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The Soil Conservation Service National Engineering Handbook 
is intended primarily for Soil Conservation Service (SCS) 
engineers. Engineers working in related fields w1.ll find 
much of its information usef\1l. to them also. 

The handbook is being published in sections, each section 
dealing vi th one of the IDS.IlY phases of eogineering included 
in the soU and vater conservation program. For easy han­
dling, some of the sections are being published by chapters. 
Publishing of either sections or chapters v1ll not neces­
sarily be in numerical order. 

As sections or chapters are published, they v1ll be offered 
for sale by the Superintendent of Documents, Government 
Printing Office, Washington 25 , D.Co, at the price shown in 
the particular handbook. 

Measurement of Irrigation Water Chapter 9, Section 15 
(Irrigation) describes the various methods of measuring 
irrigation vater that are commonly used on· irrigated farms. 
Tables and chartsgi v1.Ds rates of flow for the various . 
structures· and measuring devices are included. . 

Washi.ngton, D.C. February 1962 
Approved 'for reprinting November 1913 

- 10.. -





\ 

IGIn·,., 
IIJIOIIT DOCUII1IUTATIOIII l ... ·~-.... SCS/ENG/NEH-15/9 .. ,. ....... 

Irrigation 
Measurement of Irrigation Water 

r. , • III 

~ .................. - ............. 
Soil Conservation Service 
P.O. Box 2890 
Washington DC 20013 

.......... ~- .......... ~ 
Engineerine; Division 
USDA/Soil Conservation Service 
P.O. Box 2B90 
Washington DC 20013 

11..' ,5 s 1» __ 

.. ___ cu-e •• __ 

L .... '5 ... ' .... 
PBS 5 1 8 2 3 27 '/ AS . .. ......... 
February 1962 .. 

........ dLc 01 us , 5 ......... 

UoDL& a ........... 
1m 

• 
Final ... 

, . ' 

Measurement: of Irr.igation Water describes th~~ vario~s "method~ of measuring irrigation 
water that are commonly used on irrigated farms. Tables and charts giving rates of flow 
for various structures and measuring devices are included. It is intended for use by 
Soil Conservation Service engineers providing assistance to individual farms or groups 
of farms 

17. Deaos~...,. .... D .... 
Soil Conse=vation Service 
Irrigation 

Measuring channel· flow 
Orifice plates 

Current meters 
Small irrigation streams 

-Parshall flumes' Water measurement 
Measuring pipe flow 

.. CDU"~"'" 

Flumes 
Weirs 

........ ,......, ........ 
Release unlimited; available from National 
Technical Information Service, Springfield, 
VA 22151 

i -13> 
.& ......., Q.- mw. ..... , a . ...... ~ 
_U_nc_l_a_s_si;;",f,.;;i;;,;;e;";;d;,,,.., ____ +-.....;7~q.~ __ _ 

• ........, CIaeI m... ~I a ...... 
Uncla~~;f;ed 

(lee ANaooIII.I. .. , ... , .............. 0Pn0IIAL ..... m (~77 
"'.-tr ,",WII 
DI' tus._" Celli"'''' 



\ 



\ 

SCS NATIONAL ENGINEERING HANDBOOK 

SECTION 15 - IRRIGATION 

CHAPTER 9 - MEASURDIDIT OF IRRIGATION WATER 

CONTENTS 

Need ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Un! ts of me asurem.en. t .•••.•••••••.•••••••••••••••••••••••••••••••• 
Methcds •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Methcds of measuring small irrigation streams •••••••••••••••••••• 

Volumetric and gravimetric methods ••••••••••••••••••••••••• 
Submerged orifice plates ••••••••••••••••••••••••••••••••••• 
WSC flUlD.es ••••••••••••••••••••••••••••••••••••••••••••••••• 
Siphon tubes ••••••••••••••••••••••••••••••••••••••••••••••• 

Methcds of measuring pipe flow ••••••••••••••••••••••••••••••••••• 
Pipe ori fi ces •••••••••••••••••••••••••••••••••••••••••••••• 
Venturi meters ••••••••••••••••••••••••••••••••••••••••.••••• 
Irrigation meters •••••••••••••••••••••••••••••••••••••••••• 
Coordinate methocls •••••••••••••••••••••••••••• · ••••••••••••• 

Methcds of measuring channel flaw •••••••••••••••••••••••••••••••• 
cu.rrent meters •••••••••• _ ••••••••••••••••••••••••••••••••••• 
Weirs •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Parshall flumes •••••••••••••••••••••••••••••••••••••••••••• 
Submerged orifices ••••••••••••••••••••••••••••••••••••••••• 
Gates •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Velocity-head rods ••••••••••••••••••••••••••••••••••••••••• 
Stage-discharge curves ••••••••••••••••••••••••••••••••••••• 

9-3 
9-4 

9-5 
9-6 

FIGURES 

Installation for volumetric measurement of furrow flows •• 
Installation for elimination of pODding in volumetric 
measurement of furrow flows •••••••••••••••••••••••••••••• 
Submerged orifice plate for measuring furrow streams ••••• 
Component parts of the small WSC flume showing their 
relative positions ••••••••••••••••••••••••••••••••••••••• 
Flow characteristics of the WSC flume in operation ••••••• 
Chart showing discharge of aluminum siphon tubes at 
various heads (L = length of tube) ••••••••••••••••••••••• 

9-1 
9-1 
9-2 
9-3 
9-3 
9-5 

9-10 
9-10 
9-15 
9-15 
9-17 
9-20 
9-24 
9-"28 
9-28 
9-30 
9-43 
9-63 
9-65 
9-68 
9-70 

9-4 

9-4 
9-6 

9-ll 
9-12 

9-14 

I 



2. 
Figure 

9-7 

9-8 

9-9 
9-10 

9-11 
9-12 
9-13 

9-14 

9-15 
9-16 
9-17 
9-18 
9-19 
9-20 
9-21 

9-22 

9-23 

9-24 

9-25 

Details of a circular pipe orifice located at the 
discharge end of the pipe ••••••••••••••••••••••••••••••• 
Values of the coefficient C for measuri~low fran 
circular pipe orifices based on Q = CA'~ ••••••••••••• 
Diagram of a Venturi tube ••••••••••••••••••••••••••••••• 
A low-pressure line meter installed in a section of 
steel pipe •••••••••••••••••••••••••••••••••••••••••••••• 
An open-flow meter installation ••••••••••••••••••••••••• 
Typical vertical-flow meter installation •••••••••••••••• 
Required measurements to obtain flow from vertical 
pipes •..................•...•.....•..................... 
Required measurements to obtain flow fran horizontal 
pipes ........................•.......................... 
CUp-type curTent meter •••••••••••••••••••••••••••••••••• 
Typical current meter notes ••••••••••••••••••••••••••••• 
Profile of a sharp-crested weir ••••••••••••••••••••••••• 
Rectangular-notch weir with end contractions •••••••••••• 
Trapezoidal-notch or Cipolletti weir •••••••••••••••••••• 
Ninety-degree triangular-notch weir ••••••••••••••••••••• 
Plan and elevation of a concrete Parshall measuring 
flume showing component parts ••••••••••••••••••••••••••• 
Rate of submerged flow through a l-inch Parshall 
meas'Ul"ing flum.e ••••••••••••••••••••••••••••••••••••••••• 
Rate of submerged flow through a 2-inch Parshall 
measuring fll.DDe ••••••••••••••.••••••.••••••••.••••••••.• 
Rate of submerged flow through a 3-inch Parshall 
measuring fl1lID.e ......................................... . 
Diagram showing the rate of submerged flow, in cubic 
feet per second, through a 6-inch Parshall measuring 

9-16 

9-16 
9-18 

9-22 
9-23 
9-23 

9-24 

9-25 
9-29 
9-31 
9-32 
9-33 
9-34 
9-42 

9-44 

9-53 

9-54 

9-55 

fl\lJDe. . . • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • 9-56 
9-26 Diagram showing the rate of submerged flow, in cubic 

feet per second, through a 9-inch Parshall measuring 
t11JlD.e. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9-56 

9-27 Diagram for computing the rate of submerged flow, in 
cubic feet per second, through a l-foot Parshall 
measuring fl\DDe......................................... 9-.58 

9-28 Diagram for determining the correction in second-feet 
per 10 feet of crest for submerged-flow discharge....... 9-58 

9-29 Section of a Parshall measuring flume illustrating the 
determination of the proper crest elevation............. 9-59 

9-30 Diagram for determining the loss of head through the 
Parshall measuring flume, 1- to 8-foot sizes............ 9-60 

9-31 Size selection and setting chart of 1- to 8-foot 
Parshall measuring flumes operating under free flow 
conditions (maximum submergence 70 percent)............. 9-62 

9-32 Perspective of wooden submerged-orifice structure 
tram upstream........................................... 9-64 



\ 

Figure, 

9-33 
9-34 
9-35 

Table 

9-1 
9-2 
9-3 
9-4 
9-5 

9-6 
9-7 
9-8 
9-9 
9-10 

Metergate and chart for pipe size selection •••••••••••• 
Velocity head rod •••••••••••••••••••••••••••••••••.••••• 
Typical stage-discharge curve for unlined irrigation 
can.al •••••••••••••••••••••••••••••••••••••••••••••.••••• 

TABLES 

Average coefficients of discharge for furrow orifices •• 
Discharge through submerged flow orifices ••••••••••••••• 
Discharge through free flow orifices •••••••••••••••••••• 
Discharge for small WSC flume ••••••••••••••••••••••••••• 
Discharge fram circular pipe orifices with free 
discharge .......................•................•...... 
Coefficients of discharge (C) for Venturi meters •••••••• 
Values of K in formula for Venturi meters ••••••••••••••• 
Flow from vertical pipes •••••••••••••••••••••••••••••••• 
Flow fram horizontal pipes •••••••••••••••••••••••••••••• 
Discharge values for rectangular weirs with complete 

fY! 

9-67 
9-69 

9-71 

fY! 

9-7 
9-8 
9-9 

9-12 

9-17 
9-19 
9-19 
9-25 
9-26 

contractions .••••••••.•••••••••••••••.••••••.••••••• a... 9-35 
9-11 Discharge values for trapezoidal or Cipo11etti weirs 

with complete contractions •••••••••••••••••••••••••••••• 9-39 
9-12 Discharge values for 90-degree triangular-notch weirs 

with complete contractions •••••••••••••••••••••••••••• 9-42 
9-13 Dimensions and capabilities of the Parshall measuring 

flume for various throat widths ••••••••••••••••••••••••• 9-46 
9-14 Free-flow discharge values for Parshall measuring 

f11Jllle. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9-48 
9-15 Recamnended sizes and dimensions for submerged-orifice 

9-16 
9-17 

s tru.c tures •••••••••••••••••••••••••••••••••••••••••••••• 
Flow through rectangular submerged orifices ••••••••••••• 
Theoretical velocities for heads of 0 to 1.59 feet from 
the formula V 1:1 v'"2ili ................................. . 

9-65 
9-66 

9-70 



\ 



\ 

9-1 

SCS NATIONAL ENGINEERING HANDBOOK 

SECTION 15 

IRRIGATION 

CHAPI'ER 9 - MEA.SUroMENT OF IRRIGATION WATER 

Need 

Present-day knowledge of soi1s-moisture-p1ant relations permits irriga­
ticln systems to be designed for applying water in correct quanti ties 
whe,n needed and at rates based on the soil intake rates, thereby obtain­
i~: maximum efficiency of water use and preventing land damage. Ob­
viCIUSly, this knowledge can be used effectively only by the reasonably 
ace,urate measurement of water. 

Fie!ld trials and eValuations of, existing irrigation ,system.Q are often 
required to determine soil intake rates, required stream sizes, maxi­
~L lengths of furrow and border runs, and other factors for efficient 
wa"t.er use. Accurate water measurement is required for maldng such trials 
anc. eValuations. 

The! rapidly increasing use of all available water; even in some humid 
are!as, and the increased cost of development require that water be 
use!d economically and wi thout waste. This cannot be accomplished w:J. th­
out water measurement. 

In many of the Western States, available water supplies are appropriated, 
anc. water is distributed to users according to their legal rights to its 
use!. Water then must be measured if it is to be distributed equitably. 

Un! ts of Measurement 

The! units of water measurement in this chapter are those expressing a 
rate of flow. The two most cCBIIID.on un! ts are cubic feet per second . 
(c.f.s. or sec.-ft.) and gallons per minute (g.p.m.). These may be con­
verted one to the other and to other units as follows: 

1 cubic foot per second 
1 gallon per minute 
1 cubic foot per second 
1 cubic foot per second 
1 cubic foot per second 
1 acre-inch per hour 
1 million gallons per day 
1 million gallons per day 
1 million gallons per day 

= 448.83 gallons per minute 
= 0.002228 cubic foot per second 
= 0.64632 million gallons per day 
= 1.9835 acre-feet per day 
= 0.99173 acre-inch per hour 
= 452.6 gallons per minute 
= 1.5472 cubic feet per second 
= 694.4 gallons per minute 
= 3.m acre-feet per day 
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The miner's inch 1 is also used in many of the Western States. It is 
defined as the rate of flow of water through a vertical opening 1 inch 
square under a head ranging from 4 to 7 inches. 

Methods 

Many methods of measuring the rate of flow of water resulted fram nu­
merous and varying demands for water measurement. Sane of these methods 
require elaborate, complicated, and expensive equipment. Others are 
simple and inexpensive. The best method will depend on the volume of 
flow, the conditions under which measurements will be made, and the 
accuracy required. This chapter considers only those methods commonly 
used in irrigation practice that need inexpensive equipment and that 
require only moderate accuracy. 

Water-measurement methods may generally be placed into one of two clas­
sifications: Velocity-area methods or direct-discharge methods. In the 
first, the velocity in an open channel or pipe is measured directly 
and the rate or flow determined by multiplying this velocity by the 
cross-sectional area of the channel or pipe utilized. The current 
meter and the velocity.head rod are the only methods discussed that 
rall in this classification. In the second, rates of flow are measured 
directly, and velocity measurements are not involved. Other than the 
current meter and the velocity head rod, the remaining methods dis­
cussed fall into the second classification. 

The methods to be discussed have been placed in three groups in the 
order named: (1) Methods of measuring small irrigation streams, (2) meth­
ods of measuring pipe flow, and (3) methods of measuring channel f'low. 

It is not the intent, in this chapter, to duplicate detailed descrip­
tions of measurement methods and voluminous discharge tables in other 
handbooks and publications readily available to SCS engineers and others. 
It is the intent to include only a brief description of the methods 
used, together with their adaptability, limitations, eqUipment re­
quired, hydraulic formulas, measurements taken, and limited discharge 
tables. There are numerous methods of water measurement that are out­
side the scope of and are not included in this chapter. For these the 
reader is referred to H. W. King's Handbook of Hydraulics (McGraw-Hill 
Book Co.) and similar hydraulic and engineering handbooks. 

1 Each State defines the miner's inch as a fraction of a c.f.s. 
A miner's inch is d'efined as 1/50 or 0.020 c.f.s. in Idaho, Kans., 
Nebr., New Mex., N. Dak., S. Dak., utah, and southern Calif. It is 
defined as 1/40 or 0.025 c.f.s. in Ariz., central Calif., Nev., MOnt., 
and Oreg. In S. Dak., a number of old rights claim 1/40 of 1 c.f.s. 
equals 1 miner's inch. These claims have been upheld in court. In 
Colo., the miner's inch is 0.02604 c.f.s. 
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Methods of Measuring Small Irrigation Streams 

Volumetri~ and Gravimetric Methods 
VO:Lumetric -flow measurements are made by measuring the time required 
for the flow to fill a container of known volume. Volume divided by 
tume is then equal to rate. In the gravimetric method the same prin­
ci])le is used except that the volume is determined by weighing the 
water rather than by measuring it in a calibrated container. 

Tho weight of the water is converted to volume (gal.) by dividing it by 
tht~ weight of 1 gallon of water or 8.33 pounds. In either case, the time 
is measured with a stopwatch and the rate of flow determined by the 
formula 

Q (g.p.m.) 
= Volume of water (gal.) x 60 

Time required to fill (sec.) 

Tht~se methods are simple, require little equipment, and are accurate to 
a high degree where used with reasonable care. They should be used to 
meliSure flows up to 20 gallons per minute but may be used for higher 
flc)WS provided a container of sui table size is available and s1 te con­
ditions permit its use. The larger the container, the larger will be 
thl! filiing time and more accurate the measurement. Since the time can 
be measured only to ± 0.2 second with a good stopwatch, the measured 
tune required to fill the container will have to be 20 seconds if the 
rate of flow is to be detennined within an accuracy of 1 percent. 
Sunilarly 10 seconds will be required for 2 percent and 4 seconds for 
5 percent. 

In irrigation practice, the principal use of the volumetric method is 
to measure the flow of water in furrows. It is also used to measure the 
dil:icharge from individual outlets in a sprinkler system. The procedure 
fo:r its use in measuring furrow streams appears in succeeding paragraphs. 

In making volumetric measurements of furrow streams, the water should 
US'lally be run through a furrow tube or small flume, cantilevered at 
thoe downstream end for free discharge into the container. The downstream 
in'vert of the furrow tube or flume must be at least 1-1/2 'inches above 
the maximum water surface in the furrow into which it discharges (fig. 
9-1). 

Furrow tubes can be set high enough to permit the use of this method 
for furrow-inflow measurements. Ponding above an inflow station will not 
affect the intake computations. However, since a ponded area above an 
outflow station may increase the intake rate, this method should not be 
used for outflow measurements on flat slopes where discharge conditions 
through the furrow tube will cause ponding in more than 5 percent of 
the study-furrow length. Large furrow tubes or open flumes sametUoes 
can be used to reduce ponding above an outflow station. 
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Figure 9-l--Installation for volumetric measurement of furrow flows 

FIELO SURFACEZ 

~TE.!1.....SJJRF~ MINIMUM Ii II r ,;;;;m#/;;;;~",. __ --+_ ....... ~,-..... -,~ --t7T __ MINIMUM 

BOTTOM OF FURROW 2 INCHES 

FINAL WATER SURFACE ELEII. INITIAL WATER 
SURFACE ELEVATION 

CALIBRATED CONTAINER 

EXCAVATED SUMP 
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measurement of furrow flows 
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Where outflow measurements must be made on slopes too flat for use of 
the volumetric procedure~ a modified procedure can sCllletimes be used 
(fig. 9-2). In this modified procedure, the flow is not discharged 
directly into the container. Instead~ it is allowed to run into a sump 
and spillover the lip of the container. The sump is first bailed out 
until the water surface is below the lip of the calibrated container 
when the container is held firmly against the bottom of the sump. Then 
when the water surface rises to the lip of the container, the water 
flows into the container and the filling time can be determined with a 
stopwatch. 

As the water surface in the sump alw~s must rise a small distance above 
the top of the lip in order to cause flow into the container, an error 
is introduced. This error will be directly proportional to the amount 
the cross-sectional area of the sump exceeds the area of the top of·the 
container and also to the height of the water surface above the lip. 
Therefore, the excess cross -sectional area of the sump must be kept as 
small as pOSSible, and the method used only for flows that require at 
least 10 seconds to fill the container. For small flows (requiring 20 
or lI:ore seconds to fill container) and sump areas less than three times 
the area of the container, the error will be negligible. 

Sati.sfactory volumetric-flow measurements can be obtained with a wide 
vari.ety of equipment. However, for general use in furrow-intake studies, 
the following is recommended: 

1. 1~o furrow tubes (spi1es), 3-inch diameter, 30 inches lang for each 
fUrrow. Tubes used at inflow station should be equipped with slide 
gates for flow control. 

2. 1wo calibrated water buckets, 3-gal1on capacity. One for use at the 
j~low station and the other for use at the outflow station. 

3. ~~o stopwatches that will measure the time to fill the container 
~dth1n 0.2 second. 

4. (me watch or clock to determine rates of advance and elapsed flow 
1iime to the nearest minute. 

5. Standard forms for recording test data. 

The method and forms are outlined in ARS 41-31, "A Method for Detemin­
ing Intake Characteristics of Irrigation FUrrows." 

SUbIllerged Orifice Plates 
A slmp1e method of measuring f'urrow streamflow is by submerged orifice 
p1at.es. The plate is placed across the furrow and the head loss through 
the orifice is measured under submerged flow condi tiona • 

OrH'ice plates consist of small sheet iron, steel, or aluminum plates 
tha1~ contain accurately machined circular openings or orifices usually 
ranging from 1 to 3-1/2 inches in diameter. Figure 9-3 shows construc­
tion details for an orifice plate with three orifices of such diameters 
tha'~ 8IlY flow between 8 and 65 gallons per minute can be measured wi thin 
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a healj-loss range of 0.5 to 2.5 inches. It will be noted that the plate 
shown contains slots covered with clear vinyl plastic to penni treading 
of the head differential from the downstream side of the plate. . 

These plates have several advantages. They are simple, inexpensive, and 
easy to install. Furrow streams can be measured wi th a minimum head dif­
ferential or restriction to flow, thereby minimizing the increase in the 
wetted perimeter of the furrow above the measuring point and the proba­
biU ty of overtopping. With reasonable care in setting and reading, the 
margin of error in the measurements will not exceed 5 percent. 

In ~e, an orifice size is selected so as to produce a head differential 
withi.n the 0.50- to 2.5-inch range, and the plate is placed in and 
acroe:s the furrow with its top as nearly level as possible. Flow through 
the clrifice must be submerged. In sane cases , it may be necessary to 
restl'ict the flow downstream from the plate in order to raise the water 
surfELce on its downstream side to a level slightly above the top of the 
oriftce. Allowing a few minutes for the head differential to become con­
stant, this differential (the difference in the distances from the top 
of tile plate to the water surface an the upstream and downstream sides) 
is m~~asured with an engineer's scale. Readings are taken to the nearest 
0.05 inch. 

Flow through the orifice is calculated by the standard orifice formula, 

Q = CA ...r2ili, which for gallons per minute can be written 
Q = 7.22 Cda...rll 

where Q = discharge in gallons per minute 
Cd = coefficient of discharge 
h = head differential measured in inches 
a = area in square inches. 

Based on the results of recent calibration stUdies performed by the 
Agricultural Research Service, values of Cd in table 9-1 and the dis­
'charges in tables 9-2 and 9-3 were determined. 

'I'able 9-1. --Average coefficients of discharge for furrow orifices 

C~fice diameter 
(inches) 

3/4 
1 
1-3/8 
1-3/4 
2 
2-1/2 
3 
3-1/2 
4 

Co. free flow 

0.61 
.62 
.64 
.63 
.62 
.61 
.60 
.60 
.60 

Cd submerged flow 

0.57 
.58 
.61 
.61 
.61 
.60 
.60 
.60 
.60 
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Head 
(inches) 

0.3 
.4 
.5 
.6 
.7 
.8 
.9 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 

2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 

4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 

Table 9-2.--Discharge through submer.ged flow orifices 

3/4 

a.p.m. 
1.00 
1.15 
1.29 
1.41 
1.52 
1.63 
1.73 

1.82 
1.91 
2.00 
2.08 
2.16 
2.23 
2.30 
2.37 
2.44 
2.51 

2.58 
2.64 
2.70 
2.76 
2.82 
2.88 
2.94 
3.00 
3.05 
3.10 

3.15 
3.20 
3.25 
3.30 
3.35 
3.40 
3.45 
3.50 
3.54 
3.59 

3.64 

I 

1 

a.p.m. 
1.80 
2.07 
2.32 
2.55 
2.75 
2.94 
3.12 

3.29 
3.45 
3.60 
3.75 
3.89 
4.03 
4.16 
4.29 
4.41 
4.53 

4.65 
4.76 
4.88 
4.99 
5.09 
5.20 
5.30 
5.40 
5.50 
5.60 

5.69 
5.79 
5.88 
5.97 
6.06 
6.15 
6.24 
6.32 
6.41 
6.49 

6.57 

Diameter of orifice (inches) 

1 3/8 

a.p.m. 
3.58 
4.14 
4.62 
5.07 
5.47 
5.85 
6.20 

6.54 
6.86 
7.16 
7.46 
7.74 
8.01 
8.27 
8.53 
8.77 
9.02 

9.25 
9.48 
9.70 
9.92 

10.13 
10.34 
10.55 
10.75 
10.94 
11.14 
11.33 
11.52 
11.70 
11.88 
12.06 
12.24 
12.41 
12.58 
12.75 
12.92 

13.08 
13.24 
13.40 
13.56 
13.72 

13.87 I 14.03 
14.18 
14.33 
14.48 
14.62 

1 3/4 

~ 
5.80 
6.70 
7.49 
8.20 
8.86 
9.47 

10.05 

10.60 
11.11 
11.60 
12.08 
12.53 
12.97 
13.40 
13.81 
14.21 
14.60 
14.98 
15.35 

15.71 1 16.06 
16.41 
16.74 

17. 08
1 17.40 

17.72 

18.
03

1 
18.34 
18.65 
18.94

1

' 

19.24 
19.53 
19.81 
20.1 
20.3 
20.6 
20.9 

21.1 
21.4 
21.7 
21.9 
22.2 
22.4 
22.7 
22.9 
23.1 
23.4 
23.6 

2 

~ 
7.56 
8.73 
9.76 

10.69 
11.55 
12.34 
1.3 .09 

1.3.80 
14.48 
15.12 
15.74 
16.33 
16.90 
17.45 
17.99 
18.52 
19.02 

19.52 
20.0 
20.4 
20.9 
21.3 
21.8 
22.2 
22.7 
23.1 
23.5 
23.9 
24.3 
24.7 
25.1 
25.4 
25.8 
26.2 
26.5 
26.9 
27.3 

27.6 
27.9 
28.3 
28.6 
28.9 
29.3 
29.6 
29.9 
30.2 
30.5 
30.8 

2 1/2 

a.p.m. 
11.71 
13.52 
15.11 
16.55 
17.88 
19.11 
20.3 

21.4 
22.4 
23.4 
24.3 
25.2 
26.2 
27.0 
27.8 
28.6 
29.4 

I 
30.2 
30.9 

I 

31.7 
32.3 
33.0 
33.6 
34.3 
35.0 
35.7 
36.3 
37.0 
37.6 
38.2 
38.7 
39.3 
39.9 
40.5 

i 

41.1 
41.6 
42.2 

42.7 
43.2 
43.7 
44.2 
44.7 
45.2 
45.7 
46.2 

I 
46.7 
47.2 

I 47.7 

3 

a.p.m. 
16.8 
19.4 
21.7 
23.7 
25.6 
27.4 
29.1 

30.6 
32.1 
33.6 
34.9 
36.2 
37.5 
38.7 
39.9 
41.1 
42.2 
43.3 
44.4 
45.4 
46.4 
47.4/ 
48.4 
49.4/ 
50.3 
51.2 
52.1 
53.0 
53.9 
54.8 
55.6 
56.51 
57.3 
58.1 / 
58.9 
59.7 
60.5/ 
61.3

1 

62.0 
62.8 
63.5/ 
64.2 
65.0 
65.7/ 
66.4 
67.1/ 
67.8 
68.5, 

3 1/2 

~ 
22.8 
26.4 
29.5 
32.3 I 34.9 
37.2 
39.6 / 
41.7 , 
43.7 1 
45.6 
47.5 
49.2 1 
51.1 
52.7 
54.3 I 
55.9 

57.5 / 
59.0 
60.5 
61.9 I 
63.3 

64.6 I 65.9 
67.2 
68.5 / 
69.8 
71.0 

72.2 / 

73.4 /' 74.6 
75.7 
76.8 I 
77.8 
78.9/ 
80.0 
81.1 
82.2 1 

83.2 

84.2 / 85.3 
86.3 
87.3 ' 
88.3/ 
89.3 
90.2 I 
91.1 
92.1 I 
93.1 

4 

~ 
29.8 
34.6 
38.4 
42.2 
45.6 
48.6 
51.6 

54.5 
57.1 
5~.6 
62.0 
64.3 
66.7 
68.8 
70.9 
72.9 
75.0 

76.9 
78.8 
80.7 
82.5 
84.3 
86.0 
87.6 
89.3 
91.0 
92.6 
94.2 
95.7 
97.2 
98.7 

100.1 
101.6 
103.1 
104.6 • 
106.0 
107.4 

108.7 
110.0 
111.4 
1l2.7 
114.0 
115.3 
116.6 
117.9 
119.2 
120.4 
121.5 
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\ Table 9-3.--Discharge through free flow orifices 

Head 
Diameter of orifice (inches) 

(inches) 3/4 1 1 3/8 1 1/2 1 3/4 2 2 1/2 3 3 1/2 4 

G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. 

0.4 1.24 
.5 1.39 2.49 
.6 1.52 2.73 
.7 1.64 2.94 5.71 
.8 1.75 3.15 6.11 7.19 
.9 1.86 3.34 6.48 7.63 10.34 

1.0 1.96 3.52 6.83 8.04 10.90 
1.1 i 2.06 3.69 7.16 8.43 11.43 14.8 
1.2 2.15 3.86 7.48 8.80 11.94 15.5 
1.3 2.23 4.01 7.78 9.17 12.43 16.1 24.8 
1.4 2.32 4.16 8.08 9.51 12.90 ·16.7 25.8 
1.5 2.40 4.31 8.36 9.84 13.35 17.3 26.7 I 

i 
1.6 2.48 4.45 8.63 10.17 13.79 17.9 27.5 38.7 
1.7 2.55 4.59 8.90 10.48 14.21 18.4 28.4 39.9 
1.8 2.63 4.72 9.16 10.78 14.62 19.0 29.2 41.1 
1.9 2.70 4.85 9.41 11.08 15.03 19.5 30.0 42.2 57.5 

2.0 2.77 4.98 9.66 11.37 15.42 20.0 30.8 43.3 59.0 
2.1 2.84 5.10 9.89 11.65 15.80 ' 20.5 31.5 44.4 60.5 
2.2 2.91 5.22 10.13 11.92 16.17 21.0 32.3 45.4 61.9 
2.3 2.97 5.34 10.35 12.19 16.53 21.4 33.0 46.4 63.3 82.5 
2.4 3.04 5.45 10.54 12.45 16.89 21.9 33.7 47.4 64.6 84.3 
2.5 3.10 5.57 10.79 12.71 17.23 22.3 34.4 48.4 65.9 86.0 
2.6 3.16 5.68 11.01 12.96 17.58 22.8 35.1 49.4 67.2 87.6 
2.7 I 3.22 5.79 11.22 13.21 17.91 23.2 35.8 50.3 68.5 89.3 
2.8 I 3.28 5.89 11.42 13.45 18.24 1 23 •7 36.4 51.2 69.8 91.0 
2.9 3.34 5.99 11.63 13.69 18.56 : 24.1 37.1 52.1 71.0 ~2.6 

3.e 3.40 6.09 11.82 13.92 18.88 24.5 37.7 53.0 72.2 94.2 
3.1 3.45 6.19 12.02 14.15 19.19 24.9 38.3 53.9 73.4 95.7 
3.2 3.50 I 6.29 12.21 14.38 19.50 25.3 38.9 54.8 74.6 97.2 
3.3 3.56 6.39 12.40 14.60 19.88 25.7 39.5 55.6 75.7 98.7 
3".4 3.61 6.49 12.59 14.82 20.17 26.1 40.1 56.5 76.8 100.1 
3.~ 3.67 6.59 12.77 15.04 20.47 26.4 40.7 57.3 77.8 101.6 
3.E- I 3.72 6.68 12.95 15.25 

1

20
•
75 26.8 41.3 58.1 78.9 103.1 

3 .. , 3.77 6.77 113.13 15.46 21.04 27.2 41.9 58.9 80.0 104.6 .1 

3.f: 3.82 6.86 13.31 15.67 21.33 27.6 42.4 59.7 81.1 106.0 
3.9 3.87 6.95 13.48 15.87 ! 21.61 27.9 43.0 60.5 82.2 107.4 

I 
I 

4.Cl 3.92 7.04 13.65 16.08 ' 21.88 28.3 43.5 61.3 83.2 108.7 
4. J. 13.82 16.28 22.15 28.6 44.1 62.0 84.2 110.0 
4.~~ 13.99 16.47 22.42 29.0 44.6 62.8 85.3 111.4 
4.:1 14.16 16.67 22.69 29.3 45.1 63.5 86.3 112.7 
4.-, I 14.32 16.86 22.95 29.7 45.6 64.2 87.3 114.0 
4.!i 14.48 17.05 23.21 30.0 46.2 65.0 88.3 115.3 
4.6 14.64 17.24 23.47 30.3 46.7 65.7 89.3 116.6 
4.'7 14.80 17.43 23.72 30.7 47.2 66.4 90.2 117.9 
4.1! 14.96 17.61 23.97 31.0 47.7 67.1 91.1 119.2 
4.9 15.11 17.79 24.22 31.3 48.2 I 67.8 92.1 120.4 
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WSC Flumes 
The WSC measuring flume is in three sizes, which collectively range 
from 1 to 1,200 gallons per minute. Only the smallest of the three, 
ranging fram 1 to 26 gallons per minute, is presented in this chapter. 
This is the size normally adaptable to the measurement of furrow 
streams (fig. 9-4). 

For larger flumes, the reader is referred to the Washington State 
College, Washington Agricultural Experiment Station, Station Circular 
200, "Measuring Water in Small Channels with the WSC Flume," September 
1952. 

The WSC measuring flume, developed at the Washington State College, 
adapts the Venturi principle to the measurement of flow in small chan­
nels. This flume consists of four principle sections: An entrance 
section upstream, a converging or contracting section leading to a 
constricted section or throat, and a diverging or expanding section 
downstream (fig. 9 -4 ). The bot tam of the flume is plac ed level, both 
longitudinally and transversely, at a height equal to or slightly 
higher than the channel bottom. Only one reading on the slanting scale 
is required. This reading is readily converted to gallons per minute 
by the use of tables. 

The WSC measuring flume has several advantages: Simplicity of construc­
tion, low cost, ease of installation, and ver,y low head losses. It is 
usually made of sheet metal with its component parts arc -welded to­
gether, although the flume can be constructed of wood, concrete, or 
other materials. 

The flume is said to be "operating" when the depth of flow at its down­
stream end is equal to or less than the depth (Dop) shown in figure 9-5. 
If the water surface is at a common level throughOut the length of the 
flume, the flume is said to be "drowned out" and cannot be used in this 
position. In such cases, the flume is raised slightly until the flow 
characteristics shown in figure 9-5 are obtained. 

After the slanting scale in the entrance section has been read, table 
9-4 is used to convert the scale reading to flow in gal;t.ons per minute. 

Siphon Tubes 
Siphon tubes, used to remove water from a head ditch and distribute 
it over a field through furrows, corrugations, or borders, are also 
used to measure the rate of flow into these distribution systems. 

These tubes, made of aluminum, plastic, or rubber, are usually pre­
formed to fit a half cross section of the head ditch. The normal diam­
eter range is fram 1 to 6 inches, although both smaller and larger 
sizes are available. The smaller sizes are used with furrows and cor­
rugations and the larger sizes with borders. Various lengths are 
available. 
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Figure 9-4--Cauponent parts of the small 'SC flume showing their 
relative positions 
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WATER SURFACE 

FLOW----

. SMALL\ 
WAVES 0. 

TURBULENCE ~ 

~W/k~~~ 
Figure 9-5--Flow characteristics of the WSC flume in operation 

Table 9-4.--Discharge for small WSC flume 

Scale reading 0 .1 .2 .3 .4 .5 .6 .7 .8 .9 
(inches) 

G.p.m. G.p.m. G.p.m. G.p.m. G.p.m. ~ G.p.m. ~ G.p.m. ~ 
1 1.5 1.8 2.2 2.6 3.0 3.5 4.1 4.7 
2 5.3 6.1 6.9 7.7 8.6 9.5 10.4 11.5 12.7 13.8 
3 15.0 16.4 17.8 19.3 20.8 22.4 24.0 25.8 

Siphon tubes have several advantages. They are portable. For this rea­
son, the reduced number of tubes required to irrigate a given area re­
sults in low initial cost for equipment. Flow into individual furrows 
or borders can be controlled effectively by using the number of tubes 
that will divide the total head ditch flow into individual streams of 
the desired size. 

The tubes are limited to fields with little cross slope in order to 
maintain a near-constant operating head on each tube. A disadvantage is 
that they need to be primed individually •. This priming is the prinCipal 
labor requirement when siphon tubes are used for surface irrigation. 

The discharge of a Siphon tube depends on: (1) The diameter of the tube, 
(2) the length of the tube, (3) the roughness of the inside surface and 
the number and degree of bends in the tube, and (4) the head under which 
the tube is operating. When the outlet end of the tube is submerged, the 
operating head is the difference in elevation between the water surfaces 
measured at the entrance and outlet ends of the tube. When the tube is 
flowing free, the operating head is the difference in elevation between 
the water surface at the entrance of the tube and the center of the 
outlet end. 



Siphon-tube discharge may be ccmputed by the formula 

\ Q = CA .[2gh 

whe::-e Q = discharge in cubic feet per second 
C = discharge coefficient for the tube 
A = cross-sectional area of the tube in square feet 
g : acceleration due to gravity = 32.2 feet per second per 

second 
h = operating head in feet. 

The coefficient (C) may be canputed by the formula 

C ~ / d 4
/ 3 

= CO\/5,087 n2 Co
2 L + d4/3 

where Co = discharge coefficient for the tube entrance (about 0.83) 
d = inside diameter of the tube in inche~ 
n = roughness coefficient 
L = length of the tube in feet. 
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As an example, the discharge fram a 3-inch aluminum siphon tube 7 1/2 
feet long, operating under a head of 0.50 foot, is computed as follows: 

Co = 0.83 
d for 3-inch aD tubing = 2.900 inches 
n = 0.008 
L = 7.5 feet 
h = 0.50 foot 

V
~----------~2-.9~0~074773~------------

C = 0.83 2 2 4/ = 0.700 
5,087 x O.OOS x 0.83 x 7.5 + 2.900 3 

A - 3.1416 x 2.9002 
- 144 x 4 = 0.04587 square feet 

Q = 0.700 x 0.04587 J 2 x 32.2 x 0.50 = 0.18217 cubic feet per 
second 

Q = 0.18217 x 448.8 = 81.8 gallons per minute 

This procedure was used to compute the discharge values used in the 
preparation of figure 9-6 showing the discharge of aluminum siphon 
tubes operating at various heads. Values of the roughness coefficient 
(n) were 0.008 for sizes up to and including 3 inches and 0.012 for 
sizes 4 inches and larger. 

Cha.rts similar to figure 9-6 can be prepared for siphon tubes made of 
oth.er materials when appropriate values of Co and n are established 
by rating the tubes in a laborator,y. 
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Methods of Measuring Pipe Flow 

Pipe Orifices 
Pipe orifices are usually circular orifices placed within or at the end 
of a horizontal pipe. The head on the orifice is measured with a mAnom­
eter. 

Where the orifice is placed in the pipe, the discharge will not be free, 
and the head must b&~easured at points both upstream and downstream 
from the orifice. For a further discussion of this type of orifice, the 
reader is referred to King's Handbook of Hydraulics. 

The pipe orifice more commonly used in measuring irrigation water and 
the discharge from wells within a range of 50 to 2,000 gallons per J;Din­
ute has the circular orifice located at the end of the pipe (fig. 9-7). 
The pipe must be level and the manometer, a glass tube, is placed about 
24 inches upstream from the orifice. No elbows, valves, or other fit­
tings should be closer than 4 feet upstream fran the manometer. The 
ratio of the orifice diameter to the pipe diameter should be no less 
thar.L 0.50 nor greater than 0.83. The ratio to be selected, however, 
must cause the pipe to flow full. The head is measured with an ordinary 
carpenter's rule. 

Discharge through the orifice is computed by use of the formula 

Q = CaJ 2gh 

whel'e Q = orifice discharge. in gallons per minute 
C = coefficient which varies with the ratio of the orifice diam­

eter to the pipe diameter as well as with all the other fac­
tors affecting flow in orifices. The value of the coefficient 
(C) may be taken from figure 9-8. 

a = cross-sectional area o~ the orifice in square inches 
g = acceleration due to gravity = 32.2 feet per second per second 
h = head on the orifice in inches measured above its center. 

For example, find the discharge from a 5-inch orifice at the end of an 
8-inch pipe operating under a head of 25 inches. 

Rat:Lo of orifice diameter to pipe diameter = 5/8 = 0.625 

C fran figure 9-8 = 0.63 
a = 19.63 square inches 
Q = Ca v' 2gh 

= 0.63 x 19.63 x v'2 x 32.2 x 25 
= 496 gallons per minute 

Table 9-5 gives discharge values fran various combinations of pipe sizes 
and orifice sizes for heads up to 70 inches. 
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RULER GLASS TUBE 
RUB8ERTUBE 

2 FEET i 4 FEET OR MORE _I 
THIS OISCHARGE PIPE MUST BE LEVEL 

ORIFICE PLATE ,f THICK 
WITH HOLE OF EXACT SIZE 

A PIPE CAP MACHINED 
THIS WAYMAYBEUSEO 
AS THE ORIFICE PLATE 

Figure 9-7--Details of a circular pipe orifice located at the discharge 
end of the pipe 

Figure 9-8--Values of the coefficient C for measuring flow from circular 
pipe orifices based on Q = CAy/2gh 
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TABLE 9-5. --Discharge from circular pipe orifices with free dischargeo1 

Hea 
(inch 

d 
es) 

; 
I 

~ 

€ 
E 

le 
1~ 

1" 
H 
lE 
2( 

, 
i 
! 
) 

! 2: 
2'~ 
26 
213 
31) 

3:2 
).I. 

35 
33 
4:l 
42 
44 
46 
48 
50 
52 
54 
:6 
:8 
60 
62 
64 
66 
68 
70 

3-in. 4-in. 
orifice orifice 

4-in. 
Pipe 

G.p.m. 

108 
122 
133 
146 
157 
167 
178 
187 
197 
205 
214 
222 
230 
239 
246 
254 
260 
266 
272 
278 
284 
290 
296 
302 
307 
313 
317 
323 
328 
333 
338 
343 
349 

6-in. 6-in. 
Pipe Pipe 

G.p.m. G.p.m. 

82 160 
94 185 

104 205 
114 225 
1~3 243 
132 257 
140 271 
148 285 
156 299 
164 310 
171 323 
177 335 
183 346 
189 357 
195 369 
200 380 
205 390 
210 401 
214 411 
219 420 
224 429 
229 440 
234 448 
238 457 
243 465 
248 472 
252 480 
257 489 
262 496 
266 I 504 
271 513 
275 520 
280 525 

8-in. 
Pipe 

~ 
150 
170 
190 
208 
224 
238 
252 
266 
279 
291 
303 
314 
325 
335 
345 
354 
363 
371 
380 
388 
396 
405 
413 
421 
429 
437 
445 
453 
461 
469 
475 
483 
491 

5-in. 6-in. 
orifice orifice 

6-1Il. 
Pipe 

G.p.m. 

305 
350 
393 
430 
465 
495 
524 
548 
572 
596 
620 
644 
668 
692 
715 
737 
759 
781 
800 
820 
837 
855 
872 
888 

I 904 
919 
934 
948 
961 
974 
988 

,1002 
° 1016 

8-in. 8-in. 
Pipe Pipe 

G.p.m. G.p.m. 

240 408 
280 458 
316 508 
346 556 
376 599 
402 636 
426 672 
449 708 
470 744 
488 776 
504 805 
520 831 
536 857 

52 5 8 82 
568 907 
584 931 
600 955 
616 979 
631 1001 
645 ° 1023 
659 1045 
672 1067 
686 1089 
700 1110 
714 1130 
727 1150 
739 1170 
751 1190 
763 1209 
775 1227 
787 1245 
799 ° 1263 
811 1280 

10-in. 
Pipe 

G.p.m. 

345 
395 
445 
490 
530 
568 
604 
636 
664 
692 
720 
747 
773 
799 
824 
847 
867 
887 
906 
925 
944 
963 
982 

1000 
° 1018 

1036 
1052 
1068 
1084 
1099 
11:.3 
1::'27 
1140 

I 

I 

7-in. 
orifice 

10-in. 
Pipe 

~ 

600 
666 
728 
785 
838 
887 
933 
979 

1022 
1064 
1104 
1143 
1181 
1218 
1251 
1281 
1311 
1341 
1371 
1401 
1431 
1461 
1491 
1520 
1548 
1574 
1598 

1 ;<rom "Layne Well Water Syst.ems," ~e and Bowler, Inc., Memphis TeIUl., 1951. 

Venturi Meters 

8-in. 
orifice 

10-in. 
Pipe 

G.p.m. 

935 
1040 
1120 
1194 
1266 
1336 
1404 
1471 
1529 
1585 
1641 
1697 
1753 
1809 
1865 
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The Venturi meter measures the flow of water in pipes under pressure. 
It utilizes the Venturi principle in that the flow passing through a 
constricted section of pipe is accelerated and its pressure head is 
lower~. The cross-sectional areas of the pipe and the constricted sec­
tion being knowno' the flow is determined by measuring the drop in pres­
sure head. 

A crclss section of a Venturi meter showing its component parts is shown 
in f:1ogure 9-9. The meter is usually inserted between two flanges in a 
pipeline. At the upstream end the short, straight, cylindrical part of 
the DIeter has the same inside diameter as the pipeline and has a side 
hole drilled through the wall where a piezometer tube is connected for 
measuring the static pressure. Following this straight section, a coni­
cal E!ntrance section leads to the short constricted section or cylindri­
cal throat. This entrance cone has an angle of about 210. The cylindrical 
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throat section is also provided with a side hole for attaching a piezom­
eter tube. The diameter of the throat is one-fourth to one-half the 
diameter of the pipeline. A conical exit section with an angle of SO to 
70 follows the throat section anj ends at a flange in the pipeline. This 
long exit cone decelerates the flow as smoothly as possible and restores 
normal pressure in the line. A piezometer tube is sometimes connected in 
the line immediate~ below the exit section to measure the overall loss 
of head through the meter; however, this measurement is not used in com­
puting the rate of flow through the meter. A loss of head through the 
meter of 10 to 20 percent may be expected. 

-r-1----- -T------- _-.1 
HEAD LOST ---, 

'" ..c 
L 

..c 
..c -i 

C\I 
..c ~ 

=-.t. -L FLOW T '" 0-~ o_~ 

) T 
- J 

) I 
-,-

LCYLINOER ~ 

Figure 9-9--Diagram of a Venturi tube 

The rate of flow through the meter is computed from the formula 

Q = CKd22 /h~ - h2 

where Q = rate of flow in cubic feet per second 
C = empirical discharge coefficient that may be taken from. 

table 9-6 
d1 = diameter of' the entrance sec tion in feet 
d2 = diameter of the throat section in feet 
hl = pressure head in feet measured above the axis of the meter 

at the straight entrance section. 
h2 = pressure head in feet measured above the axis of the meter 

at the throat. 

\ 
? 

\ 
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K = factor corresponding to the ratio of the throat diameter to 
diameter of the entrance section. 

K = "V 2g 
4 1 _ ( ~~) 4 

Valt:.es of K may be taken fram. table 9-7. 

Table 9-6.--Coeff1cients of discharge (C) for Venturi meters 

Dj 

of 
(j 

,ameter 
throat 
.nches) 

1 
2 
4 
8 

12 
18 
48 

3 4 

.935 .945 

.939 .948 

.943 .952 

.948 .957 

.955 .962 

.963 .969 

.970 .977 

Throat velocity (feet per second) 

5 10 15 20 30 40 

.949 .958 .963 .966 .969 .970 

.953 .965 .970 .973 .974 .975 

.957 .970 .975 .977 .978 .979 

.962 .974 .978 .980 .981 .982 

.967 .978 .981 .982 .983 .984 

.973 .981 .983 .984 .985 .986 

.980 .984 .985 .986 .987 .988 

'Table 9-7. --Values of K in formula for Venturi meters 

) 

L 
~ 

.2( 

.2: 

.2~ 

.2.: 

.2~ 

.~ 

, 
t 

• 2~ ) 

• 2~ ) 
.2' 7 

! 
.~ 

.2l 

.2c 

.3( 

.3: 
) 

L 
• 3~ ~ 

K 

6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.31 
6.32 
6.32 
6.32 
6.33 
6.33 
6.33 

d2 K d1 

.33 6.34 

.34 6.34 

.35 6.35 

.36 6.35 

.37 6.36 

.38 6.37 

.39 6.37 

.40 6.38 

.41 6.39 

.42 6.40 

.43 6.41 

.44 6.42 

.45 6.43 

d2 
K 

d2 
K 

d2 
d 1 d1 d1 

.46 6.45 .59 6.72 .72 

.47 6.46 .60 6.75 .73 

.48 6.47 .61 6.79 .74 

.49 6.49 .62 6.82 .75 

.50 6.51 .63 6.86 .76 

.51 6.52 .64 6.91 .77 

.52 6.54 .65 6.95 .78 

.53 6.56 .66 7.00 .79 

.54 6.59 .67 7.05 .80 

.55 6.61 .68 7.11 .81 

.56 6.64 .69 7.17 .82 

.57 6.66 .70 7.23 .83 

.58 6.69 .71 7.30 .84 

50 

.972 

.977 

.980 

.983 

.985 

.986 

.988 

K 

7.37 
7.45 
7.53 
7.62 
7.72 
7.82 
7.94 
8.06 
8.20 
8.35 
8.51 
8.69 
8.89 
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As an example of the use of this formula, assume a 24-inch pipe diam­
eter, an 8-inch throat diameter, and a drop in pressure head between 
the entrance and the throat (hl - h2 ) of 9.3 feet. 

The ratio of the throat diameter (d2 ) to the entrance diameter (d 1 ) =-
8/24 = 0.33. Using this ratio in table 9-7, find the value of K to be 
6.34. 

Then 
Q = CKd2 2 J hl - h2 

. C x 6.34 X 0.6672 x .../9.30 
= C x 8.603 cubic feet per second 

Since the value of C will be near unity, the approximate velocity 
through the throat may be computed as follows: 

v =~ 
A = 8.603 = 24.6 feet per second 

Using this velocity, the value of C fram table 9-6 is 0.9805. Thus 
Q = 0.9805 x 8.603 = 8.435 cubic feet per second. 

Manufacturers of commercial Venturi meters should be requested to fur­
nish discharge tables or charts for all meters purchased. 

Irrigation Meters 
Meters most commonly used to measure irrigation water are of the 
velocity type and are installed in canals, flumes, or streams or con­
tained within pipes or conduits up to 6 feet in diameter. When the 
meters are installed in open channels, the flow must be brought through 
a pipe or conduit of known cross-sectional area. This pipe or conduit 
is called a meter tube. The meter is placed within the discharge end 
of this tube. 

Irrigation meters essentially consist of a conical propeller connected 
to a registering head by a gear train. They are operated by the kinetic 
energy of the flowing water. The propeller is suspended, facing the 
center of flow, in the pipe, tube, or conduit and is rotated by the 
flow of water. The speed of the propeller (r.p.m.) is proportional to 
the aver-age velocity of flow wi thin the tube (ft ./sec. ), and since the 
cross-sectional area of the tube is known and remains constant, the 
propeller speed is proportional to the rate of flow. 

The rotating propeller actuates the registering head through the gear 
train. This head registers total flow on a counter-type clock. The 
total flow is recorded directly in standard volumetric units such as 
gallons, cubic feet, acre-feet, miner's inch-days, or others. 

There are two basic requirements for accurate operations of the meter: 
(1) The tube must flow fUll at all times, and (2) the rate of flow must 
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exce,;!d the minimum for the rated range. Meters are given a volumetric 
calibration test at the factory, and adjustment or recalibration in the 
field is not normally required. 

Irrilsation meters of the types described have a number of advantages 
over other methods of water measurement. Registration is independent of 
vari;9.tions in the line pressure or in the rate of flow within the rated 
rangl;!, thus el1m1nat·ing frequent readings and checks. Since the meters 
total flow directly, no time-consuming computations are involved, and 
human errors are eliminated. Automatic totalizer-recording devices are 
available which may be used with continuous charts and provide permanent 
records of water use. The principal disadvantages of these meters are 
their susceptibility to clogging with moss and to vandalism when in­
stalled permanently. 

Thre'9 basic types of irrigation meters are discussed in succeeding para­
graphs. These are (1) low-pressure line meters, (2) open-flow meters, 
and (3) vertical-flow or ~drant-type meters. 

Meter valves combine into a single caupact un1 t the functions of irriga­
tion hydrants with those of the vertical flow-meters. 

Low-pressure-line meters. --These are used wherever pipelines are used to 
distribute irrigation water. They may be installed in new or existing 
concrete, steel, or asbestos-cement pipelines within a range of diam­
eterl3 of 4 to 72 inches. Portable sections of steel pipe with meter in­
stalled are available, thus pezmitting the measurement of water at 
several locations with one meter. The principal use for low-pressure­
line meters is the metering of water delivered to individual farms from 
lateral lines of an irrigation enterprise. In the smaller sizes, these 
meters can be used effectively on an individual farm to measure accu­
rate~ the amount of water applied to a given area, thereby permitting 
increased efficiency of water use. Figure 9-10 shows a low-pressure­
line meter installed in a section of steel pipe. Note the straightening 
vanes installed ahead of the propeller to eliminate turbulence. 

Open-flow meters. --These are similar to the low-pressure-line meters in 
construction and are used to meter the flow in open channels or gravity­
~low, closed-conduit systems. The meter is suspended from a wall or 
simple support structure into the center of a full-flowing submerged 
discharge end of a pipe, culvert, or Siphon, which serves as the meter 
tube. The metered section may be round or rectangular. Concrete pipe, 
corr~ated metal pipe, or even long wooden-box structures are satis­
factory as meter tubes. Open-flow meters may be installed permanently 
or may be moved from one location to another wi.thout interrupting the 
normal flow of Yater. 

The principal use of the smaller. size meters up to about 42 inches in 
diameter is to meter the flow at farm turnouts (fig. 9-11). The larger 
sizes are used to meter large volume flow from reservoirs and in main 
canals and large lateral ditches. 
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Figure 9-l0--A low-pressure line meter installed in a section of 
steel pipe 

Vertical-flow meters.--These are used to meter the flow of water in 
v~rt1cal pipes (fig. 9-12). Their operating principles are identical 
with those of the other two types of meters, the only difference being 
the position of the propeller, which is vertical. Water flows unre­
stricted in an upward direction through the meter tube, actuates the 
propeller, and is then deflected downward by a bonnet or cover to the 
outside of the tube. The bonnet is designed to provide adequate area 
for the maximum discharge and to prevent tampering with the propeller. 

The principal use for vertical flow meters is the metering of indi vid­
ual farm deliveries where such deliveries are made in gravity flow 
pipelines and through pipe turnouts. 

\ 
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\ 

Figure 9-ll--An open-flow meter installation 

Figure 9-12--Typical vertical-flow meter installation 
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Meter valves.--Provision is made in these valves for total flow regis­
tration at all rates of flow above the minimum rate of flow and for 
flow control from full capacity to complete shutoff. The rate of flow 
can be accurately set to that desired by rotating the meter-head as­
sembly. Meter valves are portable and can thus be used on any number 
of hydrants or pipe turnouts of like diameter up to 12 inches. 1hey 
may be placed in the open end of any vertical riser discharge pipe. 

Coordinate Methods 
In the coordinate method, coordinates of the jet issuing from the end 
of a pipe are measured. The flow from pipes may be measured whether the 
pipe is discharging vertically upward, horizontally, or at some angle 
with the horizontal. Since the discharge pipe can be set in a horizontal 
position for measurement purposes, there is no need here for a discus­
sion of flow from pipe in an angular position. 

Coordinate methods are used to measure the flow from flowing wells 
(discharging vertically) and from small pumping plants (discharging 
horizontally). These methods have limited accuracy owing to the diffi­
culty in making accurate measurements of the coordinates of the jet. 
They should be used only where facilities for making more accurate 
measurements by other methods are not available and where an error of up 
to 10 percent is permissible. 

Figure 9-13--Required measurements to obtain flow fram vertiCal pipes 

To measure the flow from pipes discharging vertically upward, it is 
only necessary to measure the inside diameter of the pipe (D) and the 
height of the jet above the pipe outlet (H) (fig. 9-13). Table 9-8 
gives discharge values for pipe diameters up to 12 inches and Jet 
heights up to 40 inches. 
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(in ches) 
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3 1/ -, c .••••• 

4 ••. ..... . 
4 1/. .. ~ .... 
5 ••. 
6 ••• 
7 .. . 
8 .. . 
9 ••• 
10 .. 
12 .. 
14 .. 
16 .. 
18 .. 
20 .. 
25 .. 
30 .. 
35 .. 
40 .. 

I ••••• 

I ••••• 

I.' ... 
..... . 
I' ••••• 

" ..... 
.. , .... 
" ..... 
'II •••• 

.... .. 
I' •••• . 

,t •••• 

II •••• 

..... . 

.. .... 

2 3 
Std. 2 Std. 

G.p.m. G.p.m. 

28 57 
31 69 
34 'tv8 
37 86 
40 92 
42 98 
45 104 
50 115 
54 125 
58 134 
62 143 
66 152 
72 167 
78 182 
83 195 
89 208 
94 220 

107 248 
117 275 
127 300 
137 320 
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Table 9-8.--Flow from vertical pipes 1 

Diameter of pipe (inches) 

4 5 6 8 10 12 
0.D. 3 Std. O.D. Std. O.D. Std. O.D. Std. O.D. Std. O.D. Std. 

~ I G.p.m. ~ G.p.m. ~ G.p.m. 

75 86 103 115 137 150 200 215 265 285 330 355 
95 108 132 150 182 205 275 290 357 385 450 480 

112 128 160 183 225 250 340 367 450 490 570 610 
124 145 183 210 262 293 405 440 555 610 705 755 
135 160 205 235 295 330 465 510 660 725 845 910 
144 173 225 257 320 365 520 570 760 845 980 1060 
154 184 240 275 345 395 575 630 840 940 1120 1200 
169 205 266 306 385 445 670 730 1000 1125 1370 1500 
186 223 293 336 420 485 750 820 1150 1275 1600 1730 
202 239 315 360 450 520 810 890 1270 1420 1775 1950 
215 254 335 383 480 550 , 870 955 1360 1550 1930 2140 
227 268 356 405 510 585 925 1015 1450 1650 2070 2280 
255 295 390 450 565 650 1010 1120 ; 1600 1830 2300 2550 
275 320 420 485 610 705 1100 1220 1730 2000 2530 2800 
295 345 455 520 655 755 1180 1300 1870 2140 2720 3000 , 
315 367 :480 555 700 800 1265 1400 2000 2280 2900 
333 388 510 590 740 850 1335 1480 2100 2420 
377 440 580 665 830 960 1520 1670 2380 2720 
420 485 640 740 925 1050 1690 1870 2650 3000 
455 525 695 800 1000 1150 1820 2020 2850 
490 565 745 865 1075 1230 1970 2160 

1 rable prepared from discharge curves in Utah Engin. Expt. Sta. Bul. 5, "MeasUl'eIIlent of 
Irrigation Water," June 1955. 

2 Standard pipe. 
3 ~~tside diameter of well casing. 

To measure the flow from pipes discharging horizontally, it is necessary 
to measure both a horizontal and a vertical distance from same point on 
the end of the pipe to a similar point in the Jet. For convenience, 
these coordinates are measured from the top of the inside of the pipe to 
a point on the top of the Jet (fig. 9-14). These horizontal and vertical 
distances are called X and Y ordinates, respectively. 

----,-­
o 

____ J __ _ 

- x 

Fi@uxe 9-l4--Required measurements to obtain flow from horizontal pipes 
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For reasonablY accurate results, the discharge pipe must be level and 
long enough to permit the water to flow smoothly as it issues from the 
pipe. Table 9-9 gives discharge values for pipe diameters up to 6 inches 
where the ordinate X is selected to be 0, 6, 12, or 18 inches. For pipes 
flowing less than 0.8 full at the end, the vertical distance Y can be 
measured at the end of the pipe where X = O. ~able 9-9 is used to obtain 
the discharge. Table 9-9 is also applicable either to conditions of full 
flow or partial flow. 

y 
(inches) 

0.20 
.30 
.40 
.50 
.60 
.70 
.80 
.90 

1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.30 
3.60 
3.90 
4.20 
4.50 
4.80 

Table 9-9.--Flow fram horizontal pipes 1 

WHEN X =0 

Size of pipe (namjna] diameter) 

2-inch 3-inch 4-inch 5-inch 

G·E·m. G·E·m. G·E·m. G·E·m. 
67.7 180 308 
66.5 175 303 
65.1 171 298 
63.6 166 293 

18.3 62.0 161 287 
17.6 60.4 156 282 
16.7 58.4 150 277 
15.4 55.7 145 271 
13.7 53.1 139 265 
9.5 46.9 128 251 
6.0 40.5 115 237 

31.9 102 221 
24.0 90 205 
17.3 77 187 
11.8 64 167 
7.3 52 147 

41 127 
32 108 
24 90 
13 65 

45 
29 

1 See footnote ~t end of table. 

6-inch 

G·E·m. 

530 
518 
506 
494 
482 
470 
458 
446 
422 
398 
373 
347 
321 
295 
270 
246 
223 
200 
167 
137 
III 

86 
64 
45 



, 
y 

( :lnches) 

0.24 
.36 
.48 
.60 
.72 
.84 
.96 

1.08 
1.20 
1.80 
:2.40 
:3.00 
:3.60 
·4..20 
·4..80 
.5.40 
6.00 
6.60 
'7.20 
'7.80 
.~.4O 

.96 
1.08 
1.20 
1.80 
2.40 
3.00 
3.60 
4.20 
·4.80 
5.40 
6.00 
6.60 
7.20 
7.80 

Table 9-9.--Flow from horizontal pipes1--Continued 

WHEN X = 6 INCHES 

Size of pipe (nominal diameter) 

2-inch 3-inch 4-inch 5-inch 

G·E·m. G·E·m. G·E·m. G·E·m. 
177 310 548 
146 274 503 969 
126 247 462 857 
111 229 435 772 
100 215 404 705 

92 202 377 646 
85 193 355 606 
79 184 337 574 
75 175 319 543 
60 139 265 449 
51 119 229 390 
45 105 206 350 
40 94 188 314 
37 86 169 278 
35 79 151 238 
32 71 133 193 
30 63 116 150 
27 50 99 112 
25 38 83 
23 29 69 
20 

WHEN X = 12 INCHES 

157 319 570 1014 
148 305 548 974 
139 292 530 925 
114 247 444 763 

99 215 395 655 
87 193 359 583 
79 176 332 530 . 73 161 305 489 
68 149 287 458 
63 140 269 426 
60 132 256 404 
57 126 242 386 
54 120 233 368 
52 114 224 355 

lSee footnote at end of table. 
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6-inch 

G·E·m. 

1243 
1113 
1019 

947 
889 
844 
808 
772 
660 
583 
525 
476 
431 
386 
332 
247 

1315 
1257 
1055 

929 
844 
772 
718 
673 
633 
59'7 
574 
548 
525 
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y 

(inches) 

1.80 
2.40 
3.00 
3.60 
4.20 
4.80 
5.40 
6.00 
6.60 
7.20 
7.80 
8.40 

Table 9-9.--Flowfram horizontal pipes1--Continued 

WHEN X = 18 INCHES 

Size of pipe (nominal diameter) 

2-inch 3-inch 4-inch 5-inch 

G·E·m. G·E·m. G·E·m. G·E·m. 
166 346 624 1014 
144 305 557 9C!7 
129 274 503 826 
117 251 462 754 
109 233 431 700 
101 220 404 655 

95 206 382 615 
89 197 364 579 
84 187 346 548 
81 180 332 521 
77 172 319 498 
75 166 305 476 

6-inch 

G·E·m. 
1400 
1261 
1153 
1068 

992 
934 
884 
839 
799 
763 
732 
705 

1 Table for standard steel pipe prepared from data resulting from 
actual experiments conducted at Purdue Univ. and reported in Purdue 
Engin. Expt. Sta. BuI. 32, "Measurement of Pipe Flow by the Coordinate 
Method," August 1928. 

Methods of Measuring Channel Flow 

Current Meters 
The current meter measures the velocity of flowing water in an open 
channel. It is usually used in the larger ditches and streams where 
direct methods of measurement are not practicable. Rohwer2 has used 
special~ outfitted current meters to measure the velocity of flow in 
pipes; however, since this is not the principal use made of such meters, 
the reader is referred to his bulletin for additional information. 

Basical~ the current meter is a wheel having several cups or vanes. 
This wheel is rotated by the action of the current, and the speed of 
the rotating wheel indicates the velocity of the current. Several de­
vices have been devised for determining the speed of the wheel. The one 
most commo~ used is a mechanism that makes and breaks an electric 
circuit at each revolution or at a specified number of revolutions of 
the wheel. Included in the circuit is a telephone receiver allowing the 
operator to co~~t the number of revolutions in any selected period of 

2 Rohwer, C. "The Use of Current Meters in Maasuring Pipe Discharges." 
Colo. Agr·. Expt. Sta. Tech. Bu1. 29. 1942. (C'Alt of print. Available in 
libraries only.) 
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time--the time being detennined by means or a stopwatch. More elaborate 
arrangements that include mechanical recording devices are available. 

Current meters are either suspended by cables, which allow the meters 
to m,:>ve rreely both horizontally and vertically, or are mounted on 
rods, which keep the meters stationar,y. In the rormer, a vaned tail­
piec,e is used to keep the meter facing into the current. Cable suspen­
sion is used for gaging large streams; rod suspension is more ror gaging 
small streams or ditches. The cable or rod is usually marked in reet 
and hundredths, thus permitting the operator to deter.mine depths of 
flow and to take the meter readings at the proper predetermined depths. 

Two '~ypes or current meters are in general use: The cup meter and the 
prop~!ller meter. The cup meter has six conical cups mounted on a verti­
cal uxis pivoted at the ends and free to rotate between the rigid arms 
or a U-shaped clevis to which a vaned tailpiece is attached (fig. 9-15). 
Rotation is made by more pressure from the current being exerted on the 
inside or the cups than on the outside of the cups. The cup meter regis­
ters the correct velocity regardless of which way the meter is pointed 
in rE!lation to the direction of the current • 

. . 

- ~. ~ 

--: . 

'-.:-':L,- ... t.:~~~~ 

. "~ ... ' 

Figure 9-15--Cup-type current meter 

Propeller meters are available in two rorms: The screw meter and the 
spoke,::l meter with vanes. Both rotate around a horizontal axis by direct 
actio:tl of the current. Unlike cup meters, propeller meters are sensi-
ti ve to oblique flow, and the horizontal axis should be kept parallel to 
the d:lrection of the current. 

The e:~tablishment of the relation between the speed of the meter wheel 
(r.p.ln.) and the velocity of the water is known as "rating of meter. II. 
This :ls accomplished by towing the meter through still water at uniform 
veloc:l ties and recording the revolutions per minute for each velocity. 
A rat:lng curve is plotted from these recordings. Current, meters are 
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rated by the manufacturer, and a rating table is furnished. CUrrent 
meters should be rated once a year or more often depending on how fre­
quently' they are used. 

Current-meter measurements are usually' taken £ram a walkway or bridge 
across the stream or ditch. Very shallow streams can be waded while 
large rivers 1lJBY' require the use of a boat or cableway. 

A zero station or reference point is established on one bank of the 
stream, and a tape is stretched across the stream for measuring hori­
zontal distances. Soundings and current -meter readings are taken at 
regular intervals, usually' fran 2 to 10 feet depending on the width of 
the stream. Readings should be made where there are abrupt changes in 
velocity or in the depth of flow. 

The problem is to dete:nnine the mean velocity at each vertical where 
readings are taken. This may be done by one of several methods. The 
most cammon method requires that readings be taken at only two points 
in each vertical; namely' at 0.2 and 0.8 of the sounded depth measured 
from the water surface. The average of these two readings is the mean 
veloci ty in the vertical. Where the depth of flow becomes too shallow 
to obtain two readings, a single reading taken at 0.6 depth represents 
the mean velocity. 

The discharge of each segment of the cross section (area between ad­
Jacent verticals) is the product of the area of the segment and the 
mean velocity in the segment. If dl and d2 represent the depths of 
flow at two adjacent verticals, V1 and V2 the respective mean veloci­
ties in these verticals, and W the distance between the verticals, then 
the discharge in that part of the cross section is canputed as follows: 

Q = W (d. ; d.)( V. ; V.) 
The total discharge of the stream is the sum of such computations for the 
entire cross section. Figure 9-16 shows an example of typical current­
meter notes. The observations required and computation procedure used 
are clearly' shown in this example. 

Weirs 
In its simplest form, a weir consists of a bulkhead of timber, metal, or 
concrete with an opening of fixed dimensions cut in its top edge. This 
opening is called the weir notch, its bottom edge is the weir crest, and 
the depth of flow over the crest (measured at a specified distance up­
stream fran the bulkhead) is called the head. The overflowing sheet of 
water is known as the nappe. 

Weirs may be divided into two general classes: (1) Sharp-crested weirs, 
and (2) weirs that are not sharp-crested. ~ sharp-crested weirs are 
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discussed, since this type is normally used in the measurement of irri­
gation water. Weirs that are not sharp-crested, sometimes called broad­
crested weirs, are camnonly incorporated in hydraulic structures of 
various types but are not commonly used to measure the flow of: water. 

If the sides and bottom of the stream or channel are far enough fram 
the perimeter of the weir notch, the water particles approach the notch 
in converging paths in all directions, continue to travel in curvilinear 
paths for same distance after leaving the notch, and cause the nappe to 
contract. When these distances are great enough to cause water to pond 
above the weir so that it approaches the notch at a velocity not exceed­
ing 0.3 foot per second, the weir is said to have canplete contractions. 
When these distances are not great enough to cause this condition, the 
weir is said to have partially suppressed contractions. 

In order to assure complete end contractions, the distances between "the 
ends of the notch and the sides of the channel or stream should not be 
less than 2 times the depth of flow over the weir or the head (H) 
(fig. 9-17). For complete bottom contraction, the weir crest should be 
placed no closer than 2H fram the bottom of the chaImel. 

When the water surface downstream fran the bulkhead is far enough below 
the crest so that air moves freely below the nappe, the weir is said to 
have free discharge. If the discharge is partially under water, the 
weir is said to be submerged. 

Weirs with complete contractions and free discharge are most c~ 
used for the measurement of water. Weirs with suppressed contractions 
and submerged weirs are outside the scope of this handbook. For a com­
plete discussion of these, the reader is referred to King's Handbook of 
Hydraulics. ' 

POINT TO MEASURE 
DEPTH (H) 

SHARP-CRESTED 
WEIR 

Figure 9-l7--Profile of a sharp-crested weir 
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Standsxd sharp-crested weirs are of one of three general types depend­
ing orL the shape of the weir notch: (1) Rectangular-notch weir, the 
notch of which has a level crest and vertical sides j (2) trapezoidal or 
Cipolletti weir, which has a level crest and sides of the notch sloping 
outWal'Ci from the vertical at one horizontal to four vertical; (3) 900 

tri~~lar-notch weir formed by the sides of the notch sloping outward 
from the vertical at a 450 angle and meeting at a point in the center 
of the! bulkhead. This latter type has no crest length. 

The wedr selected should be that most adapted to the circumstances and 
conditions at the site of measurement. Usually, the rate of flow ex­
pected, or the limiting rates in the case of fluctuating streams, can 
be rot~hly estimated in advance and used to select both the type of 
weir to be used and the dimensions of the weir. In selecting the type 
of wej.r, consideration should be given the following: 

1. ThE~ head should be no less than 0.2 foot for the rate of flow ex­
pec:ted and should not exceed 2 feet. 

2. For rectangular and trapezoidal weirs, the head should not "exceed 
onE~-third of the weir length. 

3. We:Lr length should be selected so that the head for design discharge 
will be near the maximum subject to the limitations in 1 and 2. 

The 900 triangular-notch weir gives the most accurate results when 
measu::'i.ng small discharges of less than 1 second-foot and is particularly 
adaptl~d to measuring fluctuating rates of flow provided the maximum dis­
cbargt:! does not exceed 10 second-feet. Rectangular- and trapezoidal­
notch weirs are used to measure discharges up to 75 second-feet or more. 

The ~:!ctangular-notch weir.--Tbis is probably the oldest type now in 
commO:l use, and its simplicity of construction makes it the most popular 
(fig. 9-18). 

POINr ro MEASURE DEPrH (H) 
(SEE CROSS SECrION) 

";:7~ 
. ,.---. 

···::i.··.~ 

Figure 9-18--Rectangular-notch weir with end contractions 
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Numerous formulas Have been developed for computing the discharge of 
rectangular-notch, sharp-crested weirs with complete contractions. The 
most popular and generally accepted is the Francis formula. 

Q = 3.33 (L - 0.2H)H
J
/ 2 

where Q = discharge in cubic feet per second 
L = Length of the notch in feet 
H = head in feet or the vertical difference between the elevation 

of the weir crest and the elevation of the weir pond 

The elevation of the weir pond should be measured at a point no less 
than 4H upstream fram the bulkhead. 

Table 9-10 gives discharge values for weir-notch lengths up to 10 feet 
and depths of flow or head up to 1.5 feet. 

The trapezoidal-notch or Cipolletti weir.--This is shown in figure 9-19. 
The slope of the sides, one horizontal to four vertical, is that required 
to secure a discharge in the triangular part of the notch about equal to 
the decrease in discharge caused by end contractions. Thus no correction 
for end contractions is required. 

POINT TO MEASURE OEPTH (H) 
(SEE CROSS SECTION) 

Figure 9-19--Trapezoidal-notch or Cipolletti weir 
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'l~able 9-10. --Discharge values for rectangular weirs with complete 
contractioDB 

Discharge, Q, for crest length, L, of-
Fread, H' 

I I foot 1.5 feet 2 feet 3 feet 4 feet 6 feet 8 feet 10 feet 
, 

Ped lnche. SffiYnd-Jed Secand-Jeet SecondtM Seumd-J«t Second-Jed Sec.ond~Jed Suond-Jeet Second-Jeet 
0.10 I~, O. 11 0.16 0.2 0.33 0.44 0.62 0. @4 1. 05 
.11 I~, · 12 .18 .25 .37 .50 .73 .97 1. 21 
· 12 I~, · 14 .20 .28 .42 .57 .83 1. 10 1. 38 
· 13 1~, · 15 .22 .32 .47 .64 .93 1.24 1. 56 
· 14 l'~. · 17 .25 .35 .53 .71 1.04 1. 39 1. 74 

.15 I'~. · 19 .28 .39 .58 .79 1. 15 1.54 1. 93 
· 16 I'~, .21 .31 .43 .64 .86 1. 27 1.70 2. 12 
· 17 2'-l. .23 .34 .47 .70 .95 1.39 1.86 2. 33 
· 18 2~, .25 .37 .51 .76 l03 1. 52 2. 03 2. 53 
.111 2~ .27 .40 .55 .83 III 1.64 2.20 2. 75 

.20 2" .29 .44 .59 .89 1. 19 1.78 2. 37 2. 97 

.21 2~ .31 .47 .63 .95 l28 191 2. 55 a 19 

.22 ~n .34 .60 .68 1.02 1. 37 2. 05 2. 73 a 42 

.23 .36 .54 .72 1. 09 1.46 2. 19 2. 92 a 66 

.24 2~ .38 .57 .77 1.16 1,55 2. 33 3.11 aoo 

.25 3 .40 .61 .82 1.23 1. 65 2. 48 a 31 4. 14 

.26 3~ .43 .65 .86 1.31 1.75 2. 63 a 51 4. 39 

.27 3~ .45 .68 .91 1.38 1. 85 2. 78 a7l 4. 65 

.28 3" .48 .72 .96 1.46 1. 95 2. 93 a 92 4. 91 

.29 3~ .50 .76 1. 02 1. 53 2. 05 a09 4. 13 5.17 

.30 3~' .53 .80 1. 07 1. 61 2. 16 3. 25 4. 34 5. 44 

.31 3~l .55 .84 1.12 

I 

1.69 2. 26 3.41 4. 56 5.71 
.32 3'~' .58 .88 1. 18 1.77 2. 37 a 58 4. 78 5. 99 
.33 3'~, .61 .92 1. 23 1. 86 2.48 a 75 5.01 6. 27 
.34 4ri, ; .63 .96 1. 28 1. 94 2. 60 3. 92 5. 24 6.51\ 

.35 4~. .66 1.00 1.34 2.02 2. 71 4.09 5. 47 6.85 

.36 4'10 .69 1.04 1.40 2.11 2. 82 4. 26 5. 70 7.14 

. 37 4~ • .72 1.08 1.45 2.20 2.94 4.44 5. 94 7.44 

.38 4H. .74 1. 13 1.51 2. 28 a06 4. 62 6.18 7.74 

. 89 4'~ • .77 1.17 1. 57 2. 37 a 18 4.80 6.43 8. 05 

.40 4'~. .80 1.21 1.63 1.4e a 30 4.99 6. 67 8. 36 

.41 4'~. .83 1. 26 1.69 2. 55 a 42 a. 17 6.92 8. 67 

. 42 5Y, • .86 1.30 1.75 2. 65 a54 5.36 7. 18 8.99 

.43 5~. .89 1.35 1.81 2. 74 a 67 5. 55 7. 43 9.31 

.44 5~' .92 1.40 1.88 2.83 a80 5. 75 7. 69 9.63 

.45 5" .96 1.44 1.94 2. 93 a93 5. 94 7.95 9. 96 

.fa 5~ .99 1. 49 2.00 a 03 4. 05 6. 14 8.22 10. 3 

.47 

i~ 
1.02 1.54 2.07 a 12 4. 18 6.34 8. 48 10. 6 

.48 1.05 1. 59 2.13 a22 4. 32 6. 54 8. 75 11. 0 

.49 1.08 1.64 2.20 a 32 4. 45 6. 74 9. 03 11.3 

.50 6 1. 11 1.68 2.26 a 42 4. 58 6. 95 9. 30 11.7 

.51 6~ 1. 15 1.73 2. 33 a 62 4.72 7. 15 9. 68 12. 0 

.52 6~ 1.18 1. 78 2. 40 a 62 4. 86 7.36 9. 86 12.4 

.~ '6~ 1. 21 1.84 2. 46 3. 73 4.99 7. 57 10. 1 12. 7 

.54 6~ 1. 25 1. 89 2.53 a 83 5. 13 7. 79 10. 4 13.1 

.55 g~ 1.28 1.94 2.60 ·a 94 6.27 8.00 10. 7 13. " .56 1.31 1.99 2. 67 4.04 5.42 8.22 11.0 13.8 

.67 6'~. 1. sa 2.04 2. 74 4. 15 5.56 8. 43 11.3 14.2 

.58 6'~. 1.38 2.09 2.81 4. 26 5. 70 8.65 11.6 14. 6 

.59 7li. 1. 42 2. 15 2.88 4. 36 5.85 8.88 11.9 14.9 

.60 7~. 1. 45 2.20 2.96 4. 47 6.00 9.10 12. 2 15.3 

.61 7~. 1.49 2.25 a03 4. 59 6.14 9. 33 12. 6 15.7 

. 62 7 • 1.52 2. 31 a 10 4. 69 '6. 29 9. 55 12.8 16. 1 

. 63 7H • 1.56 2. 86 a17 4. 81 6.44 9. 78 13.1 16.4 

.64 7'li. 1.60 2. 42 a35 4.92 6. 59 10.0 13. 4 16. 8 

See note at end of table. 

I 
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Table 9-l0.--Discharge values for rectangular weirs with complete 
contractions--continued 

Discharge, Q, for IlJ'!IIR leD~b, L, of-
Head, H' 

1 foot 1.5 feet 2 feet 3 feet H_ 6 feet 8 feet 10 feet 

P .. t IJJ&/t,. S~u:t Swmd-Ieet S..:tnJ4tul Sear::ttet Seetmd-I"' Suond-/td S"cmd-I"' S~/"' O. M 7'~. 1. 2. 47 3.3 6. 75 10. 1& 17. . ee 7'~ • 1. 67 2.53 3.40 5. 15 6.90 10. 5 14. 0 17.6 
. 87 8Jo1' • 1.71 2. 59 & 47 5.26 7.05 10. 7 14. 4 1& 0 
. 88 8~ • 1. 74 2.64 & 56 5. 38 7. :11 10. 9 14. 7 1& .. 
.69 8~ 1. 78 2. 70 &63 5. 49 7.36 11.2 16. 0 1& 8 

.70 8" 1.82 a 76 3.71 5.61 7.52 11. 4 l5..3 19. 2 

.71 8~ 1.86 a 81 3. 78 5. 73 7. 68 11. 7 15. 7 19.6 

.72 8" 1.90 a 87 3.86 5. 85 7. 84 11. 9 16. 0 20.1 

.73 8~ I. 93 2.93 3.94 5. 97 &00 la 2 16. 3 20. 5 

.1' 8~ 1. 97 2.99 4.02 6.09 & 17 1a .. 16. 6 20.9 

.75 9 2. 01 3. 05 4. 10 6. 21 &33 12. 7 17.0 21. 3 

.76 9~ 2. 05 &11 4.18 6.33 & 49 12. 9 17.3 21. 7 

.71 9~ 2.09 3. 17 4.26 6. 45 &66 13. 2 17.7 22. :I 

.78 9" 2. 13 3. 23 4. 34 6. 58 & 82 1& 4 1& 0 22. 6 

.79 9~ 2. 17 3.29 4. 42 6. 70 &99 13. 7 1& 3 23.0 

.80 9" 2. 21 3.35 4. 51 6.83 9.16 13. 9 1& 7 2& 4 

.81 9~ 2. 25 & 41 4. 59 6. 95 9. 33 14. 2 19.0 23.9 

.82 9'~. 2.29 & 47 4. 67 7.08 9. 50 14. 4 19.4 24.3 

. 83 9'~ • 2.33 &54 4. 75 7.21 9.67 14. 7 19.7 24.8 

.84 10~. 2. 37 3.60 4.84 7.33 9.84 15. 0 20. 1 25. :I 

.85 10~. 2. 41 &66 4.92 7.46 10. 0 15. 2 20.4 25. 7 

.86 .10~. z. 46 3. 72 5. 01 7. 59 10. 3 15. Ii 20.8 26. 1 

.87 10~. 2. 50 & 79 5. 10 7. 72 10.4 15.7 21. 1 26.6 

.88 10~. 2.54 3.85 5. 18 7.85 10. 5 16. 0 31. 5 27.0 

.89 10'JoI'. 2.58 3. 92 5.27 7. 99 10.7 16. 3 31.9 27.5 

. 90 10'~ • 2. 62 & 98 5.35 & 12 10.9 16. 5 22.2 27.9 .91 10'~. 2. 67 4. 05 5.44 8. 25 11. 1 16. 8 22.6 2& .. .92 11M. 2.71 4.11 5.53 8. 38 11.2 17. 1 23. 0 2&8 .93 11n' 2. 75 4. 18 5.62 8. 52 11.4 17.4 2& 3 29. 3 . 94 11 • 2. 79 4.24 5.71 8.65 11.6 17.6 2& 7 29. 8 

.95 11"· .2, S. 4. 31 5. 80 s.'n 11.8 17.9 lU 311.2 .96 11~ 2.88 4. 37 5. 89 It. la 0 1& :I 30.7 .97 11~ 2. 93 4.44 5.98 9.06 la 2 18. 5 24.8 31. :I .98 11. 2. 97 4. 51 6.07 9. 20 12. 3 18. 8 25.2 31.7 .99 Ill' & 01 4. 57 6. 15 9.34 12. 5 19.0 25. 6 3a 2 
1.00 12 3.06 4..64 6. 25 9.48 12. 7 19. 3 26. 0 32. 6 I. 01 12~ 4.71 6.34 9. 62 12. 9 19.6 26. 4 33. 1 1. 02 12~ 4. 78 6. 43 9. 76 13. 1 19.9 26. 7 33.6 1.03 12" 4.85 6.52 9. 90 13. 3 20.2 27.1 34.1 1.04 12~ 4. 92 6. 62 10.0 13. 5 20.5 27.5 34.6 
1. 05 12" 4. 98 6. 71 10.2 13. 7 20.7 27. 9 35. 1 1.06 12r. 5.05 6.80 10.3 13. 8 21.0 2&3 35. 6 1. 07 12'~. 5.12 6. 90 10.5 14. 0 21. 3 2&7 36. 1 1.08 12'~. 5. 20 6. 99 10.6 14. 2 21.6 29.1 36.6 1.09 13~. 5.26 7.09 10.8 14.4 21.9 29.5 37.1 
1. 10 13~. 5. 34 7. 19 10. 9 14. 6 22. 2 29.9 37.6 1.11 13~. 5. 41 7. 28 11.0 14. 8 22. 5 30.3 38. 1 1. 12 13 • 5. 48 7.38 11. 2 15.0 22.8 30.7 38.6 1. 13 13~. 5.55 7.47 11.3 15. :I 23. 1 31. 1 39.1 I. 14 13'~. 5. 62 7. 57 11.5 15.4 23. 4 31.5 39. 6 
1. 15 131~. 5. 69 7. 66 11. 6 15.6 23.7 31. 9 40. 1 1.16 13'~. 5. 71 7. 76 11.8 15. 8 24.0 32. 3 40. 6 I. 17 14Jo\'. 5.84 7.86 11.9 16. 0 24. 3 32. 7 41. :I I. 18 14~. 5. 91 7.96 12. 1 16. 2 24. 6 33. 1 41.7 1. 19 14~ 5. 98 8.06 12. 2 16. 4 24. 9 33.6 42. 2 

See note at end of table. 
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Table 9-10. --Discharge values for rectangular weirs with complete 
contractions--conttnued 

Head, HI 

Fed 
1.20 
1. 21 
1.22 
1.23 
1.24 

1.25 
1.26 
1.27 
1.28 
1.29 

1.30 
1.31 
1.82 
1.33 
1.34 

1.35 
1.36 
1.37 
1.38 
1. a9 

1.40 
1.401 
1. 402 
1.43 
1.44 

1.406 
1.406 
1. 47 
1.48 
1. 49 
1.50 

I 

lncw 
14~ 14 

14~ 14 • 
14 

16 
15~ 
15~ 
15" 
16~ 

15~ 15. 
lfi'~. 
151~. 
16~. 

16S' 16 • 
16~. 
16~. 
161~. 

161~. 
161 • 
17~. 
17~. 
17~ 

17~ 
17~ 

17~ 17. 
17 
\8 

I foot 1.6 feet 

S-..4-Jul 
See."tI

ed 
.... -.-. 
......... _- 6. 13 
-_ .... _- 6.20 
...... -_. 6.28 
................. 6.36 

-............ 6. 403 
........... ... ... _----_ ... -_ ........ --------............. - ............ --
........... - .. _ .... -... -.. 
-_ ......... .. .... _--_ .. 
........... ... --_ .... -- . 
.......... ... .-- .. ---. --_ .. _- .............. -
....... -- --------
........... .. ................. 
........... -_ .... _--------- ................... 
............. --------............. ........ _---
............ .. --- ... --- . ---_ ... --- .. -.... -
------ ---_ .. ---
_ .. ---.. .._------
.. _. --- ---_ .. _--

--
· · 
· .. _........ ---_ .. ..,. -

~m~@~ ~m~~~ 
----'---

DlaehlU'le, Q, for CI'tIIt length, L, of-

2 feet 3 feet 4 feet 
1 

6 feet 8 feet 10 feet 

s-d-/ed SeetJM.-/ed Seco1lll.-f·. S.CD1IIl.;j,d Seco1IIl.-fed Su:01IIl.:;ed 
8. 1 12. 16. 6 25. 34.0 42. 
8. 26 12. 5 16. 8 25.5 34.4 43.2 
8.36 12. 7 17.0 2&.8 34. 8 4& 8 
8. 46 12. 8 17.2 26. 2 35.2 44.3 
8. 66 13. 0 17.4 26.5 35. 6 44. 8 

8.66 13. 1 17.6 26. 8 36.·1 45. 4 
-------- 13. 3 17.9 27.1 36.5 45.9 
... _ .. __ .. _- 13. 4 18. 1 27.4 36. 9 46. 4 
--_ ...... -.. 1& 6 18. 3 27. 7 37.3 47.0 
--_ ........... 1& 8 18. 5 28. 0 37. 8 47. 5 

.. ...... -_ ..... 13.9 18. 7 28. 3 38.2 48. I 

............ -... 14. I 18. 9 28.7 38.6 48. 6 --_ ..... _ .. 14.2 19.1 29. 0 39. 1 409.2 
-------- 14. 40 19. 3 . 29.3 39. 5 49.7 
.................. 14. 6 19.6 ~6 39. 9 50. 3 

-------- 14. 7 19.8 30.0 40. 4 50. 8 
.. -_ ..... _ .. - 14. 9 20.0 30. 3 40. 8 51. 40 
-.. '"'----- 15.0 20. 2 30. 6 41. 3 51. 9 -----._ ... iii. 2 20.4 30.9 41. 7 52. 5 
............... - 16. 4 20. 6 31.3 42. I 53. I 

.. _ .. __ .. -... 16. Ii 20.9 a1. 6 42. 6 53.6 
_ .. _--_ .... 16. 7 21. 1 31. 9 43. 0 54. 2 
.. _------ 16. 9 21.3 32. 2 4& 6 54.7 
-------- 16. 0 21.5 32. 6 4& 9 55.3 
..... ------ 16. 2 21. 7 32. 9 44. 4 55.9 -
--_ .. -_ .... 16. 3 22.0 33.2 44.8 66.5 

-------- 16. Ii 22.2 a& 6 46.3 57.0 
..... _---- 16. 7 22. 4 33.9 45.7 1i7.6 
--_ .. _ ... -- 16. 9 22.6 34.2 46. 2 68. 2 

-----_ .... 17.0 22.9 34.6 46. 6 58. 8 
17.2 2& 1 34.9 (7.1 69. 3 _ .. ------ I 

I 

I Values of dIaoh&rge for heada up to 0.20 foot (orst lengthllJ 1.6, 2, a, and 4 feet) do Dot follow. the formula, but are taken directly 
from the calibration ourve. The dl8eh&rge for her.dI 0.10 to 1.0 feet for the 6-, 8-, and 100foot Well!! are as computed by the formula 
Q-3.33 (L- 3028) R"I". 

Note: Tilble taken fran Parshall, R. L. Measuring Water in Irrigation 
~~els, U.S. Dept. Agr. eire 843, 8-11 p. 1950. (Out of print.) 
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The formula general~ accepted for computing the discharge through 
trapezoidal or Cipolletti weirs with complete contractions is: 

Q = 3.367LH3!2 

where Q = discharge in cubic feet per second 
L = length of the notch (measured at the crest) in feet 
H = head in feet or the vertical difference between the elevation 

of the weir crest and. the elevation of the weir pond. 

The elevation of the weir pond should be measured at a point no less 
than 4H upstream from the bulkhead. 

The selected length of notch (L) should be at least 3H and preferably 
should be 4H or longer. 

Table 9-11 gives discharge values for weir notch lengths up to 10 feet 
and heads or depths of flow up to 1.5 feet. 

The 90-degree triangular-notch weir. --This is shown in figure 9-20. 
While it is possible to measure the discharge through triangular notches 
with slopes other than those shown, 450 slopes are commonly accepted as 
standard. 

The basic formula for discharge through triangular weirs is 

Q = c tan...!.... lfl 
2 9 

Where the angle ~ is 450 , its tangent is unity and the equation 

becomes Q = CHn. 

EXperiments on 90-degree triangular-notch weirs at the University of 
Michigan established values of C and n, and the resulting general~ 
accepted formula becomes 

where Q = discharge in cubic feet per second 
H = vertical distance in feet between the elevation of the vortex 

or lowest part of the notch and the elevation of the weir pond. 

Table 9-12 gives discharge values for heads up to 1.8 feet. 
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Table 9-ll.--Discharge values for trapezoidal or Cipolletti weirs 
with complete contractions 

Discharge, Q, for crest lengt·h, L, of-
Bead, BI 

I foot 1.5 feet 2 feet 3 feet 4 feet 6 feet 8 feet 10 feet 

Fed lnehu Sewnd-fed Second-feel Second-feel Second-feel Second-fed SeaJnd-fed StCM&d-fed 8ewnd-fut 0. 10 1~. 0.11 o. Hi O. 23 0.33 0. 44 O. 64 0.85 I. 06 .11 1~. .12 . 18 .26 .38 .50 .74 .98 I. 23 . 12 1~ • . I'll .21 .29 .43 .57 .84 l12 1.40 
. 13 1~ • .16 .24 .32 .48 .64 .95 I. 26 1.58 
· 14 11~. .17 .26 .36 .54 .71 1.06 I. 41 1.73 

· 15 11~. . 19 .29 .39 .59 .79 1. 17 I. 66 1.96 • 16 11~ • .21 .32 .43 .65 .87 1.29 I. 72 2. 16 
· 17 2~. .23 .36 .47 .71 .96 I. 41 I. 89 2. 36 
· 18 2~. .25 .39 .51 .77 1.04 1.54 2.06 2. 57 .19 2Y. .28 .42 .56 .83 I. 12 I. 67 2. 23 2. 79 

.20 2~ .30 .45 .60 .90 I. 20 I. 81 2.41 a 01 .21 2~ .32 .48 .64 .97 I. 29 I. 94 2. 59 a 24 

.22 2" .35 .62 .69 1.04 I. 38 2.08 2. 78 & 47 

.23 2~ .37 .55 .74 1.11 I. 47 2.23 2. 97 &71 .24 2~ .39 .69 .79 I. 18 I. 57 .2.38 & 17 &96 

.25 3 .42 .63 .84 I. 25 I. 67 2. 53 & 37 4. 21 

.26 3~ .45 .67 .89 I. 33 I. 77 2. 68 & 57 4. 46 .27 3Y. .47 .70 .94 I. 40 I. 87 2.83 & 78 4. 72 .28 3~ .50 .74 .99 I. 48 I. 97 2.99 &99 4.99 

.29 8~ .53 .79 I 1.04 1.56 2. 08 & 15 4. 21 5. 26 

.30 3" .56 .83 I 1.10 I. 64 2. 19 & 32 4. 43 5. 53 

.81 3'~ .59 .87 

I 
I. 15 I. 73 2.30 & 49 4. 65 5. 81 

.32 31~. .61 .91 1.21 1.80 2. 41 & 66 4. 88 6.09 

.33 31~. .64 .95 1.27 I. 89 2. 52 & 83 5.11 6. 38 

.34 4~. .67 1.00 1.32 I. 98 2. 64 4. 00 5. 34 6. 67 
. 35 4~ • .70 I. 04 I. 38 2. 07 2.75 4. 18 5. 58 6. 97 
.36 4~. .73 I. 09 I. 44 2. 16 2.87 4.36 5. 82 7.27 
. 37 4~ • .77 I. 13 1.50 2.25 2. 99 4.55 6. 06 7. 58 
. 38 4~ • .80 1. 18 I. 57 2.34 3.11 4. 73 6. 31 7. 89 
.39 4'~. .83 I. 23 I. 63 2. 43 3. 24 4. 92 6. 56 8.20 

.40 4'~. .87 '1. ~8 1. 69 2. 53 3. 36 5.11 ~. 81 8. 62 

. 41 4'~ • .90 i.·32 "1..:76 2. 62 3. 49 5. 30 "1.07 8.84 

.42 5~. .93 I. 37 1. 82 2.72 3. 61 5.50 7.33 9. 16 

. 43 6~ • .97 I. 42 I. 89 2. 81 a74 5.70 7.59 9. 49 

.44 6Y. 1.00 1. 47 1. 95 2.91 & 87 5. 90 7. 86 9. 83 

.45 5~ 1.04 I. 53 2. 02 3.01 4. 01 6.10 8. 13 10.2 

.46 5~ 1. 07 I. 58 2. 09 all 4. I'll 6. 30 8.40 10. 5 

.47 5~ 1.11 1. 63 2.16 a 21 4. 28 6.51 8. 68 10. 8 

.48 5'~ 1. 15 1. 68 2.23 a 32 4. 41 6.72 &96 II. 2 

.49 5~ 1. 18 1. 74 2. 30 3. 42 4.55 6. 93 9. 24 11.5 

.60 6 1.22 1.79 2.37 a 53 4. 69 7. I'll 9.52 11.9 

.61 6li 1. 26 1.85 2. 44 3. 64 4. 83 7. 36 9.81 12.3 

.62 6Y. 1.30 1.90 2.51 a 74 4. 97 7.57 10.1 12.6 

.53 6~ 1.34 1.96 2. 59 a 85 5. 12 7. 79 10. 4 13. 0 

.54 6~ 1.38 2. 02 2.66 3. 96 5. 26 8. 02 10. 7 13. 4 

.55 :~ 1. 42 2. 07 2. 74 4. 07 5. 41 8. 24 11.0 13. 7 

.66 1. 46 2. 13 2. 81 4. 18 5.56 8. 47 11.3 14. 1 

.57 6'~. 1.50 2. 19 2. 89 4.30 5.71 8. 69 11.6 14. 5 

.58 6'~. 1.54 2. 25 2. 97 4. 41 5.86 8. 92 11.9 14. 9 

.69 7~. 1.58 2. 31 a 05 4. 53 6.01 9.15 12. 2 15. 3 

. 60 7~ • I. 62 2. 37 a 13 4. 64 6. 17 9. 39 12. 5 15. 6 

.61 7~. I. 67 2. 43 a20 4. 76 6.32 9. 62 12.8 16. 0 

.62 7~. I. 71 2. 49 a 28 4.88 6. 47 9. 86 13. 1 16. 4 

.63 7~. I. 75 2. 55 3. 37 5.00 6. 63 10. 1 1& 5 16. 8 

.64 7'~. 1.80 2. 62 3. 45 5. 12 6. 79 10.3 13. 8 17.2 

See note at end of table. 
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Table 9-11.--Discharge values for trapezoidal or Cipolletti weirs 
with complete contractions--continued 

Discharge, Q, for crest length, L, of-
Head. H' 

1 foot 1.5 feet I 2 feet 3 feet 4 feet I 6 feet 8 feet 10leet 
I 

Fed [raoM. Sttorad-'eol Sttorad-'eol Suond-'eol Suolld-'e" Second-,uj So<ond-'eei Second-'tel Suond.'ed O. 65 7'~. 1.84 2. 68 a. 53 5. 24 6. 95 10.6 14. 1 17.6 .66 7'~. 1. 89 2. 75 a. 61 5. 36 7. 11 10.8 14. 4 18. 1 
.67 8~. 1. 93 2. 81 . a. 70 5. 48 7.28 II. 1 14. 8 18. 5 
.68 8~. 1.98 2. 87 a. 79 5. 61 7.44 11.3 15. 1 18. 9 
.69 8~ 2.02 2.94 a. 87 5. 73 7.61 I!. 6 15. 4 19.3 

.70 8~ 2. 07 3.01 3.95 5.86 7.77 11.8 15.8 19.7 .71 8~ 2.12 3.07 4.04 5.99 7.94 12. 1 16. 1 20.1 .72 8~ 2.16 3. 14 4. 13 6. 12 8.11 12.3 16. 5 20. 6 

.73 8~ 2. 21 3. 21 4. 22 6. 24 8. 28 12.6 16. 8 21. 0 .74 8l' 2.26 3.28 4. 31 6.38 8. 45 12.9 17. 1 21. 4 

.75 9 2.31 3. 35 4. 40 6. 51 8. 62· 13. 1 17.5 21. 9 

.76 9~ 2.36 3. 42 4. 49 6.64 8. 80 13. 4 17.8 22. 3 .77 9~ 2.41 3. 49 4.58 6. 77 S. 97 13. 6 18. 2 22. 7 .78 9~ 2. 46 a. 56 4. 67 6.90 9.15 13. 9 18.6 23. 2 .79 9~ 2. 51 3.63 4. 76 7. 04 9.33 14.2 18.9 23. 6 

.80 9~ 2. 56 3. 70 4.85 7.18 9.51 14. 5 19.3 24. 1 .81 9~ 2. 61 3. 77 4. 95 7.31 9.69 14. 7 19.6 24. 5 .82 9'~. 2.66 3.84 5.04 7.45 9.87 15.0 20.0 25. 0 .83 91~. 2.71 3. 92 5. 14 7.59 10.0 15.3 20.4 25. 5 . 84 10~ • 2. 77 3.99 5.23 7. 73 10. 2 15.6 20. 7 25. 9 

. 85 10~ • 2.82 4. 07 5.33 7.87 10.4 15. 8 21. 1 26. 4 . 86 lOY. • 2.87 4. 14 5.43 8. 01 10. 6 16.1 21.5 26. 9 

. 87 10~ • 2.93 4. 22 5.52 8. 15 10. 8 16. 4 21. 9 27. 3 

. 88 10"; • 2. 98 4.29 5.62 8. 30 11. 0 16.7 22.2 27. 8 

. 89 101~ • 3. 04 4. 37 5.72 8. 44 II. 2 17.0 22. 6 28. 3 

.90 10'~. 3.09 4. 45 5.82 8. 59 11.4 17.2 23. 0 28. 7 

.91 101~. 3.15 4. 53 5. 92 8. 73 11.6 17.5 23.4 29. 2 

. 92 11~ • 3. 20 4.60 6. 02 8.88 11. 7 17.8 23.8 29. 7 

. 93 11~ • 3. 26 4.68 6. 13 9. 03 11.9 18. 1 24.2 30. 2 

.94 IH~ 3. 32 4. 76 6. 23 9.17 12. 1 18. 4 24. 5 30. 7 

.95 11" 3.37 4. 84 6.33 ct32 12. 3 18.7 24. 9 al.·~ 

.96 11~ 3.43 4.92 6.44 \1.48 12. 5 19.0 25.3 3"1.7 

.97 11~ 3. 49 5.00 6. 55 9.62 12. 7 19.3 25.7 al ~ .98 11~ 3. 55 5.09 6. 64 9.78 12. 9 19.6 26. 1 3 7 

.99 11~ 3. 61 5.17 6. 75 9.93 13. 1 19. 9 26.5 33. 2 

1.00 12 3. 67 5.25 6. 86 10. 1 13. 3 20.2 26. 9 33. 7 
I. 01 12~ 5.33 6. 96 10.2 13. 5 20.5 27.3 34.2 
1.02 12Y. 5.42 7.07 10.4 13.7 20.8 27.7 34.7 
I. 03 12" 5. 50 7. 18 10.6 13. 9 21. 1 28. 2 35.2 
1.04 12l~ 5. 59 7.29 10.7 14. 2 21. 4 28. 6 35. 7 

I. 05 12" .5.67 7. 40 10. 9 14. 4 21. 7 29.0 36. 2 
1.06 12~ 5.76 7.51 11.0 14. 6 22. 0 29.4 36. 7 
1.07 12'~. 5. 84 7. 62 11.2 14. 8 . 22. 4 29. 8 37. 3 
I. 08 12'~. 5.93 7.73 11. , 15.0 22.7 30. 2 37.8 
1.09 13~. 6.02 7.84 11.5 15. 2 23. 0 30.6 38. 3 

I. 10 13~. 6.11 7. 96 11.7. 15. 4 23. 3 31.1 38. 8 
1.11 13~. 6.20 8. 07 11.8 15.6 23. 6 31.5 39.4 
I. 12 1311. 6. 29 & 18 12. 0 15.8 23. 9 31. 9 39.9 
I. 13 13",. 6.38 & 29 12.2 16.0 24.3 32. 4 40.4 
I. 14 13' H. 6. 47 & 41 12.3 16.3 24. 6 32. 8 41. 0 

I. 15 13'~. 6.56 &53 12. 5 16. 5 24.9 33.2 41. .5 
I. 16 131~. 6.65 &65 12. 7 16. 7 25. 2 33. 6 42. 1 
I. 17 14~. 6. 74 & 76 12. 8 16. 9 25.6 34.1 42. 6 
1. 18 14~. 6.83 &88 13. 0 17.2 25. 9 34.5 43.2 
I. 19 14~ 6. 93 9.00 13.2 17.4 26. 2 35.0 43. 7 

See note at end of table. 
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Ta'ble 9-11. --Discharge values for trapezoidal or Cipolletti weirs 
with complete contractions--continued 

Helod. H' 

Fut 
1.20 
1.21 
1.22 
1.28 
1.24 

1. 2li 
1.26 
1.27 
1.28 
1.29 

i.80 
1. 81 
1.82 
1.83 
1.84 

1.81i 
1.86 
1.87 
1.88 
1.89 

1.40 
1.41 
1 .• 2 
1.48 
1." 

1. .Ii 
1.46 
1.47 
1.48 
1. .9 
1. 50 

Indlu 
If~ a 
14~ an 14 

15 
15~ 
lli~ 
15" 
15~ 

15R 15. 

I~,~: 
16~. 

16~. 

16U' 16 • 
16~. 
16'~. 

161~. 
161~. 
17~. 
17~. 
17. 

17" 
17~ 
17~ 
17~ 
17l' 
18 

1 foot I.IS feet 

8tc(Jfl{/.·Jut 
........ -- 8eumdriled 

7. .... _ .... - 7.11 
.......... - 7.20 
.. -- -_ .. 7. 80 
..... _ ... _- 7.40 

---- .. - 7. 49 
.. -- --- -----------_ .... ........... -- .. 
.. --_ .... ----- ... --
.. -_ ..... .. ............ -
.. -_ .... - ................ 
... -_ ...... ---------_ ........ --------............. .. .... -_ ...... 
.............. ---_ ..... _-

...... --- -----_ .... ........ -- ............ 0 .... 

............. ._ .. _----

.... ---- ---------_ ........ ... _---_ .. -

.. -_ ...... .. ...... -_ .... 

.. -_ ...... ••.. :1 •• 

............ --------............ ---------_ ........ ...... _----

D\aoh&rge. Q. for oreat length. L. of-

2 feet 

SuoM-led 
9.1 
9. 24 
9.36 
9.48 
9.60 

9.72 
------------------------.. -_ .......... 

.. -- .................. 
------------.................. -_ .. 
.. ...................... 
.. .............. --_ .. 

.. ........ -- ........ -
----------- . ...................... -
....... -. -- ........ -
......................... 

...... -_ .............. 
------------
----.-------
------------......................... 

8 feet 

Swmd/,t:t 
13. 
la 5 
la 7 
la 9 
14. 0 

14. 2 
14. 4 
14. 6 
14. 7 
14. 9 

16. 1 
16. 8 
16. 5 
16. 6 
Ill. 8 

16. 0 
16. 2 
16. 4 
16. 6 
16. 8 

16. 9 
17. 1 
17.3 
17.5 
17.7 

17.9 
1& 1 
1& 3 
1& 5 
1& 7 
18. 9 

• feet 

Seumdtut 
17. 
17.8 
1& 0 
1& 8 
1& 5 

1& 7 
19.0 
19.2 
19.4 
19.6 

19.9 
20. 1 
20.8 
20.6 
20.8 

21.1 
21.8 
21. 5 
21. 8 
22.0 

22.8 
22.5 
22.8 
28.0 
28. 8 

28.5 
28. 8 
24.0 
24.8 
24.5 
24.8 

6 feet 

Suqndted 
26. 
26. 9 
27. 2 
27. 6 
27.9 

2&2 
2&6 
2&9 
29. 8 
29. 6 

29. 9 
80.3 
80.6 
81.0 
81.8 

81. 7 
82. 0 
82. 4 
82. 7 
88. 1 

88.5 
88.8 
84.2 
84.6 
84.9 

85.8 
85.6 
86. 0 
36. 4 
86. 7 
87.1 

8 feet 

!Suqnd.lut 
85. 
85.8 
36. 8 
86.7 
37.2 

87.6 
8&1 
8& 5 
89.0 
89. Ii 

89.9 
40.4 
40.8 
41. 8 
41.8 

.2. 2 
42. 7 
43.2 
43.7 
44. 1 

"-6 
fli. 1 
fli.6 
46. 1 
46. 5 

.7.0 
47.5 . 
4&0 
4&5 
49.0 
til. 5 

10 feet 

Suqnd.let:l 
44-
44- 8 
45.4 
45.9 
46.5 

47.1 
47. 6 
4& 2 
4& 8 
.9.8 

49. 9 
50.5 
iii. 1 
51. 6 
112. 2 

52. 8 
li8.4 
54.0 
54.6 
M2 

M8 
66.4 
117.0 
1i7.6 
5&.2 

58.8 
59.4 
60.0 
60.6 
61.2 
61.8 

I Valuee at discharge for headll up to 0.20 foot (orest lengtbl! lL 1.5. 2. ~\ &Ild 4 feet) do not foUow the formula but are taken direetly 
from the cwbration curve. The diso~ for headll 0.10 to 1.11 reet for Ule 6-. 8.· &Ild lo-foot wein are as computed by the formula 
Q- 8.367 LJ:t'I'. . 

Note: Table taken from Parshall, R. L. Measuring Water in Irrigation 
Channels, U.S. Dept. !gr. Cir. 843, 12-17 p. 1950. (Out of print.) 
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Figure 9-20--Ninety-degree triangular-notch weir 

Table 9-12.--Discharge values for 9O-degree triangular-notch weirs 
with complete contractions 

I 
Head, H i Discharge, Q Head,H I Disch&rge, Q I Head, H Disch&rge, Q 

I 
, 

Fed Incha Second-I .. ' Fe" Inch .. Suond-/eet. Fee' IncMa Second-/etl 
O. 15 l'~. 0.022 ' 0,55 6~'o O. 564 O. 95 II~ 2. 19 

· 16 l'~. .025 .56 6y' .590 .96 IIH 2. 25 
· 17 2jol. .029 .57 61~, : .617 .97 11% 2, 31 
· 18 2~, . 034 .58 61Y, • ,644 .98 1IY. 2.37 
.19 2Vo . 040 ,59 7H • ,672 

I 
.99 II}\ 2. 43 

I 
1.00 12 2.49 .20 2~ .046 ,00 7Y" . 700 

· 21 2~ .052 .61 

I 
7"i. ' 730 1. 01 12~ 2.55 

.22 2~ .058 ,62 7)0(. .700 1. 02 12Y. 2.61 

.23 2Y. .065 .63 7%. .790 1. 03 12~ 2. 68 

.24 2}\ .072 .64 71Y,. ,822 1. 04 12~ 2. 74 

.25 3 .080 .65 71Yo. ,854 1. 05 12% 2. 81 

.26 3}\ .088 .66 71~~& ,887 1. 06 12Y. 2.87 

.27 3Vo .096 .67 8\0\, .921 1. 07 121!1, 2,94 

.28 3~ .105 .68 8Yo, .955 1. 08 121Yt. a 01 

.29 3}\ .115 .69 8Y. ,991 1. 09 13X. a 08 

.30 3" .125 ,70 i 8~ 1. 03 1. 10 13Yo, 3. 15 

.31 3Y. · 136 .71 8~ 1. 06 1.11 13Yt. 3. 22 

. 32 31~ • · 147 .72 I 8% 1. 10 1. 12 13Va. 3.30 

.33 31~. · 159 : ,73 8y' 1. 14 1. 13 13%. 3. 37 

. 34 4jol • · 171 .74 8~' 1. 18 1. 14 131X. 3.44 

I 
i 

.35 4~. ,184 .75 9 

I 

1. 22 1. 15 131!1, 3. 52 
.36 4~. ' 197 ,76 

I 
9~' 1. 26 1. 16 131Y,. .3,59 

.37 4)0(. .211 . 77 9Y. 1. 30 1. 17 14X • 3.67 

.38 4%. .225 .78 9~ 1. 34 1. 18 14!1. a 75 

.39 41H. .240 .79 9H 1. 39 1. 19 14Y. 3. 83 

.40 41Yo. .256 .80 9% 

I 
1. 43 

I 

1. 20 14~ 
, 

3. 91 
.41 41Y,. ,272 .81 9Y. 1. 48 I. 21 14~ 3, 99 
.42 SH. .289 .82 91Yo. 1. 52 1. 22 14~ 4.07 
.43 5~. ,306 .83 91'18 1. 57 1. 23 14Yo 4.16 
.44 5Y. .324 .84 lOX. 1. 61 1. 24 14Y, 4, 24 

; 

.45 5~ .343 .85 10Yo. 1. 66 1. 25 15, 4. 33 

.46 5~ .362 . 86 10% • 1. 71 1. 26 I~~ 4, 42 

.47 6% .382 .87 lG'A.: 1. 76 1. 27 15V. 4.51 

.48 &Y. .403 .88 JOr,,; 1. 81 1. 28 15~ 4.00 

.49 5~ . 424 .89 . 10'y'. I. 86 I. 29 1511 

I 
4. 69 

.50 6 .445 .90 10'~. 1.92 1.30 15% 4. 78 

.51 6~ .468 .91 10'Yo. 

I 

1. 97 1. 31 15Y. 

I 
4. 87 

,52 6Vo .491 .92 11 Vt. 2. 02 

I 
1. 32 151~. 4. 96 

.53 6~ .515 . 93 11'1, • 2 08 1. 33 15'Yo. 5, 06 

.54 6~ .539 .94 UY. 2. 13 1.34 I 16 ..... 5, 15 

i 

I 
I , 

Note: Table taken from Parshall, R. L. Measuring Water in Irrigation 
Channels, U.S. Dept. Agr. Cir. 843, 18-19 p. 1950. (Out of print.) 
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The construction and placement of weirs.--The following general rules 
should be observed in the construction and installation of contracted 
weirs. 

1. A weir should be set at right angles to the direction of flow in a 
channel that is straight for a distance upstream fram the weir at 
least ten times the length of the weir crest. 

2. The crest and sides of the weir should be straight and sharp-edged. 
The crest of the rec~angular and Cippoletti weirs should be level 
between the end points, and the sides should be set at exact~ the 
proper angle with the crest. Each side of the triangular-notch weir 
should make a 450 8llg1e with a vertical line through the vertex of 
the notch. 

3. The ditch upstream should be sufficient~ large so the water will 
approach the weir in a smooth stream, free fram eddies, with a mean 
velocity not exceeding 0.3 foot per second. 

4. Restrictions in the channel below the weir that would cause sub­
mergence should be avoided. The crest must be placed higher than 
the maximum downstream water surface to allow air to enter below the 
nappe. 

Limitations in the use of weirs.--Although weirs are easy to construct and 
and convenient to use they are not always sui table. They are not accu­
rate unless proper conditions for weir measurements are maintained. 
They require a considerable loss of head, often not available in ditches 
on flat grades. They are not easi~ combined with turnout structures, 
and finally they are not well -adapted for water carrying silt which 
deposits in the channel of approach and destroys the proper conditions 
for a.ccurate measurement. 

Parst.a1l Flumes 
The Parshall measuring flume adapts the Venturi prinCiple to the meas­
ureme~nt of flow in open channels. The flume consists of three principal 
sections: (1) A converging or contracting section at its upstream end 
leading to (2) a constricted section or throat, and (3) a diverging or 
expaI:Ltiing section downstream (fig. 9-21). The larger-size flumes have 
an a:pproach floor and wing walls at the upstream end. The floor of the 
conve~rgi.ng section is level, both longitudinally and transversely. The 
flooI' of the throat inclines downward, and the floor of the diverging 
sect1.on slopes upward. 

The Parshall flume can be constructed in a wide range of sizes to meas­
ure discharges from aver,y small fraction of a second-foot up to more 
than 3,000 second-feet. The width of the throat (W) is used to designate 
the size of the flume. The smaller-size flumes, with throat widths of 
1 to 3 inches, are used by technicians engaged in water-use stUdies and 
by fa.rmers and ranchers concerned with the measurement of small flows of 
fram 0.01 to 0.60 secrnd-foot. Construction and installation tolerances 
for t.hese small-size flumes are highly critical and must be careful~ 
contI~lled to assure satisfactor,y measurement. Intermediate-size flumes 
with throat widths of from 6 inches to 8 feet are especial~ suited to 
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the Ineasurement of farm deliveries and the flow in relatively small 
strei~. Their capacity range is 0.50 to 130 second-feet. The larger­
size flumes with throat width of 10 to 50 feet are adapted to the meas­
urement of streamflows of 10 to more than 3,000 second-feet. 

The 8ize of flume utilized will depend on the range of discharges to be 
measured. The ranges of discharges and appropriate standard dimensions 
for various throat widths are shown in table 9-13. The lettered columns 
of the table refer to the dimensions similarly identified in figure 9-21. 

Disc:large through the Parshall measuring flume can occur under either of 
two different conditions of flow: (1) Where there is no submergence, a 
cond:Ltior. called free flOW, and (2) where the elevation of the water 
surface downstream from the flume is high enough to retard the rate of 
discharge, a condition called submerged flow. To determine the rate 
of d:lscharge, two depth gages, (Ha and l\,) are provided (fig. 9-21). 
Both gages are set with zero points at the mean elevation of the crest 
of the flume. 

When the correct relation between throat width and discharge is chosen, 
the '/eloci ty of approach is automatically controlled. This control is 
accanplished by selecting a throat wide enough to accommodate the maxi­
mum :~low to be measured yet narrow enough to cause an increase in the 
depth of flow upstream. The result is a larger cross-sectional area of 
the approaching stream and hence a reduction in velocity. 

A di:3tinct advantage of the Parshall flume is its ability to operate as 
a single-head device with a minimum loss of head. This ability pe:nnits 
its use in relatively shallow channels with flat grades. For a given 
disc11arge, the loss in head through a Parshall flume is only about one­
fourth that required by a weir under similar free-flow conditions. 

Free flow is the condition under which the rate of discharge is depend­
ent solely on. the length of crest and the depth of water at the gage 
point Ha' in the converging section, this being similar to a weir where 
only the length of crest and head are involved in computing the dis­
charge. One of the important characteristics of the Parshall measuring 
flum4:! is its ability to withstand a relatively high degree of submerg­
ence;. over a wide range of backwater conditions downstream from the 
strueturE'!, without reduction in the indicated rate of free flow. The 
stream passing through the throat and diverging sections of the flume 
can :~low at two different stages: (1) When the water at high velocity 
moves in a thin sheet conforming closely to the dip at the lower end 
of the throat (indicated by Q in fig. 9-21), and (2) when the backwater 
raisl:!s the water surface to elevation S, causing a ripple or wave to 
form at or Just downstream from the end of the throat. 
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Table 9-1.3. --Dimensions and capabili ties ot the Parshall measuring nume tor various 
throat widths (W) 

(!etters reter to dimensions. See fig. 9-21.) 

Width A B C D E F 

&nall Ft. lAa. lb. In... lb. .In.. lL. la... rb 1& fi.r.. !b 
l-inch .••• 0 9-1%32 1 2 0 3-21/32 0 6-19/32 0 9 0 3 
2-inch .••• 0 10-7 S 1 4 0 5-5/16 0 S-~32 0 10 0 4-1/2 
3-inch •••• 1 0-1/4 1 6 0 7 0 10-3 6 1 6 0 6 

Intermedia te 
6-inch •••• 1 4-5/16 2 0 1 3-1/2 1 3-5/S 2 0 1 0 
9-inch •••• 1 11-1/S 2 10 1 3 1 10-5/S 2 6 1 0 
l-toot ••.• 3 0 4 4-7/S 2 0 2 9-1/4 3 0 2 0 
1-1/2-toot 3 2 4 7-7/S 2 6 3 4-3/S 3 0 2 0 
2-foot •••• 3 4 4 10-7/S 3 0 3 ll-1/2 3 0 2 0 
3-foot •••• 3 S , 4-3/4 4 0 , 1-7/S 3 0 2 0 
4-foot .••• 4 0 5 10-'/S , 0 6 4-1/4 3 0 2 0 
,-toot •••• 4 4 6 4-1/2 6 0 7 6-5/S 3 0 2 0 
6-toot .••• 4 S 6 10-3/S 7 0 S 9 3 0 2 0 
7-toot •••• 5 a 7 4-1/4 8 a 9 11-3/S 3 0 2 0 
8-toot •••• 5 4 7 10-1/S 9 0 11 1-3/4 3 0 2 0 

Large 
la-toot ••• 6 0 14 0 12 0 15 7-1/4 4 0 3 0 
12-toot ••• 6 S 16 0 14 S lS 4-3/4 5 0 3 0 
15-foot ••• 7 8 25 0 lS 4 25 0 6 0 4 0 
2a-toot ••• 9 4 25 0 24 0 30 0 7 0 6 0 

Width G K N 
Free-now capacit;y 

X Y 
Minimum lIaximum 

Small El· la· la· n· In. .!!!. la· Sec.-Ft. Sec. -Ft. 

l-inch •••• a S 3/4 0 1-1/8 5/16 1/2 0.01 0.20 
2-inch •••• 0 10 7/S 0 1-11/16 5/S 1 .02 .50 
3-inch •••• 1 0 1 0 2-1/4 1 1-1/2 .03 1.00 

Intermediate 
6-inch •••. 2 0 3 0 4-1/2 2 3 .05 3.9 
9-inch .••• 1 6 3 0 4-1/2 2 3 .09 8.9 
l-toot •••• 3 0 3 0 9 2 3 .ll 16.1 
1-1/2-toot 3 0 3 0 9 2 3 .15 24.6 
2-toot •.•• 3 0 3 0 9 2 3 .42 33.1 
3-toot •••• 3 0 3 0 9 2 3 .61 50.4 
4-toot .••. 3 0 3 O' 9 2 3 1.3 67.9 
5-toot •••• 3 0 3 a 9 2 3 1.6 85.6 
6-toot .•.• 3 0 3 0 9 2 3 2.6 103.5 
7-toot .•.• 3 0 3 0 9 2 3 3.0 121.4 
S-toot •••• 3 a 3 0 9 2 3 3.S 139.5 

Large 
la-toot ••• 6 a 6 1 1-1/2 12 9 6.0 200.0 
12-toot ••• S 0 6 1 1-1/2 12 9 s.o 350.0 
lS-foot •.• 10 a 9 1 6 12 9 s.o 600.0 
20-foot ••• 12 0 12 2 3 12 9 10.0 1000.0 
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For this higher stage (S), there occurs a marked reduction in the veloc­
ity of the water as it leaves the lower end of the flume. Where the flow 
is submerged at 60 to 70 percent, the exit velocity is modified, the 
erosion effect on the bed and banks of the channel is less severe, and 
the total loss of head through the structure is lessened. 

The degree or percentage of submergence is the ratio of the two meas­
ured heads, or Hb divided by Ha' Where this ratio does not exceed cer­
tain. limits, the rate of flow or discharge is not affected by the eleva­
tion. of the water surface downstream, and a free-flow condition exists. 
The free-flow limits of the ratio ifb/Ha vary with the widths of the 
thrclat and are tabulated as follows: 

Width of Throat 

1 to 3 inches 
6 to 9 inches 
1 to 8 feet 
10 to 50 feet 

Free flow limit of Hb/Ha 

0.5 
.6 
.7 
.8 

To :I.llustrate the determination of the degree of submergence and rate of 
disc:harge, it is assumed that for a 2-foot flume the measured heads (Ha 
and ~) are 2.2 and 1. 3 feet, respectively. The ratio of 1ft, to Ha is 1. 3 
divtded by 2.2, or 0.6. Since this value is less than 0.7, free-flow 
conditions eXist, and to find the discharge it is only necessary to use 
the one measured head Ha' The free-flow discharge for a 2-foot flume 
ope]~ting under a head of 2.2 foot is 27.2 cubic feet per second 
(tall1e 9-14). 

When the ratio of the two heads Ht, and Ha exceeds the limit for free­
flm~ conditions, it becomes necessary to apply a negative correction to 
the free-flow discharge in order to determine the rate of submerged flow. 

For throat widths for 1 to 9 inches, the submerged rate of flow can be 
read directly from one of figures 9-22 through 9-26. To illustrate, it 
is lissumed that for a 6-inch flume, the measured heads Ha and Hb are 
1.20 and 1.08 feet respectively. Then the percentages of submergence 
will be 1.08 divided by 1.20 or 90 percent. From figure 9-25, the sub­
merged flow is 1. 80 cubic feet per second. 
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Table 9-l4.--Free-flow discharge values for Parshall measuring flume 

Head, Discharge, 0, for throat widths, W, 01-
H. 

I I 
(feet) 

3 Inches 8lncbes 9 Inches 1 foot 1.5 feet 2 feet 3 feet 4 feet Heet 8 feet 7feet 8 fee~ 
I 

SecOfld,. SecDftd. SecOfId,. SecOfld,. SecOfId,. SecOfId,. S~CDfId,. SecOfId,. Second. SecOfId,. SecOfld,. S~CDfId,. 

'~d leg5 l~d l"f1 ,.d ,- I"' ,.tIt , ... I"' I"' ,.tIt 
0. 10 0.028 .09 0. 15 -- ..... - .. -...... .... -_ .. -- .. -- .... -_ ... ---- . .... -_ .. 
.11 .033 .08 .10 .12 . 18 -- -_ ... -_ ...... ........ .. ... -...... -- -_ ... .. -_ .... .... -_ .. 
.12 .037 .07 . 12 .14 .21 ... -....... ----- ----- ----- ..... _- .. ---- .. ----.13 .042 .08 .14 .18 . 24 ---- .. -- .. -.. .. --_ .. ... ---- ----- ........ .. .......... 
.14 .047 .09 .15 .18 . 27 ... -_ .... .... -_ .. ... _ .. -- .. --... - --- .... --_ ..... -_ ...... 
.15 .053 .10 .17 .20 .30 0.42 0. 81 ... -_ .... ... -...... ... _- -- --_ .... ---- .. .18 .058 .11 . 19 .23 .34 .47 . 68 -- -_ ... ..-- -- ... ---- -- -_ .. -_ ...... 
. 17 .084 .12 .20 .28 .38 .51 .75 ... ---- -_ ...... ..... _-- --_ .... -_ ...... 
.18 .070 .14 .22 .29 .42 .58 . 82 ......... .. -_ ...... --_ ..... -_ ...... ... -...... 
.19 .078 .15 .24 .32 .48 .61 . 89 -- -_ ... .. ......... -- -_ ... ---- .. -----
.20 .082 .16 .26 .35 .51 .68 .97 1. 26 1. 55 -- -_ .. ----- .......... 
.21 .089 .18 .28 .37 .55 .71 1.04 1. 36 1. 68 ... --- .. -- ...... -----.22 .095 . 19 .30 .40 .59 .77 1. 12 1. 47 1. 81 -_ ........ -_ ...... .. -.. _-
.23 .102 .20 .32 .43 .63 .82 1.20 1. 58 1.94 --_ ..... ...... -.. -----.24 .109 .22 .35 .48 .67 .88 1.28 1. 89 2.08 -_ ...... --_ ..... ---- .. 
.25 .117 .23 .37 .49 .71 .93 1. 37 1.80 2.22 2.83 3, 02 3, 46 
.26 .124 .25 .39 .51 .76 .99 1. 46 1. 91 2. 38 2. 80 3, 25 3. 68 
.27 . 131 .26 .41 .54 .80 1. 05 1. 55 2.03 2.50 2.97 3,44 3.90 
.28 .138 .28 .44 .58 .85 1.11 1.84 2. 15 2. 65 3, 15 3, 85 4. 13 
.29 .146 .29 .46 .61 .90 I. 18 1. 73 2. 27 2.80 3, 33 3,85 4. 37 

.30 .154 .31 .49 .84 .94 1. 24 1.82 2. 39 2.96 3, 52 4. 08 4. 62 

.31 .162 .32 .51 .68 .99 1.30 1.92 2. 52 3, 12 3.71 4.30 4.88 

.32 .170 .34 .54 .71 1.04 1. 37 2.02 2.65 3. 28 3.90 4. 52 IU3 

.33 .179 .36 .56 .74 1. 09 1.44 2. 12 2. 78 3. 44 4. 10 4. 75 5. 39 

.34 .187 .38 .59 .77 1. 14 1.50 2. 22 2. 92 3.61 4. 30 4.98 5. 66 

.35 .196 .39 .62 .80 1. 19 1. 57 2. 32 3. 06 3. 78 4.50 5. 22 5. 93 

.36 .200 .41 .84 .84 1. 25 1.84' 2. 42 3.20 3. 95 4. 71' 5.46 8. 20 

.37 . 2tf1 .43 .67 .88 1.30 1. 7:f 2.53 3.34 4. 13 4: 92 5. 70 8. 48 

.38 .222 .45 .70 .92 1. 36 1. 79 2. 84 3. 48 4.31 5.13 5. 95 8. 76 

.39 .231 .47 .73 .95 1. 41 1. 86 2. 75 3. 62 4. 49 5.35 6.20 7.05 

.40 .241 .48 .76 .99 1. 47 1. 93 2.86 3. 77 4. 68 5.57 6.46 7. 34 

.41 .250 .50 .78 1. 03 1. 53 2.01 2.97 3. 92 4. 86 5.80 6.72 7. 64 

.42 .260 .52 .81 1. 07 1.58 2.09 3. 08 4. 07 5. 05 6. 02 6. 98 7. 94 

.43 .269 .54 .84 1.11 1.84 2.16 3. 29 4. 22 5. 24 6.25 7.25 8.24 .44 .279 .56 .87 1. 15 1. 70 2. 24 3. 32 4. 38 5. 43 6.48 7. 52 8.55 

. 'is .289 .58 .90 1. 19 1.76 2. 32 3.44 4.54 5.63 6. 72 7. 80 8. 87 

.46 .299 .61 .94 1. 23 1. 82 2. 40 3. 56 4. 70 5. 83 8.96 8. 08 9.19 

.47 .309 .63 .97 1. 27 1.88 2. 48 3. 68 4. 86 6. 03 7.20 8. 36 9.51 

.48 .319 .65 1.00 1. 31 1.94 2. 57 3.80 5. 03 6. 24 7. 44 8. 65 9. 84 

.49 .329 .67 1.03 1.35 2.00 2.66 3. 92 5. 20 8. 45 7.69 8.94 10:2 

.50 .339 .69 1. 06 1. 39 2.06 2. 73 4. 05 5. 36 6. 68 7. 94 9.23 10.5 

.51 .350 .71 1. 10 1.44 2. 13 2. 82 4. 18 5. 53 6. 87 8.20 9. 63 10.9 

.52 .361 .73 1. 13 1. 48 2.19 2.90 4. 31 5.70 7.09 8. 46 9. 83 11.2 

.53 .371 .76 1. 16 1.52 2. 25 2. 99 4.44 5.88 7.30 8. 72 10. 1 11.5 .54 .382 .78 1.20 1. 57 2.32 3. 08 4. 57 6. 05 7.52 8. 98 10.6 11.9 

.55 .393 .80 1.23 1. 62 2.39 3. 17 4. 70 6. 23 7.74 9.25 10.8 12. 2 

.56 .404 .82 1. 26 1.66 2.48 3. 26 4.84 6. 41 7.97 9.52 11. 1 12. 6 

.57 .416 .85 1.30 1. 70 2.52 3. 35 4. 98 6. 59 8.20 9. 79 11.4 13. 0 

.58 .427 .87 1.33 1. 75 2.59 3. 44 5.11 8.77 8. 43 10. 1 11.7 13. 3 

.69 .438 .89 1. 37 1.80 2.66 3.53 5. 25 6.96 8.66 10. 4 12. 0 13. 7 

See note at end of table. 
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Table 9-l4.--Free-flow discharge values for Parshall measuring 

flume--continued 
I 

He&<I, 
Discharge, O,10r throat widths, rl, or-

H. 
(reet) 3 Inches 6 Inches 9 Inches 1 root u reet 2 reet 3 reet 4 reet 5reet 6 reet 7 reet 

------------
Secand- Secand- Second- S.cand- Secand- S.cand- Secand- Su:rmd- S •• and- S •• and- Su:rmd-

lett 6."1 I·et I·et I·et l·eI l·eI ?UI lut l·eI I·et 
0.6) O. 450 .92 1.40 1.84 2. 73 a 62 6. 39 .15 8. 89 10. 6 12. 4 
.61 .462 .94 1. 44 1.88 2.80 a 72 Ii. 53 7. 34 9. 13 10.9 12. 7 
.62 .474 .97 1.48 1.93 2. 87 a 81 6.68 7.53 9.37 11.2 la 0 
.63 .485 .99 1.51 1. 98 2. 95 a 91 5.82 7. 72 9.61 11.5 la 4 
.64 .497 1. 02 1.55 2.03 a 02 4. 01 5.97 7.91 9.85 11.8 la 7 

.65 .609 1.04 1. 59 2. 08 a 09 4.11 6. 12 8.11 10. 1 12. 1 14. 1 

.66 .522 1. 07 1.63 2.13 a 17 4.20 6. 26 8. 31 10.3 12. 4 14. 4 

.67 .534 1.10 1. 66 2.18 a 24 4. 30 6.41 8. 51 10.6 12. 7 14. 8 

.68 .546 1. 12 1. 70 2. 23 a 31 4. 40 6. 56 8.71 10.8 la 0 15. 1 

.69 .658 1. 15 1. 74 2. 28 a 39 4.50 6.71 8. 91 11.1 la 3 15. 6 

.70 .571 1. 17 1. 78 2.33 a 46 4.60 6. 86 9.11 11 ... la 6 15.8 

.71 .684 1.20 1. 82 2. 38 a54 4. 70 7.02 9.32 11.6 la 9 16. 2 

.72 .1i97 1.23 1.86 2. 43 a 62 4. 81 7. 17 9. 53 11.9 14. 2 16. 6 

.73 .610 1. 26 1.90 2. 48 a 69 4. 91 7.33 9. 74 12. 1 14. 5 16. 9 

.74 .623 1. 28 1.94 2. 53 a77 5.02 7.49 9. 95 12. 4 14. 9 17.3 

.75 .636 1.31 1. 98 2.58 a85 5.12 7. 65 10. 2 12. 7 15. 2 17.7 

.76 .649 1. 34 2. 02 2.63 a 93 6.23 7.81 10. 4 12. 9 15.5 18. 0 

.77 .662 1. 36 2. 06 2. 68 4. 01 5. 34 7.97 10. 6 la 2 15. 8 18. 4 

.78 .675 1.39' 2. 10 2. 74 4. 09 Ii. 44 8. 13 10.8 la 6 16. 2 18. 8 

.79 .689 1. 42 2. 14 2.80 4. 17 6.55 8. 30 11.0 la 8 16.5 19.2 

.80 .702 I. 45 2.18 2.85 4. 26 5.66 8. 46 II. 3 14. 0 16.8 19. 6 

.81 .716 1. 48 2.22 2. 90 4.34 5.77 8. 63 11.5 14.3 17.2 20.0 

.82 .730 1.50 2. 27 2. 96 4. 42 5. 88 8. 79 11.7 14. 6 17.5 20. 4 

.83 .744 1. 53 2.31 a 02 4.50 6.00 8.96 11.9 14. 9 17.8 20. 8 

.84 .757 1. 56 2. 35 3.07 4. 69 6.11 9.13 12.2 15.2 18. 2 21. 2 

.85 .771 1. 59 2.39 a 12 4. 67 6. 22 9.30 12. 4 15.5 18. 5 21. 6 

.86 .786 l'i 2. 44 a 18 4. 76 6. 33 9. 48 12.6 1.8.8 18. 9 22.0 

.87 .800 , .. 2.48 a 24 4. 84 6.44 9.65 12.8 ~i 19.2 22. 4 

. 88 .814 1 .• 2.52 a 29 4. 93 6. 56 9. 82 13. I 19.6 22. 8 

.89 .828 1. 71 2. 57 a 35 5.01 6.68 10.0 13.3 16.6 19.9 23.2 

.90 .843 1.74 2. 61 a 41 5.10 6. 80 10.2 la6 16.9 20. 3 23. 7 

.91 .858 1. 77 2. 66 3.46 5.19 6.92 10.4 13.8 17.2 20. 7 24. 1 

.92 .872 1.81 2. 70 3. 52 5. 28 7.03 10. 5 14. 0 17.5 21. 0 24.5 

.93 .887 1.84 2.75 a 58 5. 37 7.15 10.7 14. 3 17.8 21. 4 24. 9 

.94 .902 1. 87 2. 79 a64 5. 46 7. 27 10.9 14.5 18. 1 21. 8 25.4 

.95 .916 1.90 2.84 a 70 5. 55 7. 39 II. 1 14. 8 18. 4 22.1 25.8 

.96 .931 1. 93 2.88 a 76 5.64 7.51 11.3 15.0 18. 8 22.5 26. 2 

.97 .946 1. 97 2. 93 a 82 5. 73 7.63 11.4 Iii. 3 19. I 22.9 26.7 

.98 .961 2. 00 2. 98 3.88 Ii. 82 7. 75 11.6 15.5 19. 4 2a 2 27. 1 

.99 .977 2. 03 3.02 3. 94 5.91 7.88 11.8 15.8 19.7 2a 6 27.6 

1. 00 .992 2.06 a 07 4.00 6.00 8.00 12.0 16. 0 20.0 24.0 28.0 
1. 01 1.01 ·2.09 3.12 4.06 6.09 8. 12 12.2 16.3 20. 3 24.4 28. 5 
1. 02 1. 02 2.12 3.17 4.12 6. 19 8.25 12 ... 16. 5 20.6 24.8 28.9 
I. 03 1.04 2.16 3.21 4.18 6.28 8. 38 12.6 16.8 21. 0 25. 2 29. 4 
1. 04 1.05 2.19 a 26 4. 25 6. 37 8.50 12.8 17.0 21. 3 25. 6 29. 8 

1. 05 1.07 2.22 3.31 4. 31 6. 47 8.63 la 0 17. 3 21. 6 25.9 30. 3 
1. 06 1.09 2. 26 a 36 4. 37 6. 56 8. 76 13.2 17.5 21. 9 26. 3 30. 7 
1. 07 1. 10 2. 29 3. 40 4. 43 6.66 8.88 la 3 17.8 22. 3 26. 7 31. 2 
1.08 1. 12 2.32 3.45 4.50 6. 76 9. 01 la 5 18. 1 22.6 27.1 31. 7 
1.09 1. 13 2. 36 a 50 4. 56 6.85 9.14 la 7 18. 3 22.9 27.5 32. 1 

See note at end of table. 
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8 reet 

Second-
letl 
14. 1 
14. 5 
14. 8 
15. 2 
15.11 

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. Ii 
21.9 

22. .. 
22.8 
2a 3 
23.7 
24. 2 

24. 6 
25.1 
25.6 
26. 1 
26. 5 

27.0 
27. 5 
28. 0 
28. 5 
29.0 

29. 5 
30.0 
30. Ii 
31. 0 
31. 5 

32. 0 
32. 5 
sao 
3a 6 
34. 1 

34.6 
35.1 
35.7 
36.2 
36. 8 
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Head, 
H. 

(feet) 

1. 10 
1.11 
1. 12 
L 13 
L'14 

1. 15 
l16 
1. 17 
1. 18 
1. 19 

1.20 
1. 21 
1.22 
1. 23 
1.24 

1.25 
1. 26 
1. 27 
1. 28 
1.29 

1.30 
1. 31 
1. 32 
I. 33 
1.34 

1.35 
1.36 
I. 37 
I. 38 
I. 39 

I. 40 
I. 41 
I. 42 
I. 43 
1. 44 

1. 45 
1. 46 
1. 47 
1. 48 
1. 49 

1. 50 
I. 51 
1.52 
1. 53 
1.54 

1. 55 
1. 56 
1. 57 
1.58 
1. 59 

Table 9-l4.--Free-flow discharge values for Parshall measuring 
flume--continued 

Disch&rge, Q, for tbroat widths, W, of-

I I I 
3 inches 6 incbes 9 incbes 1 foot 1.5 feet 2 feet 3 feet 4 feet 5 feet 6 feet 7 feet 8 feet 

------

I 
Suond- Second- Second- Second- Second- Second- Second- Second- Second- Second-

I 
Second-

I 
Second-

[tel [e~ ,eel teet teel teel te., teel feel teel teel leet 
. 15 .55 4. 62 6.95 9. 27 13.9 18. 6 23. 3 27. 9 32.6 37.3 

1. 16 2.43 3. 60 4. 68 7. 04 9. 40 14. 1 18. 9 23.6 28. 4 33. 1 37.8 
1. 18 2. 46 3. 65 4. 75 7.14 9. 54 14.3 19. 1 23.9 28. 8 33.6 38. 4 
1. 20 2. 50 3. 70 4. 82 7. 24 9.67 14. 5 19. 4 24.3 29.2 34. 1 38. 9 
1.21 2. 53 3. 75 4.88 7. 34 9. 80 14. 7 19.7 24.6 29.6 34. 5 39.5 

1.22 2. 57 3.80 4. 94 7. 44 9.94 14. 9 19.9 25.0 30. 0 35. 0 40.1 
1. 25 2. 60 3.85 5.01 7. 54 10.1 15. 1 20. 2 25.3 30.4 35.5 40. 6 
1. 26 2.64 3. 90 5.08 7.64 10.2 15. 3 20. 5 25.7 30.8 36.0 41.2 
1. 28 2. 68 3.95 5. 15 7.74 10. 3 15.6 20.8 26. 0 31. 3 36. 5 41.8 
1.30 2.71 4.01 5.21 7.84 10.5 15.8 21. 1 26.4 31. 7 37.0 42. 3 

1. 32 2. 75 4. 06 5.28 7.94 10.6 16.0 21. 3 26. 7 32. 1 37.5 42.9 
I. 33 2.78 4.11 5.34 8. 05 10. S 16.2 21. 6 27.1 32.5 38.0 43.5 
1. 35 2.82 4.16 5.41 8. 15 10.9 16.4 21. 9 27.4 33.0 38. 5 44. 1 
I. 37 2. 86 4.22 5.48 8. 25 11. 0 16. 6 22.2 27.8 33. 4 39.0 44. 6 
1.38 2. 89 4. 27 5.55 8. 36 11. 2 16.8 22.5 28. 1 33. 8 39.5 45.2 

1. 40 2.93 4. 32 5. 62 

I 
8. 46 11. 3 17.0 22. 8 28. 5 34.3 40. 0 45.8 

1.42 2.97 4.37 

I 
5.69 8. 56 11.5 17.2 23.0 

I 
28. 9 34. 7 40.5 46. 4 

1. 44 3.01 4. 43 5.76 8. 67 11.6 17.4 23.3 29. 2 35.1 41. 1 47.0 
1. 45 3,04 I 4. 48 5.82 8.77 11. 7 

I 
17.7 I 23.6 29. 6 35.6 41. 6 47.6 

1.47 3, 08 4. 53 5.89 8.88 , 11. 9 17.9 23. 9 30.0 36. 0 42. 1 48. 2 

1. 49 3, 12 4. 59 5.96 8. 99 12.0 18. 1 24.2 
, 

30.3 36.5 42. 6 48. 8 
1.. SO 3.16- 4. 64 6.03 9.09 12.2 18. 3 24.5 30.7 36.9 43.1 49.4 
I. 52 3, 19 4. 69 6.10 9. 20 12.3 18. 5 24.8 31. 1 37.4 43.7 50. 0 
1.54 3.23 4.75 6.18 9. 30 12.4 18. 8 25.1 31. 4 37.8 44.2 50.6 
1. 56 3, 27 4. 80 6. 25 9. 41 12.6 19.0 25. 4 31. 8 38. 3 «7 51. 2 

1. 58 3, 31 4. 86 6.32 9. ii2 12.7 19.2 25.7 32.2 38. 7 45.3 51. 8 
1. 59 3, 35 4. 92 6.39 9.63 12.9 19.4 26.0 32.6 39.2 45.8 52.5 
I. 61 3, 39 4. 97 6.46 9. 74 13.0 19. 6 26.3 33, 0 39.7 46.4 53, 1 
I. 63 3.43 5.03 6.53 9.85 13.2 19.9 26. 6 33.3 40. L 46.9 53, 7 
I. 65 3, 47 5.08 6. 60 9. 96 13, 3 20. I 26.9 33, 7 40. 6 47.4 54.3 

I. 67 3, 51 5. 14 6. 68 10. I 13.5 20. 3 27.2 34. 1 41. I 48.0 55.0 
I. 69 3, 55 5.19 6.75 10. 2 13.6 20. 6 27.5 34.5 41. 5 48.5 55.6 
I. 70 3. 59 5.25 6. 82 10.3 13.8 20. 8 27.8 34. II 42. 0 49. I 56. 2 
I. 72 3.63 5.31 6. 89 10.4 13.9 21. 0 28. I 35. 3 42.5 49.6 56. 9 
1. 74 3.67 5.37 6.97 10.5 14. I 21. 2 28.5 35. 7 42.9 SO. 2 57.5 

1. 76 3,71 5.42 7.04 10.6 14. 2 21. 5 28. 8 36. 1 43.4 50. 8 58. 1 
1. 78 3, 75 5.48 7. 12 10.7 14. 4 21. 7 29. I 36.5 43.9 51. 3 58. 8 
1.80 3, 79 5.54 7.19 10.8 14.5 21. 9 29.4 36.9 44. 4 51. 9 59.4 
1. 82 3,S3 5.59 7.26 11. 0 14. 7 22.2 29. 7 37.3 44. 9 52. 5 60.1 
1.84 3, 87 5.65 7.34 II. 1 14. 9 22. 4 30.0 37. 7 45.3 53.0 60.7 

1.86 3. 91 5.71 7.41 11. 2 15.0 22. 6 30. 3 38. I 45.8 53, 6 61. 4 
5. 77 7.49 11. 3 15.2 22. 9 30. 7 38. 5 46.3 54.2 62. I 

, 5. S3 7.57 11.4 15.3 23. I 31. 0 38. 9 46.8 54. 7 62. 7 
' 5.89 7. 64 11.5 15.5 23.4 31. 3 39. 3 47.3 55.3 63. 4 

5.94 7. 72 11.7 15.6 23, 6 31. 6 39. 7 47.8 55. 9 64.0 

6.00 7. 80 11.8 15.8 23, 8 32. 0 40. 1 48. 3 56. 5 64.7 
6. 06 7. 87 11. 9 15.9 24. I 32.3 40.5 48. 8 57.1 65. 4 
6. 12 7. 95 12. 0 16. 1 24. 3 32. 6 40. 9 49.3 57.7 66. 1 
6. 18 8.02 12. 1 16.3 24.6 32.9 41. 3 49.8 58. 2 66. 7 
6. 24 8. 10 12. 2 16. " 24.8 I 33. 3 41. 8 50. 3 58. 8 67.4 

See note at end of table. 



, 
Bead, 

H. 
(feet) 

L60 
1.61 
1.62 
1.63 
1.64 

1.65 
1.66 
1. 67 
1.68 
1.69 

1. 70 
1.71 
1.72 
1.73 
1.74 

1.75 
1.76 
1. 77 
1. 78 
1. 79 

1.80 
1.81 
1.82 
1.83 
1. S4 

1.85 
1.86 
1.87 
1.88 
1.89 

1.90 
1.91 
1.92 
1.93 
1.94 

1.95 
1.96 
1.97 
1.98 
1.99 

2.00 
2. 01 
2. 02 
2.03 
2.04 

2. 05 
2.06 
2. 07 
2. 08 
2. 09 

Table 9-l4.--Free-f'low discharge values for Parshall measuring 
f'lume--continued 

Discharge, Q, for throat width!, W, of-

3 Inches 6 Inches 9 inches 1 foot 1.6 feet 2 feet 3 feet 4 feet Heet Ueet 7'eet 

, SecM&d- Second- S.umd- S.umd- Second- Seumd- Seeand- Seeond- Second- Second- &eond-
I ft" feel leel leel fe" jtel 't" {"f6 ~t2 1:'8 {t4 -- .... -.. -. 81 18 12. 40 16.6 25. 1 .. _ .. - --- .. 6. 37 8. 26 12. 5 16. 7 25. 3 33.9 42. 6 111.3 60.0 

.. --- ---- 6. 43 8.34 12. 6 16. 9 25.5 34.3 taO 111. 8 80. 6 
--- .. ---- 6. 49 8. 42 12. 7 17. 1 25. 8 M6 ta4 112. 3 81.2 

---- ---- 6. 51i 8. 49 12. 8 17.2 26. 0 M9 ta9 112. 8 61.8 

__ e. ---- 6. 61 8. 57 13.0 17.4 26. 3 36.3 44.8 113.3 62. 4 

---- --_ .. 6. 67 8.65 13. 1 17.6 26. 6 85.6 44.7 113.9 68.0 

---- --_. 6. 73 8. 73 la 2 17.7 26. 8 3.5.9 45.1 64.4 68.6 

---- .. --- 6. 79 8. 81 1& 3 17.9 27.0 36. 3 U6 64.9 64.8 
--- .. .. --- 6.86 8.89 la 6 18. 0 27. 3 36. 6 46.0 66.4 64.9 

---- ---- 6. 92 8. 97 13.6 18. 2 27. 6 37.0 46. 4 116. 0 M.II --_ .. ---- 6. 98 9.05 la 7 18. 4 27.8 37. 3 46. 9 116. II 66. 1 
-- .. - ---- 7.04 9.13 13.8 18. & 28. 1 37.7 47.3 117.0 66.7 
---- .... -- 7.11 9.21 13.9 18. 7 28. 3 38. 0 47.7 117.11 67.8 
_ .. _- .. --- 7.17 9. 211 14. 1 18. 9 28. 6 38. 3 48. 2 118. 1 6&0 

........ .... -- 7. 23 9. 38 14. 2 19.0 28. 8 38. 7 48.6 118.6 6&6 
--- ... ---- 7. 29 9.46 14.3 19. 2 211. 1 39.0 49. 1 119. 1 69.2 
-- .. - ---- 7.36 9.54 14.4 19. 4 211. 3 39.4 49. Ii 69. 7 69.9 
....... - ---- 7.42 9.62 14. 6 19.6 211. 6 39. 7 49. 9 60.2 70.5 
.. -... - -- .. - 7. 48 9. 70 14. 7 I'll. 7 211. 9 to. 1 &0.4 60.7 71. 1 

7.64 9. 79 14. 8 19.9 30. 1 40.5 &0. 8 61.3 '11. 8 
7.61 9. 87 15.0 20. I 30. 4 40. 8 61. 3 61. 8 72. 4 
7. 68 9. 95 15. I 20.2 '30.7 41. 2 &1. 7 62. , 7aO 
7. 74 10. 0 15.2 20.4 30. 9 41.5 S2. 2 62. 9 7& 7 
7.81 10.1 15.3 20.6 31. 2 41.9 52.6 68.6 74. 8 

7. 87 10. 2 15. Ii 20. 8 31.11 42. 2 63.1 64.0 711.0 
7.94 10.3 15.6 20. 9 31.7 42. 6 63.6 64.6 76.6 
8.00 10.4 15."7 21. 1 32.0 43. 0 54.0 65.1 76. 3 
8. 06 10.5 15.8 21. 3 32. 3 43.3 54.5 65.7 76. 9 
8. 13 10. 5 16.0 21. 5 32. 5 ta7 64.9 66.3 77.6 

8.20 10. 6 16. I 21. 6 32.8 «.1 1l1i.4 66. 8 78. 2 
8. 26 10.7 16.2 21. 8 33.1 «. 4 65. 9 67.4 78. 9 
8.33 10.8 16.4 22.0 33. 3 «.8 66. 3 67.9 79.6 
8.40 10.9 16.5 22.2 33. 6 45.2 56. 8 6&6 80.2 
8. 46 11.0 16.6 22. 4 33.9 45. Ii 67.3 69.1 80.9 

8. 52 11. I 16. 7 22. Ii 34.1 45. 9 67. 7 69. 6 81. 6 
8. 59 11. 1 16.9 22. 7 34. 4 46. 3 58. 2 70. 2 82. 2 
8. 66 11.2 17.0 22. 9 34.7 46. 6 58. 7 70.8 82.9 
8. 73 11.3 17.2 23. I 35. 0 47.0 Ii'll. 1 71. 4 68.6 
8.80 11.4 17.3 2& 2 35.3 47.4 69.6 71.9 84.8 

8. 87 ll.li 17. 4 23.4 35. 6 47.8 60.1 72. 6 84.9 
11.6 17. 6 23. 6 35. 8 48. 1 60.6 73.1 85. 8 
11. 7 17.7 23.8 36.1 48. 5 61. 0 . 7a 7 86.3 
11.8 17.8 24.0 36.4 48. 9 61.6 74. 2 87.0 
11.8 18. 0 24.2 86. 7 49.3 62.0 74. 8 87. 7 

11.9 18. 1 24. 3 36. 9 49.7 82. 5 75.4 88.4 
12. (i 1& 2 24. 5 37. 2 &0.1 6&0 76. 0 89.1 
12. 1 1& 4 24. 7 37. 5 &0. 4 6&5 76. 6 89. 8 
12.2 18. I) 24. 9 37. 8 &0.8 6&9 77. 2 90.4 
12.3 18. 7 25. 1 88. 1 1i1. 2 64. 4 77.8 91.1 

See J:~te at end of' table. 
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Bfeet 

SUOftod-
led 
6& 1 
6&8 
69.11 
70. 2 
70. 9 

71.6 
72. 3 
7& 0 
7& 7 
7'- 4 

711. 1 
75. 8 
711.11 
77. 2 
77.9 

78. 7 
79.4 
80.1 
80.8 
81. 6 

82.3 
sao 
8a 8 
SUi 
85.3 

86.0 
86. 8 
87.6 
88.3 
89.0 

89. 8 
90. Ii 
91. 3 
92. 1 
92. 8 

9a 6 
94.4 
B5. 1 
95. 9 
96. 7 

97. Ii 
98. 3 
99. 1 
99. 8 

100.6 

101. 4 
102. 2 
loa 0 
lOa 8 
194. 6 



I 
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Table 9-l4.--Free-flow discharge values for Parshall measuring 
flume--continued 

Head, 
H. 

(feet) 

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 
2.26 
2.27 
2. 28 
2. 29 

2.30 
2.31 
2.32 
2.33 
2.34 

2.35 
2.36 
2.37 
2.38 
2.39 

2.40 
2.41 
2.42 
2.43 
2. 44 

2. 45 
2.46 
2.47 
2.48 
2.49 

2. 50 

i 
I 
I 

I 
I 
I 

: 

I 

3 inches 16 inches: 9 inches I fOOL 

---'---i----
Second- Second- Ser.ond- Second-

feel feel Jetl feet 
._-. ---- ---- 12.4 
.--. ---- ---- 12.5 
.--. 

I 
---- -_.- 12.6 

-- -- __ e. ---- 12.6 
__ e. __ e. -.-. 12.7 

I 
.--- ---- ---- 12. 8 
.--- ---- -.-. 12.9 
.--- I ---- ---- 13. 0 
.--- ---- ---- 13. 1 
---- __ e. __ e. 13. 2 

! 
13.3 ---- ---- ----

---- __ e. __ e. 13.4 
---- ---- ---- 13.5 
---- ---- __ e. 13.6 
----

, __ e. __ e. 13. 7 

.--. -- -- ---- 13,7 
---- ---. ---- 13. 8 
. --. -.- . ---- 13. 9 
.--- ---- ---- 14.0 
-- -- ---- -.-. 14. 1 

__ e. -.-. I ---- 14.2 
__ e. -.-. ---- 14.3 

! 14.4 ---- ---- __ e. 
. --- ---- __ e • 14.5 
.--. ---- -.-. 14. 6 

---- -.-. __ e. 14.7 
.--. 0.-- ---- 14.8 
-.-. ---- 14.9 .' ---- ~-': .-. ---- 15.0 
---- ---- __ a. 15. 1 

---. ---- ---- 15.2 
__ a. ---- ___ a 15.3 
---- ___ a ___ a 15.4 
___ a ---- __ e. 15.5 
---- __ a. ---- 15.6 

___ a ___ a ---- 15.6 
.. -. ___ a -.-. 15.7 __ a. ---- ___ a 15.9 __ a. ---- __ a. 15.9 __ a. .--. ---- 16.0 

---- ---- I .. -- 16. 1 

D' b.ar Q f h t 'dths W f ISC ge, , or t ro .. WI , ,0-

I 
I 

I 
, 

1.5 feet 2 feet I 3 feet 4 feet 5 feet 6 feet 7 reet 
, 

; 
Second- Second- Second- Second- Second- Second- Second-

fed feel fe.1 f··1 ftel feel feet 
18. 8 25.3 38. 4 51. 6 64.9 78. 4 91. 8 
18. 9 25.5 38. 6 52.0 65. 4 79.0 92.5 
19,0 25.6 38. 9 52.4 65.9 79.6 93.3 
19.2 25.8 39.2 ,52.8 66.4 SO. 2 94.0 
19.3 26.0 39.5 53. 2 66. 9 SO. 8 94.7 

19.5 26.2 39.8 53. 5 
, 

67. 4 81. 4 95.4 
19.6 26.4 40. I 53.9 67, 9 82.0 96. 1 
19.7 26.6 40. 4 54.3 68. 4 82.6 96.8 
19.9 , 26.8 40.7 54.7 68. 9 83.2 97.5 
20.0 27.0 41. 0 55.1 69.4 83.8 98. 2 

20.2 27.2 41. 3 55.5 69.9 84.4 98. 9 
20.3 27.3 41.5 55.9 70. 4 85. 0 99.7 
20. 5 27.5 41.8 56. 3 70.9 85. 6 100.4 
20.6 27,7 42.1 56. 7 71.4 86. 3 101.1 
20. 7 27. 9 42.4 57. 1 71.9 86. 9 101. 8 

20.9 28. I 42. 7 57.5 72.4 87.5 102, 6 
21. 0 28. 3 43. 0 57.9 72.9 88. 1 103.3 
21. 2 28. 5 43. 3 58. 3 73. 5 88. 7 104. 0 
21. 3 28. 7 43.6 58. 7 74.0 89.4 104.8 
21. 4 28. 9 43. 9 59.2 74. 5 90. 0 105.5 

21. 6 29.1 44.2 59.6 75.0 90. 6 106.2 
21. 7 29.3 44. 5 60. 0 75.5 91. 2 107.0 
21. 9 29.5 44.8 60.4 76.1 91. 9 107.7 
22.0 29.7 45. I 60. 8 76.6 92.5 108. 5 
22. 2 29.9 45.4 61. 2 77.1 93. 1 109.2 

22.4 30.1 45.7 61. 6 77.6 93.8 , 110.0 
22.5 30.3 46.0 62.0 78. 1 94.4 110.7 
22.6 30:-5 4&,4 62.4 78. 7 96.,1 111.5 
22.8 30.7 46.7 62.9 79.2 95:.., 11~2 
22.9 30. 9 47.0 63. 3 79.7 96. 3 11.()-

23.0 31. 1 47.3 6a 7 SO. 3 97.0 113.7 
23. 2 31. 3 47.6 64. 1 SO. 8 97.6 114.5 
23. 3 31. 5 47.9 64. 5 81. 3 98. 3 115.3 
23. 5 31. 7 48. 2 65.0 81. 8 98. 9 116.0 
23. 7 31. 9 48. 5 65.4 82. 4 99.6 116.8 

23.8 32.1 48. 8 65.8 82.9 100. 2 117.6 
23.9 32. 3 49. I 66.2 83.5 100.9 118.3 
24. 1 32.5 49.5 66.7 84.0 101. 5 119.1 
24. 2 32.7 49.8 67.1 84. 5 102.2 119.9 
24.4 32.9 50. I 67.5 86. 1 102.8 120. 6 

24.6 33. 1 50.4 67.9 85.6 103. 5 121. 4 

8 feet 

Second-
feet 

105. 4 
106. 2 
107.0 
107.9 
108. 7 

109.5 , 
110.3 
Ill. 1 
111.9 
112. 8 

113.6 
114.4 
115.3 
116. 1 
116. 9 

117.8 
118. 6 
119.5 
120.3 
121. 2 

122.0 
122.9 
123. 7 
124.6 
125.4 

126.3 
127.2 
128. 0 
128. 9 
129.8 

130.7 
131. .; 
132.4 
133.3 
134.2 

135.1 
135.9 
136.8 

I 
137.7 
138. 6 

139.5 
I 

Note: Table taken from Parshall, R. L. Measuring Water in Irrigation 
Channels, U.S. Dept. Agr. Cir. 843, 62.p. 1950. (Out of print. ) 
For Ha and W see figure 9-21. To convert decimal fractions to 
inches see table 9-10. 
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Figure 9-22--Rate of submerged flow through a l-inch Parshall 
measuring flume 
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Figure 9-23--Rate of submerged flow through a 2-inch Parshall 
measuring flume 
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Figure 9-24--Rate of submerged flow through a 3-inch Parsh~" 
measuring flume 
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Figure 9-25--Diagram showing the rate of submerged flow, in cubic feet 
per second, through a 6-inch Parshall measuring flume 

Figure 9-26--Diagram showing the rate of submerged flow, in cubic feet 
per second, through a 9-inch Parshall measuring flume 
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For flumes with throat widths between 1 and 8 feet, the submerged dis­
chaLoge is determined by using a correction diagram (fig. 9-27). This 
diagram is for a l-foot throat width and is made applicable to the 
larger flumes by multiplying the correction for a l-foot flume by the 
factor (M) for the size of flume in use. This correction is then sub­
tracted from the free-flow discharge for the measured head (Ha), as 
obtained from table 9-14. The factor M for various throat widths is 
tabulated as follows: 

Throat Width 

Feet 
1 
1.5 
2 
3 
4 
5 
6 
7 
8 

Mul tip lying factor (M) 

1.0 
1.4 
1.8 
2.4 
3.1 
3.7 
4.3 
4.9 
5.4 

As an example of the use of the correction diagram, find the submetged 
dif!charge through a flume of 3-foot throat width where the measured 
heELds Ha and lit> are 2.1 and 2.0 feet, respectively. The submergence 
ratio is then 2.0/2.1 or 95 percent. From the correction diagram 
(Ug. 9-27), the correction for a l-foot throat width is 5.75 cubic 
feE~t per second. Since this correction must be made applicable to a 
3-foot throat width, multiply it by the applicable value of M, or 2.4, 
w~~ch gives a correction of 13.8 cubic feet per second. From table 9-14, 
find the free flow from a flume of 3-foot throat width for a head (Ha) 
e~lal to 2.1 feet to be 38.4 cubic feet per'second. Thus the submerged 
flc)W becomes 38.4 - 13.8, or 24.6 cubic feet per second. 

Fo::" the larger-size flumes (throat widths of 10 to 50 feet), the pro­
cedure for determining submerged discharge is the same as that for 
flumes 1 to 8 feet in throat width. A correction diagram for a 10-foot 
throat width is used (fig. 9-28). For wider flumes, the multiplying 
fa,::tor (M) is the throat width in feet divided by 10. 

For example, find the discharge of a flume with a 25-foot throat width 
op,erating under a head (Ha) of 3.25 feet at 94-percent submergence to 
be: 

631 - (2.5 x 53) = 498.5 cubic feet per second 

To operate the Parshall measuring flume as a Single head device or at a 
predetermined degree of submergence for a particular rate of flow, it 
will be ~ecessary to determine accurately the elevation of the crest 
with reference to the bed of the channel. Where enough fall is avail­
able, this setting may be determined with little difficulty, but if the 
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Figure 9-27--Diagram for computing the rate of submerged flow, in cubic 
feet per second, through a I-foot Parshall measuring flume 
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Figure 9-28--Diagram for determining the correction in second-feet per 
10 feet of crest for submerged-flow discharge 
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fall or grade of the charmel is slight, care must be taken in fixing the 
height of the crest so that, if possible, the degree of submergence 
shaLl not exceed the limits of free-flow operation, as explained in 

, pre'nous paragraphs. If conditions will not permit free-flow operation, 
the setting should be so made that minimum submergence will exist. 

The selection of the location or site is sometimes important. Generally, 
it :Ls best to have it conveniently near the point of diversion or regu­
lat:Lng gate if conditions of operation reqUire frequent notation of dis­
charge. The flume should not be placed too near the headgate, as the 
disturbed water just downstream from the outlet may cause surging and 
unbalanced flow; it had best be in a straight section of the channel. 

Following the selection of the site it is necessary to determine the 
size and proper elevation of the crest. Examples are given below to 
assist in the problem of size and setting cf the measuring flume as 
covered by general field conditions usually found in irrigation practice. 
For example: 20 second-feet is to be measured in a channel of moderate 
grade where the water depth is 2.5 feet. This quantity of flow can·be 
measured through several sizes of flume, but for the sake of economy 
the smallest practical size should be selected. 

First, let it be assumed that a submergence of 70 percent shall not be 
exceeded in order that the flow may be determined by the single gage 
reading of He.. 

To meet these requirements three different sizes of flumes and settings 
will be investigated. First: For a 4-foot flume and a discharge of 20 
second-feet, the He head is found to be 1.15 feet (table 9-14); for a 
sutmergence of 70 percent, the ratio of Hb gage to Ha gage is 0.7; 
hence lit> for this condition of flow is 0.81 foot. At 70 percent sub­
meI'gence, the water surface in the throat at the lfb gage is essentially 
level with that at the lower end of the flume. Under this condition of 
flc'w, the water depth just below the structure will be approximately 
the: same as before the flume was installed; that is, 2.5 feet. In figure 
9-~:9 the dimension D represents this depth of 2.5 feet. By subtracting 

_________________________________________ t __ 
------- ----- L 

Ha 

.. j, '. ,. ~ ""'1', • 1Ir'. • '. "" • • 

,0' • 
'._':. 

l~gure 9-29--Section of a Parshall measuring flume illustrating the 
determination of the proper crest elevation 
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Hb, or 0.81 foot, from 2.5 feet, the value of X, or 1.69 feet, is ob­
tained. This is the elevation of the crest above the bottom of the 
channel. For this size of flume, set with the crest at 1.69 feet above 
the bed of the channel, the flow of 20 second-feet will be at 70 per­
cent submergence, and the actual loss of head (1) or difference in ele­
vation between the upstream and downstream water surfaces will be 0.40 
foot, as determined by figure 9-30. The depth of water upstream from 
the structure at a flow of 20 second-feet will therefore be 2.90 feet. 
It will be necessary to examine the freeboard of the channel, as well 
as the effect of the rise of the water surface upon the flow through 
the headgate, in deciding which size of flume is the most practical. 

/' /"., , ,/ 

/' V /' v· /' /' 'v. /-+---,.."-y-+-+---;--If----+--f-I--H vv /' v..::::: ./ /' v·,/· 
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~ ~ v~ ~_r_+_~~~~~~~~~~--~_+~_r--~_,--~_+~_I_~~~ «;.-: v --, 
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L 
/' ' v 
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PERCENTAGE OF SUBWERGENCE LOSS OF HEAD IN FEET 

Figure 9-30--Diagram for determining the loss of head through the 
Parshall measuring flume, .1- to 8-foot sizes 

Second: For a 3-foot flume and discharge of 20 second-feet, the Ha head 
is found to be 1.39 feet (table 9-14). Again for a SUbmergence of 70 
percent, the ratio of Hb to Ha is 0.7; hence the Hb for this condition 
of flow is 0.97. By reference to figure 9-29, the value of X, or the 
elevation of the crest above the bottom of the channel, is found to be 
1.53 feet, and the actual loss of head through the flume (figure 9-30) 
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is fo~nd to beO.52 foot. The depth of water upstream for this size of 
flume will now be 3.02 feet. 

Next consider a 2-foot flume: as before, find the Ha head in table 9-14 
for a free flow of 20 second-feet. For the 2-foot flume this head is 
1.81 feet. At a submergence of 70 percent, the value of ~ is 1.27 feet. 
By again referring to figure 9-29, the value of X or the elevation of 
the crest above the bed of channel is determined to be 2. ~O - 1. 27, or 
1.23 feet. For this size of flume discharging 20 second-feet at a sub­
mergence of 70 percent, the actual loss of head (figure 9-30) is 0.61 
foot ~md the depth of water upstream is 3.11 feet. 

If it is found that the banks of the channel and entrance conditions 
through the headgates are satisfactory, the 2-foot flume will be most 
econOIoical because of its small dimensions; however, when width of 
channl~l is considered the final selection may favor the 3- or 4-foot 
flume .. because moderate to long wing walls may be required. Usually, 
the ~ldth of the throat of the flume will be from one-third to one­
half the width of the channel. 

In thl: above analysis of the three sizes of flumes investigated, the 
actual increase or rise in the depth of water upstream from the struc­
ture :is considerably less than the elevation of the crest above the 
bottan of the channel. For the 4-foot flume the crest is 1.69 feet 
above the channel bed, and the rise in water upstream will be only 0.40 
feet. 

This analysis further shows that as the size of flume is decreased, the 
elevation of the crest becomes less, and the depth of water upstream 
from the structure becomes greater for similar rates of discharge and 
like degrees of submergence. It is usually the better practice to set 
the flume high rather than low, to provide a margin of safety for varia­
tions of the water surface downstream. In irrigation channels, espe­
cially those with earth banks and bottom, deposits of sand or silt may 
change the downstream flow conditions, and weeds, willows, or moss may 
likewise affect the degree of submergence. 

If it is found impractical to set the flume to operate under a free­
flow condition. because of insufficient grade or other lining conditions, 
it becomes necessary to use both the Ha and ~ gages to determine the 
discr..arge, as previously explained. The flume may be placed so as to 
opera.te at any degree of submergence for any particular rate of flow. 

The nomograph shown in Figure 9-31 was developed by Warren Gilbert, 
Agricul tural Engineer, Soil Conservation Service, Sheridan, Wyo., as 
a toc)l to aid in setting Parshall flumes. The loss of head figures 
shown are slightly greater in each case than the values obtained from 
figul~ 9-30 for a submergence of 70 percent. This was necessary in order 
to cClver the fuJ.1 range oLYalues from one- to eight-foot 'Widths 
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Given: 26 C.t.l. to be measured In a chan"el where water depth Is 2.0 feet. Oetermine 
proper setting tor 3.0-faot Parshall Measurln, Flume. 

SOlution: From free-flow disCharge table for Par,hall Measuring Flumes t determine head 
(Ha) In teet. Ha tor a 3.0-foot flume measurlna 26 c.t. I. = 1.64. Referring 
to dashed li·n .. on Chart! Setting of ·crest above ditch to be 0.84 feet or 
1.16 below high water line. Loss of head will be 0.7 feet. Flow depttt above 
flume will be ~.7 teet. 

Figure 9-3l--Size selection and setting chart of 1- to S-foot Parshall 
measuring flumes operating under free flow condi tiona (maximum submer­
gence 70 percent) 
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for a given Ha. Any error that is introduced is on the side of safety 
and the accuracy octained from this chart is adequate for many fa.r.m 
installations. 

The Parshall measuring flume may be constructed of sheet metal, timber, 
or reinforced concrete. Sheet-metal flumes have proved very satisfactory, 
but since the cost usually exceeds that of either wood or concrete, 
their use has ceen restricted to the smaller sizes. While metal flumes 
up to 10 feet in throat width have ceen constructed, the most common 
and pI~ctical sizes are those of less than 2 feet. Sheet-metal flumes 
have t.he advantage of being portacle, and they can readily ce reset 
and re,adjusted as needed. They have a relatively long life and are im­
mune 1.0 fire hazards such as are caused by ditch cleaning. Caomercially 
made flumes of this type are available. 

Flume!:1 of all sizes except the smallest have been constructed of timber 
and h~Lve proved satisfactory. Timber flumes usually have an in1 tial cost 
advantage over concrete flumes; however, their useful life is usually 
shortE!r. Timber pressure-treated with creosote or some other preserva­
tive 17ill prolong the life of such structures and is economically justi­
fied."Timber flumes are subject to damage by fire and by floating ice. 

Monol:Lthic reinforced concrete flumes, constructed in sizes ranging from 
3 inches to 50 feet, have proved satisfactory. Such flumes have the dis­
tinct advantage of permanence and are little subject to expansion or 
cont~~ction, thus insuring uniformity of operation. They are not subject 
to fi:re and other hazards, as are timber structures. Their principal dis­
advantage is their relatively high initial cost. 

Submerged Orifices 
A submerged orifice is a hole or opening cut in a bulkhead through which 
water flows when the water surface on the downstream side is above the 
top of' the opening. Submerged orifices TIJJJY be divided into two types: 
(1) Tnose having fixed dimensions, and (2) those built so that the 
height may be varied. Those having fixed dimensions are called standard 
submerged orifices and are preferable to and more widely used than those 
of variable dimensions. Only the standard submerged orifices will be 
discussed in the following paragraphs. 

The opening of a standard submerged orifice is sharp-edged And usually 
rectangular with the width two to six times its height. The orifice 
should have complete contractions, the sides and bot tam of the opening 
being no closer to the sides or cottam of the channel than twice its 
least dimension. 

Submerged orifices are used in channels having flat grades when condi­
tions are not satisfactory for accurate meaaurement witp free-flowing 
weirs. The submerged orifice is subject to the same disadvantage as the 
weir.·-collecting floating debris, sand, and sediment. If the pond on 
the 1..:.pstream side of the orifice is allowed to fill with sediment, the 
accuracy of the measurement is destroyed. 
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Figure 9-32 shows a perspective of a typical submerged-orifice structure 
as viewed frem upstream. While the structure shown is constructed of 
wood, other mate;rials such as concrete or metal could be used. Recom-
,men~ed sizes and dimensions for standard submerged-orifice structures 
are shown in table 9-15. 

Figure 9-32--Perspective of wooden submerged-orifice structure 
from upstream 

Since the head on a submerged orifice is the difference in elevation 
between the upstream and downstream water surfaces, measurements are 
made at two points. Several methods are used. Gages may be fastened to 
the upstream and downstream wing walls. Often two stakes are set in the 
channel with their tops at the same elevation, one a few feet upstream 
from the orifice and the other a few feet downstream. The distances 
fram the tops of the stakes to the two water surfaces are measured with 
a rule. These measurements should be taken at points far enough from. 
the orifices so that turbulence will not interfere. The difference in 
these measured distances is the head on the orifice. 
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Table 9-15.--Recommended sizes and dimensions for submerged-oIlfice structures l 

A; 
range 

Ii 

,proximate 
in capacity, 
ec. -ft. 

o. 4 to 1.0 

1 

1 
1 
2 
1 
2 
3 

5 to 1.4 
.8 to 2.1 
.5 to 1.4 
8 to 2.1 

,0 to 3.2 
,8.to 2.1 
,0 to 3.2 
,5 to 4.3 
,,3 to 6.5 
.,5 to 4.3 
.. 3 to 6.5 
,,0 to 8.7 

Size of orifice 

Height Length Area D L 

In. In. Sq.ft. -
3 12 0.25 
3 16 .33 
3 24 .50 
4 12 .33 
4 18 .50 
4 27 .75 
6 12 .50 
6 18 .75 
6 24 1.00 
6 36 1.50 
9 16 1.00 
9 24 1.50 
9 32 2.00 

1 D:lmension letters shown in fig. 9-30. 

Length of 
Height of Width of Length Width' down-
structure, head wall, 

E W stream 
B A wing wall 

C 

Ft. Ft. Ft. Ft. Ft. - - - -
~.O 10.0 3.0 2.5 2.0 
4.0 10.0 3.0 3.0 2.0 
4.0 12.0 3.0 3.5 2.0 
4.5 10.0 3.0 2.5 2.5 
4.5 12.0 3.0 3.0 2.5 
4.5 12.0 3.0 3.5 2.5 
5.0 12.0 3.5 2.5 3.0 
5.0 14.0 3.5 3.0 3.0 
5.0 14.0 3.5 3.5 3.0 
5.0 16.0 3.5 4.5 3.0 
6.0 14.0 3.5 3.0 3.0 
6.0 16.0 3.5 3.5 3.0 
6.0 16.0 3.5 4.0 3.0 

Disc~harge through subme~ged orifices is determined by the formula 

Q = CAJ2gh 

whe::-e Q = discharge in cubic feet per second 
C = discharge coefficient equal to 0.61 for orifices with com-

plete contractions 
A = cross-sectional area of the orifice in square feet 
g = acceleration due to gravity = 32.16 feet per second per 

second 
h = head an the orifice in feet 

For convenience, an orifice should be selected so that its cross­
sectional area is equal to one of those shown in table 9-15. When this 
is done, the discharge for any head may be read directly from table 9-16. 

Gat'9s ---Gat'as are openings in hydraulic structures. These gates permit the 
pas,sage of water and are usually provided with sane means of regulating 
outflow. Inasmuch as they have the hydraulic characteristics of orifices, 
gat'es of various designs afford an opportunity for discharge measurement. 
The discharge may either be free or submerged. When the discharge is 
sub::nerged, gates have the advantage of being able to operate at a low 
heaj and can therefore be used in relatively level canals and streams 
where it is not possible to obtain enough drop for weir measurements. 
The principal use of gates is to measure the discharge from the canals 
of irrigation enterprises into individual farm late~s. 
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Table 9-16.--Flow through rectangular submerged orifices 1 

Head Head Cross-sectional area of orifice (square feet) 

(feet) (inches)2 
0.25 0.333 0.50 

Sec.-ft. Sec.-ft. Sec.-ft. 

0.10 1-3/15 0.387 0.518 0.773 
.15 1-o/s16 .474 .631 .947 
.20 2-3 8 .547 .729 1.09 
.25 3 .612 .815 1.22 
.30 3-5/8 .670 .892 1.34 
.35 4-3/16 .724 .963 1.45 
.40 4-13/16 .774 1.03 1.55 
.45 5-3/8 .820 1.09 1.64 
.50 6 .865 1.15 1.73 
.55 6-5/8 .9fY7 1.21 1.81 
.60 7-3/16 .947 1.26 1.90 
.65 7-13/16 .986 1.31 1.97 
.70 8-3/8 1.02 1.36 2.05 
.75 9 1.06 1.41 2.12 
.80 9-5/8 1.09 1.46 2.19 

1 Computed from the fOI'Dl'.lla Q = 0.61 A v'2gh. 
2 Approximate. 

0.75 1.00 1.50 

Sec.-ft. Sec.-ft. Sec.-ft. 

1.16 1.56 2.32 
1.42 1.90 2.84 
1.64 2.19 3.28 
1.83 2.45 3.67 
2.01 2.68 4.02 
2.17 2.89 4.34 
2.32 3.09 4.64 
2.46 3.28 4.92 
2.59 3.46 5.19 
2.72 3.63 5.44 
2.84 3.79 5.68 
2.96 3.94 5.92 
3.fY7 4.09 6.14 
3.18 4.24 

I 
6.36 

3.28 4.38 6.56 

2.00 

Sec.-ft. 

3.09 
3.79 
4.38 
4.89 
5.36 
5.78 
6.19 
6.56 
6.92 
7.25 
7.58 
7.89 
8.18 
8.48 
8.75 

The discharge through gates is computed by the standard orifice formula. 

Q = Ca J2gh 

When the discharge is free, the head (h) is the difference in elevation 
between the upstream water surface and the center of the orifice. With 
submerged discharge, the head is the difference between the elevations 
of the upstream and downstream water surfaces. 

There are no standards of design for gates. Thus it is obvious that the 
discharge coefficient (C) will vary depending on the geometry of the 
gate opening, the degree of contraction, and other factors. The shape 
of the opening for individual gates varies according to how far the 
gate is opened. Since these factors are in no w~ standardized, it is 
essential that any individual gate be calibrated before being used·for 
water measurement. 

Commercial gates of standard manufacture are used for water measurement. 
These have been calibrated by the manufacturer, and tables showing the 
discharge under various heads and with varying degrees of gate opening 
are available. Commercial gates are equipped with a device that permits 
the measurement of the head loss. 

A typical commercial gate is shown in figure 9-33. It consists of a 
circular slide headgate attached to a section of corrugated metal pipe. 
Flow through the gate must be submerged, and stilling wells are pro­
vided in which the difference in elevation between the upstream and 
downstream water surfaces is measured with a hook gage. The degree of 
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gate opening is obtained by filing a notch in the gate stem at a point 
flush with the top of the handwheel when the gate is at zero point of 
opening and by measuring the distance between this notch and the top of 
the handwheel for other openings. This particular gate is available in 
sizes from 8 to 24 inches in diameter and, under heads ranging from 1 
to 18 inchesj will measure discharges from less than 1 to 20 cubic feet 
per second. Discharge measurements in convenient table form are avail­
able from the manufacturer for each size gate. 

Velocity-Head Rods 
The velocity-head rod is a simple, inexpensive measuring stick that can 
be used to measure with a fair degree of accuracy the velocity of flow 
in open channels, provided depths and velocities are not too great. 
Numerous rods have been developed and reported. One rugged and easily 
constructed rod developed several years ago at the San Dimas Experiment 
Forest in southern California is shown in figure 9-34. 

The principle of the velocity-head rod is not new. It is simply an 
application of Bernoulli's theorem somewhat different from that used 
in the Pitot tube. In use, tne rod is first placed in the water with 
its foot on the channel bottom and the sharp edge facing directly up­
stream. The dtream depth at this point is indicated by the reading at 
the sharp edge of the rod, neglecting the slight ripple or "bow wave." 
The rod is then turned 180 degrees so as to oppose the flat edge to the 
streamflow. A hydraulic jump is formed by the obstruction to the flow. 
The average height of this jump, as read on the rod, measures the total 
energy content of the stream at this point; the jump height, minus the 
depth, being the actual velocity head. Thus, for any point in the 
stream, the velocity can be computed by the standard formula: 

where V = velocity in feet per second 
g = acceleration due to gravity (32.16 ft./sec./sec.) 
h = veloci ty head in feet 

Table 9-17 gives velocities for heads up to 1.5 feet. The discharge of 
a stream is obtained by taking a number of measurements of depth and 
velocity at measured intervals throughout its cross section and making 
area-velocity computations the same way as described in the discussion 
of current meters. 

The rod has obvious limitations. It is inaccurate for velocities much 
below 1.0 foot per second and for velocities exceeding the critical. 
Readings are inaccurate where streambeds are soft and unstable. The 
rod has, however, a very definite and considerable value as a practical, 
usable method within permissible velocity ranges where streams contain 
debris and bedload. 
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Table 9-17.--Theoretical velocities for heads of a to 1.59 feet, from the formula V =~2gh 

Head .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 (feet) 

Ft./ Ft./ Ft./ Ft./ Ft./ Ft./ Ft./ n·/ Ft./ Ft./ 
~. ~. ~. ~. ~. !!£.. ~. !!£ . ~. ~. . 

0.0 0.00 0.80 1.13 1.39 1.60 1.79 1.96 2.12 2.27 2.41 
.1 2.54 2.66 2.78 2.89 3.00 3.11 3.21 3.31 3.40 3.50 
.2 3.59 3.68 3.76 3.85 3.93 4.01 4.09 4.17 4.24 4.32 
.3 4.39 4.47 4.54 4.61 4.68 4.74 4.81 4.88 4.94 5.01 
.4 5.07 5.14 5.20 5.26 5.32 5.38 5.44 5.50 5.56 5.61 

.5 5.67 5.73 5.78 5.84 5.89 5.95 6.00 6.06 6.11 6.16 

.6 6.21 6.26 6.31 6.37 6.42 6.47 6.52 6.56 6.61 6.66 

.7 6.71 6.76 6.80 6.85 6.90 6.95 6.99 7.04 7.08 7.13 

.8 7.17 7.22 7.26 7.31 7.35 7.39 7.44 7.48 7.52 7.57 
~9 7.61 7.65 7.69 7.73 7.78 7.82 7.86 7.90 7.94 7.98 

La 8.02 8.06 8.10 8.14 8.18 8.22 8.26 8.30 8.33 8.37 
1.1 8.41 8.45 8.49 8.53 8.56 8.60 8.64 8.68 8.71 8.75 
1.2 8.79 8.82 8.86 8.89 8.93 8.97 9.00 9.04 9.07 9.11 
1.3 9.14 9.18 9.21 9.25 9.28 9.32 9.35 9.39 9.42 9.45 
1.4 9.49 9.52 9.56 9.59 9.62 9.66 9.69 9.72 9.76 9.79 

1.5 9.82 9.86 9.89 9.92 9.95 9.99 10.02 10.05 10.08 10.11 

Stage-Discharge Curves 
A stage-discharge curve (sometimes called a rating curve) is one that 
shows the relation between the depth of flow and the discharge in an 
open channel at a given point or gaging station along the channeL 
Stage is the vertical distance to the water surface measured above a 
permanent elevation usual~ referred to as zero gage height. Zero flow 
will correspond to the stage that represents the elevation of the chan­
nel bottom above zero gage height. The stage-discharge curve is devel­
oped by plotting measured discharges against corresponding observed 
gage heights at the selected station. It is reliable only when the hy­
draulic characteristics of.the channel remain constant. For example, 
the opening and closing of head gates and turnouts might cause varying 
backwater conditions that would destroy the reliability of a curve. 
A typical stage-discharge curve for an unlined irrigation canal is 
shown in figure 9-35. 

In the development of stage-discharge curves, the discharge measure­
ments are usually made with a current meter as described in previous 
paragraphs. Stage measurements may be made by sounding, by differential 
leveling, or by use of a staff gage. The latter method is most common, 
particular~ at permanent gaging stations. 
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Figure 9-35--Typical stage-discharge curve for unlined irrigation canal 

The 13taff gage is a vertical scale usually graduated in feet and tenths 
and :lnstalled on the faces of piers, walls, or abutments for protection. 
The :;cale is often painted on a wooden staff or directly on the sides 
of tile structures previously mentioned. Painted graduations are tem­
por~~ at best since the paint is subject to weathering and scouring. 
A porcelain-enameled, sheet-iron staff is more resistant to weathering 
and :ls widely used by the U. S. Geological Survey. After a stage-discharge 
curvt:! has been developed, it is only necessary to read the staff gage 
and :refer to the curve in order to determine the discharge passing the 
gagilJg station at any time. 

Automatic stage-recording devices are in common use at permanent gaging 
stat:lons. There are several types of such devices available camnerciallyj 
however, those in most common use are the float gage and the pressure 
gage. 
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The essential parts of a float gage are: (1) A float, installed in a 
stilling box, which rises and falls with the water surface; (2) a drum, 
with a record sheet attached, which is rotated by the action of a chain 
attached to the float; and (3) a clock which moves a pen or pencil 
axially along 1(he drum. The pen is in contact with the record sheet and 
produces a continuous stage-time curve as the drum rotates and the pen 
itself moves along the drum. 

The pressure type of recording gage consists of an airtight bulb con­
nected by copper tubing to a pressure chamber that actuates a pen-arm 
in contact with a circular chart that, is revolved by clockwork. The 
bulb is securely fastened in the bed of the channel below low water, 
and its bottom is the zero point of the gage. The weight of the water 
above the bulb compresses-the air in the tubing and the pressure cham­
ber, and the movement of a diaphragm on the latter actuates the pen­
arm in contact with the record sheet. 

The conditions under which the use of automatic stage-recording devices 
are desirable are: 

1. The flow in the stream or channel fluctuates rapidly, and occasional 
staff-gage readings would not be enough to give a reasonably accurate 
estimate of discharge. 

2. The gaging station is inaccessible or the reliability of available 
observers is questionable. 

3. There is a necessity for continuous records of flow for legal or 
other purposes. 

By the combined use of the stage-discharge curve and the automatic 
stage recorder, a hydrograph of the stream or channel may be plotted. 
This is a curve resulting from discharge plotted on a vertical scale 
against time plotted on a horizontal scale. The area beneath the curve 
represents the volume of water passing the gaging station within the 
time range plotted. 
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