


"Water Measurement Procedures" vas mi t ten  primarily far use i n  the 
Irrigation Operators' Workshop classas a s  a teaching aid in presenting 
the fundamentals of vater measurement t o  f ield personnel engaged in 
irrigation work. The 1966 Eaition contains a new section devoted t o  
the size-selection, setting and use of Parshall measuring flumes, and 
a fuller description of current netcr s i t e  selection and practices. 
Technical material has been simplified t o  an ultimate degree t o  pro- 
vide a clearer understanding of water measuremept devices and procedures. 
Basic hydraulics presented includes the discharge equation, velocity 
head concept, orifice and weir relationships, and the effect of sub- 
mergence. Weirs are used t o  indicate the influence on accuracy of 
approach flow, turbulence, rough water surface, and poor flow patterns. 
Factors affecting the accuracy of measurement auch afi worn equipnent, 
infrequent head measurement, use of wrong meamingdevice, 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 and 
radioisotope methods of measurement. Hints for troubleshooting poorly 
operating devices, suggestions t o  operators on how t o  do a good Job, 
and a selected reading list for operators are given. This edition 
supersedes the previous 1965 edition numbered Hyd. 552. 

DESCKtPTOP,S-- *hydraulics/ *hydraulic structures/ %ischarge meamement/ - *irrigation/ water delivery/ +vater measurement/ open channel flow/ errors/ 
closed conduit flow/ discharge coefficients/ weirs/ orifices/ water meters/ 
current meters/ water metering/ irrigation OM/ turbulent flow/ venturi 
meters/ instruction/ venturi flumes/ Parshall flumes/ submerged orifices/ 
radioactive isotopes/ velocity/ f ie ld  investigations/ flow meters/ 
bibliographies/ submergence/ instrumentation 
IDR?TIPIEFS-- textbooks/ 1rrigation.Operators Workshop/ dilution method/ 
acoustic'flov meters/ magnetic flow meters/ constant-head orifices/ 
vane deflection meters 
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r Progress in water measuring teshniques, including the chemical dilution 
snd rdioisotope methods i s  reported, and an evaluation of a colmper- 
cial lg available open channel deflection meter-%s given. m s s  
in ?he dwelopment of lnagnetic and acoustic meters is rewr+xd. 

The new section on Parshall flumes brings together uader one cover 

list of reference material and 
ate certain 

Zhese notes contain the essential parts of 5 prwiw workshop sessions 
presented in 1961, 1962, 1963, 1964, aad 1965. A new section an Parshall 
flumes bas been added. A filler description on the selection of current 
meter gaging station s i tes  hss been pro~ided and hints on obtaining 
better current meter g-ings are given. 

M a r d  sod nonstandsrd devices are deihed and thei r  inplicatiom 
in regard to water seaswment are disclassed. 

Water measuring devices and methods are classliied under three cate- 
gories: (1) the velocity device, (2) the head device, and (3) miscel- 
laneous dwices, includinp chemical and dye dilution methods, t o t a l  
count radioisotope methods, magetlc wthods aad sonic methods. 

Under "Scme Basic ~ a u l i c s , "  the concepts of the discharge equation 
and velocity head are developed; these two concepts are used tc derive 
the baeic equations for both orif ice and weir discharge using the 
sirnpleet methods possible. Several of the general aspects of water 
measurement accuracy are also dfscuseed. 

Plumes and weirs, probably the most comonly used devices, are used 
to furnish examples of good an& pocr vater measurement practices be- 
cause the effects of good and bad measurement practices are often 
not visible on some of the mom sophisticated memurhg devices. 

The more caapllcated dwices and techniqes such as the submerged 
orifice meter, Venturi meter, metergate, and constaut-head orif ice 
turnout laeasurbg device, and propeller meters are then described. 

H i n t s  are given fo r  troubleshooting metering devices suspected of 
being inaccurate and iqstructions are given for  selecting the proper 
size and obtaining pmper installation of metergates and constant- 
head orifice meters. 



It i s  impossible a t  the moment t o  overstate the need fo r  an imprwed 
water measuring program, not only in your dis t r ic t ,  project, or 
region, but nationwide, and wen worldwide. The popllation explo- 
sion and the shifting of the popllation center of the United S t ake  
toward the West is causing concern in that  water needs may wen- 
tually l i m i t  this movement. According t o  the la tes t  figures, if 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 w i l l  have doubled. 
Tvice as  many people--the same amount of water. Within the next 
decade, every water supply, not only those in the West but through- 
out the United States, v i l l  be c r i t i ca l ly  examined t o  determine 
quantity, use, and waste. Plans w i l l  be formulated for  extending 
the use of the water. 

One way t o  increase the available water, of course, is t o  find new 
water sauces.  This is not always possible and is usually costly. 
The other way is to.conserve and equitably distribute the water 
now developed and available. lhis l a t t e r  course is usually possible 
and less expensive. We are interested in the l a t t e r  course because 
this is our business and, as al l  of you h o w ,  more extensive use 
of the available water can be made if a l l  measuring devices are 
accurate and dependable at a l l  times and the best water management 
procedures a n  followed at a l l  times. It fs, therefore, important 
that  every attempt be made-to upgrade exiating water measuring 
dwices,'not only in ditches, laterals,  and canals, but in the 
supply eystems as  well: Every cubic foot of water s a d  as  a result 
of iniproving the measuring devices is more valuable than a similar 
amwt obtained iran a new source because the saved water can be 
produced a t  considerably less cost. 

Accuracy in water measurement is therefore of prime importance in 
the operation of any water distribution system Even though a sur- 
plus of wateri?8ay now exist  on your project, it is time t o  begin 
accurate accounting of what happens to your water.. An expsrience 
on a project actively engaged in upgrading water measurement 
devices and procedures w i l l  serve as  a good example. A water user 
enti t led to 1 cubic foot per second had been receiving up t o  5 cfs 
because water had been plentiful and no accurate measuring device - 
had been installed a t  his  turnout. When a new meter was installed -, 

and 1 c i s  was delivered, he complained that h i s  new concrete f i e ld  
distribution system would not operate properly and much of h i s  
acreage would have t o  go without water un t i l  he could chmge the 
elwation and slope of h i s  ditches. 



rundown condition or when improperly installed, deliver more water 
than they indicate they are delivering. Ihe very nature of most 
measuring devices makes it impossible for a dwice t o  deliver less 
water than it indicaes.  For th i s  reason, water accounting records 
may not show a proper division between water used and water lost  
through seepage or waste. Proper evaluation of losses is necessary 
t o  establish the economic advisability of providing canal linings. 
Canal linings obviously cannot help to recover water los t  through 
poor measuring equipnent or procedures. 

!Che purpose of th i s  presentation is to discuss the factors in f l o w  
measurement devices which affect the accuracy of discharge measure- 
ment. To acccmplish this,  it i s  necessary t o  understand the basic 
f l o w  principles involved and t o  know how each flow factor can 
incluence the f l o w  quantity indicated. By upgrading existing meas- 
urement devices or by properly installing and maintaining new 
devices, considerable quantities of water can be made available 
for new uses. This "nev" water can be produced a t  considerably 
less cost than can a similar quantity be developed from a new source. - 

;, 
It has been aaid that  a waterlogged boot which is partially blcck- 
ing the f l o w  in a ditch can be a measuring device--if it i s  properly 
calibrated. Certaiuly the boot would be a nonstandard device 
because no discharge tables or curves are available from which t o  
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 standard 
discharges. Although these commonly used devices may appear t o  be 
 stand^.? devices, closer ihspection often reveals that  they are not, 
a d  like the boot, must be calibrated t o  provide accurate measure- 

truly standard device i s  one which has been fully described, 
urately calibrated, correctly installed, and sufficiently 
tained t o  f u l f i l l  the original requirements. Standard discharge 
es or curves may then be relied upon t o  provide accurate water 

asurements. 

measuring dwice, therefore, is nonstandard if it hsc been 
stalled improperly, is poorly mtntained, is operated above or 
low the prescribed limits, or has poor approach (or getaway) 
ow conditions. Accurate discharges from nonstanaard atructures 
en be obtained only fran specially prepared curves or tables based 

calibration teats  such as  cur 



cmplete operating range, and curves and/or tables prepared. I t ,  
is, therefore, less costly and usually not too diff icult  t o  ins ta l l  
standard devices and maintain them in good condition. StandarS 
discharge tables may then be used w i t h  f u l l  confidence. 

\ 

In mainteining a standard structure it i s  only necessary t o  
visually check a few specified i t e m s  or dimensions t o l e  sure 
that  the measuring device has not departed f r o m  the standard. In 
maintaining a nonstandard device it is dif f icul t  t o  determine by 
visual inspection whether accuracy i s  being maintained except by 
recalibration, an expensive procedure. 

BASIC PiUEIPIZS OF WATW -S . 
To upgrade existing water measuring devices and improve the quality 
of installation of new devices it i s  necessary t o  understand some 
of the basic principles which influence the quantity of water 
passed by a measuring structure. Most devices measure discharge 
indirectly, i.e., velocity or head i s  measured directly and pre- 
pared tables.are uaed t o  obtain the discharge. Measwing devices 
may be classified, therefore, in two groups: (1) velocity type and 
(2) head type. Those using the velocity principle include: 

Float and stopwatch Vane deflection meters 
Current meters Magnetic and sonic meters 
Clausen-Pierce weir Radioisotope methods 

gage (or stick) Salt  velocity method 
Propeller meters Chemical dilution method 
Flow boxes Color velocity method 

area of the stream 
ischarge (Q) computed 

f r o m  A = AV. c' 

Devices using the head principle include: 

Pitot tube : 

Rectangular weirs - . 



The area of t& cross-section (A) does not appeas directly in the 
erpatlon but C, a coefficient, aces. C can vary arrer a vide m e  
in a n o n s e  installation but .it i s  well defined for sixmdaxd 
i n s ~ t i o n s .  

ecial  methods an8 devices may also be used'and these include 

o the discharge. Pitot tubes and tapered-tube-and-float devices 
t i l i e e  the velocity head to  in.dicate velocity. 

SOME BASIC HYDRAULICS 





Derivation of Velocity Bead Concept 
3 













s relationship i s  khe basic weir formula and can be mcdified t o  
ccount forweir  blade shape andvelocity of approech. However, 

must be determined bycalibration tes t s  carefully conducted. 
u d l y  varies fran about 3.3 for a broad-crested weir t o  about 

3.8 or more for a sharp-crested weir. 

are a mixture of rationalized tMnking and coefficient evaluation. 
The eqqations are useful i n  making calibmtions because they reduce 
the number of calibration points required t o  make up a discharge 
$able. However, the equations alone wFU not suffice without suffi- 
cient testing t o  establish the value of C . ~  

GWEIlAL ASZCl'S OF WATER 
!4wmmmm 'ACCURACY 

portion of the text general aspects of water measurement -; 

techniques are considered. 



d a s w l n g  derrfce. Errors of 20 percent are not unccnmnc!n and m;qr 
be as lexge as 50 percent or more, if the approach fld coziditions 
axe very poor. Sark3, gravel, ar sedfment bars submr&l i n  the 
apprach charmel, weeds or riprap obstructicns along the banks or 
i n  the flar area can cause unsynrmetrical approach 'flow. Other 
causes maybe too l i t t l e  distance damstreen fran a drop, check, 
turnout or other saurce of high velocity or concentrated BaK, a 
b e d  =,angle i n  the c h d  just irps'meam fran -the measuri~g 
device, a too rapid m i o n  in the flowsection, or an eddy tend- 
ing t o  concentrate the flar cross section. 

' Figure 8 shcrws an example of a poor approachto a weir. The high- 

t.\e measured head. 

Stanhrd weir imt t i lh t ions  for rectaugular, CipdLetti, and 90' 



Poca. apprDsch flow corditions upstream fron weir. The high- 
velocity, turbulent atream is apprecbing the w e i r  at a consider- 
able angle. Head messurement is difficult, & wier does not 
discharge a " s b d a r d "  quantity. PX-~-30664 

." . . , , 

WEIR EDGES 
CipolCtti weir 

trmert occurs<" 
xcvrr **or upper 

WElR PROPORTIONS 
hcod 1h.lt Y-Zd 

RECTANGULAR .ClPOLETTl AND 90. +NOTCH 



caused by a s t i l l ing  besin or other energy dissipater M a t e l y  
upstream, by a sudden drop i n  water surface or by obstructions i n  
the f l a r  area such a s  operating or nonoperatix turnouts having 
projections or indentations frcnn the net area. Sklluw f lw passing 
over a rough or steep bo t tm can also be the cause. Veeds or riprap 
slumped into the Plow area or along the banks, or sediment deposits 
upstream f r a  the neasurin&! device also can cause excessive turbulence. 

M e a s u r i ~  errors of LQ t o  10 percent or more can be caused by exces- 
sive turbulence and it i s  absolutely necessary that a l l  visible signs 
of turbulence be d ina ted  upstream f'roun a measuring device. 

R w h  ?,rater Surface 

A rough water surface, ather than ~ r l d  generated waves, can usually 
be eliminate3 by reducirg turbulence or improving the distriLution 
of the approach f l m r .  A rough water surface can cause errors i n  
discbarge measurements when it is necessaxy t o  (1) read a staff 
gage t o  determine head, or (2) determine the cross-sectional area 
of the flow. A s t i l J i ~  w e l l  w i l l  help t o  reduce errors i n  head 
measurement but every a t t w  shcdd be made t o  reduce the water 
surface aisturbances as much as possible before relying on the veil. 

Errors of 10 to 20 percent are not uncommon if  a choppy rrater sur- 
face makes it impossible t o  detercline the head accuratew. It i s  
sanetimes necessary t o  resort t o  specially construct& mve clanping 
aevices t o  obMn a Ymooth rrater surface. Figure 10 shows a sche- 
matic of an underpass type of mve acUEressor successM-ly used i n  
both 1-e and small channels. 



Turbulence and waves in  a ParsW flume produced by an outlet 
worlcs s t i l l i ~  basin made accurate discharge determination -0s- 
sible. Lcg raft i n  foreground, used i n  i'utile at- t o  quiet 
the flow, is  inoperative. P45-D-30666 





A drop in water surface of 0.1 foot is not uncommon just  above a 
weir and (from the  equation above) represents an increase In  veloc- 
i t y  of 0.8 foot  p r  second. If the head on the weir is measured 
too clcse t o  the weir, the head measurement can be 0.1 foot too  
small. For a weir 6 f e e t  long and discharging 7 cubic feet  per  
second, the  corresponding error  i n  discharge would be about 
35 percent, based on an indicated or reported discharge of 5.1 
second-feet. 

Standard weir tablea m e  based on the measured head on the weir 
(velocity head negligible) and do not compensate fo r  excessive 
velocity head. Any increase In velocity above standard conditions, 
therefore, w i l l  r e su l t  i n  measuring l e s s  than the t rue  head on the 
weir and more water w i l l  be delivered than is rneaaured. 

Causes of excessive velocity head include (1) too shallow a p o l  
upstream from the weir, (2) depos.lte in the  upstrenm pool, 
Figure 14, and (3) poor l a t e r a l  velocity dis t r ibut ion upstream 
fran the weir, Figure 8. 

Sediment deposits have reduced the depth of the  weir pool su f f i .  
ciently t o  increase the  velocity of approach t o  well  above t h e  
desirable level. The head gage should not be located close t o  1 
w e b  blade. The weeds should be removed and the "edge" of the 
weir nhould be sharp. Discharges over t h i s  weir w i l l  be larger  
then indicated in "standard" tables. P-a-0-21558 

the 



It is often farad that  the poor flw distribution which exists 
upstream irom n measuring dwice cannot be resolved on the basis 
of aqy one of the abwe-discussed cauaes. The best solution then 
is to assume that  several or more basic causes have together 
caused the diificulty. Starting w i t h  the easy factors, work 
through the list, improving each probable cause of pcor flw pat- 
terns un t i l  the desired flow conditions are obtained. 

Operating or nonoperatins turnouts located just upstream f r o m  a 
measuring dwice may cause poor approach condition8 as  mqy bridge 
piers, cbannel curves, or a shewed measuring section. Relocating 
the measuring dwice may be the only remedy in these cases. 

Submerged weeds or debris can cause excessive turbulence or local 
high velocity currents. Eddies aajacent to the shore l ine can 
cause the f l o w  approaching a weir t o  contract into a narrov band. 
Sediment bars deposited f r o m  Inflow or from sloughing banks can 
also produce undesirable flow conditions. More drestic remedial 
measures Include deepening the apporach area, widening the approach 
channel to make it symmetrical, or introducing baffles or other 
dwices t o  spread the homing f l o w  over the entire w i d t h  of the 
approach. Surface waves are usually very d W i c u l t  t o  reduce or 
eliminste by ordinery procedures. These may requlre special 
treatment, as  discussed under "Rough Water Surface." 

Exit Flow Corrditions 

Exit f l a w  conditions can cause as  much f l o w  measurement error a6 

sane of the approach f l o w  problems. However, in practice, these 
conditions are seldom encountered. In general, it la  sufficient 
t o  be sure that backwater does not occur sufficiently to submerge 
o r  tend to submerge a dwice designed f o r  free flow. Occasionally, 
a Parshall flume i s  set too lw and bacbater  submerges the throat 
excessively a t  high discharges. Extremely large errors in dis- 
charge mea~wment can be introduced In this manner. Zhe only 
remedy is t o  raise the flue, unlesa a w e  local obstmction d m -  
stream can be removed to reduce the backwater. Weirs ahould 
discharge incly rather than submerged, although a sllght sub- 
mergence (the backwater mqy r i s e  above the crest up t o  10 percent 
of the head) reduces the discharge a negligible amcunt ( less than 
1 percent). Whenever a weir operates a t  near submergence the 
operation shoul$ be checked. Submergence may not affect the dis- 
charge as  much he the possible Inch of nappe ventilation as  a 
r e m l t  of the riming bbckvater. Gates calibrated fo r  free discharge 
at partial opcnbgs Mould not be sulmerged nor ahould eddies 
interfere w i t h  the j e t  of water isauing fY$m the gate. Gaging 
stations Should be &apt fre?e of deposited sedbent bars o r  other 
obstructions t o  premmt bachilou or eddies fran intariering with 



Whar the head on a straight weir is about an inch or less, the weir 
mcl(y not give rellable diecharge values unless the weir has been 
calibrated under exactly simiLar flow conaitions. On V-notch weirs, 
relisble result6 q y  not be obtainable for he& of 2 inches or even 
3 iclchcs. 

Equipnent Characteristics Reducing Accuracy of Measurement 

Meae-urlng devices themselves may be a t  faul t  in producing waaurement 
errors rather then the flow conditions discussed in the previous 
section. The faul ts  m y  be divided into two -8-those caused by 
n o d  war and bar, arid thoae resulting from poor installation. 

Weathered and Worn Equipment 

the zdfom flw conditions which ahould exi8t in the cross section 
being measured. The lllderside of weir nappes should be ventilated 
aufficlently to propidt near atmospheric pressure beneath the nagpe; 
between the under mppe s u r f r e  ant3 the dcrwnstream face of the 
seir, Figlve U. 

If the 118ppe clings to the downstream side of the w e i r  (does not 
spring clear) the weir nuray discharge 25 percent more water thaa the 
head reding indicates. An easy test for sufficient ventilation 
is to part the nappe downstreclm from the blade for  a mawnt w i t h  
the hand or a ehooel, to a l l w  a -11 mpply of a i r  to enter beneath 
the nappe. After r e m a  the hand or shore, the nappe should not 
gradually become depressed (over a period of several or more minutes) 
toward the weir blade. It the upper nappe profile remaha the 
arrme ss it ME while fully ventilated, the weir has sufficient 
ventilation. 

An welcome but fairly common sight on older irrigation ayatems are 
weir blades which were once smooth ard sharp, in a sad state of dis- 
repet*. Bdges me d u l l  and dented; the blade i s  pitted w i t h  large 
rust  tubercles--weir plates are discontinuous w i t h  the bulkheads 
an3 are not vertical. Weir blades have aaggcd and are no longer 
level .  staff gages are worn aad diif icult  to  red. Stilling well 
intakes are buried in wedbent or partly blccked by weeds or 
debris. Parshall flumes are f ros t  heaved and out of level. Meter 
gates are partly clogged w i t h  sand or debris sad the gate leaves 
are cracked and w a r p e d .  

These and other forma of deterioration are offen the causes of 
serious errors in discharge measurements. mis type of deficiency 
is difficult t o  detect because normal wear and tear mqy occur for 
years b d o n  it ie apparent t o  a person who sees the e q u i p n t  
frequently. On the other hand, it is readily apparent t o  an 
observer vieuing the Installation for  the first time. 

It is imperative, therefore, that the pcrson responsible for  the 
measuring( devices inspect them with a c r i t i ca l  eye. Hie attitude 
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s h d d  be-I am lcoking for trouble--not, I wLU excuse the l i t t l e  
thin@;s becease they are no worse tcday than they were yesterday. 

Messuring devices which are rUnaown are no longer a stsnaard mea- 
uriag device, d idtca ted  discharges maybe considerably in error. 
To be certain of the true discharge, they should be rehabilitated 
and/or callbratea. 

Repairing or ref'urbishing a nudm measuring device is sauetimes 
a difficult or impossible task. FUng the l i t t l e  things as they 
occur will =-&, i n  many cases, rep.&- the entire device at 
great cost a t  scme later date. Regular and aeventive maintenance 
w i Y l  extend the u s e m  l i f e  of measuring devices. 

Poor Worlaaanshi~ 

Contrasting with the m e 8 s u r d  devices which were once accurate 
8na dependable and have deteriorated, are those which, because of 
poor workmenship, vere never a stsrdard device. These include 
devices which are installed out-of-level or out-of-plunb, those 
which are skeued or out of elinerment, those which have leakin@; 
bulkheads with flow passing beneath or around them, a& those which 
have been se t  too l o w  or thO high for the existing flow conditions. 
Inaccurate weir  blade lengths or Parshall flume throat widths, 
i~lljufficient or nonexistent weir nsppe ventilation, or incorrect 
zero setting of the head or staff gage can also be the cause of 
messuring errors. 

A transverse slope on a weir bLaae can result i n  errors, pazrticu- 
lar ly if the gage zero is referenced t o  eitherbend. The error can 
be minimized by determining the discharge based on the head a t  each 
end and using the average discharge. Errors in setting the gage 
zero are the m as miareaillng the head by the sene trmount. A t  
low he& a zero setting error can result  i n  errors up t o  50 per- 
cent o f t h e  discharge or m e .  A head determination error of only 
O.0l  foot can cause a discharge error of frm 5 percent on a 90. 
V-notch ueir, t o  over 8 percent on a 48-inch Cipoiletti weir (for 
a head of 0.20 foot). The strme head error on 6- srd 12-inch 
Parshsll flumes can remitt in 12 and 6 percent errors, respective-, 
for  l o w  M. 

W e i r  blades which ere not plrrmb or are skewed w i l l .  show f l o w  meas- 
urement inaccuracies of measursble magrrittde if the veir is out of 
Line by more than a few degrees. Rusted or pit- weir  blades or ' 

those having wojecting bolts or offsets on the upstream side can 
cause errors of 2 percent or more depending on the severity o f p e  
rooghness. Any farm of roughness xlll cause the weir t o  dischyge 

than iniicated. Rounding of the sbarp edge of a ma; o r  
/ 1 

- 



reversing the  face of the blade also t e r n  t o  Increase the dis- 
charge. On older woad crests a well  rounded edge can cause 15 t o  
25 percent o r  more increase i n  discharge, Mgure 15. 

The xell rounded edge on t h i s  once sharp-crested weir vill increase 
the discharge wen  above "standard." The weeds are a lso undesir- 
able as is the weir gage which projects Into the f l o w  area. P-20-D-:1557. 

Pressure r ed lugs  a re  neded t o  determine d i s c w g e s  throwh cer- 
tain types of meters. Piezmeters, or pressure taps a s  they are  
sometimes c d e d ,  must be regarded with suspicion when considering 
accuracy of f l o w  measurements. 

Piezaneters must be installed with care an& with n knowledze of har 
thcy perform, otherwise the pressure values they Indicate cnn be 
in error. Far exsmple as .shown i n  Figure 16, the t h e e  2iezcmeters 
Kill indlcate different pressure readings (water levels) because 
"9 +.he mnney i n  which flow nssses the piezmeter opening. Unless 



irdications in that they deflect the pster into or aveg frem the 
piezapeter opening. The higher the pipe velocity, the greater the 
error dll be. 

--- 
C -.-. -- - b - - 
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Figure 16 

Note: Piezaneter crpeaiogs above sre shown Mger than they should - 
be constructed In  practice. Alvsys use the smallest &meter apeniag 
consistent vith the possibillfy of clogging by foe* material. 

The effect of a few deficiencies often found i n  measuring devices 
has been given t o  illwfrate the degree of error t o  be expected in 
mabirg -nary measurements ualer ordinary cona-itions. Other 
effects have not or cannot be stated as percent error without an 
exact definition of the degree of fault or detericastion. The 
examples given should be sufficient, however, t o  emphasize the 
importance of careful a d  exact installation practices, as well as 
m g l a r  prcrmpt repair or rehabilitatim of the devices after 
they have been installed. 

Measuring Techniques Reducing Accuracy of Meammeme2it 

It is possible t o  obtsin inaccurate discharge m e a s u r d s  fran 
regularly malntsined e w p e n t  properly installea In  srr ideal loca- 
tion, i f  poor mearmrinp te  chniques are used by the operator. 
bbamremnt of head is very important aud scme of the techniques 
now in use are not cc~npstible with the relationships betveen head 
sol cllschsrge knovn t o  exist. 



The frequency of bad measurement is  also important and may be the 
cause of haccua te  water w a a r e ~ n t .  These and ather r&ated 
miscellaneous techniques are discussed i n  the next parsgraphs. 

Mamrmz& of t heheadonawe i r  seems t o b e a  simplematterbut 
can be -cat u d e  dl but i d e a l  coulitions. The he& is the 
height of water above the-blade edge (ar crotch of a V-notch) 
measured a+ a point where the velocity head (or velocity of approach) 
is a neg;IXgible =blue, Figure 9. In practice th is  means a point 
located i01p t o  six times the head upstream Aum the center of the 
weir blade. If the head is measured farther upstreem, the head 
necessary t o  produce flow i n  the approach ck%mel (water surface 
slope) may be inadvertently inclujlea t o  give a larger head measure- 
ment. If the head is meas- closer t o  the wei r  blase, some draw- 
down (caused by increased velocity near the we i r )  n~ occur and 
l ess  than the true head msy be measlired. If the head is m e a s h  
at the side of the approach channel, more or less than the t rue 
head mey be measured depenaing on the gecmetry of the approach 
pool, F i m s  9 13. 

The practice of placing stafP gages on weir buUrhesds or on bank- 
s i b  structures should be investigated i n  each case t o  be sure that 
a true head reading can be obtained. -1% a rule or a Clamen- 
Pierce gage on the weir blade also glves an erroneous reading. The 
fakiog of head meeaurements when debris or sedimgnt has a visible 
effect on the f l o w  pattern can also result i n  faulty hgaa detem- 
mtiarr, Pigure 17. Ikasuriag head, when the measuriog M c e  has 
obviously been &8aged or altered, is also t o  be avoided 

~igure 18 shows a weir perfomdng properly feu the discharge s h m .  
A t  larger diachsrges the nusymmetrical a p p ~ s c h  podl may produce 
-sizable conditions. 

The principles described above also apply t o  head measurements on 
Parsball flumes, metergates or any other device dependent on a 
he& mesmzrement for discherge detemirxbtion. 

l3up?oper gage location, o r  sn error in head mea8~~ement in a Parshall 
flume can result in very large discharge errors. Throat width 
measurements (d weir brsths) can also produce errors althatgh 
these errors are usually BOlBU because of the relstive ease of 
making accurate l e h  m e a s ~ s .  (Operators should measure 
lengths i n  the fldd a d  not rely on values stated or shown on 
dravlngs.) Beadings obtained fmm s t i l l i ag  wells, whether they 
are dsusl or rec-, should be questioned uuless the operator 
is certain that the veil intake is not psrtially or fully cl-ed. 
Data fBm an ovaractive stilJ.iag vell can also be misleadlug, 
particularly if long perld suggs are occurring i n  the head pod. 
In fact, all head ~ t i o n s  should be checked t o  be sure that .. 



Weeds protruding through the apeniw and sediment in the approach 
p o d  Kill r e a t  in inac-te dischar~e determinations. FX-~-30665. 

MCure 17 



the instantaaeous re- i s  not part of a long period surge. 9uf- 
ficient -6, say 10, s h e d  be taken at regular time intervals, 
sqy 15 seconds, sod averaged t o  obtain the average heed. More 
readings may be required if it is apparent the pool is contimcLag 
t o  r i se  or fall. If this is  too time consuming the cause of the 
instabil i ty should be removed. 

Readings fran gages or staffs which may have slipped or heaved 
should be avoided. Periodic r@ checks csn scmetimes be made 
with a carpenter's level or square from a reference point on 
another structure. 

In short, it is  desirable that each aperator u n d e r s t 4  the meas- 
urement he i s  trying t o  make, anti then cri t icaUy examine each 
operation t o  be sure that  he is  measuring what he .intends t o  
measure. He should t r y  t o  find fau l t  with every step in  msliing a 
heed measurement and try t o  improve his technique wherever possible. 

When a head or velocity measurement is made t o  determine discharge, 
it can be concluded that  the measured discharge occurred only a t  the 
manent of the measurement. It cannot be concluded that the dis- 
chaxge was the same even 5 minutes later or 5 minutes earlier. 
Thexefme, uater deliveries csn be acemate only if enough measure- 
ments are made t o  establish the fact that the discharge did or did 
not vary over the period of time that water was bet% delivered. 

In maqy systems, measurements axe M e  only once a day, or only 
when saae mechanical change i n  supply or delivery has been made. 
Problems introduces by falling head, rising backwater, gate creep 
or hunting are often 5gnored when conputing a wster delivery. The 
problem is not a slmple one, a t  times, and there are many factors 
t o  consider i n  determining the d e r  of readings t o  be mede per 
day or &her unit  of fimer fP the discharge in  the supply system 
is increasing or decreasing, it will be necessary t o  take more 
than a single reading. If the rate of r ise  i s  uniform the amrage 
of two readings, morning and nlght, would be better than one. Lf 
the rate of change is erratic, e'requent readings may be necessary. 
If a great m ~ n y  r w s  are k m t o  be uecessary, a recording 
device m a ~ r  be justifisble. 



being lovered. The changing water level may make it necessary t o  
teke more frequent head readings. 

Here again, the operator should t ry  t o  visualize the effect of any 
change In dischrge In  the supply system, upstream or dounstretm; 
from a measuring device, and attempt t o  get more than enough read- 
lugs t o  accurately c w t e  the quantity of water delivered. 

Use of Wrong Measuring Device 
. 

Every water measuring device has limitations of one kind O r  another 
and it is impossible t o  choose one device which can be used In all 
locations under a l l  possible conditions. It i s  to be expected, 
therefore, that for  a given set  of conditions there may be several 
devices which would be suitable, but none could be considered 
entirely satisfactory. If flou conditions charge or  are changed 
by modified operations, an original device, which was margins1 in 
suitability, may be found t o  be totally inadequate. It i s  pos- 
sible, too, that the umng device was selected in the f i r s t  place. 
Whetever the reason, there are instances where accurate measure- 
ments are being attempted uslug a device which cannot, m n  w i t h  
the greatest care, give the desired results. The operator should 
ca l l  attention t o  such a situation and attempt to hare remedial 
measures taken. 

For example, a w e i r  cauuot be expected t o  be accurate if the head 
is appreciably less than 0.2 foot, or greater than about one-third 
of the weir blade length. Large measurement errors can 'be expected 
(departure from standard), if these limits are exceeded appreciably. 
If a yeir i s  submerged appreciably by backwater, large errors may 
be introduced depending on other factors. In viev of uncertainties 
vhfch cannot be explaiaed satisfactorily, submerged weirs should 
be avoided vherever possible. Parshall flumes ehould not be 
operated a t  more than the cr i t ica l  degree of submergence (80 
percent); In fact, they should not be eubmerged a t  all ,  unless 
provisions have been made in the flume for  a downstream head 
measuring well, aml the method of computing submerged discharges 
from the pbllehed tables i s  thoroughly understood. This i s  
explained in detai l  In the section on "Parshall flumes." 

Propeller meter devices should not be permanently installed where 
weeds, moving debris, m sediment are apt t o  foul the meter or 
grind the bearings. Submerged devices, such as metergates, -&ould 
not be used where a m w i n g l o a d  can part* block the opnings. - 





thr precedin~, problem, Sf h was 1 foot, the dischaxge %7& 

a reduction of 2.5 cfs  frcm the 19.6 cfs computed without sub- 

sary t o  measure bothithe xpstre8.m Aria downdream heads. Since 

-- 



be larer than at B because same of the total head would  be uscd up 
i n  prcduciug the velocity i n  the pipe. A t  B the velocity of flow 
w& be nearly zero, and so the frue head wau ld  be iniiicskd by 
the piezameter. The pressure at C would be very l o w  because of 
the high velocity. A t  D sme head recovery would occur because of 
the reaudlon i n  velocity causeil by the spreading of the orifice 

A t  E normal pipe flow has been reestablished and the loss A - E 
represents the head los t  because of the disturbances in the flow 
caused by the orifice. lbergy in the flow was camerted t o  heat 
8s a result of turbulence i n  the flow and extra friction losses a t  
the orifice plate and pipe boudcwies. 

Orifice discharges m y  be c&culated with reasonable accuracy i f  
a 3 l  the factors affecting the flcw are dusted a d  the ccefpicient 
"C" is adjusted accardingly. For example, the gmph i n  Fi$ure a 
shars the mxiation i n  C t o  be -tea for various ccmbinations of - 
pipe size and orifice diameter. 

pie arif lce coefficient is seen t o  be 0.61 ( in  the solid l ine  cunre] 
when the orifice is 0.2 of the pipe diameter or less  snb illcresses 
t o  1.0 when the orifice i a  0.9 of the pipe diameter. It would 
therefore a m  that lmge orifices would be preferable t o  smaIl. 
This i s  not necessarily so, however, because lat?3e orifices g i w  
areh a sm~U differential that  the error i n  reading the head i s  a 
large pan hf the differential. Also the head tends to fluctuate 
severely $6 that at times it may appear that there i s  a reverse 
differential. 

Thus, orifice i n s ~ t l ~  should provide sufficiellt head (and/or 
dAfeerentieL) t o  make head realfrg errors negligible i n  terms of the 
differential head. In fact, it has been shown that the head on 
a freely discharging orifice sh&ld be a t  least  M c r  the diameter 
of the orifice. For lower h d s ,  the coeff'icient fslfs off 
rapidly ~ n a  may be as lnr  as 0.2. 

~ & n g  of the sharp edge of a c i rcular~or i f lce  m y  be the cause 
for considerable error in detczrminlmg discharges. A l-inchdiameter 
circular brfflce raUaaed t o  a radiw of 0.m inch v%U <ischarge 
J percent more water than a sharp edge. This is because the con- 
traction is not as great w i t h  a r d e d  edge aa vith a alrsrp edge. 
(Note that this is a very slight degree of rounding.) . 

> 

In general, the percent increase in C (or discharge) due t o  rounding, 
equals three times the percent that  the radius of rounding i s  of the 
diameter of the orifice. 

The dotted l ine curve shows coefficients (for &h-3 feet) :obtained 
from a careful:,volumetric calibration o f  five orifices 1-1/2 inch, -. 

1) , 



2-3/8-inch, 3-718-inch, &inch, a& 8-l/2-inch used i n  a 12-inch 
pipeline as a laboratory metering system. The departure of the 
ccefficient frm the generally accepted solid l ine  curve i s  con- 
siderable. 

The broken line currre show coefficients for five orifices 1-1/4-, 
- 3 ,  2-318, 3-3/8-, aria b3/&inch used i n  an 8-inch pipelim ' 
ham an 8- t o  5-112-inch reducer placed trpstrem frm the orifice. 
The 8-iach pipe size vss used t o  canpute the ra t io  plotted as the 
abscissa i n  the sketch. Here, wain, i s  a departure frm the gen- 
eraSly accepted coefficient curve and if a coefficient had been 
assumed frcm the solid l ine  curve, serious discharge measuring 
errars of perhaps as  much as 15 percent could have accmed. 

Because of the many factcrs which affect acifice discharges, it is 
usua3I.y desirable t o  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 t o  i ruprdse  a 
calibration. Another objection t o  the use of orifice meters is 
that the head loss caused by the meter may be excessive. Losses. 
may run as high as one or more velocity heads. One velocity head 
is e m  t o  the head required t o  produce the velocity i n  the pipe 
upstream ikm the orifice determined fran Equation 3. 

Orifice h e r s  are not genera;lly a v d a b l e  f'rm ccplonercial supply 
houses, zrid it is  not crrdinaraly possible t o  buy a meter caxplete 
vith piezaneters head or differential head gages. 

llhen a submerged orifice is wed i n  an open ditch, the area of the 
orifice should be nomore than about one-sixth the dltch cross- 
sectional flaw area t o  minimize velocity of approsch effects. 
This is ruughly equivale,rrt t o  using sn orifice-to-pipe-size ratio, 
Plgure P, of about 0.6; coefPicient 0.62. A high ve3.ocity of 
appro~ch mesns thaf s a e  of the head (which is t o  be measured.) has 
been converted. t o  velocity d cannot be measured directly. To 
accouxtt fm th i s  head the velocity must be determined, converted 
t o  head, and added t o  the measured head. 

Tae height of the rectangular orifice should be considerably less" 
than the -d&th t o  minimfee the effect of variable head on the 
oriace coefficient. m e  submerged orifice e m t i o n  (6) may be 
us& dong w i t h  a coefficient of 0.61-0.6.2. 

ff the velocity of approach is excessive (head has been converted 
t o  velocity and cannot be read on the staff gage), the velocity 
head (use the aver%= velocits i n  the ditch upstream f'rm the mi- 
flce an& convert t o  B by = H) must be added t o  the nviasured 
head. 

a9aL36 





If the orifice is  suppressed (m by floor, vslls, or ather) 
frQl a normal apSroach flau perttern* use the e ~ t i o n  

vbere r is the ratio, length of suppressed p&ion of perimeter 
of cirifice div3aea by tot& perimeter. 

Mschaxges for stanaard rec- orifices are given i n  Table 29 
and r-srrect coefficients far appessed  orifices inTable 30 of 
the Water Xeamrement Mamtal. Other information on sulwerged ori- 
flces is  given in Chapter IV of the Nanual. 

Venturi Meters 

The Venturi meter is basicallLy a stresmlined orifice meter a d  WS 
devised t o  reduce the head loss prcducea by +.he orifice me te r .  
The meter consists primariLy of a constriction i n  a pipe with a 
curved approach t o  the cons t r ic t io~  and a gradd expanr;ion t o  the 
pipe diameter as s h m  i n  22. 

0.1 Velocity head 
Head loss----. 

VENTURI - METER 

A typical Venturi meter is sham i n  the sketch for a constrictioc 
the pipe meter (d/D = 0.5). The piezauetric heads 

as II and h and. the differential used t o  determine 
harges as E - h. The head loss i s  shmm a t  the damstr~ 



l ine) shows the elevation of the water surface -which- would be- 
indicated if an infinite number of piemmeters were installed in 
the meter t o  indicate the variation in pressure frao p i n t  t o  point 

Although tables are usually used, the curve in Figure 23 shows a 
typical rating curve for a commercial &inch Venturi meter @-inch 
pipe) - 

. - - 

a DISCHARGE (0) CFS 
LABORATORY 8" VENTURI METER 

(N.E. B A N K )  

Figure 23 

O f  particular interest and concern i s  the shape of the lower 
portion of the rating cur&. A differential head of only 0.1 
produces a discharge of 1 cfs. It would be di f f icul t  t o  measure 
0.1 foot accurately because of the usual fluctuations; and, con- 
sequently, it would be di f f icul t  t o  say whether the discharge 
was 0.7, 1.0, or 1.2 cfs. The meter should not be used, therefore, 
fo r  discharges less than 2.5 cfs where the differential head is 
about half a foot. For discharges of 3 t o  5 cfs, the &inch meter 
could be expected t o  be extremely accurate. If a discharge of 
1 cfs must be measured accurately, a smaller Venturi meter should 
be used. Because of the nature of the meter, the differential 
varies as  the square of the ra te  of flow. lhis means that when 
the meter is discharging 50 percent of capacity the dii ierential  
i s  25 percent of maximum; 10 percent of capacity shows only 
1 percent of the maximum differential;  5 percent of capacity shows 
.only 1/4 percent of maximum differential. An orif ice meter has 
the same characteristic rating curve, and the abwe statements 
apply t o  ori i ice meters a s  well. 

Venturi meters are available conrmercially in a range of sizes and 
can be puchased with an acccmpwhg set  of discharge tables or 
curves. Venturimeters must always be calibrated because it is 
&ipossible t o  calculate discharges accurately. Calibrated meters 
ere usually accurate t o  within 2 percent. 



Ventwi meters ate ueually machined castings ard are relatively 
expensive, althcuefi cheaper cast concrete ha8 been auccessiully 
used in saw cases. Sane success has been schieved in constmct- 
iag meters fran stendad pipe fittings which can be mreved or 
bolted together. Two stapdard. pipe reducers with a atanbrd gate 
valve betvecn thm makes a satisfactcry measuring device which has 
been found to be accurate t o  % 1.7 percent. S a  of the early 
work on this  subject is contahed in a Master of Science Thesis, 
1942, "Ey&aulic Cbmxterist ics of SimpliZied Venturi Meters, " 
by R. A. Elder, Oregon State University, Cornallis, Oregon. 

Venturi tubes are usually of two basic types--the standard long 
form or the short form. The D e l l  tube is a ccmmaercial version of 
the short form tube, but is claimed by its manufacturers t o  
have a low head loss. The long form tube usually has less head 
loss than the short form because more head is recovered in the 
1% tapered expanding section dovnstresm from the throat than 
in the more abrupt short section. The short form usually coats 
less and requires less space, however. 

Head loss must be considered when selecting a meter because pump 
sizing may be effected and pumping costs m y  be a part of the 
daily operating cost. Ihe head loss is governed chiefly by the 
length of the tube and the ra t io  of throat t o  in le t  diameters, 
the loss being greater for  short tubes and small throats. Attempts 
t o  reduce the head loas by Increasing the throat diameter w i l l  
result in smaller differential pressures fo r  a given discharge. 
Too large a throat, therefore, m y  result in measurement inac- 
curecies . 
Comparative head losses for  several types of meters are given in 
column 2 o f t h e  table below, for  a throat-to-inlet diameter ra t io  
OP 0.5. 

Y e a r l y  pnnping 
Meter type Head loss, feet  cost, dollars 

Flow tube 0.6 U 
~ o n g  form venturi 1.0 23 
Short form Venturi 1.2 29 

orif ice 6.3 140 

Ihe yearly cost of electr ici ty for  prmping 1 cfs against these 
head8 is shown in column 3 (75 pcrcent efficiency, power cost 
$obO.O2/kuh). 

C o n c r e t e  meters (~lgure 24) bave been constructed and used by the 
Fresno Irrigation District, Fresno, California. The Fresno meter 
consists of n length of standard concrete pipe into which has been 



rneasuremek of flow. 

Figure 24 

Meters ereavailable in 8-, lo-, 12-, 1 ,  36-, 18-, 20-, and 
24-inch .sizes (D) . Accurate laboratory calibrations have been 
made for ' the8-, lo-, E-, and 18-inch sizes. Head loss versus 
discharge c w e s  are also available for  these sizes. The : ~ ,  

losses renge from0.2 foo t  for the 8-inchmeter discharging 
1 cfs, 0.4 foot for  a 10-inch meter discharging 2 cfs, 0.7 foot 
for  a l2-inch meter diecharginp 4 cfs, t o  0.9 foot fo r  an 



or both. Parshall flumes incorporate a floor drop along w i t h  
the eonverging of the side walls. Parshall flumes are dis- 
cussed in a separate section in this report. 

Venturi flumes are of two types, the "fm-f law" ape where a 
simple head red* is required to detenniae dischtuge and the 
"submerged" typ which requires two head readings to account for  the 
backwater depth effect and determine the discharge. !l%e latter 
type is sometimes called a "critical depth flume' and/or a 
"atanding wave flume." Ihe f o m  i s  sawtimes called the "true 
Venturi" type. Ihe Parshall f l m e  is an example of a Venturi 
flume that is oiten used in either category or both. 

When head m a t  be conserved the flat-botkmcd Venturi flames are 
more desirable than flumes &Ping ~ r t l c a l  c o n f ~ t i o a s  in 
the floor. If the canal i s  trapezoidal, the flat-bottomed 
Venturi flume can also be made trapezoidal for camnic;lce of 
construction of p k m e n t .  But, like a l l  measuring devices 
they should be either calibrated before use or be constructed 
exactly the same as an existing flume ( s h d a r d  d d c e )  that 
has bcen calibrated. 

Ran studies made on Venturl f W e s  it haa been found that for 
auy g i m  flume, each value oP the diecharge (Q) has a unique snd 
corresponding head (X). Ihe results of these studies indicate 
that the relati& between discharge and head mafy be expressed 
in the general form: 

w-42 

where the coefficient (K) and the exponent (n) are predanhm+Jy 
dependent upon the g-try of the flume. Whm the vabws of 
(It) and (n) are determined ~IWI actual measurements, the devlce 
is said t o  be callbrsted 

The USBR has studied the flat-buttaned trapezoidal Venturi 
f h e  shom in Figure 85. 

lbla particular ilume was studied for  dinchargas ranging imsn 
0.5 t o  5 cis. Ihe discharge equation for this f h e  found 
to be 



Studies of other flumes of both larger and smaller sizes w i l l  
be continued and w i l l  be directed toward standardizing the flumes 
in terms of geometry and in providing rating tables fo r  general 
use. 

Small  flat-bottomed trapezoiasl Venturi flumes were studied by 
A. R. Robinson and A. R. Chamberlah, "Trapezoidal Flumes fo r  
Open-Channel Flow Measurement, " ASAE, Volume 3, No. 2, 1960. 
Ihis study presents the calibration t e s t  i==aults  on seven flumes 
w i t h  side slope (0) ranging frm 30 to 60°, throat bottom width 
varying from 0 t o  4 inches, a8d contraction angle (cp) varying 
between 8 and no. The discharge range covered by these flumes 
i s  from 0.02 t o  2.0 cfs. 

If flumes of this type are t o  be bui l t  and used without f leld 
calibration the dimensions end limitations discussed in the 
a r t i c le  should be carefully followed. 

Flat-bottomed Venturi flumes can be made of concrete, metal, 
or wood. However, the use of wood should be avoided wherever 
possible because the effect  of wsrpage can be severe. Regard- 
less of the material used fo r  constmction, the flumes should 
be sufficiently r ig id  t o  prevent bowing caused by earth 
pressure from back f ill-. 

For best results  the flat-bottomed f lure  shculd be se t  flush 
with the bottom of the incoming canal. If possible, the 
cross sections of the canal and the start of the converging por- 
t ion of flume shculd match. If matching is not possible, 
transitions t o  the flume cani6FX~rde of concrete, metal, wood, 
or g r m l  Large enough t o  reqfst b e m e n t  with the flow. +:+- 

\\ 

The head measuring station ahauld be located just  upatream 
from the start of the convergence in the flume, Figvn 25. 
If a stilling well and hook gage are used, the pressure 
tap  or  piezcl~eter should be placed about 2 inches above 
the bottom of the flume to preve!nt sediment and other debris 
from plugging the lines t o  the stilling well. S t a f f  gages 
may also be used la measure the head. To M i c a t e  the 
necessary accuracy for  a head determination ( in  t e r m  'of 
discharge error) the followiog table be used. Ihis 
table is fo r  the flume size shown in Figure 25. 

L? 







Although it should be possible to compute the discharge, th i s  
is rarely done because there are usually too departures 
frcm standard definable conditions for  which correction cgefY1- 
clente are not knm Metergates are usually parchased froln 

a commercial auppli r who supplies a dischargu table. Ordinarily, 
the tables girre a good accounting of the f low,  but in some 
instances, errors of l8 percent o r  more have been found. 

If a discharge error is suspected, the installation shatld be 
thoroughly checked be sure tht it complies with the essential 
conditions s h m  in ?be above sketch, particularly that there is 
no blockage of f l o w  and that  the outlet is sufficiently submerged 
t o  make the pipe f lau, ful l .  The many factors affecting metergate 
performance and accwaky are described '31 deta i l  in the following 
paragraphs. These suggestions apply particularly when the gate 
i s  operated at large openings (50 percent o r  more) and/or w i t h  
small upstream submergence (ID or less).  

Sources of Discharge '1ndication Error ', 
,.> 

Qpe of gate. The discharge Cable being used should be checked 
. t o  be sure that it appiies to1the metergate in question. Tables 

fo r  round bettam gates w i l l  not work w i t h  square bottcm &tes, 
or vice versa, except a t  the wide-open ~Qsi t ion.  Be sure that 
*:he table being used is for the brand of gate, model number, or 
other identifying symbols. 

Sti l l ing well blockage. If there i s  no blockage of flow a t  the 
aate or h the u iw ,  malse sure that  the stilling wells are open. - - -  A bucket. of water poured into the well should r iaal ly drain out ; j  

' o r ,  if the gate l a  'in operation, the :water level in the well 
shoul&rapidly"reiumjto the :head hdicated before %he water was 
edded. $<::a mstter of generd. maintenegce, it.-ucuy?be a good 

"., ides t o  flush;&he wells a c a ~ i o ~ l l y ,  push a probe thmugh the 
' 

pipl,xq, &, f b s h  'ag&? At?&/ .diff-ce in readings pefore and 
af'tc.': cleabg:rn~~t~indicat&~~~e need f a  further f l t s h b g  and 

. ck&~d~. . .  ~ S . ~ a f f  g q e s  ar scales should a s ?  be checked t o  be 
suz&$hey h&e beeti, fnstal1ed:kt the proper zero position end 

' tht 'they have;net,be&ue . ~ ,rllsplaced vertically. ,. . ,  

rtain t imt  t i e  .gate ope;-, 
is'ing oteih &-the gate or sum 

to give a"alse g ~ t e  ~ . ' , . 

stallation of the gate w the '' 
end ;g$ the pipe. The :gate must seal when clorred. Too much 

, : clef allow ~IJ excess of &er t o  f l a w  between the gate 
p .%I%& and the .~+nd of $he pipe, changing the flow pattern a d  
indicated head fn ' b e  downstream s t i l l i ng  well. . . 



Amroach area_. Veeds, trash, or sediment i n  the approach t o  the 
gate can cnange the pattern of flow sufficiently at the gate leaf 
t o  p d u c e  sizable dischsrge errors. The flow along the side- 
W s  (uing W s )  has mare effect on discharge than the flow 
dong the bottan. Be sure that  flow can fdllow the siderslls 
vithout interference. Iarge amounts of s- deposited i n  
the area just upstream frm the gate can upset the nonasl flaw 
patterns as can waterlcgged trash, rocks, or other mbrerged 
material. The appoach m-ea should be cleaned atxi reshapes, if 
necessary, un t i l  no f lowlines or velocity concentrations are 
visible on the water surface. 

Submergence. The water level  at the gate should be at leas t  
one pipe diameter ( ~ r e f e r a b l ~  two) above the cram of the pipe 
during operation (flow measurement). As previously shown for 
the orifice, considerable error results  when the head is l e s s  
than one dianb=ter above the top of the pipe. The pipe outlet 
must also be sufficiently submerged t o  make the pipe run full. 
UsuUy, if the pipe length is standarii, a t  leas t  six or seven 
diameters (discussed later) ,  the sfimergence need be only about 
6 inches above the crown of the pipe. Unless pipe runs full. 
at the outlet, the downstream head-mamrinz s t i l l i ng  well may 
not contain enough miter t o  indicate the true differential pres- 
sure across the metergate, and serious discharge measuring 
errars can occur. 

&a l l  differential  head. Large errors i n  discharge determina- 
t ion can be intrcduced i f  the differential head (difference i n  
water surface elevation between the two s t i l l ing  wells) is d. 
For example, i n  re- the two water surface elevations in  the 
stZL2.i~ wells, an error of 0.01 foot could be made i n  each 
reading, giving a differential of 0.10 foot instead of 0.08 foot. 
The difference i n  i d i ca t ed  discharges would be about 0.12 cfs 
for a discharge of 1.10 through an 18-inch metergate open 
5 inches, an error of about l l  percent. 

IY the gate opening was reduced t o  2 inches and the upstream 
pool could. be allowed t o  rise t o  pass the same discharge, the 
differential  head would be 0.40 foot and the same head-readiq 
err-. of 0.02 foot wauld indicate a change of only 0.03 cfs. 
The error i n  d i s c m e  detezlPinationwaiLa be reduced *an about 
11 percent t o  l ess  than 3 pi-cent. 

If the pool level cannot be elevated as described and it is 
necessary t o  aperate contiolus3ly with small differential heads, 
it would be w e l l  t o  consider installation of a an8I.l- gate. 
This would allow operation i n  %he upper rwes of capacity 
where the differential head is larger. .If a d e r  gate c a M d  



Aside frcm head-reading errors, it is desirable t o  operate with 
larger differentials because (1) the flow is more stable and 
the water surface i n  the s t i l l ing wells does not surge as badly 
a d  (2) the higher velocity through the meter prevents a reduc- 
t ion i n  orifice coefficient (as discussed for the orifice meter). 

Other methds of achievix a larger differentia3 might include 
reducing the backwater level, i f  excessive, or reducing the pipe 
length, if it is considerably longer Six or seven di-ters, 
t o  reduce the bacbxater effect; change the location of the downstreera 
stilling w e l l  and recalibrate the meter (discussed istar).  

m a t i o n  of stilJ,iac: . w e l l  intakes. Because the discharge is 
directlv related t o  the difference in  water lewls in the two 
st* wells, it is essential that the s t i l l ing well intakes 
(pressure tap* or piezcmeters) be located exactly as they vere 
vhen the meter WIS callbrat&. 

The upstream intake should be located i n  the headvsll several 
inches (at least) frm the gate fmme, several inches (at  
least)  fran any change i n  hedval l  alinement i n  plan (see sketch), 
a& at sn elevation such that the intake Kill be com?red at 

-sting levd. The opening should be flush w i t h  the 
surface of the heed- & the piping m e d  so that a clean- * pxobe may be pushed through for cleani~lg purposes. The pipe 
should slope contirmously downmud frasn uell t o  headwall t o  
prevent sir locks in the syptem. If air is suspected in the 

I piping, it m y  be flushed by pour* vater into the 1&2 at a 
rapid rafe t o  force the aFr out through the intake e d ,  taking 

1 care not t o  entrain aFr i n  the pouring process. 

Ibe damstream piezameter (pressure *p) should be locat& on 
-&e centerIlne of the top of the pipe, exactly 1 foot davnetrecnn 
frau the downstrecna face of the gate. The intake pipe must be 
flush trith the inside surface of the pipe (grird off aqy pro- 
jections beyoad corrugated or smooth surface) and absolutely 
vertical (the effect of tilted piezcmeters i s  illustrated in 
p&uff 16). 

As s h m  in Figure 21, the rate of change in pressure is vmv 
rapid in the region of the dcnmsfream pressure tap a d  aqy as- 
plsc~pent of the tap fran - e e  location used dm%% cdi-tion 
wCU. result in  large discharge defermination errors. 





GATE OPENING IN PERCENT 

It s h a d  be nated that the coefficient Cd is a different 
coefficient than the C used in the orifice eqption. Cd is 
used vlth A which in this case is the axea of the pipe a d  
not the gate updag. Discharges may be ccmputed from this 
equation w i t h  an accuracy of f 2-1/2 percent. The degree of 
dovrrrrtreem submergence does not affect the accuracy of the meter 
if rater rises sufficiently in the doumtream well t o  obtain an 
accurate reading a d  the pipe runs fu l l  at the outlet. . 

Metergetes have been found t o  be set too low, too hlgh, or the 
wrong size of gate was eqloyed. To aid in the proper selection 
of gate size and the elevation a t  which the gate sholiid be placed, 
the follawing suggesticns are given in the benine, in Flgve B- 
The metergate entrance structure should be as described in  the 
preceding discussion. 

An -is of ather factors that influence metergate p e r f w c e  
E& accuracy, i n  cases where the installation is not atandsrd, is 
pi- in m l i l i c  ~ a b ~ r ~ ; t c a y  no. rrya-4n, &tea mch 15, 
1961, "mar ~fiaracteristics and ~imi-tiom of h e v  Lift vertical 
Metergates." This repa% covers various entrance problems effects 
of subnergence, velocity and gate design, aPa gives rsw curves 
for 18-, 24-, and 30-inch gates for both confined and unconfhd 
approsches. 



S E C T I O N  THROUGH INSTALLATION 

DETERMINATION OF METERGATE INSTALLATION 
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submerged oriflce-meter type of m e a s d ~ g  device. me upsveam or 
orifice gate controls the dischmge while the damstream or turn- 
out gate contrds the submergence on the upstresm gate. 

Gates not shown 

24"x WOrifice gate --, ,18" Dia. Turnout gate 
(Controls discharge 

- 
P L A N  I 

CONSTANT HEAD ORIFICE TURNOUT 

Rkwe 30 



1 As a IEEUS of gtiudardiziqg the device, It vss arbitrarily decided 
to alvays submerge the orifice gate mff%clently t o  prcduce a 

I 0.2-foot aiFPerence I n  water rmrface elevation  different^ head) 
I across the upstream or orifice gate. 

The constant-head orifice is ususlly operated as f d h w ~ :  me 
orifice gate ape- for the desire3 discharge is obtained fTan the 
discharge table and set. The turnout 
gate is adjusted until the different;lal head across orifice gate 
is a t  the required constant head of 0.2 foot. The digcherge will 
then be a t  the desired value. Two sizes of' constant-head 
orlflce meters have been ca;Ubrated a d  the discharge vdues are 
given in Tables 32 a d  33 of the Water Messrwment IkmaaL. 

The 10-szcond-foot c a p i t y  turnout is designed t o  operate vlth 
the canal Water surface fran 21 inches t o  6 feet abm the orifice 
gate seat. operating depth is 18 iacbes. 'Phis turnout 
uses a rectsngular 24- by 18-inch screw lift vertical gate for the 

I orifice gate anl an 18-inch-diameter screw lift vertical gate for 
a turnout gate; two sets of gates are used side by side An the 
turncrut structure which emplays 18-inch-dieter pipe. 

I The 20-secd-foot capacity turnout is designed to operate wifh 
I the cansl water surface fron 27 inches t o  6 feet abwe the oriflce 

I gate seat. ldinimm p a c t i d  crperating depth is about 24 inches. 
This tmmout uses a rectangular 3& by 2binch screw l i f t  vertical 

e for the orifice gate, a 24-inch-diameter screw lift vertical 
e for the turnout gate; two sets of gates a e  used side by side 
discharge into 24-inch4Lameter precast concrete p%y. 

I Dischame Characteristics 

!J!he discharge through a constant-head orifice turnout may be can- 
put& h c m  the arifice equation 

\- 

Q = discharge i n  cfs 
. . 

A = differential head on orifice gate (0.2) 
A = area of orifice gate opening i n  square feet 
C = coefficient of discharge 
g = acceleration due to gravity (32 ft/sec/sec); 

,i 5 
',), 
t.:-. - <' 

. . 



When only one of thetwo orifice gates is open, it is  desirable 
t o  open the turnout gate d i r e c t l y  below the opened orif ice gate. 

culty of determining 
the :head by any means. 





Flexible transparent plastic tubing i s  slipped over a metal tee 
(soldera  copper t~&ing) so that both lws are interconnected at 

- t h e  tbL, and l e d  t o  a stem f i t t ed  with a stopcock. Water is 
sucked up into the mananeter t o  the desired height for  ease of 
reading and the stopcork t m t e a e d  t o  hold the water columns up. 
The parliial vacuum, applied equally t o  each mter column, d&s 
not change the differential head. The metal disks with smaJl 
holes (f 1/8 inch) dri l led i n  them may not be necessaW but w i l l  
help t o  stabilize the water cdiumns if surges are a problem. 
The disks shauld be thin (1/16 inch or less)  and several inches 
i n  diameter. Rubber stoppers with o. prefonnd hole might be used 
i n  place of the disks i f  the velocity past the hole is not too 
great. m e  inside diameter of the tubing shod& be several times 
meater than the diameter of the hole i n  the n~bber  stopper or 
m e w  disls t o  obtain significant dsmping action on the water 
colunns i n  the tubing. 



: Selection of the type of entrance for wnev installation will &I- 
ally be limited by the relative elevations of Lie c d  battan & " 

e. and mdce the head diff icult  t o  read. 

crews havecleanea fw only a short distance 

The differential head for normal operation may be increased i f  dif- 
f iculty still  exists in setting, reading, or maintainin& the 
0.2-foot standu?d differential. Discharges me;y be calculated using 
the coefficient for the orifice gate openiug actually used and the 
differential head actually measured. Turbulent flow conditions or 
a reduced submergence at the turnout gate will not affect the as- 
chzcge i f  it is possible t o  obtain a true &ownstream head. To be 
certain of'the accuracy of these higher differential head dis- 
charges, it would be desirable t o  check several gate settings using 
a current meter or other c u b r a t i o n  mthcd. t o  measure the ais- 
m e .  This displacement, i f  any, of the coefficient curve frm 
the W u e s  given for the 0.2-foot differentidl couldbe detemdnea 
A2Pn calculations, and a new ccefficient curve drawn parallel t o  
the one shown. Only a few accurate check points wauldbe requlred 
because the curve 'shape would ~zecessarily be the same as for the 
0.2-foot mwe. 

Other errors i n  discharge measurement might be caused by other 
factors such as discussed for metergates and orifices. 

Effect of Entrance Structure G e ~ ~ l ~ e t q  

The -preceding sketcb of the constant-head orifice turnout indicates 
8:l f h r i u g  walls in plan on the entrance or approach structvre a& 
a 4:1 sloping floor. The floor slopes downwaxd away fran the ori- 
f ice  gate, Plan 1, Figure 30. Other ca~mnon installations are shown 
i n  Ngure 33, each has 8:1 flariq wa3J.s i n  pla?. 





The current meter technique uses the velocity principle t o  obtain 
a value of discharge. merefore, en@ reedings must be taken 
to insure accurate values for  both the area of the flow section 
and the average velocity. 

In selecting a site for a gaging station or a location for a meter 
or any other propeller dwice, it is important that  smooth uniform 
f l o w  e d s t  uprtrean ( to  same degree downstream) frun the location 
a t  a l l  t-8. Ihe approach t o  the s i t e  should be straight fo r  
several hundred feet  o r  more and, to the eye, the surface velocity 
should be the same across the entire width of the section. me 
cross section of the s i t e  should be typicel of the sections upstream 
and downstream and should be in stable material. Locations where 
banks or bottom can erode or where sediment i s  ham t o  deposit, 
should not be used. A s i t e  where meters can be operated from the 
upstream side of a bridge is desirable because a cableway or other 
crossing need not be constructed. The depth a t  minimum f l o w  
should be sufficient t o  use a current meter In its usual range. 
If t h i s  i s  not possible, choose one s i t e  for  low flows and another 
one for  high flows. 

In general, however, the sensitivity of the station should be 
suitable-- amall e m s  in stage reading should not reault in 
large measurement errors. Conversely; a significant change in 
discharge should be accompanied by a significant change in 
stege. 

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

0 

The selected site should be close t o  a benchmark for  easy check- 
ing of the stafY and other gages. The station should be suitable 
fo r  the installation of a water etage recorder and an intake to 
the stilling gage well. These should be closely grouped because 
it is imperative that tpe recorder and staff indicate the 
sme water lavel. 



one-half times the vert ical  dimension of the rotor. Similar 
bottom clearance should be provided, measured from the top 
of any obstruction such as  a rock or ledge. Meters should 
be re-rated after about 100 hams of use or a t  least checked 

e an adequate s 

t o  travel the eat l re  range of water levels. The intake piping 
t o  the well should be large enough t o  a l l w  the water in the 
well to  r i s e  and f a l l  w i t h  the river or canal stage without 
delay. A l l  p i p  joints should be watertight. Elbws should 
be made up of plugged tees t o  allow rodding If clogged. 

Recorder chart records should be legible t o  read + 0.02 foot 
o r  better. If waves are causing the recorder t o  blur, use a 
reatrlctfcn (perhaps a pertially open gate valve) in the s t i l l i ng  
well piping. A steel tape (electr ic indicator) should be 
installed in the =e l l  t o  se t  and check the recarder. 

Recorders should be of such a design and type that  a chenge In 
the chart record can be produced only by a change in water 1-1. 
Ihe recorder should be sensitive t o  changes of 0.02 foot o r  
less. Clocka should be reliable and keep good time. 

The paper chart scale chosen fo r  recording should -it read- 
ings t o  be made which are w i t h i n  1 percent of the depth of the 
water (abuve zero f l o w  level) or within 0.02 foot, whichever 
is greater. - 

Price-type current meters should not ordinarily be used where 
velocities are less than 0.5 f m t  per second. The upper range 
shmld not exceed the calibrated range of the meter. Meters 
shculd not be operated in shallow water when the horizontal 
axis of the meter i s  closer t o  the surface than one and 



line, and (2) the difference between the mean velocities on 
adjacent verticals does not exceed 20 percent by reference 
t o  the lover two (except c l o ~ e  t o  the banks). In general, 
th is  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 i s  ', 

irregular. Verticals need not be closer than 1 foot in any 
case; the number may be reduced when working in  small lined 

=. channels having a regular geometric profile. 

Provisions should be made t o  operate the meter from a cable 
or rod suspended in such a w a y  that  the performance of the 
meter is not affected,:by disturbances in the flow caueed 
by the observer or the suspension equipnent. The meter should 
be held iri'a given position, af ter  allowing operation t o  become 
stabilized for 40 second; or more. Total operation of the 
meter a t  each vert ical  should be not less than two consecu- 
t ive periods of a t  l e a s t 4 0  seconds. If significant differences 

; areapparent, more readings should be taken. The mean of a l l  
the readings a t  that  point should be used for the velocity, 
unless there i s  an obvious reason for  eliminating one or 
more readings. The meter should be removed from the water 
between readings t o  be sure that its rotation is not being 
impeded by debria or anyzother cause. 

(1) is used t o  measure velocities less than 0.5 foot per 

fi only one or two velocity measuring points on each vedAcal 
are obtained, an arithmetic solution t o  obtain the discharge i s  



To comwte the discharue the cross-section should be regarded as I 

discharge of the segpent is: I 

This calculation is repeated for each f u l l  seeent .  Segments 
adjacent t o  the banks may be handled by assuming zero depth and 
velocity a t  the water's edge. me to t a l  discharge is obtained 
by adding together the discharges f r m  a l l  the sepenta. 

Careful plotting of a stage-df.scharg@ relationship curve f o r  
each gaging station w i l l  help t o  evaluate the accuracy of each 
geglng meammartent as it is made, and w i l l  help to establish " 
confidence in the station. After the station is plt Into operation, 
the cmss section should be checked periodically and maintained 
in its original condition. Eedimentbars should be removed from 
the bottom and corrections t o  the netaection made, If erosion 
occurs on the bmks or bottom. If the water surface i s  raised 
or lowered by cheoking, careful time records should be kept t o  
determine when the stafY gage or water stage records are an 
indication of the diecharge. 

WEIRS 

Since veirs were frequently used as  examples in "General Aepccts 
of Water Measurement Accuracy, " they w i l l  not be elaborated upon 
In thia portion of the t e x t .  They have been specifically 
referred t o  under headings of: Approach Flcw, Wbulence, 
Velocity of Approach, Exit Flaw Conditione, Weathered and Worn 
Equipment, Poor Workmanshlp, Faulty Head Measurement, and Use 
of Wnmg Measuring Device. 

Propeller meters have been in use e h c e  abaut lgU and are 
of many k w s ,  shapes, and slzee. lheg are used submerged near 



&&itions and &sea are a&ilable from manufacturers & 
it i s  therefore impractical t o  t r y  t o  discuss a l l  makes and 
models. A l l  propeller meters have certain camon features, 
faults, and advantages, however, which can be analyzed t o  
provide a better  understanding of meter operation. A thor- 
ough comprehension of meter principles, thei r  Inherent 
limitations and advantages, and the operating experiences 
of msqy users m y  be beneficial when purchasing, installing, 
operating, and maintaining meters fo r  a f ie ld  installation. 
The information presented herein has been gathered from project 
and water d i s t r i c t  personnel, let ters ,  reports, inspections, 
complaints, and from laboratory and f ie ld  tes t s  conducted 
specifically t o  evaluate propeller meter performance. Much 
information, some good and some doubtful has been s i i ted  t o  
emphasize basic matereri and eliminate incorrect or con- 
f l i c t ing  statements. An attempt has been made t o  eliminate 
material which applies only or particu-larly t o  one make 
of meter or t o  one specific installation. m e  materlal 
~ ~ s e n t e d  applies t o  a l l  meters, in general, and t o  a l l  
installations, except as noted. 

Propeller meters u t i l i ze  a multibladed propeller (2 t o  6 
blades) made cf metal, p h s t i c  o r  rubber, rotating in a 
ver t ical  plane and geared t o  a total izer  in such a mauner 
that a mrmerical counter can total ize the flow in cubic 
feet  (perhaps t o  within 10 cubic feet),  acre-feet, or aqy 
other desired volumetric units, and/or an indicator to ~ h o ~  
the instantaneous discharge, in cubic feet  per second, acre- 
feet  per day, or any other desired units. The propeller, 
designed and calibrated for  operation in a pipe or conduit, 
should always be fully submerged, that  is, the pipe or  
conduit~?m28t be flowing all. The propeller diameter is 
alveys a fraction of the pipe diameter; usually varies i; 

between 0.5 t o  0.8,of the diameter of the pipe. Ccsnpou~d 
f low meters have more than one propeller and are more compli- 
cated in design. Meters are available fo r  a range of pipe 
sizes from 2 t o  72 Inches in diameter. 

The measwment range of the meter is usually about 1 t o  10; 
that  i s ,  the mxirtlm discharge the meter can indicate or 



flowing a t  from 0.5 to 17 feet  second althougb Inaccurate 
registration may occur. fo r  the Lower velociths in  the 0.5 t o  
1.5 ft/aec ratwe. 

aPle meter size is usuelly stated in terns of the pipe diameter. 
For exapple, a &-inch meter m&ht have a 12-inch-diameter propel- 
l e r  for  use in a &-inch-diameter pipe. Thus, the principle 
Involved in measuring dlischerges is not a displacement principle 
as in certain municipal water meters or indtcating devices used 
on gasoline service station pumps, but rather a simple countfag 
of the revolutions of the propeller 86 the flow passes the 
propeller and causes it t o  rotate. Anything that  changes the 
frictional resistance of the propeller, the number of remlu- 
t h u s  in a given time, or the relationship between pipe a d  
pmpeller arras, therefore, atpects the regiStratl0?3 or 8CCUracy 
of the meter. l'be many factors affecting propeller rotation are 
diecussed In the followlug pages. 

Flow Patterns 

Ihe accur.sfy of e propeller meter (fn new condition) i s  prb€dly 
dependent upon the similarity of the flow patterns In the vicinity 
of the propeller during calibration ana during regular use. 

approachlug or lea- 
acy or registration of the 

k poor entrance t o  a turnout pipe, elbows, fittings, unsyrmaet- 
r i ca l  approech flows and maqy other factors can p~oduce sg-1 
flow in a pipe. The propeller meter, because J.%:*&s a hub a t  
the center of the pipe and a revolving propeller; i s  therefore 
very sensitive to water flowing in a spiral pattern. Signif- 
icant errors ia registration can result when the meter is used 
in spire1 flow. Depending on the dinction of rotation of the 
f low wlth r e s p c t  t o  the pitch and dinctfon of rotation of 
the propeller, the meter w i l l  over or &r register. Flow 
straightenln& vanes inserted in the pipe upstream hpm the 
meter w i l l  help to  e lb ina t e  errors reaulthg from th is  cause. 
The meter manufacturer usually has specific instructions regard- 

and these ahculd be followed 
It i s  usually suggested that 

seven diameters 



or more i n  length. Vanes are usually d e  i n  the shape of a 
+ slm t o  divide the pipe into egraal quarters as shown in  
plgure 9- 

. . . . .-..- - r  -.- ____I_Ti .- . apt- --~- 

Figure 3b 

Laboratory experiments have ahrJvn thst vanes of this  type 
(used where no s p i d  flaw exists) may reduce registation by 
1 t o  2 percent cmpred t o  readin&s made with the vanes 
removed. This i s  bsccusc We r-reo- W e n  up by the vanes tends 
t o  reduce the velocity near the center of the propiller. Sane 
ammiacturers hsve swes ted  the use of mnes which do not 
meet i n  the middle but divlde the pipe fntr, t h l d s  as rhm 
i n  Figas 35. 



Because of the open flow area i n  the center of the pipe there is 
l e s s  disturbance t o  the flow pattern i n  the center of the pipe. 
One or more diameters of clear space between the downstream end 
o f t h e  Mnes and the propeller helps t o  null ify any adverse 
effects caused by either type of vane. 

If straightening vanes are not used, a long length of straight, 
h o r i z o M  pipe (30 or more diameters long) may be required t o  
reduce registration errors. Venting the pipe t o  the atnosphere 
just d m t r e a m  from the control gate, if this is possible, m y  
help t o  reduce spiral  flow. 

Velocity profiles 

In  any pipe--even a wry short one--the f r ic t ion between the 
inside f low surface of the pipe and the water i s  greater than 
the internal f r ic t ion o f t h e  water. This results  i n  the water 
i n  the  center area of the pipe having a bigher velocity than 
the water near the b w .  

In a short pipe the velocity profile would. be similar t o  Case A, 
Figure 36; i n  a longer pipe the profile would look as shown i n  
Case B. In the l a t t e r  fully developed velocity profile the dif- 
ference between the center and edge velocities i s  @te large 
but is stable and does not increase further. It is obvious 
therefore that  the propeller, which receives its impetus from 
the central area of the pipe, w i l l  receive different t o t a l  
forces for  Cases A a d  B above, and that  a greater number of 
revolutions w i l l  occur i n  the long pipe, Case B. On the other 
hand, less force, and fewer revolutions (-er registration), 
will occur for  Case A. Laboratory t e s t s  have s h m  that long 
tup~louts or pipes (30 or more diameters long) h ~ v e  f u l l y  developed 



b visualizing the effects of a larger or smaller pipe on the 
accuracy of a given propeller meter, cases A and. B of ~lgure 36 
will be helpful. Depe- on the type of velocity profile i n  
the proposed lager or smaller pipe, the propeller will t e M  t o  
intercept higher velocities (overregister) ar lmr velocities 
(underregister) a& w i l l  be i n  error depenoing on the change i n  

velocity proii les a d  give 3-4 percent greater registration 
t- short pipes, 6-10 diawters long. -h or corrugsted 
pipes tella t o  produce the Case B velocity profile i n  shorter 
lengths than Bnooth w a l l  pipes. No exact da t a  are available 
t o  define wery situation, however. 

Control gates, such as the sl ide gate often used at a turnout 
entrance, may affect the  f l o w  pattern and/or the velocity pro- 
f l l e  in a short pipe. For m e ,  t e s t s  have shown that for 
a 24-inch pipe turnaut 23 fee t  long fran gate t o  meter, i n  the 
5-cfs range, a full gate opening resulted in an i d i c a t i o n  of 
96 percent of the true disc-. when the same discharge was 
put through a 6-inch gate opening, the meter indicated 100 per- 
cent of the actuel discharge. The 4 percent difference i n  
discharge vas the effect noted i n  these tests.  

It is apparent, therefore, that changes in velocity d2stribu- 
t ion i n  the pipe cross section, that make the distribution 
significantly different fran that used during the meter calibra- 
tion, xFU cause a change i n  meter registration. Changes m y  
be either plus or minus w i t h  respect t o  the original dischsrge 
calibration. Inspection and analysis of the flow conditions 
upstream fran the meter may prove beneficial i n  trouble shoot- 
ing a field instal lst ion suspected of givlrg incorrect meter 
registrations. Checking the flow distribution i n  a cross sec- 
t ion just upstresm f?m the meter with a =tot tube would con- 
clusively establish whether a poor velocity pattern was 
present. Meters are never calibrated with poor velocity pat- 
terns i n  the pipe. 

Propeller and Pipe Size Fielationships 

Meters should alwags be used in pipes of the proper or reccnmnended 
diameter. The meter marmfacturer can supply this infomation. 
However, a discussion o f t h e  relat ive effects of propeller dim- 
e te r  will be helpful i n  understanding the trends in over and 
under registration where a meter i s  used i n  a pipe larger or 
smaller than the reca~nmerded size. Propeller diameters vary 
between 0.5 and 0.8 of the pipe diameter. It is  therefore not 
alxayn possible t o  d e t e d n e  the proper pipe size by measuring 
the propeller diameter. 



the average velocities intercepted. No nnrrmerlcsf values can be 
given because dif"Perent meter manufkcturers have different propel- 
l e r  +zsigna. For -e, propeller t ips  are affected di f ferenw 
by varglrrg absolute ~ c c i t y  Wues; also, different clearance 
requin$ments 'between the propeller and the pipe v a l l  produce dif- 
ferent register values. Items that are  impW*ant for one propel- 
ler ,shape may not affect another. ' Tests have ~hawn,. hawever, 
.tWt the largerthe pipe &&meter w i t h  respect t o  the propeller ,' 

diarmeter, the m6re a cbsnge in velocity p o f i l e  ulll8ffect;'che 
meter registrafion. Thus, meters Mdng prerpellers the 
&bi&er of the pipe they are t o  be used i n  should p-&e moat 
accurate results. Comrersely, papellers tbat are half or less 
than the pipe ikhmeter w i l l  give the least accurate results. 

It has been established i n  laboratory tests.  that changes i n  reg- 
istration for.* pipe 'sizes slill be *or if ,  for both pipe 
sizes, the propeller dlsmeter is 75 pePcent or mare of the pipe 
diameter. In a l l  cases, registration errors will. 6e less in  
rough wall pipe beceuse the rough .dl helps t o  establish quickly 

pr,,p&4r-&ti0~. - --.- 
------_-=1.22-_ 

Since the meter head, in  erfect, counts the number of revolutions 
of the ,propeller t o  i e d l c ~ t e t h e  discharge, any Factor that 
inflwm=es the r a t e  of propeller turning can affect the meter 





through the b q  assembly. Less silt - then f& t o  sccu- 
mulate. In effect, when the hub could be drained, l e s s  bearing 
damage was evident but bearing wear was not eliminated. Sad 
t raps ray be necesssry In fleld i tgtal lat ions t o  redreduce the  amcnmt 
of sedimelrt (bedlcad) reaching the meter. 

Cke  should be taken In  lubricatiag a&er besliws. Use of the 
lubricant (~eriraps none should be used) can lncresse the 

resistance t o  propeller mation, prt icrr lacly i n  cciLd water. It 
should abso be established that the lubricant is m h i n g  the 
desired bearing or other surfaces after It is injected. For sane 
meters, the  manufacturers did not reccmuuenl. lubrication of the 

camon features which seem t o  be u n l v e r w ' d e s i r s b l e  and which 
help t o  prevent head losses ..across the meter and jqprove the 
&ty of vater messurement. 

de8irab;le so  thaf protection is provi&d w h i l e  one screen is belug 
-'ad c leand .  !be vire mesh ususJly varies from 1-'by 
1-inch (NO. 9 wire) t o  l/&-inch galvanizes bardm cloth. Open- 
ings of 1/2 inch seem t o b e  most successful popular. Another 



< 

Screen area shauld be a mir&num of 8-10 times the area of the flew 
' 

cmss section; in mang installations the screen area is 15-20 times 
the flm area ad this has not been f d  excessive. Where sizable 
kead losses cannot be tolemted the screen area should be large, 
the cleaning frequent, or both. 

U traps, t o  catch the bedlad (sand and gravel that moves along 
the bottan), should be arianged so that the trapped material can 
be flushed along the main d - - n o t  into the turnout. Settling 
W i n s  t o  hap the larger particles of suspended sediment (sus- 
peded in  the flowing water) may be helpful a t  a meter installa- 
tion. To remove 8usperuLf.d sediment the velocity of the approach- 
ing flow mast be reduced t o  eLZlcrv sediment t o  set t le  out. To 
accaqlish this, fairly large ad relatively costly settling 
W i n s  are requlred. The sdvice of an expert should be obtained 
before considering a facili ty of this type. - 

The head loss across a propeller meter is usually considered t o  
be negligible, althoughthere is evidence that losses for open- 
flow meters may run as high es two velocity heads. This is equi- 
valent t o  0.6 foot of lost head i n  a 24-inch-diameter pipe carry- 
ing 8 cfs. The losses for certain in-line c a p d  and other type 
meters may be as high as 6 t o  8 feet of head. In gene&, how- 
ever, losses are low but it has not been established exactly what 
the us- losses are. 

Inmany cases, turnout losses including losses through the pipe 
' 

entrance, screens, sand trap, pipe, etc., are large enough to  make 
the losses a t  the meter seem negligible. Scme Uarance for meter 
losses should &,made during turnout design, however, aa3. the 
m e t e r  manufacturer can usually supply the necessary l n f ~ t i o n .  



Effect of' meter setting 

The settirg of the meter in the turnout maybe responsible for 
sizable errors if the meter is not carefully positioned. A 
meter (24-inchdiameter pipe, 12-inchiliameter propeller, 
8-cfs discbrge) set with the hub center 1 inch off the center 
of the pipe showed an error of 1.2 percent. When the meter 
was rotated n.5' in a horizontal plsne (114 inch measured on 
the surface of the 2-112-inchaiamefier vertical meter shaft 
housing) the error was 4 perc-; for 23' the errex vas 16 per- 
cent (u~laer reglstratlon). Setting the meter (&aft housing) 
in a nonvertical position would intrduce the same degree of 
error. 

EfPect of initial counter setting 

Meter manufacturers recognize that meters tend to imaerregis- 
ter after they have been in use ?or a time and same meters are 
set to read 10L.5 percent of the actual flow as their initial 
registration. Thls is done in anticipation that the meter will 
read correctly (100 percent of the act& flow) during the mid- 
dle portion of the meter's life. Meters which are reaajuated 
to record a particulsr flow (the l m r  end of the scale) vifh 
greater accuracy may cause registration errors of-up to 10 to 
15 percent at greater Cows (the high end of the scale). 

I , 
Effect of rapidly ~ r y i n g  discharge 

.be measured. Considerable error can be introduced by-varyfng 
the flow rate greatly or .quickly. Registmion accuracies ray .,,, 

Meters are most accurate when a near constant dischare is to 









The gemetry of the outlet box d m t r e a m  frm the flowmeter 
may also affect meter accuracy. If the outlet is sufficiently 
constricted to cause turbulence, bcils and/or W t e  water the 
meter registration nay be affected. 

Hundreds of propeller meters bought for reguLar use have been 
taken out of service and stored in warehouses because of various 
troubles, either because %he meter did not serve the p q o s e  for 
which it was purchased, or because it became unreliable or 
operable after a period of service. Propeller bearing trouble 
the most comon problem and may be difficult to overcome except 

Curve 1 of Figure 39 shows a meter calibration where the pipe 
discharges into a large open box that bas no backwater or 
other effect on the meter except to keep it submerged. Curve 2 
shows the calibration for the same meter using the outlet struc- 
ture sham in the sketch of Figure 40. This outlet structure 
(sham to scale) is believed to be the smallest that can be 
built without significantly affecting the meter calibration. 
m e  vertical step is as close to the meter as is desimble. 
Larger outlet stmctures--those providing more clearance 
betmen 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 adlor surging flow througJ~ the turnout. This 
has been observed as a continuously swinging indicator hand 
which follm the changing discharge through the meter. The 
surging may of'ten be heard as w e l l  as seen. As previously dis- 
cussed, large registration errors can occur when rapidly or 
continually changing discharges are being measured. 

Meter Costs, Maintenance 

Propeller meter and maintenance costs are difficult to state in 
terms of dollars but sane relative figures may be of value in 
making rough estimates. A prapeller meter installation may cost 
two or three times more thsn a weir, depending on labor rates, - 
and be stmewhat less costly than, say, a Venturi meter. Two- 
thids of the cost usually is for the meter (and mher equipment 
such as screens, etc.) and one-thid is for installation. The 
propeller meter w i l l  require more maintenance than a weir or a 
Venturi meter. Propeller meters may re uire continuous mainte- 
nance which m y  amount to as little as 8l 0 to $25 per year or 
several times more. In same meters a single bearing may 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 sf the water 
they have saved. In other areas where water is relatively plen- 
tiful they have never paid out. 



a n a s p r e  parts are stocked far immediate use, the mintenance 
costs and problems seem t o  be aninnnu. I n  other dis t r ic ts  where 
personnel are unfamiliar with meter mechanisms, and where spare 
parts are ordered on a one-at-a-tine basis, the maintenance costs 
are high. In sane cases users expect t o  replace bearings--they 
do not consider the need far bar ing  replaceaent t o  be a defect 
In the meter; i n  other areas a bearing failure i s  cause for 
permsnently removing the meter frun service. ESrperieuce has shown 
thst msintenance costs can be reduced by establishing a regulaX 
maintenance prcgrem which includes lubrication and repair of 
meters; screen dleaning, repsir, and replacement (about every 
2 years); sand trap cleaning; and general maintenance of the turn- 
out and its approaches. In a regular prcgmm many low-cast pre- 
ventive measms can be made routine and thereby reduce the n M e r  
of higher cost curative measures t o  be faced a t  a later time. 

Choice of Meter Size 

b h y  meters have been retired fran senrice Prithout ever having 
acccmplished their  original purpose, simply because a larger than 
necessary meter was purchased and the meter was not able t o  record 
the usual smaller daily flows. In attempting t o  use an &sting 
turnout pipe (pipe sizes may not hsve auy relationship t o  the 
discharge t o  be m e a s d l  a large meter was purchased t o  f i t  the 
existing pip. The meter could then handle the naximum possible 
flow through the turnout but was too large t o  handle the m d l  
flows that were the usual daily requirement. In sme dis t r ic ts  
it has been necessary t o  state the minimum f low that can be 
delivered an3 measured; the user is then expected t o  arrange his 
water use so that d e r  discharges are not necessary. Care 
should be taken not only t o  match the meter t o  the pipe size but 
t a  match the meter t o  the proper discharge w e .  It may be 
necessary t o  reduce the turncnrt pipe size as  a result, but the 
savings i n  purchasing a smaller meter  might help t o  offset this 

' y:. cost. If possible, +he meter size should be selected so that  
, urmsl opemtion w i l l  occur in  the mihuge  of the meter. 
1, . 

The velocity i n  the pipe s h d  be above 1.5 feet  per second for  
best perfomsme. If sediment is present i n  the water, the veloc- 

higher t o  minimize the added frlction effect 
bearings. A meter that  operates contirmal3y i n  
(or highest) w i l l  not be as  accurate a s  one that 

t es  i n  midrange. 



I l l 3 7  ~~ DEVICES AmD TECBNIQUES 

Vane Deflection Meter 

A portable vane flowmeter i s  on the market and, according t o  the 
manufacturer's claims, the meter is accurate and u s e m .  The 
meter has been evaluated from canprehensive tes t s  made under simu- 
lated field conditions i n  the m u l i c  Laboratory and the claims 
of the manufacturer were fauna t o  be y i t e  truthful. The meter ' 
is indeed an accurate a d  useful device. 

The portable deflector vane res ts  i n  permanent brackets mounted 
i n  a 6-foot-long ditch liner, either rec- or trapezoidal 
i n  cross section, se t  i n  an earth ditch. Therefore, one meter 
head w i l l  service any number of ditches of the same general flow 
capacity having l iners  and brackets permanently installed. About 
30 sizes of meter and ditch l iner  are available. EBch meter 
handles a wide range of flows i n  a given size of ditch and auto- 
mstically canpensstes for different ccPnbinations of velocity and 
depth. There is  negligible loss of head caused by the ditch l iner  
or meter. Instantaneous discharges only may be read; no t o t a l i z i q  
device i s  available. Installation is simple and the cost i s  rea- 
sonsble, especially if several or more %itches 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 msde frm a 
piece of plywood was found t o  be effective i n  minimizing wind- 
caused errors. 

Under ideal conditions the meter was found t o  be accurate t o  
1.6 percent, and t o  about 3 percent under l ess  favorable condi- 
tions. lJind produced errors of up t o  100 percent but simple pre- 
cautions eliminated practically BU of th is  -or. 

r i s  durable, w e l l  constructed, and should retain its 

g p ,  miners inches, acre-feet per day, etc. 

. This may be obtained by 



Dilution Method 

In making the usual water measurement it is necessary ja measure 
head, velocity, cross-sectional area, depth, meter revolutions 
or sow factor(6) that be diff icult  t o  measure, because the 
meaauremnt must be made in, on, wer, or beneath the flowing 
water. One method of determining discharge that circumvents the 
need for  makiag difPicult measurements is the dilution method. 
In this method a substance in concentrated form is introduced 
into the flowing water and allowed t o  thoroughly mix. A t  a 
downstream station a sample i s  taken, and iram the degree of 
dilution of the concentrate, the discharge is computed. Since 
only the quantity of water necessary t o  accomplish the dilution 
is involved, t h e n  is no need t o  measure velocity, depth, head, 
cross-sectional area or any of the other hydraulic factors usually 
considered i n  a diecharge meaeurement. 

Many different substances have been used in dilution tests.  
Chemicals, including ordinary salt ,  have been used and the dilu- 
tion has been evaluated by the change in the ability of the 
f loving water t o  conduct an electric current. O r  chemicals 
such as sodium dichromate have been utilized and the quantity 
in s sample determined by means of chemical analysis or flame 
photometer determination. Sodium dichromate has been recorn- 
mended for use in many waters because it is stable and chrcanium 
ions do not ordlnkily appear in natural waters. Dyts have been 
used to color the water and calorimeters and cmparators have 
established the dilutions by comparing the samples w i t h  standard 
concentrated or dilute solutions. 

Fluoresela dye, Rhodamhe B dye, or Pontacil Pink dye have been 
used. The lafter two are very stable, do not occur in nature 
and can be simply 8nd accurate&-:,detected by means of a fluorometer 
in very low concentrations (one-part in a million or better i s  
chimed). lev dyes are being devtloped t o  f i l l  the needs of 
dilution testing. Rhcdamine WT (water tracer) i s  one of the newer 
dyes found t o  give better  response in a fluorometer. 

Radioisotopes are alao being used in dilution tes ts  and the degree 
of dilution i s  determined by ccuntiug the gsmma r& emissions fiom 
the diluted isotope solution (the dcmstream flow) using Geiger 
counters or scintillation counters. Since the counters can a t  
best acccunt for only the emissions in the sphere of influence 
aunwnding the counter dwice, and s h c e  the understnuding of the 
radioisotope method involves complete comprehension of the laws 
of probability and of m~thematical and pbysical derivations 
beyond the scope of this paper, no attempt w i l l  be made here t o  
explain directly the theory behind the radioisotope method of 
making diecharge measurements. However, considerable comgnhen- 
sion of the method m y  be had by understanding the principles 







moiso topes  may be used i n  place of a chemical or dye tracer and 
the same general procedures followed. .Figure 42, "Radioisotcrpes 
Total Count &tho3 of Ikasuring Discharge," shows all the elements 
necessary t o  rake a radiosotope discharge measurement. The follow- .- 

ie'exyLanation may help t o  explain the procedures. In the ' m e "  

is' the volume of injected tracer. 





In prep& - A, a large known quantity of isotope (gold-198- 
salts dissolved in aqua-regia) in liquid fom is divided into pmts 
known as aliquots, using a portable field laboratory containing a 
s t a m i z e d  counting system. The individual parts, A, are umrally 
contained in 1 pint plastic bottles and are transported to the 
test site in mrmbers sufficient for the dischsrge measurements. 

In making a measurement in a canal the bottles are handled with 
tongs about 3 feet long and the isotope is intrcduced into the 
canal by pouring onto the uater surface. Sometimes the isotope is 
contained in glass bottles which are smashed in an impact device 
below the surface of the water. m e n  possible the isotope is 
introduced at a point where turbulence can a* in the,mixing, 
~l~ure.23. Turbulent water aids dispersion a d  thor~ugh mixing 
of the radioisotope vith the flowlog rater. 

To obtain a total count, N, the counts received from natural 
sources such as comic rays (usud ly  called background) must be 
measured before and after a test and the backgroM cbunt sub- 

ground has receded to pretest levels. 

Geiger counters (in a bundle) ark a portable decade scaler for 
totalizing the gatmaa ray emissions are shown in Figure 44. 
Figure 45 shows the easy-to-read mbers on the portable decade 
scaler which indicate the total count. 

Worough mixing of the isotope xith the flowing water is of pri- 
mary importance in obtaining accurate measurements. In canals it 
is very difficult .to obtain sufficient mixing because of the lack 
of turbulence, a characteristic of a well-designed canal. The 
isotope t&ds 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 satisfactory mixing. Equstions are being derived and 
investigated to determine whether it is possible to predict the 
lengths required for a given set of initial conditions. Less 
.difficulty in obtaining satisfactory mixing has been wrienced 
in .natural streams and in pipelines because of the higher veloc- 
ities which usually prevail and the correspondingly greater inten- 



Figure Ii3 P-212-~-36&60 N A  

Turbulent water aids dispersion and mixing of the radioisotopes and water 



Figure 45 P-SO-D-319k6 NA 

Dial on portable decade scaler indicates total count 



canals insufficient mixing has occurred in a length of 5,000 feet. 
It would be desirable t o  reduce the required length as much as 
possible in order t o  increase the number of possible t e s t  s i t es  
and also because absorption of isotope by materials such as earth, 
concrete or sediment mlght adversely affect the accuracy of the 
measurement. 

The radioisotope used in Bureau of Reclamation tes t s  i s  Cold-198. 
lhis isotope w a 6  selected because it has a half-life of 64 hours, 
can be detected in weak concentrations, is cheap, end is easy t o  
obtain. In the concentrations used, the isotope is practically 
harmless af ter  it i s  introduced into the flow. In case of an 
accident only a few days would be requiredto dissipate half of 
its radioactivity (half-life) and in another few days half of the 
remaining activity would be dissipated. No danger t o  human, 
animal, or f i sh  l i f e  exists, however, since the radioactive mate- 
r i a l  i s  handled in such a w8y by licensed personnel that only 
small quantities are concentrated in any one area. Concurrence 
of a l l  public health agencies i s  always obtained before any tes ts  
are run. 

Other isotopes which have been used by other investigators and 
which could be used In  discharge detemination t e s t s  are: iodine-131 
(15 4 per m/c), sodium-24 (124 per m/c), and bromine-82 (w per 
m/c). These have not been used by the Bureau because of thei r  
short half- l ife or their  less desirable health effects. The m i n i -  
mum cost of gold-198 i s  about 10 cents per millicurie. In terms 
of a f ie ld  tes t ,  the cost of gold-198 i s  about $1.00 per 1,000 cfs 
t o  be meclsured (the quantity of isotope used is based on obtaining 
s ta t i s t i ca l  counting accuracy within about % 1 percent. If 
there are too few missions t o  count,the background count becanes 
a significant part of the  t o t a l  count; also, the lower the t o h l  
count the greater the chance for  error.) 

Greater possible s ta t i s t i ca l  accuracy, which may or may not always 
be justified, could raise the cost t o  as much as $5 per 1,000 cfs 
of discharge. Considering practical limits, very l i t t l e  gain in 
possible s ta t i s t i ca l  accuracy can be expected when more than $2 
worth of  old-198 is used per 1,000 cfs. 

The accuracy of the results achiwed in using isotopes t o  measure 
canal discharges in over 100 t e s t s  has, in  general, been encouraging. 
If thorough transverse mixing of the isotope wi* the flow can be 
assured, measurement accuracy t o  within 2 1 percent can be achieved. Com- 
parisons of isotope discharge determinations with "operational" 
discharges, current meter measurements, or other means, have been 
used t o  evaluate the isotope tests .  It i s  bellwed that  the isotope 
method shows real  promise of becoming a routine method 



bving guslanteed accuracy limits which are comparsble t o  other 
devices a d  methcds. Rtgure 46 shows the detection and counting 

1 equipuent i n  operation on a medim-size c a d .  

The greatest deterrent t o  obtsining consistently accurate measure- 
ments has been the inability t o  obtain thorough transverse mixing. 
Work on this phase of the problem is continuing, both as  a research 
subject i n  the laboratory snd as a t e s t  problem i n  the field. 
Tests on devices t o  prduce or introduce turbulence into canal 
flows have not been m e ,  nnrinly because every attempt is being 
made t o  keep the measuring procedure a& e q u i p n t  as  simple as 
possible. Hovever, it may be necessary t o  provide turbulence- 
inducing iqlectors which ut i l ize  an e x t e d  source of energy, 
such as an air blast, t o  start the eddy action which prcmotes 
transverse mixing. If this can be done with s w e  and reliable 
equipment, the problem of adequate mixing w i l l  be greatly simplified. 

Considering a l l  the &tors involved i n  n!aking any type of discharge 
determination, it may be seen that the radioisotope method shows 
p r d s e  of being developed into a simple procedure, requiring a 
minimum of time t o  execute, and providing maxirmrm possibilities 
for being accurate. EMntllally the radioisotope discharge deter- 
mination developuent prcgram w i l l .  be expanded and injection equip- 
ment w i l l  be developed t o  introduce radioisotopes into pipelines 
or penstccks flariag u d e r  high heads. Pipe capacities, or turbine 
or pump efficiencies cnild be determined as an u l t imte  gasl of 
the radioisotope discharge oefW developent p r m .  

C a m n e r c i a l  developent of acoustic flowmeters has progressed 
rapidly since the practical nature of the method was realized 
about 1950. Systems for small pipes (up t o  10 inches) have been 
available but i n  1964 a system was i n s w e d  and experimentally 
evaluated i n  a 24-foot-diameter steel  penstock a t  Oahe Dam on the 
Missouri River vlth satisfactory results. An open cbannel acous- 
t i c  flowmeter has been instslled i n  the Delta-Medota Canal of 
the Central Valley Roject  by Ooverrnnent agencies. Research and 
developtent of the system shovs p r d s e  that the principle 
utilized i n  the pipe systems may be satisfactorily applied t o  
most open chsnnel discharge measurements. Cemprehensive studies 
of both open-chamel and closed-conduit types of acoustic meters 
are continuin& vi th  the expectation that the method can be 
applied t o  measuring large discharges i n  both open-channel and 
closed-conduit systems. 

Acoustic flowmeter systems are expected t o  offer, eventually, a 
relatively inexpensive, rapid, and reliable methcd of measuring 



d i s c m e s  in large preeaure caarluits and in large c a d b e  'Ehe 
system uses the iple thrrt the ditp-e in t iae  of anlval 
of tao acaustic N s e s  i n  oyposite directions 
through the water can be related t o  the vater vdoci-. Fig\m 47 
shnrs a schemstic arrangement of an s c m ~ t i c  meter i m t a l h t i m  
IJI a pipeline. In one direction the yster iPaa velccity increases 
the speed of the acoustic plus (C + Vv) while in  the other dixKI- 
ticm the glov velacity d m  the arrival of the piLae (C - Vv). 
Acouetic transducers are me& t o  tnuu3dt a& receive the acm- 
t i c  pressure en- along oblique upst- a d  downstream paths 
i n  the channel ar c d u i t .  The accuracy of the sJrstem m n a a  oa 
positioning the transducers t o  obtain a true average velocity in 
the pipe or canal. Sevaral pair6 of tnrnsducere mag therefore 
be repaired t o  ebtain the true average velocity i f  tbe valacity 
profile in  the ccadult is not ayma&dcal a b a t  the centerline of 
t h e c d u i t .  I n a n u p e n ~ t h e ~ c c u 9 m u e t b t z a i 6 e d  
or luuered as the flaw depth changes t o  caapcnsste for a chmgi13g 
velocity proiile. 

I I - 
6 

Flow-, I / 
- path - -. -0-L i 
- -- 

-- k* -/ 
~ ~ ~ o - n ~ d ~ c e r s  

- C-Vw A'&:;~z (transmit & receive) -- ..=L' . - . . . . . . .- . .. . - . .. - . . 
.. - . . .,... .. // / ,//, ,I, I*, 

1 A= Cross ; 
sec. area 

C = Travel time of sound 
(acoustic pulse) 
in water. 

Comparator ----- r AT=Time difference 

ATC~ 
Vw= 2, Q = AVw 



transducers, and velocity-read-out c&pnents-can be made canpact 
for ease of installation in the structure. Power requirements 
have been reduced so ths t  a 110-volt supply source can be used. 
There are  indications that  velocities can be mearmred with 1 percent 
accuracy. Consequently, discharges may be determined with con- 
siderable accuracy depending on the velocity profile a t  the 
measuring station. 

-Wgnetic Flowmeter 

Vagnetic flowmeters are used conrmercially in chemical and process 
industries t o  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 a s  turnout measuring devices. 

The operating principle of the meter is based on Wraday's l a w  of 
induction, in that  the voltage induced across any conductor moving 
a t  right angles through a magnetic field is  proportions1 t o  the 
speed of the conductor. The principle is the same as  used in 
direct and alternating-current generators. 

I n  the flowmeter, water flows through a nonmagnetic tube which i s  
installed as  a portion of the pipeline, and surrounded by a magnetic 
field, proauced by electronic circuitry. The flowing water induces 
a s  alternating-current voltage between two electrodes located in the 
tube walls. The voltage produced i s  proportional t o  the.speed of 
the water i n  the tube and is  used t o  indicate and record the ra te  
or volume of flow. These meters are capable of meawing veiocities 
of up to  30 feet  per second through the tube. 

Magnetic flowmeters are supplied in sizes ranging from an inch or 
l e s s  t o  several feet  (diameter of the nonmagnetic flow tube). 
Dmelopment of the meter i s  continuing and considerations are  , 
being given t o  installing electromagnetic coils and electrodes 

' 

on the inside surfaces of existing concrete pipes t o  form large 
flowmeters for use in pumping plants or distribution systems. 

Accuracy of the amaller flonaeters has been shorn by calibration 
t o  be relatively high. For velocities l ess  than 1 fps accuracy 
i s  + 3-4 percent; 1-3 fps, 2 2 percent; 3-30 as, 2 1 percent. 
~ a i k l a t i o n s  indicate that the  accuracy of large meters should 
also be high and attempts are being made t o  establish the accuracy 

s having diameters of 10 t o  1 5  feet. The discharge 
ent range of any particular meter can be extended by 
switching in  the electronic controls, t o  as  much a s  

stallations. Other 









The Parshall 

accuracy of measurement 







The second condition, called ahmerged flow, oncars ohm the 
water surfme d o w n e m  f rcm the fl- is srritlcicntly above the 
elevation of the crest of the flume t o  -ce thc discharge. Tor 
ine flw only the head, E,,, at the upstream gage locrtica i8  
nwdedtodetemhetbed~chargehcmthelr tsndardkbles.  'Phi 
f ree  ilou includes solac of the range vhifh e t  at fk8t 
be comida'ed the submargcd flow range, became Faruhdl-s 
can tolerate 50 t o  80 percent mimergence before the free f l o w  
rate is reduced to a  able degree. For 8ubmerW floM 
(when dmergence %a mater than 50 to 80 percent, depend* an 
flume size), both upstreen a d  damstream heada, Ha and Eb,  
needed t o  deteminc the dischnrge. 

A dist inct  advan- of the Parehall flume is its ab i l i ty  to 
function sa a single head dwice over a wide operut- range 
w i t h  minimum loss of hed. lhirr loss is only about one-fau-th 
of that needed t o  operate a weir having the same crest  Length. 
Another adwntsge is that the velocity of approach is autamatic8lU 
controlled if the co rnc t  size ol flume is chosen and the f l m e  is 
used as  it shmld be, as  an "in-llne" structure. Parahall flumes 
arr widely used in irrigation aystema because than is no e u y  
way t o  a l t e r  the flume dimensions or change the f lw chglnel t o  
obtain an unfair propwtlon of the water. Also, it is easy fo r  
one water user to check h i s  awn vater delivery against those of 
neighboring users. 

5 e  lnain dieadvautages of a Parshall f b e  are (1) it may not be ur 
accurate mea6urlng device when used in a close-coup- c d l n a t i o n  
structure consisting of turnout, control, and meamring device, 
(2) it is (usually) more expensive thm a w e b  or submerged orifice, 
and (3) it requires a solid, watertight foundation and accurate 
wrlrmsnship fo r  satisfactory construction and peflormance. 

Parahall flume sizes care stated in terms of the thmat  width, W, 
and are available from the 1-inch size for discharges as  mall 
as 0.01 cf* t o  the 50-foot size for  diochargea up t o  3,000 cis, 
Figure 1. 

Parahall flumes may be constructed of wood, concrete, galtanired 
sheet wtel, or other materials. Large flumes may be colnstructed 
piece by piece on the site, whereas smaller flumes be purchased 
as prefabricated structures t o  be installed in one piece. Cootltnrc- 
tion methods and matericrls are discussed in Items 1, 2, and 3 
listed in "Achwledgwnts" a t  the end of this section. Sane flumes 
are available as  llght weight shells which are made rigid and 
immobile by placing concrete egalnst the outside of the walls and 
beneath the bottom. lhe larger sizes an used in  rivers and lorge 

W.01 cfs  is approximately 5 gallons per minute. 



Development of Flume 

Experinents on a device called t h e  Venturi flume were s ta r ted  in  
1915 a t  tne-Coloradg Agricultural Stauon,  Colorado G t a ~ e  University, 
and fur ther  experimentation wns,continund through 1920. The flume 
had a converging entrance and diverging out let ,  joined by a paral le l-  
walled throat.  The walls were e i the r  ve r t i ca l  or  inclined outward, 
and the f loor  was f l a t  a7d level.  I n  1922 the l a t e  Mr. Rolph 
P a r ~ h a l l  proposed sone rad ica l  changes--the angles of convergence 
and divergence were altered, and the lengths of the various parts 
were changed. Also, the  c re s t  was elevated, and the  f loor  in  the 
throat  was sloped downward t o  fom. a fixed control in the structure.  
The walls were made ve r t i ca l  and the f loor  of the  diverging sec- 
t i on  was inclined upward. (The d ip  in the f loor  is the reason 
t h a t  discharges a re  not reduced by mild backwater effects . )  The 
flumes were developed i n  various s izes  v i th  the  larger  s izes  
resul t ing front f i e l d  t e s t s  on flumes constructed and calibrated 
in the Arkansas River Valley between the  years 1926 t o  1930. This 
perfected device was named the Parshall  Measuring Flume by the 
I r r iga t ion  Committee of the  American Society of Civi l  Engineers. 
The flumes are  not patented noriare  the discharge tab les  copy- 

, righted. 

Care must be taken t o  construct the flumes according t o  the s t ruc tura l  
dimensions given f o r  each flume because the  flumes are not geomet- 
r i c a l l y  similar. For example, it cannot be assumed tha t  a length 
dimension in the  4-foot flume w i l l  be three times a s  great in the 
12-foot flume . 
The various flume sizes  have been c lass i f ied  ( i n  t h i s  discourse) 
according t o  throat  width, W, i n to  three main groups fo r  convenience 
i n  discussing, selecUng sizes,  se t t ing  i n  the  f i e ld ,  and detemin-  
ing discharges. These groupings a re  the "very small, " "small, " 
and "large," a s  shown i n  Figure 1. The flumes cover a wide range 
of discharges and have uverlapping capaci t ies  t o  provide wide 
la t i tude  in the  selection of s izes  when considering submergence 
effects .  The fXumes a re  capable of handling a range of discharges 
from 0.01 c f s  t o  3,000 c f s  wibh submergence e%'ects up t o  95 
percent. Each of the  flumes i n  Figure 1 is  a "standard" device 
and has been cal ibrated f o r  the  en t i r e  range of discharges shown 
in the  curves and tables .  The flumes can be rel ied upon t o  pro- 

onably accurate me ndard dimensions 

rated according 5 



Pr inc io le s  of Opera Lion 

Free Flow 

I n  f r e e  flow the  discharge is s o l e l y  dependent on the  width of the  
t h r o a t ,  YI,  and tile depth o r  water a t  the gaging po in t ,  H a t  i n  the  
converging sec t ion ,  Figure 2. Free flow condit ions i n  the flume 
a r e  s imi la r  t o  those t h a t  occur flt a weir o r  spi l lway c r e s t .  
Water passing over the  c r e s t  is not  impeded o r  slowed by down- 
stream condit ions.  

Figure 2. Four-foot Pa r sha l l  flume discharging 62 cfs 
under f r e e  flow condit ions.  Downstream scour 
pro tec t ion  is required with this height  of f a l l .  





In most installations when the dischar e i s  lncrefged above a certain 
c r i t i ca l  value the resistance t o  flow 7 produced by the davnstream 
reaches of the chenncl) is rmiiicient t o  reduce the vtloclty, 2 

increase the flow depth, and cause a backwater effect (sowtimes 
called "flooalng") a t  the Pershall flume. The effect  is m l m i l a r  in 
some respects t o  that explained for  the aubnrrged orifice where 
(H-h) vae the f h  producing head. 

It m i g h t  be expected, therefore, that the discharge would begin t o  be 
reduced as  soon as the t a i l  water l e v e l  exceeded the elevation of 
the f h e  crest. Thle is not the case, hwever. Calibration tests 
ehow thet the discharge is not pcduced un t i l  the mhiergence, in 
percent, exmeas the following values: 

= 0.50 = 50 percent fo r  flumes 1 inch to 9 inches vide 

b y r 0.70 = 70 percent fo r  flume8 12 Inches to 8 feet wide 

In the terminolow used with Parahall flumes B is k u o ~  aa Ha and 
h is a o w n  M 5. 
A typical subwrgence curve vhich i l lustrates the effect of sub- 
mergence in reducw the discharep through an open channel control 
structure euch as a weir or small Parohall flume i s  shom l m  
~'Ggre 4. 
i, 

The submcrsence curve shown is schematic, but characteristic, and 
indicates that the dawnetream tail water &we c m  risc to 
67-70 percent of the height of the headwater above the creat 
beiore the reduction in dischsrgc becomes slgniiicant. %en with 
each additional percent Increase in nubmergence the discharge ls 
reduced a t  a more rapid rate, until ,  when Et. equal6 % the- l o  
no flow. mis ultimate condition is purr4 theoretical, however, 
and wuld,occur ia nature only when the flow ass etopped. 

The 95 percent mark on the curve ale0 represents a point of 
practical inkres t .  In th i s  r a w  the Farehall f l uw ceases t o  
be an accurate d d c e .  In  other mrd; a wall di i ierent is l  between 







a t  60 percent submergence only the 1-inch flume would be affected; 
the discharge would be reduced t o  about 93 percent of the free 
discharge rate. A t  70 percent submergence only the 1-foot and 
smaller flumes would be affected; the 1-inch flume would discharge 
89 prcen t  of the free discharge rate and the 1-foot flume would 
discharge 94 percent of the free aischarge rate. Also, at  a 
submergence of 80 percent the discharge from a l l  flumes w i l l  be 
affected t o  some degree. !he 8- t o  30-foot sizes w i l l  discharge 
96 percent of the f ree  discharge while the 1-inch flume w i l l  
discharge~only about 79 percent of the free discharge. Ihe 
nomograph in the frontispiece can be used t o  obtain most free 
discharge values. 

It may be seen, therefore, that  submergence effects on discharge 
rates occur a t  the lover submergence rat ios (percentages) on the 
mall flumes, and that  the greatest percentage reduction in dis- 
charge ' ~ l s o  occurs on the small flumes. 

~lthougb' the curves in F i y r e  5 are approximate, because they do 
not include the small changes in discharge which also occur as 
a function of the magnitude of the discharge, the values are 
reasonably accurate and are useful fo r  most estimating purposes. 
The graph may also be useful in making rough calculations fo r  
determining the size of flume required, and the best vert ical  
placement is the channel. Ihe curves represent observed data 
(obtained during calibration runs and checks) with a maximum 
deviation of f 7 percent. In most of the usually used regions of 
the curves the wer-al l  accuracy is somewhat better.  Methods for  
determining exact submerged discharge values are discussed later .  

Approach Flow Conditions , -2 

ICn the original writings on Parshall flumes only brief menti$ i s  
made of the importance of g o d  or bad approach flow conditionu. A 
fen statements are made such as " * * * the accuracy i s  not affected 
by s i l t  or s l m  water" * * * "nor by chaqing velocity of the 
stream + * *," "the velocity of approach ls~automatically control3.ed 
* * + " "the angles of convergence and divergence are such as t o  
eliminate the effect  of switching of the current in the diverging 
section * * *." Over the years, these an& similar phrases in the 
original writings have been loosely interpreted t o  mean that  the 
Parshall flume i s  able t o  wercome poor f l o w  conditions in the 
approach t o  the flume and still  maintain a good degree of accuracy. 
Nothing could be further fino the truth. It should be remenbered 
that  these flumes were intended for use as "in-line" structures in 
a stream or canal where reasonably smooth flow, uniformly distributed 
across the width and depth of the cross section was the normal 

0 



or below control gates where turbulence and Plow c&centrations 
are in evidence. 

Ihe converging section of the flume i s  designed t o  accelerate the 
flov and smooth out ~m~nalldiiferences in  velocity and f l o w  d i s t r i -  
bution so that  the flow passes through the flume throat in a 

,: "standard" smooth pattern. Each l ineal  Inch of width is ,. 

as every other inch. 
an the flume pass a standard discharge. 

It is obvims, then, that asJiupstrem f l o w  cdndition which results  
in  changingthe stan- pattern a t  the flume throat w i l l  cause a 
departure Arrm the standard discharge indicated In the tables. 
Considering thelength of the approach section andthe gecrmetry of 
the flume, it is understandable that the relatively short converging 
section can exefi"oiily a limited influence on redietributing flow 

ies. ''There- 
conditions t o  the  

l m e  shoitld not be placed at right 
angles to  the flowing stream--ych as in a canal turnout--unless 
the flcw is straightened and re8istributed t o  form a uniform 
veloc2.y and flow pattern before 'snterlng the flume. Surges in 

ably well d i s t r i -  

s should there- , vldenlng, o r  straightening ..:@? $ 
rearranglqg the measuring a t a t i ~ n . ,  

attempting t o  correct.  the 
.: 



- -- 

Been included in the ori  ;inal construct~&, the curved wing walls 
shoun in Figure 1 shou?.be considered fo r  installation. Lf it 
appears that  a more g ~ d u a l  acceleration of the spproaching flow 
would imprwe the flow patterns in the flume, the wing walls should 
be constructed (perhaps on a temporary trial basis a t  f i r s t ) .  
Curved wi?g w a l l s  are preferred w e r  straight 45- walls, although 
any arrangement of w e l l s ,  channel banks, or other, that  improves 
the uniformity and smcekpess of the approeching flow i s  acceptable. 

*the original than- 



car or truck for  both installation and maintenance purposes. 
(see aiso remarks on the selection of s i t e  in "Currmt Keter Gaging 
 tati ions .") After tentatively selecting the flume location, hydrau- 
l i c  data should be obtained for  the site, if  available, nnd the 
ch-1 dimensions should be measured (surveyed). Width, depth, 
height of banks upstream ( to  contain the increased depth caused by 
the flume installa+,ion) should be recorded. A rating curvn for the 
channel would be helpful although this  may be diff icult  t o  obtain, 
particularly for the smaller channels. However, the elevation of 
the water surface for the maximum and minimum flows should be 
obtained as a minimum data requirement. (The high water line on 
the ditch b a s  m s y  be a l l  that  i s  needed In  certain cases .) 

Selection of Flume Size and Crest Elevation 

Selection of flume size end the vert ical  placement in the channel, 
as required in irrigation pract,ice, are best described by examples. 

Problem: Determine the flume size and setting t o  measure 
flows up t o  20 secon3-feet in a channel of moderete grade 
where the water depth i s  2.5 feet and the channel banks are 
abwt 10 feet  apart; both for a free flow and submerged 
setting. 

B e e  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, Ha; 7 feet  wide a t  0.81 H : 
6 feet  a t  0.89 Ha; 5 feet  of 1.00 Ha; 4 feet a t  1.15 Ha; 3 feet  
a t  1.38 Ha; 2 feet a t  1.80 Ha; and a flume 1.5 feet  wide a 2.19 Ha 
are a l l  capable of handling a discharge of 20 cfs. Considering 
the si te ,  the 4-foot flume seems t o  be moat practical but the 
3-foot and 2-foot flumes w i l l  also be investigated. 

For the $-foot flume, Ha i s  1.15 feet.  For free flow the maxi- 
mum submergence can be 70 percent; o r  the rat io H,,/H~ = 0.7 = 70 
percent. Therefore, - 

and -< 

% = ~1.15) x (0.7) = 0.805 foot. 

The depth downstream from the propased flume, after  the flume has 
been installed w i l l  be unchanged md w i l l  be 2.5 feet  as  assumed - 
In the problem. 





m - - c o n t i n u e d  

Ree-flou discharge table t o r  Parshall messwing flu!des--3 inches t o  8 feet 

- 
inches - 
0.450 

.462 

.474 

.485 

.497 

-503 
.522 
.534 
.546 
.558 

.571 

.584 

.597 
610 
.623 

.636 

.649 

.662 

.675 

. a 9  

.702 

.716 
-730 
.744 
.757 

.nl 

.7% 

.&€I 

-814 
.828 

-843 
.858 
372 
-887 
-902 

.916 

:% 
.%I 
.m 
-992 

1.01 
1.02 
1.04 
1.05 

1.07 
1.09 
1.10 
1.12 
1.13 

sclmr - 
inche - 
1.40 
1.44 
1.48 
1.51 
1.55 

1.59 
1.63 
1.66 
1.70 
1.74 

1.78 
1.82 
1.86 
1.90 
1.94 

1.98 
2.02 
2.06 
2.10 
2.14 

2.18 
2.22 
2.27 
2.31 
2.35 

2.3' 
2.4 
2.b 
2.5 
2.5 

2.6 
2 .6 
2.7 
2.7 
2.7 

2.8 
2.8 
2.5 
2.5 
3.c 

3.c 
3.1 
3.1 
3.: 
3.: 

3.: 
3.: 
3 .' 
3 .I 
3 .! 

Q, in second - 
5 feel - 
2.73 
2-80 
2.87 
2.95 
3 

3.03 
3.17 
3.24 
3.31 
3.39 

3 .& 
3.54 
3.62 
3.69 
3 .n 
3.85 
3.93 
4.01 
4.09 
4.17 

4.6 
4.34 
4.42 
4.50 
4 -59 

4.61 
L.76 
4.84 
4.93 
5.01 

5.1C 
5.15 
5 .g 
5.31 
5.u 

5.5: 
5 .a 
5.7: 
5 .a: 
5.9' 

6.a 
6.Q 
6.1: 
6.21 
6.3 

6.Q 
6.51 
6.6 
6.7 
6.8 

fee 

F 
!t, f - 
feet - 
1.62 
1.72 
1.81 
1.91 
b . 0 1  

h . 1 1  
&.X) 

r.30 
r.40 
$ 3 0  

b.60 
4.70 
4.81 
4.91 
5.02 

5.12 
5 -23 
5.34 
5.44 
5.55 

5.66 
5 -77 
5 .@a 
6.00 
6.11 

6.2; 
6.3: 
6.41 
6.9 
6.Q 

6 .& 
6.9: 
7.0 
7.1' 
7.2 

7.3' 
7.5 
7 .6 
7.7 
7.8 

8.0 
8.1 
8.2 
8-3 
8.5 

8.6 
8.1 
8.e 
9.c 
9.1 

thr( - 
feel 

5.39 
5.53 
5 .68 
5.82 
5.97 

6.12 
6.26 
6.41 
6.56 
6.71 

6.86 
7 .02 
7.17 
7.33 
7.49 

7.65 
7.81 
7.97 
8.13 
8.3C 

8.M 
8.6: 
8.75 
8 .% 
9.x 

9.3 
9.4 
9.6 
9.8 
10. 

10. 
10. 
10. 
m. 
10. 

11. 
11. 
11 
11 
11 

12 
12 
12 
12 
12 

U 
l3 
U 
U 
13 

rat  
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0 
8 
5 
12 
0 

2 
4 
.5 
7 
$9 

.1 

.3 

.4 

.6 

.8 

.o 

widths, W, oi-- 

feet15 feet16 feet 
- 
feet - 

12.4 
12.7 
u . 0  
13.4 
13.7 

14-1 
14.4 
14.8 
15.1 
15.5 

15.8 
16.2 
16.6 
16.9 
17.3 

17.7 
18.0 
18.4 
18.8 
19.2 

19.6 
20.C 
20.4 
20.E 
21.2 

21. 
22. 
n. 
22. 
23. 

23. 
24. 
24. 
24. 
25. 

25 
26. 
26. 
27. 
27. 

28. 
28, 
28 
29 
a 
30 
30 
31 
31 
32 

- 
feet - 

14.1 
14.5 
14.8 
15.2 
15.6 

16.0 
16.4 
16.8 
17.2 
17.6 

18.0 
18.5 
18.9 
19.3 
19-7 

20.1 
20.6 
21.0 
21.5 
21.9 

n .4 
22.8 
23.3 
23.7 
24.2 
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l iachargt  Cable fm Pardhall wasurira flumes--3 inches to 8 feet 

?t. ? - 
fee - 
?.27 
?.40 
P.54 
?.67 
? .& 

9 - 9 4  
3.1 
3.2 
3.3 
3.5 

0.6 
0.8 
0.9 
1.0 
1.2 

1.3 
1.5 
1.6 
1.7 
1.9 

2.0 
2.2 
2.3 
2.4 
2.6 

12.7 
12.9 
U .c 
13 .E 
U.! 

u .: 
u .6 
13.E 
13.5 
14.1 

14 .: 
14.4 
14.: 
14.i 
14.1 

15 .( 
15.: 
15 .: 
15 .: 
15 .( 

15 .f 
15 .! 
16.' 
16 .: 
16 .I 

thm - 
feet - 
U .9 
14.1 
14.3 
14.5 
14.7 

14.9 
15.1 
15.3 
15.6 
15.8 

16.0 
16.2 
16.4 
16.6 
16.8 

17.0 
17.2 
17.4 
17.7 
17.9 

18.1 
18.3 
18.5 
18.8 
19.0 

19.2 
19.4 
19.6 
19.9 
20.1 

20.3 
20.6 
20.8 
21.0 
21.2 

21.5 
21.7 
21.9 
22.2 
22.4 

22.6 
22.9 
23.1 
23.4 
23.6 

23.8 
24.1 
24.3 
24.6 
24.8 

. wid - . fee - 
18.6 
18.9 
19.1 
19.4 
19.7 

19 -9 
20.2 
m.5 
20.8 
21.1 

21.3 
21.6 
21.9 
22.2 
22.5 

22.8 
23 .O 
23 2 
23.6 
23-5 

24 .: 
24.: 
24.8 
25.1 
25.4 

25.7 
2 6 . C  
26.2 
26.6 
26.5 

n.r 
n .: 
27.E 
28.1 
28.: 

28.t 
29.1 
29.1 
29.: 
30.C 

30.: 
30.' 
31.( 
31.: 
31.1 

32.1 
32.: 
32.1 
32 .! 
33.: 

.- - 
feet - 
n .9 
B.4 
?8.8 
3.2 
3.6 

30.0 
30.4 
30.8 
31.3 
31.7 

32.1 
32.5 
33 .O 
33.4 
33.8 

34.3 
34.7 
35.1 
35.6 
36 .o 

36.5 
36.9 
37.4 
37.8 
38.3 

38.7 
39.2 
39.7 
40.1 
40.6 

41.1 
41.5 
42.0 
42.5 
42.9 

43.4 
43.9 
44.4 
44.9 
45.3 

45.8 
46.3 
46.8 
47.3 
47.8 

48.3 
48.8 
49.3 
49 -8 
50.3 



Table L-contirmed - 
--flow dlrrcharge table for Parahall measuring f h a - - 3  inches fo 8 feet - 

Head, 
a, (icct) 



- 
Bead 
Ha 

(iett 

2.10 
2.11 
2.12 
2.13 
2.14 

2.15 
2.16 
2.17 
2.18 
2.19 

2.20 
2.21 
2.22 
2.23 
2.24 

2.25 
2.6 
2.27 
2.28 
2.29 

2.30 
2.31 
2.32 
2.33 
2-34 

---Continued 

Ree-flcn diachasge table for Avahall measuring ?hmcs--3 inehee to 8 feet 



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

Firmre 6. Relations of flow depths t o  the crest elevation 

Depth X i s  1.69 feet  (D minus Hb) which is the elevation of the 
crest above the channel bottom. For th is  setting the flow of 
20 c fs  w i l l  occur a t  70 percent submergence and there vlll be 
no reduction in discharge caused by downstream backwater effects. 

The structure i t se l f ,  however, i s  an obstruction In the channel and 
w i l l  produce a backwater effect w i l l  extend upstream from the 
flume and w i l l  raise the headwater ekvation. Ibis  difference 
in elevation of the f l o w  upstream fram the structure w i t h  and 
without the ilume in place i s  the head loss caused by the flume. 

Ibe head loss value can be determined from Figure 7. 

Starting a t  the base,'of the diagram follow the 70 p@rcent sub- 
mergence l ine vertically t o  intersect the slenting 20 c fs  
discharge line; project a horizontal l ine  thrbugh th i s  point 
t o  Intersect the slanting throat width line for !4 = 4 feet; 
proJect th i s  point vertically downward t o  the loss of head 
scale and determine that  the head loss L is 0.40 foot. 

e elevation of the approaching f l o w  vl11 then 

D + L = 2.50 + 0.40 = 2.90 

Ha i s  therefore located 2.90 feet  &we the channel bottom. I 
An ewnninstion of the s i t e  dimensions should now be made t o  
determine whether the freeboard that would exist fo r  these 



Diagram for determining the loss of head 
(increase in upstream depth) through Parshall 
measlaring flumes, 1 foot to 8 foot sizes / 

R9a-ll4 



conaitions (if the &-foot flume were to be installed as indicated 
above) is satisfactory. 

For the 3-foot'flme, folloving the same.analysis, 

Eb = 0.97 foot 

L =,~ 0.54 foot 

For the. 2-foot flume, 

above the bottom. 

90, 3.04, and 3.20 feet, respectively. Assuming the channel 



of-sediment & increase the resistance t o  f l o w  as-- weeds; tree 
roots, moss, o r  other biologicalgrovths. Lavering of the channcl 
by scour or degradation, an unusual occurrence, is the only 
factor that would tend t o  decrease submergence. 

Setting the flume higher than necessary w i l l  increase the velocity 
of the f l o w  leaving the structure end may make it necessery t o  
provide protection from scour a t  the downstream end. However, 
these are the factors that must be considered in selecting a flume 
size and in setting the crest elevation a t  the most desirable 
elevation. 

If the Parshall flume is never t o  be operated above the 70 percent 
submergence l i m i t ,  there would be no need t o  construct the gortio?? 
of the flume downstream from Station 1, Figure 6. When only th i s  
portion of the flume is ccastructed, the flume i s  sometimes 
referred t o  as the 'blontana" flume. When installing th i s  abreviated 
version, the crest should be se t  above the channel bottm (the 
same dtstsnce as worked out in the previous exmuple) just as though 
the downstrearm portion of the flume were i n  place. This w i l l  
insure that the flow profile w e r  the crest  section is not modified 
by having too high a chamel bottom downstream from the crest. A s  
a suggested procedure, the channel bottom should be s tab i l i zed to  
a shape which i s  alweyfi below the level of the lower dotted l ine 
in Figure 6. t o  insure unchanged or "standard" owration of the 
flume . 
Subme ed flow.--If the analysis of the f ree  flow data fo r  the e foot flume showed that  f t  was necessar~r or desirable t o  lower 
the upstre- water surface elevation as much as possible, the 
effect of operating the flume a t  95 percent submergence (or\- 
other value between 70 and 95) a t  the maximum discharge should 
be investigated. lhis would lower the entire structure in  the 
channel and would provide more channel bank freeboard upstrean. 
Proceed ffi follows: 

Using the same data used in the free flow anslysis, the maximum 
discharge of 20 cfs is t o  be passed vi th  a depth of 2.5 feet, 
but vi th 95 percent submergence. As in the f ree  flow analysis 
f rm 'Pable 1 

Ha = 1.15 fee t  

For 95 percent submergence 

=b - 0.95 = 95 percent q -  ,, 
:I 



(2.5 - 1.09) = X = 1.41 feet.  

should be s e t  1.41 feet' above the bottom of the%haanel. 

To f h d  the increase in headwater elevation (loss of head) result- 
ing from 95 percent suhergence, use Figure 7. Intersect the 
95 percent submergence vert ical  Xine with the slanting 20 cfs 
line; project a horizontal line from th i s  point t o  intersect 
t h e  slanting line W = 4 feet; project a vert ical  l ine  downward 
t o  "Head.Loss" scale and find L = 0.07:foot. 

Since the headwater elevation fo r  70 percent submergence was 
found t o  be 2.90 feet, ';he dmerence in upstream water l k l s  
for  70 percent and 95 percent submergence i s  (2.90 - 2.57) = 0.33 
foot. Lesser degrees of submergence may be. iuvestigated, if 
necessary, ia a s i m i l q  manner. After a l l  possibilities concern- 

may be selected. 

The method of determining t h e  discharge of flumee installed in the 

Free fl low and ~ubmerged F& 

is free, or when t8e submergence Ss 50 percent or 
ery small flumesi, 70 b e n t  o r  less. f o r  the small 
percent o r  less for  the.large flumes, the discharge 



mhergence is great& ban the abd~, limiting d u e s  the flow 
is considered t o  be "submerged." In i?ther d r d s ,  the donstreem 
vater surrace is enough above the elw,?tion of the flume crest 
t o  reduce the discharge that  varld othiirwise occur f o r  free 
f &. Both heads, and a, must' theQe used to determine 
the discharge, i.e., .a correction is t o  the values shoun 

cussed separately. 

Submemence Correction.for 1-foot Fl-s 

Figure 8 shows the corrections in cubic feet  per second t o  
obtain submerged flow values fmm the f ree  . f l o w  values given in 

fo r  H = 1.00 and a submergence of 80 percent, the corr&ction 
is 0 3 5  ccf . Submergence -would theref ore reduce the discharge 
(4.h - 0.35) to 3.65 cfs.. 











"_/ . ,. avoided i f  possible. ~ . .  ., , 

desirable t o  measure accurately the smaller discharges which.us,pally 
occur when water i s  scarce and valuable, t h a w t o  measure-accurately 
the maximum discharges which may occur infrequentl~,when water is 
p len t i fu l  and cheap. I f  canpranises a r e  necesserfi'it i s  usually pref- 
erable t o  eacr i f ice  accuracy when maximum discharges are being 

' measured. 

higher e x i t  ve loc i t ies  may make it necessary t o  provide, scour 
protection (perhaps riprap) a t  the f l m e  ex i t ,  Figure ~2. Proper 

acknowledgements. 

certain data on hand rather  than t o  r e ly  on estimates of t he  s t r e w  
character is t ics  and capacity. For ekmple, i f  i t i s  desired t o  
select  a flume s i ze  and establ ish its ve r t i ca l  placement i n  a 

Gage height :Discharge :Gage height :Discbarge 
: c i s  : f ee t  : c f s  

3.5 : 398 
4.0 : 500 
4;5 : 607 
5.0 : 7l8 
5.5 : 892 ' 
6.0 : 950 

tha t ,  t he  flume width, W, should be between 





















4.6 - 
0. go = 5.ll feet. The free flow value for th i s  Ha value, Table V, 

i s  1,037 cfs. Ram the correction dlagrem, Figure 13, the 
reduction in discharge for 90 percent submergence in a 20-foot 
fl-, for Ha = 5.11, is about 145 cfs and i s  determined as 
follows: In  Figure 13, project a horizontal l ine tbrough the 
vert ical  scale, a t  the point where Ha = 5.ll, t o  intersect the 
sloping 90 percent submergence line. The value on the horizontal 
scale vertically below th i s  point is 72.5 cfs. Because the 
corncLions are shown in terms of 10-foot lengths of crest, the 
correction must be multiplied by two for the 20-foot flume. The 
resulting correction i s  therefore 145 cfs, and the corrected 
discharge is 1,037 - 145 - 892 cfs. Because th i s  corrected dis- 
charge value is less  than 950 cfs the assumed submergence is 
too great and another trial calculation is necessary. For 88 per- 
cent submergence, Ha - 5.23 aad the discharge is  972 cfs, which 
is  greater than 950 cfs. For 89 percent the discharge is  934 cfs. 
The submergence for 950 c fs  will therefore be between 88 and 
89 percent. 

m e  increase i n  depth upstream from the stmcture (loss of head) 
should next be investigated using Figure 14. For a 20-foot flume 
set 1.4 ,feet above the bottun of the channel, discharging 950 cfs 
with a submergence of 90 percent, the head loss shown in Figure 14 
is  about 1 foot. This value is obtained as  follows: Intersect 
the vertical 90 percent submergence l ine  with the curved discharge 
l ine for '950 cf s (haLPvey between 900 and 1,000). Project a hori- 
zontal l ine through th i s  point t o  intersect the diagonal l ine  
for W.= 20 feet. This point has a value 0.9 foot on the "loss of 
head" scale below. 

Referring to Figure 6, X E 1.4; Ha = 5.2; L = 0.9; the t o t a l  depth 
is 7.5 feet. This is 1.5 feet greater than the gage height 
for 950 cfs. I f  this extra depth vould cause overtopping, flood- 
ing, or other problems upstresm, a larger flume should be investigated. 

U s i n g  similar procedures for a 25-foot flume, X i s  found to be 
1.7 feet, subergence will be 91 percent for 950 clls, and L will  
be 0.8 foot. The upstream depth w i l l  therefore be (1.7 + 4.7 + 
0.8) = 7.2 feet; about a t h M  of a foot lower i f  the 25-foot 
flume is built .  Check t h i s  analysis and investigate other larger 
flume sizes as an exercise. 

The decision a s  to which fluue size to use will depend therefore 
on whether the extra dewth which occurs upstream for the 20-foot 





Figure 14 



discharges over the entire range of gage heights provided in  the 
original data might need t o  be made, using the methods just 
described, before c&ing to a f ina l  decision. Any of several 
sizes of flume muld satisfactorily measure the range of flows. 

Sti l l ing W e l l s  

To obtain accurate flow measurements i n  any flume, it is necessary 
t o  accurately measure the effective heads, H and %, but this is 
particularly true in the larger sizes. If Aaff  gages are used 
on the inside face of the w a l l s ,  only approximate head detemina- 
tions can usually be made because of waves and fluctuations a t  
the upstream gage and turbulent conditions within the throat 
section a t  the downstream gage. The s t i l l ing  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 water t o  be sure they are free 
of sediment or other foreign material, including ice i n  the 
pipe lines, which could be the cause of erroneous head determina- 
tions. The head recoding equipment should be checked and serviced 
regularly. Cmss checks should be made between the staff gages, 
hook gages, p h b  bobs, recorder values, and any other discharge 
indicators to expose possible system emors. 

Discharge Equation and Tabular W e s  for Free Flows 

The equation which expresses the true relationship between head 
and discharge for the mall size flumes (W = 1 t o  8 feet)  i s  

I f  t h i s  equation is used t o  compute discharges through the large 
flumes (W = 10 to 50 feet )  the ccmputed value is always larger 
than the actual discharge. Therefore, the more accurate equation 
developed for use with flumes ranging in size APm 8 t o  50 feet  
should be used. The equation is  also simpler t o  use. 

Discharge Q = (3.6875W + 2.5) Ha 1.6 

The difference i n  computed discharges obtained by using the two 
above formulas for an &foot flume is  l e s s  than 1 percent; the 
difference becanes greater as the flwne size inoreases. 

Because of the di f f icul t ies  i n  regularly using these eqpations, 
discharge tables have been prepared for use w i t h  the large flumes. 

f s  for a ccmplete 
t o  50 feet. It 
t h  an error of 



in large flumes is  sirnil& t o  that  described for the enaller 
flumes. The rat io H,, to Ha expressed in  percent and the II, 
value are used in the graph of Figure 13 t o  obtain the correction 
to be subtracted frcm the Sree flow discharge determined f r c r m  
Ha and Tables I1 to IX. The correction values, indicated in cfs 
along the base of the diagram in Figure 13 &ve the number of 
cfs  t o  be subtracted for each 10 feet of crest width, W. A s  an 
aid in determining the multiplying factor, the table i n  Figure 13 
should be used. 

For example, a 30-foot flume has a multdplying factor of 3.0. 
Corrections obtained from Figure 13 should be multiplied by 3.0 
t o  get the to ta l  correction for a 30-foot flume. 

!To determine the discharge for submerged flow through a '20-foot 
flume when Ha is 3.25 feet and Hb is 3.06 feet, first determine 
the submergence ratio. 

%ter a t  the . l e f t  s i de  of the diagram of Flgure 13, and a t  
Ha = 3.25, project a horizontal line t o  i 4c r sec t  the 94 percent 
line, then continue on t o  one-tenth of the ? hstanco betweenthe 
gk and the 95 per& lines. Vertically &ow this point on the 
horizontal scale is the correction value 56 cfs. For a &foot 
f l m e  the multiplying factor is 2.0; the total correction i s  

refore 2 x 56 = 112 cis. The free disamrge value frcia 

ction and Setting of kqge Flumes." 





ly) equal t o  5 :gallom per minute. 

e and the relative and narrow 
g the .Hb gege'e 
and difficult 

15. Because the 

acent features 



Table 2.--Freeflow discharge through 2-inch Parshall measuring flume 
in  ,second feet. Computed frcm formula Q = .676, %I-55, (Q i n  cfs. ) 





SutPnerged flow.--Submergence begins t o  reduce the discharge through 
the very amaPl f h e s  when the submergence ra t io  exceeds 0.50, or 
50 percent. To determine discharges for &%erged flows, the heads 
B, and Eb are used with Flgures 16, 17, and"l8, t o  obtain'the 
discharge rate directly. Ha and Hb gages should be zeroed t o  give 
the 6 W h s  ab&e the elevation of the flume crest. 

ng manner. I n  a 
ot; determine the discharge.. 

gurt 18 with -the 

izontel l ine  through 
rcent. Note that  

of the distance 
rd the 0.07 c f s  

for H, = 0.20 foot, 
in Table 3, is 0.082 cfs. 

reduction of some 

12 the J+, gage is di f f icul t  t o  read accurately, t h e  Hc g&e readings 
be used to  improve thG accuracy of the discharge measurement. 

'The H gage ~ ~ b c a t i o n  is  given in Figure 1. The relationship between 
5 an2 Hc gage values, determined during the calibration:<ekts i s  
given i n  Plgure 19.. A straight edge placed on the curve i n  the 
graph shws that the value of He, on the -vert ical  scale, i s  always 
slightly greater than the Ha value shown on the horizontal acale. 
!This 'is because there is  same recovery of velocity head (because of 

aocity always produces 
f the expanding flw 

corresponding Hb 

nce line, gives 





Rate of submerged flow through a 2-inch 
Parsha l l  flume 



P E R C E N T  OF S U B M E R G E N C E = H ~ / ~ X I O O  

103-D- 8 7 8  

Rate of submerged flow through a 3-inch 
Parshall f 1- 





of water t o  be measked and on the elevation the cEest is t o  be-set. 
- 

Whenever possible the flume should be se t  to operate under free flow 
conditions. I f  t h i s  is not possible, the setting should be made t o  
create minimum submergence. 

An exmple will indicate the method of selecting a flume size and 
making the proper setting. A discharge of about 0.14 cfs is to be 
measured in a channel 0.52 deep, flowing 0.30 foot deep. 

I n  Table 1, for a discharge of 0.15 cfs through the 1-inch flume, 
H, = 0.6 foot; th i s  i s  too deep, the banks would be overtopped. In 
Table 2, Ha = 0.38 and i n  Table 3, Ha = 0.30; therefore, either a 
2-inch or 3-inch flume could be used. The submerged flow condition 
should be investigated t o  d e t e d n e  vhich size would be preferable. 

For the very small flumes, a reduction in discharge i s  evident as 
soan a s  the submergence exceeds about 50 percent, or Hb = 0.5. 

G 
In t h i s  example, since &, = % x 0.5, Hb should not exceed 0.38 x 
0.5 = C.19 i n  the 2-inch flume and 0.30 x 0.5 n 0.15 in the 3-inch 
flume. I n  Egure 6, the relationship between flume dimensions i s  

X = D - H b  

(X is also the distance the crest i s  placed above the channel bottom.) 

For the 2-inch flume, X = 0.30 - 0.19 = 0.11 foot. 
For the 3-inch flume, X - 0.30 - 0.15 = 0.15 foot. 

Also, the upstream depth for the 2-inch flumewill be 

Ha + X = 0.38 + 0.11 = 0.49 foot 

For the 3-inch flume Ha + X = 0.30 + 0.15 = 0.45 foot. The small 
difference in upstream depths would probably help i n  k i n g  i n  
favor of the 2-inch flume because of lower cost; also, the channel 
banks w i l l  not be overtopped. 

installing the very small flumes, the approach floor should be 
y, using the tops of 

walls a s  a support for a carpenter's level. Extraneous parts 
the flume may have no known relationship t o  the plane of the crest. 

ocedures should be such that the crest i s  the leveled portion of 
0th longitudinal and 
l e s  are to be used 

n precautions 

. 
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or heaving. Second, a collar bolted t o  the upstream a d o r  doanstream 
flanges extending from the bottom and sides of the flume, well out 
into the channel banks and doan into the earth could help t o  
prevent flow from bypassing the structure and eroding the foundation. 
Careful zeming and reading of the staff gages are also ''musts" i f  
accuracy is t o  be obtained. An error of 0.01 foot (about 1/8 inch) 
i n  setting the flume, the gage zero, or vith a 0.01 foot 
error in readlng the staff gage could result in an 8 percent dis- 
charge determination error i n  the 2-inch flume (mid-range). In the 
1-inch flume, similar setting and reading errors could result in a 
12 percent discharge determination error. The importance of using 
extra precautions in setting and reading gages i n  these small flumes 
i s  evident. 

In reading a staff gage it should be noted whether the gage tends 
to  a t t ract  the water (crawl up the gage) to give a high reading, 
or tends t o  repel the water to give a low reading. V i s u a l  cwpen- 
sation may be possible t o  improve accuracy. figure 20 i l lustrates 
the meniscus shapes (exaggerated for demonstration) that often occur 
a t  a staff gage. 

,-True water  sur face 

w a t e r  level---- 

GAGE A T T R A C T S  GAGE R E P E L S  

FIGURE 2 0  

scus effects a t  





and requires the ful l  understanding of the irrigation operator. 
To achieve success, the operator must understand the workings of 
his water measuring equipwit and must apply his knowledge i n  a 
practical way t o  the degree necessary to achieve the desired 
accuracy of measurement. He must be a le r t  t o  ever cha~glng 
flow conditions and make the necessary alterations i n  e q u i p n t  
or procedures. He must exercise proper judgment i n  a l l  matters 
and this is best accanplished when as many facts  as possible 
regarding the behavior of water are known t o  him. 

It is diff icult ,  i f  not impossible, t o  establish definite rules 
which apply generally t o  water measurement procedures and equip- 
ment. Similarly, one measurement device cannot be recamended 
over any other device unt i l  a l l  variables a t  the particular 
installation s i t e  are considered and properly weighted. It i s  
therefore necessary for each operator t o  learn as much as possible 
about the device he is using and t o  evaluate the effect of each 
variable (a t  the particular s i t e )  on the measurement he is making. 

Each operator must learn to  look objectively a t  his equipment and 
procedures. He must be able t o  "see" that his equipaeent is run 
down and i n  need of mintenance or that  his measurement procedures 
are not cormpatible with what he is trying-to measure. He should 
become fandlier with various types of measuring equipent, learn 
the advantages and disadvantages of each, and decide whether the 
existing equi~mpent is the best for  the job a t  hand. He should 
try t o  find faul t  with his equipment and every step he uses t o  
make a discharge measurement, and t ry  t o  improve wherever possible. 
This means that he must understand the basic measurement he is 
trying t o  make and then modify, i f  necessary, his methods of get- 
tiq it. He should t ry  to  understand why he is doing the things 
he does and develop confidence i n  his knowledge, He should read 
available l i terature as  much as possible t o  get background infor- 
mation on water measurement. He will thereby not only obtain more 
meaningful infomation, but w i l l  also have the satisfaction of 
knowing his job is well done. 



background i;; k e r  measurement p&ztices. The items have been 
selected t o  provtde practical help or background information, or  
both, and shoyld be of value t o  both new and experienced personnel. 
Copies may be obtained from a public library or fromthe sources 
l is ted.  The textbook chapters referred t o  are not diff icult  t o  
read and w i l l  supply background material in gage reading problems 
and exmples, orif ice theory, gate and tube problems, and informa- . tlon on head losses and other flow phencsnena. 

The Bureau reports contain practical information pertaining t o  
discharge measurements th rhgh  metergates and constand-head turn- 
out orif ices which can be applied t o  f ie ld  problems directly. In 
fact, a complete analysis of the flow through screw l i f t  vertical 
metergates i scon ta ined in  these reports and may cover specific 
problems encountered i n  your area. The report on the constant- 
head orifice turnout contains calibration data and operating 
instructions. 

The textbooks are available i n  most public l ibrar ies  end the 
reports should be on f i l e  i n  your Bureau Regional Office or  Project 
'Office, or  can be obtained from the Technical and Foreign Services 
Branch, Bureau of R e c h t i p n ,  Denver Federal Center, Denver, 
Colorado, 80225. 

, Items 1, 2, and 8 are  valuable a s  handbooks and would be of 
permanent value as  reference books. Re principles discussed 
w i l l  be found helpful in understanding' and operating elmost every 
type of measuring device. It-& 8 -contains a wealth of information 
on stream gaging techniques developed by USGS. 
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Water Supply Paper 200, Geological Survey, U. S. Department 
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