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Earth’s Water Supply

@ Fresh Water

@ ice
@ sSalt Water
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Water Measurement




Units

Volume °

Quantity of water; Water “at rest”
Gallon, cubic foot, etc. °

V =Ad (units: acre-inch, acre-foot, hectare-meter etc.) °
Depth °

Rainfall measured as depth; Useful for irrigation applications as °
well

Inch, foot, millimeter, centimeter, etc. °




~onversion factors

Yolume Units

1 gallon = 8.33 : 1 cubic foot = 0.028
| cubic toot / 1 liter 0.264 callons
Y |y N S WY . <) e b= -~ o1
1 acre-inch = 3.630 cubic 1 eallon 5./9 liters
1 acre-inch ‘."J.’:fvi}_;.llt_s 1 1 cubic meter 2 oallons
1 acre-1oot = ¢  cubic feet 1cCm” = 1mL
1 <IN 9K -A(I) ol
1 240,001 £all0ONS

~ T T te

rlow uUnits
1 cis =449 epm (450 for practical : 1 CIs ).

2
P
v
v
8
™~
7

1 cIs = | acre-inch/nr

L e RS ) el Y e S SV Tb w g R g - o e e SR P ! “— - " NELNO
)2 2pm (400 1or practical purp« = | acre-inch/nr 1 opm = 0.06309 L/s
T i e PGS 2 S, PR
)14 ) - ",'\I.!,\/."/- CIS 1 LJ/S =

_‘.- .\|',:'*Y>‘ . Sy - N S ) b 1 .'l. — y /
1 opm V.00221 acre-inches/n 1 eavr L ML/S

v ~7 - - ~
- TOC D.D fee 1 mete ? (oot
ALCA UL
cre : CTre v _’l,:'. / nectare
nectare (na / e
CUDIC Téet per seconc DI oallons per minute

CUDIC meters DET SECONC 1.JS HIers Der seconc



Volume balance (Qt=Ad) °
V=Qt and V=Ad, so Qt=Ad °
(Flow rate) x (time) = (area) x (depth) °

Knowing any of the three factors, you can solve for the -
fourth

Units must be consistent (conversion constant, k,, to balance -
units: Qt=k,Ad)




English Units Conversion for Irrigation Flows

Values of conversion constant, k,, based on combinations of units.

Q, t, A, Units for Area
Flow Rate Units Time Units Acres Square Feet
d, Depth Units d, Depth Units
inches feet inches feet
minutes 27,150 325,830 0.62 7.48




Flow Measurement

“Good water management begins with water °
measurement”

Basic principle
Q=V,, A *
Q = flow rate in a pipeline or channel °
V,, = mean or average velocity of flow in the pipeline or °




Flow Measurement in Pipelines

Mechanical meters °

Propeller senses velocity; Converted to flow rate via °
gear ratios

Straight section of pipe is best (avoid turbulence); Pipe °
must be full

Pressure differential methods °
Difference in pressure is directly related to velocity °




Typical Propeller Flow Meter

With Built-In Features

Ball Bearings:
Stainless steel—
built to last. Factory

Construction: lubricated and
Epoxy-coated, protected from flow
carbon steel body stream.

with all stainless
steel construction
available.

Straightening Vanes:
To generate
optimum flow profiles.

Corrosion-Resistant Impeller:
Made of a durable material and
factory calibrated to retain
accuracy.

Unique Magnetic
Coupling System:
Keeps register and
drive system
isolated from flow
while permitting
unrestricted
movement of
impeller.

Removable Top-Plate
Assembly: Available
on many modeis for
easy access during
field service or
replacement.

End Fittings:
Choose from a wide
variety including
threaded, flanged,
victaulic, weld-on,
elc.

Support Ell: Heavy gauge stainless steel for
corrosion resistance.

Flexible Cable Drive: No
troublesome and costly
gear systems. Simple and
durable. Protected by self-
lubricating cable guide.







Options for Propeller Meter Read-Outs

Sweep hand

80 10

11010{211}1]5pom
TOTALIZER
3.

Sweep hand

Figure 3.5. Options available for registers on a propeller meter.




Open Channels

Different from pipe flow because water surface is at °
atmospheric pressure

Velocity methods (Q =V, A) *

Current meter (measure velocity at a number of points in the °
cross-section using a calibrated meter)

Float method (V,, K, V, where V, is surface velocity measured .







Estimating the Cross-Sectional Area of Flow, A;
Dividing the Streambed into Triangles, Rectangles and Trapezoids

Rectangle Area A, =dw
Trapezoid Area, A, =% (d, +d ;) w
Triangle Area, A, ="%d w

Water d represents the L Sl S
Surface  flow depth at

each vertical 0.2d from surface
¥ v‘wq@

+
d

71 l DB o ) ] When flow depth
—a ] J/ A

B hf/Iarilcs represent : \0 e e ve:cs:cl,ﬁ;sisﬂzgazs&ed
points of velocity measuremen . at 1 depth; 0.6d

using current meter




Velocity Profiles
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Open Channels Contd...

Pressure differential methods °

Contract the flow through a metering section, and measure °
the depth of water upstream of the metering section

Use a calibrated depth-flow relationship °
Weirs -- rectangular, trapezoidal, triangular °
Flumes -- many types °




Weir Shapes and Formulas

Measuring

Formula

Device \ievrs
all shar ; s
(crested)p (H and L are in ft; Q is in ft3/sec)
4
Rectangular
(without e Q@=333L8
1t

contraction)

Rectanguiar
Weir
(with

contraction)

Side view

Q@ = 3.33(L — O.2H) 37

Trapezoidal
Weir

Q=3.37Lr>7

S0°
Triangular
Weir

Q= 2.49 K52




