ The method of determining the discharge rate for submerged flows
in large flumes 1s similer to that described for the smaller
flumes. The ratio H, to H, expressed in percent and the
value are used in the graph of Figure 13 to obtain the correction
to be subtracted from the firee flow discharge determined fram o
' Hg and Tables II to IX. The correction values, indicated in cfs
elong the base of the diegram in Figure 13 give the number of
efs to be subtracted for each 10 feet of crest width, W. As an
ald in determining the multiplying factor, the table in Figure 13
should be: ueed._

For example ;8 3(5ifoot flu.me has a miltiplying factor of 3.0.
Corrections obtained from Figure 13 should be multiplied by 3.0
“to get the total correction for a 30-foot fl'ume._

To determine the discharge for submerged fiow through a 20-foot
flume wvhen H, is 3.23 feet and Hb is 3,06 feet, first detemine
- the submergence ratio.

R f . Hy 3.06
| B, 7325

: 'Ehter at the left side- of the diagram of ‘Figure 13, and at
. Bg = 3.25, project a horizontal line to intersect the 9% percent
1ine, then continue on to one-tenth of the istance between  the
9% and the 95 percent lines. Verticelly below this point on the
. “‘horizontal scale is the corréction value 56 cfs. For e 20-foot
. flume the multiplying factor is 2.0; the total correction is
- therefore 2 x 56 = 112 ¢fs. The free discharge velue from
: -‘Table Vv for He = 3.25 18 about 503 .efs.- The suhmerged flow, _
therefore, is:(503~112) or 391 cfs. Additional examples of
" . the use of Figure 13 and Table’ 'V are given in the section ‘on
' “Size Selection and ‘Setting of I.arge Flumes." _

= o;9h1 = 9l.,1 percent

' Ver:f Snall Flmnes—-l-, 2- 3-inch Sizes

"I'he original development work on Parshall flumes did not include :

- “the 2-inch and l-inch ‘throat width sizes. Over the ‘years, however,
_.a-need*for these smaller .sizes became apparent 5 and- calibration

- .and -standardization were completed and- ‘Published by the Colorado

- -Agricultural Experiment Station in '1957. The:work included scme

o re-design and .re-evaluation of ‘the 3-inch flume. because -of

~ o difficulties ‘reported in the use -of the 'Hy . gage.- ‘The capacity of - oy -
the "very' emall"*flmnes rangea from ebout 0. 01 cfs for H =:0,10 fobt in the

*The temj'irery sme.ll" is uaed "in this 'publication to differentiate :
‘between ‘the -two groups of flumee originally referred to as; small
flumes..:__- : s ; . R
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1-inch flume, to 1.13h cfe for Hy = 1.0 foot in the 3-1nch flume. -
“The capacity of each size of flume ‘overleps that of the next size

B by -about’ half the discharge range. . To visualize the magnitude of

" ‘the very emall ‘flows, 1t may be helpf‘ul to know" that 0 01 cfs is -
(approximately) equsl to 5 gallons per minute. . -

Turbulence «and the relatively deep and narrow throat sect:l.on make ‘
. reading the. ‘By, ‘gage extremely difficult in the l-inch and 2-inch
" 'flumes and:difficult on the 3-inch flume. Consequently, the H,
-.gage, located downstrean . near ‘the ‘end ‘of the -diverging port:l.on o:rw
- the flume,: “Figure 15, ‘was -added ‘to the very ‘emall flumes. - 'I'his
- gage may -be read in- :place of: the Hy, gage. He readings are then-

_converted to By read.:lngs, using: a graph, as explained later. Th_e' '

_-convarted By values are- used An: the discharge deteminations.

- COnstruction of Flumes

; rrExperience has shovn’ that the very sma.ll flumes are best constmcted
~..of ;galvanized sheet metal. Folded 18-20 gage steel rejnforced with
- - 3/b-inch steel ‘angles, using welds or rivets, 1s a reccumended
* ‘standard’ of ‘construction. One-inch’ folded flanges, punched for
- bolts, at each-end.and at the top and bottom of the flume for

ST ‘rigid:l.ty are also recommended, Figure 15. Because the flumes are’

’'small, ‘their accuracy is. dependent, to a. large extent, on.the

' ”';j-'_:accuracy with which the’ throat ‘and: ad,jacent features-are- constructed. o
" “Particular care should be taken to-avoid twists or: 'uarps in the floor '

“which prevent ‘setting’ ‘both ‘ends of the ‘flume level. A -suggested -

- s ‘tolerance’on ‘the throat width 1s 3 1/6h4 ‘inch; -other dimensions
. %°1/324nch. .The throat side walls must be parallel and at right

cangles ‘to the: crest. The . ‘Bages: muat ‘be.accurately located 1f" the °

L :;;;standard cal:l.bration curves are to'be:used for discharge detemina

. ‘tions. 'Figure l:ghows the dimensions for the three ‘sizes of: ﬂumes
‘ ,_;.:referred to in this publica.tion as: "very -a]J. flumes.

Determination of Discharg_




"I‘a'ble 1.--Free flmr discharge through l-inch. Paruhall measuring flume
~ in second feet. Computed from formula Q = .338 Hy 1.55. (Q in cfs.)

Upper 1 : : 3 : '
' 001 0.02 : 0,03 : ooh.oos 0.06 : 0.07 : 0.08

0.09

H I Cub:l.c F\eet. per Second'

TS T LY
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= 0.00% 1 _.om32.000h3000550006800081
' __o ,1G20, 0095 ' o 0126 0. cuha.o 0160: L0L79: .0196: .0216: .0237: 0257

+ ,028 :,030: .032 ¢ .035 : .O3T : .039 : .02 : 045 : .OUT : .0SO
: .052 f.055: .058 : .061 : .O64 : .066 : .069 : .OT2 : .OT5 : .OTB
: 082 :,085: .088 : .001 : .095 : .098 ; .101 : .105 : .108 : .112
: .115 :.119: ,123 : .126 : .130 : .13h : 138 : .18 : (145 : 149
3 .153 :.157: L161 :°.165 : 169 3 173 & 177 : .182 ¢ ,186 : .190
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Table 2.--Free flow discharge through ‘2=inch Parahall measu:r:lng flume
‘in’second feet. Computed from formula Q= 676 Hal' (Q in cfs.)

- o

r. N 4 l . I ‘ l
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| -'I'able 3.--Free flow: discharge throush 3-inch Parshall measuring ﬂume
1n second feet. Ccmptrbed from formula Q= .992 Hal .55 (Q in cfs )
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| Table 'h..—-FEree Flow discharge through l-inch Parshall meafu:

] . ing flume
in gallons per minute. Computed from formule @ = .338 &_'5_5'. (Q in cfs.)
Umr: . ,: - . . BT ) - . - - -
-+ head: 0.00
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- . Table 5._--Fi'ee_ Flow diacharge throﬂgh 2-inch Parshall Tegguring flume in
- . gallons per minute. Computed from formuls Q = .676 H,™* {(Q in cfs.)
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:'l'éble '5'6.4-‘_-eﬁ‘1'ee flmr ‘discharge through 3-inch Parshall A.m-é'd'euring"'flme' =

.‘ i " in'gallons per mimte. Computed from formula Q = .992 -]181‘°55_ (Q in efs.)
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Submerged ﬂow.--a;bmergence ‘begins to reduce the digcharge through
the very small flumes when the m:bmergenoe ratio exceeds 0.50, or

. 50 percent. To determine discharges for su‘mergeﬂ flows, the heads
Hg and By, are used with Figures 16, 17, and18, to cbtain the -
discharge rate directly. ‘Hy and. Hb gages ehould be zeroed to give
the 6npths above the elevation of the flume crest.

fFigures 16, 17, and 18 should be used in the following manner. In a
' 3-1nch ﬂume 3 Ha = 0,20 foot anﬂ H, O. 17 foot, determ:lne the d;l.sc.herge.,

Submergence H‘b = 0.17 - O. 85 = 85 pe'c-ent. Enter Figure 18 with the

0.20
upper head: vHiue , Ha ='0.20; :Lntersect the horizontel line through
+this point uith the vertieel line for Hp =85 percent. Note that

a . i

this intersection point liee ebout seven-ten\hs of ‘the distance
from the curved discharge line for 9,06 cfs, tw'ard the 0.07 cfs
line. The interpolated discharge value is, therefore, 0.067 cfs.
It thould be noted that the free discharge velue for Hy = 0 20 foot
in Teble 3, is 0.082 efs. o .

These figures indicate that suhmergence of 85 percent reduced the
apparent: discharge ‘from O, 082 efs to 0.067 ecfs, & reduction of some
18 pereent‘ o

ir the Eb gage is d:l.fficu.lt to Tead. acau:rately, the H aage readings
may be used to improve ‘the eccuracy of the discharge measurement. : :
‘The H_ ' gage location is given in Figure 1. The relationsh:l.p between
H-b enﬁ B, @age values, determined during the calihretion ‘tests 1is

o glven in" Figure 19. A straight edge placed on the curve in the.

graph shows that the value of ‘Hu c» on the- ‘vertical scale, is always -
alightly greater than the Hy value shown on the horizontsl seale.
‘This 'is because there 1is same recovery of velocity head (because of
‘the conservation of energy law, .a .reduction in veloeity always produces
. - ‘& greater depth of flov)’“et the H, :gage because of the expanding flov
,aree. = Lo . _

¢
g
s

Proper use . of Figure 19 1 :L'I.lrstrated in the following problem. |

. ;. Determine the discharge if ‘Hg =70.36 and Be = 0.32 in a 3-inch

7 flume. . Enter. Figure 19 -with. H, = 0.32 foot; the corresponding H,
_ is 0.30 ‘foot.. 'E% = 0.83 = 83 percent. From Figure 18, the 1:Lne

a -H; = 0.36, mtersected llith the 83 percent submergence ‘1ine, g:l.ves
a disc.h_arge 0f:0.17 ofs (interpolated). -
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Size-gelection Setting end Usage

The size of the very small flume to be selected depends on the quentity
of water to be measured and on the elevation the crest is to be set.
Whenever possible the flume should be get to operate under free flow
‘- - qonditions. If this 15 not possible, the setting should be made to
.create. minimum submergence.

An example will indicate the method of sélecting o flume size and
making the proper setting. A discharge of about 0.1k cfs is to be
megsured in & channel 0.52 deep, flowing 0.30 foot deep.

In Thhle l, for a discharge of 0 15 cfs through the l-inch flume,
‘= 0.6 foot; this is too deep, the banks would be overtopped. In
Table 2, H, = 0.38 and in Table 3, Hy = 0.30; therefore, either a
2-inch or 3—inch flume could be used. The submerged flow condition
should“be investigated to determine which size would be preferable.

For- the very ‘small flumes, a reduction in discharge is evident as
.goen as the . submergence exceeds about 50 percent or Hy = o, 5.
:
In this example, since Bp = H, x 0. 5, Hy should not exceed 0.38 x
. 0.5 =.C.19 in the 2-inch flume and O. 30 x 0.5 = Q.15 in the 3-inch
% flume. In Figure 6, the relationship between flume dimensions is

X=D-H

{X is also the distance-thefcrest is pleced 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.

“ . Alse » the-upsfi-eamldepi:h for the 2_-'1:iéh flmewill be
Hy + X = 0.38 +0.11 = c 49 foot

_For the 3- inch flume Ha + X = 0 30 + 0.15 = 0.45 foot. The small
:difference ‘in upstream depths would probably help in ruling in
favor of ‘the. 2-=inch flume because of lower cost,. also, the channel
"banks will not be overtopped o

.. In installing the very small flumes, the approach floor :should be
- 'used as an: index for 1eveling rather than, say, using the tops of
S0 thex walls es a support for.a carpenter 8 level. Extranecus parts :
. of the ;flume may have no known. relationship to the plane of the crest.
‘Procedures: ‘should ‘be such that the crest is‘the leveled portion of =
.the flume., . : ‘Careful: leveling is neceseary in both’ longitudinal and |
-transverse directions if standard discharge tables are to be'used o
-with the_f}ume,‘ In setting flumes in the field, two main precautions -




should be taken. The first, the flume shouid be set on g solid
foundation, perhaps on footings or pilings, to prevent settlement

or heaving. Second, a collar bolted to the upstream and/or downstream
flanges extending from the bottom and eides of the flume, well out
into the .channel banks and down into the earth could help to

prevent flow from bypassing the structure and eroding the foundation.
Careful zeroing and reading of the staff gages are also "musts” if
accuracy is to be obtained. .An error of 0.0l foot (about 1/8 inch)
in setting the flume, the gage zero, or with e 0.01 foot

error in reading the staff gage could result in an & percent dis-
charge determination error in the 2-ineh flume (mid-range). In the
1l-inch flume, similar setting and reading errors. could result in a
12 percent discharge determination error. The importance of using
extro preceutions in setting and reading gages in these small flumes
is evident. L : :

In reading a staff gage it should be noted whether the gage tends
to attract the water (crawl up the gage) to give e high reading,

or tends to repel the water to give a low .reading. Visual compen-
‘sation may be possible to improve accuracy. Figure 20 illustrates

' the meniscus shapes (exaggerated for demonstration) that often occur
=at a staff gage. ' ' :

| | ‘M .-True water surface
- .Apporent ] o Apparent
woter level S B water level-~_

~Flume - =] -~Flume

=

. GAGE ATTRACTS  GAGE REPELS

FIGURE 20
" .Sections Through Flume Walls. Memiscus 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 lrrigation operator.
To achieve success, the operator must understeand the workings of
his water measuring equipment and must apply his knowledge in a
practical way to the degree mecessary 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 juigment in all matters
and this is best accomplished when as many facts as possible
regarding the behavior of water are lmnwn to him,

It is dlfficult if not impossible, to establish definite rules
which apply generally to water measurement procedures and equip-
ment. Similarly, one measurement device cannot be recommended
over any other device until all veriables at the particular
installation site are considered and properly weighted. It is
therefore necessary for each operator to learn as muck as possible
about the device he is using and to evaluate the effect of each _
variable (at the perticular site) on the measurement he is making,

Each operator must learn to look cbjectively at his equipment and
procedures. He must be able to "see" that his equipment is run
down and in need of maintenance or that his measurement procedures
are not compatible with what he is trying to measure., He should
‘hecome familMerwith verious types of measuring equipment, learn
the advantages and disasdvantages 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 meke snd then modify, if necessary, his methods of get-
ting 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 infor-
mation on water measurement. He will thereby not only cbtaln more
meaningful information, but will also have the satisfact:.on of -
knowing his job is well dome.
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CONVERSION FACTCRS—ERITISH TO METRIC UNITS OF MEASIREMPNT :
"The fcllewing conversion fectore adopted by the Bureau of Reclammtion are those publighed by the American Soclety for
Testing end Msteriala (ASTM Metric Practice Guide, Jaousry 1964) except that additioral factors (#) coomonly used in

~ the Bureau bave been edded, Further digcussion of definitions of quantities and urits 1s glven av pages 10-11 of the
. ASTM Metric Practice Guide, : o . :

The metric urdts and canversion fectors sdopted by the ASTM sre based an the “Internaticoal System of Urits" (designated

' SI°feor Syeteme Interpational d'Unites), fixed by the Internaticmal Comdttee for Welghts apl Meamures; thiz gyctem 18
-also known 88 the Clorgd or MKSA {meter-idlogran {(mnass)-second-awpere) system. This mystem has been edcpted by the
Imbernsticnal Crganizatien for Standardization in ISO Recommendstion R-31. . .

The metrio technical wilt of ferce is the klogram-force; this is the force which, when applied 10 & body having & .
‘mmss of 1 kg, gives it an aceelevation of 9.80655 n/eec/ees, the standard acceleration of free fall toward the earth's
center for Bes level at 45 deg latitude. The metric undt of foree in 51 umits is the newton {R), which is definel as
thay force which, when wpplied ti7'nm body baving a mass of 1 kg, gives it an acceleratlion of 1 n/Bec/Ees, These unite
- must be distinguiehed from the (inconstant) -local weight of o body having » maes of 1 ky; thet 15, the weight of &
body is that force with which a.body is attrscted to the eerth and iz equal to the maas of & bofy multiplied by the
- acneleration due to gravity. fi&tever, beceuse it is general praotice to use “pound” rather than the technieally
-gOTTeot térnm "pourd-force,” thé term "iilogres" (or derived wass unit) has been used in this gulde fnstead of "idlogram-
fores™ in expressing the conversicn factors for forces, The newtan umdt of force will find inereasing use, and is -
- epgentlal ‘in ST urits. ) B : " "

"able i
CUANTITIES AND UNTTS C¥ SPACE

. Meren
W1imeters
] .+ . Cemtiowters
e : { iy} . Cantimeters
Ce-a . . .e Baters
R . . .+ » Xilometera
-+ Yards “ v R . Maters
Milea (etatute) 1,609.3h (exnetly)* . . . Meters
-1.609344 (exactly) . . . Eilomsters

AHEA

" 6.4516 (exmctly) . .

929,07 (exectiy)s
0.092903 (exsctly)
0.836127 . . . .
Q.40560¢ -, . .

. e

.Square cemtimsters
Square centimeters
. Square meters ’
Square metera -
Hectares
Square metera
Square kilooetesrs

Square kilometers

fublc centimeters
.Cublec metera

Cublc metars

© Fluid oueee (U.5.) .

‘Liquid pints (U.S.) . . Lo

Gatlona (U:K,)
L‘u‘hig;fauf ..
sQubds yurds -, .

-Acre-feet, . . .

378533 . .
D.00372513%
A58

ton

Cuble centimetera
WM11{litere
Cubie decimeters
Liters E
Cubie: centimetars
-Liters
. tuble cemtimaters

. fubic decimeters

Liters :
Cuble, d=ters
Cubdc decimetera .
. Liters
Litera
Cubie metera
Liters - @ ¢
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