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634.0500  Water Flow Measurements 1 

A.  Water flow measurement devices and techniques for measuring pipe flow and open 2 
channel flow will be presented in this section. For additional details, refer to the 3 
USBR/USDA-NRCS/USDA-ARS (2001) Water Measurement Manual, available online at:  4 
https://www.usbr.gov/tsc/techreferences/mands/wmm/WMM_3rd_2001.pdf 5 

634.0501  Measurements in Pipelines 6 

A.  Most flow measurements in pipelines are accomplished by relating the pressure drop 7 
through a device to the discharge in the pipeline. 8 

B.  Orifice Meters 9 

(1)  An orifice meter consists of a reduction of the diameter of the flow by means of a 10 
ring inserted between two sections of a pipe. A schematic of an orifice meter is 11 
shown in figure 5-1. 12 
 13 
Figure 5-1:  Schematic of flow through an orifice plate in a pipe. 14 

 15 
 16 

(2)  Downstream of the orifice, due to the curvature of the streamlines detaching 17 
from the orifice, the flow cross-section contracts such that the area at this vena 18 
contracta is smaller than the area of the orifice. Let Ao be the area of the orifice, 19 
then, the area of the vena contracta can be written as A2 = CcAo, where Cc (a value 20 
less than 1.0) is known as the contraction coefficient. 21 

(3)  If the contraction of the flow does not occur, an ideal velocity at section 2, say, 22 
Vi, could be calculated in terms of continuity, i.e., V1A1 = ViAo. The actual 23 
velocity at the vena contracta can be calculated by V2 = CvVi, where Cv is a 24 
velocity coefficient. 25 

(4)  The theoretical discharge would be Qi = ViAo, however, the real discharge is 26 
calculated as Q = V2A2 = (CvVi)(CcAo) = (CcCv)(ViAo) = CdQi. Thus, we 27 
have introduced a discharge coefficient Cd = CcCv to calculate the actual discharge 28 
in terms of the theoretical discharge. 29 

(5)  Figure 5-2 below, shows typical values of the contraction (Cc), velocity (Cv), and 30 
discharge (Cd) coefficients for different orifices. 31 
 32 

  33 

https://www.usbr.gov/tsc/techreferences/mands/wmm/WMM_3rd_2001.pdf
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Figure 5-2:  Contraction, velocity, and discharge coefficients for flow through 34 
orifices: (a) sharp thick wall, (b) rounded thick wall, (c) chiseled thin wall, (d) 35 
sharp thin wall. 36 

 37 
 38 

(6)  To relate the discharge through the orifice to the drop in pressure between 39 
sections (1) and (2) in a horizontal pipeline, such as in Figure 5-1, the Bernoulli 40 
equation is used. Including a discharge coefficient, the discharge through the orifice 41 
is given by 42 

𝑄𝑄 = 𝐶𝐶𝑑𝑑𝐴𝐴1𝐴𝐴2�
2𝑔𝑔(ℎ1−𝐻𝐻2)
𝐴𝐴12−𝐴𝐴22

 (eq. 5-1) 43 

Where h1 and h2 are the piezometric heads at sections (1) and (2), respectively, with 44 
h1 = z1 + p1/, and h2 = z2 + p2/. If the orifice meter is in a horizontal 45 
pipeline, the piezometric heads may be written as h1 = p1/, and h2 = p2/. The 46 
piezometric heads are illustrated in figure 5-3 and figure 5-4. 47 

 48 
Figure 5-3:  Schematic of orifice plate 49 

 50 
 51 

  52 
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Figure 5-4:  Plexiglas pipe with an orifice meter and piezometric tubes, used 53 
in the laboratory to demonstrate orifice flow 54 

 55 
 56 

(7)  Example 5-1 – Flow discharge through an orifice meter. An orifice meter of diameter 57 
Do = 0.30 ft is placed in a pipeline of diameter D1 = 0.50 ft. Measurements of the 58 
piezometric heads upstream and downstream of the orifice indicate that h1 = 2.0 ft 59 
and h2 = 1.3 ft. Using a chiseled thin-walled orifice with a contraction coefficient 60 
Cc = 0.62 and a discharge coefficient Cd = 0.61, determine the flow through the 61 
pipe. 62 

The areas of the pipe and orifice are A1 = πD1
2/4 = π(0.50)2/4 =0.196 ft2, Ao = 63 

πDo
2/4 = π(0.30)2/4 = 0.070 ft2. The area of the vena contracta is A2 = CcAo = 64 

0.62×0.070 = 0.043 ft2.  65 

The discharge is: 66 

𝑄𝑄 = 𝐶𝐶𝑑𝑑𝐴𝐴1𝐴𝐴2�
2𝑔𝑔(ℎ1 − 𝐻𝐻2)
𝐴𝐴12 − 𝐴𝐴22

= (0.61)(0.196)(0.043)�
2(32.2)(2.0− 1.3)
(0.1962 − 0.0432)

 67 

= 0.18𝑐𝑐𝑐𝑐𝑐𝑐 68 
 69 

C. Venturi Meters 70 

(1) A Venturi meter consists of a contracted section (known as the throat) (fig 5-5) 71 
connected to the pipe upstream through a short contraction, and to the pipe 72 
downstream through a longer expansion. D1 is the diameter of the pipe while D2, 73 
is the diameter of the throat. Figure 5.6 shows a clear venturi meter used to 74 
demonstrate head loss and flow through the meter. Figure 5.7 shows a venturi 75 
installed in a 4-inch pipe. 76 

  77 
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Figure 5-5:  Schematic of a Venturi meter 78 

 79 
 80 

 81 
(2) The equation for the discharge in the Venturi meter is the same as for the orifice 82 

meter, except that A2 corresponds to the throat area and is not calculated through a 83 
contraction coefficient. The discharge coefficient Cd can be found from calibration. 84 
 85 
Figure 5-6 Plexiglas Venturi meter with piezometric tubes, to demonstrate flow 86 
through the meter. 87 

 88 
 89 

  90 
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Figure 5-7:  Venturi meter installed in a 4-inch pipeline, with manometer lines 91 
attached at the upstream end and at the throat of the meter. 92 

 93 
 94 

 95 
(3)  Example 5-2 - Calculations for Flow discharge through a Venturi meter. A Venturi 96 

meter with a throat diameter D2 = 0.5 ft is installed in a pipe of diameter D1 = 1.0 97 
ft. Measurements of the piezometric heads upstream and at the throat of the 98 
Venturi meter indicate that h1 = 2.5 ft and h2 = 0.5 ft. With a discharge 99 
coefficient Cd = 0.8, determine the flow through the pipe. 100 
(i)  The areas of the pipe and of the Venturi’s throat are: 101 

A1 = πD1
2/4 = π(1.00)2/4 = 0.785 ft2, 102 

A2 = πD2
2/4 = π(0.50)2/4 =0.196 ft2. 103 

(ii)  The discharge is (equation 5-01): 104 

𝑄𝑄 = 𝐶𝐶𝑑𝑑𝐴𝐴1𝐴𝐴2�
2𝑔𝑔(ℎ1 − 𝐻𝐻2)
𝐴𝐴12 − 𝐴𝐴22

= (0.80)(0.785)(0.196)�
2(32.2)(2.5− 0.5)
(0.7852 − 0.1962)

 105 

= 1.84𝑐𝑐𝑐𝑐𝑐𝑐 106 
 107 

  108 
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D.  Nozzle Meters 109 

(1)  Nozzle meters reduce the flow cross-section, as does the orifice meter, by 110 
utilizing a nozzle attachment illustrated figure 5-8. 111 
 112 
Figure 5-8:  Schematic of a nozzle meter 113 

 114 
 115 

(2)  The nozzle is characterized by its opening diameter d, and area, Ad. The equation for 116 
the discharge is written as: 117 

𝑄𝑄 = 𝐶𝐶𝑑𝑑𝐴𝐴𝑑𝑑�
2𝑔𝑔(ℎ1−ℎ2

1−�𝑑𝑑𝐷𝐷�
4  (eq. 5-2) 118 

Where h1 and h2 are the piezometric heads at sections (1) and (2), respectively, and 119 
Cd is the discharge coefficient. The value of Cd depends on the type of nozzle and 120 
is obtained by calibration. Calibration can be performed by attaching the nozzle 121 
to a pipe and measuring the discharge Q through the pipe for different pressure 122 
drops (h1-h2). Since the diameters d and D can be measured or are provided by 123 
the manufacturer, equation 207 can be used to obtain the discharge coefficient Cd. 124 

 125 
(3)  Example 5-3 – Flow discharge through a nozzle meter. A nozzle meter whose 126 

opening has a diameter d = 0.10 ft is placed in a pipeline of diameter D1 = 127 
0.25 ft. Measurements of the piezometric heads upstream and downstream of the 128 
orifice indicate that h1 = 2.5 ft and h2 = 1.5 ft. With a discharge coefficient Cd = 129 
0.90, determine the flow through the pipe. 130 
(i)  The area of the nozzle opening is: 131 

Ad = πd2/4 = π(0.10)2/4 = 0.0078 ft2 132 

(ii)  The discharge is 133 

𝑄𝑄 = 𝐶𝐶𝑑𝑑𝐴𝐴𝑑𝑑�
2𝑔𝑔(ℎ1 − ℎ2

1 − �𝑑𝑑𝐷𝐷�
4 = (0.90)(0.0078)�

(2)(32.2)(2.5 − 1.5)

1 − �0.10
0.25�

2  134 

= 0.057𝑐𝑐𝑐𝑐𝑐𝑐 135 

  136 
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E.  Elbow Meters 137 

(1)  An elbow meter consists of attaching pressure transducers to the inner and outer 138 
walls of a pipe elbow, as shown in Figure 5-9. 139 

(2)  Let ∆p = |p1-p2| be the absolute value of the pressure difference between the inner 140 
and outer walls of the elbow. Equivalently, the pressure difference can be written as 141 
∆p = ω⋅∆h, where ω is the specific weight of the liquid. The discharge through the 142 
elbow can be calculated as 143 

𝑄𝑄 = 𝐶𝐶�∆𝑝𝑝
𝜔𝜔

= 𝐶𝐶√∆ℎ (eq. 5-3) 144 

where C is a calibration constant unique for a given elbow. If the pressure taps 145 
in the elbow meter were connected to a manometer, the quantity ∆h could 146 
represent the reading in the manometer. Refer to section 2.2 Piezometers and 147 
Manometers for detailed explanation of manometers. 148 
 149 
Figure 5-9:  Schematic of an elbow meter 150 

 151 
 152 

(3)  Example 5-4 Flow discharge through an elbow meter. An elbow meter has been 153 
calibrated so that when the pressure difference between its inner and outer walls 154 
is measured in ft; the calibration constant is C = 15.2. Determine the discharge, in 155 
cubic feet per second (cfs), using eq 5-3 when ∆h = 0.5 ft  156 

𝑄𝑄 = 𝐶𝐶√∆ℎ = 15.2√0.5 = 10.75𝑐𝑐𝑐𝑐𝑐𝑐 157 

  158 
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F.  For the orifice, nozzle, Venturi, and elbow meters, the discharge Q varies with the square 159 
root of the piezometric head drop ∆h. A plot of this relationship is referred to as the rating 160 
curve (of characteristic shape). Note that cross-section rating curves in open channel flow 161 
have the same characteristic shape, but with the axes exchanged. The elbow meter used in the 162 
example above has a rating curve shown in the figure 5-10. 163 

 164 
Figure 5-10:  Values of the discharge can be interpolated graphically from the 165 
rating curve of a given device 166 

 167 
 168 

G.  Magnetic and Ultrasonic Meters 169 

(1)  Magnetic meters are attached to the outside of a pipe or sometimes placed inside the 170 
pipe to measure discharge. In a magnetic meter the distortion in the magnetic field 171 
due to the moving water is related to the flow discharge. Magnetic meters are 172 
calibrated so that a voltage read in the meter can be converted to discharge. There 173 
are a variety of commercial magnetic meters. Instructions on the installation and 174 
operation of magnetic meters are available from the manufacturers. 175 

(2)  The ultrasonic flowmeter is a clamp-on device that measures pipeline flow 176 
using the principle of sonic beam phase shift (fig 5-11). Instructions on the 177 
installation and operation of ultrasonic meters are available from the 178 
manufacturers. Research information may also be available from university 179 
extension services such as the March 2008 Using Ultrasonic Flowmeters in 180 
Irrigation Applications from the University of Nebraska-Lincoln Extension, 181 
Institute of Agriculture and Natural Resources:  182 
http://www.ianrpubs.unl.edu/epublic/live/g1426/build/g1426.pdf 183 
 184 

  185 

http://www.ianrpubs.unl.edu/epublic/live/g1426/build/g1426.pdf
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Figure 5-11:  Ultrasonic flowmeter strapped to a PVC pipe 186 

 187 
 188 

  189 
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634.0502  Measurements in Open Channels 190 

A.  Measurements in open channel flow include depth, velocity, and discharge. 191 

B.  Depth Measurements 192 

Depth measurements can be carried out by using a graduated rod or ruler, 193 
whether permanent or portable. The figure5-12 shows a permanent depth gage in an 194 
open channel. 195 

 196 
Figure 5-12 Depth gage showing water surface elevation. 197 

 198 
 199 

  200 
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(2)  In small laboratory flumes, point gages with an attached Vernier scale can be 201 
used to measure the water depth. When using a point gage in a flume, the Vernier 202 
scale is read when the point gage touches the flume bed, and then when the point 203 
gage touches the surface of the water. The difference between these two 204 
readings is the water depth. Figure 5-13 shows a point gage with a Vernier scale. 205 
 206 
Figure 5-13:  Point gage in laboratory flume with Vernier scale reading of 207 
23.7. 208 

 209 
 210 

C.  Velocity Measurements 211 

Measurements of the water velocity in open channel flow can be performed through 212 
a variety of methods. Some of these methods are discussed in the following sections. 213 

D.  Propeller/Paddle Wheel Meters 214 

A propeller or paddle wheel meter consists of a moving propeller or buckets whose 215 
rate of rotation can be recorded and related to the local flow velocity. Calibration 216 
information for these meters can be obtained from the manufacturer or from laboratory 217 
tests. Small propeller meters can be used in laboratory flumes to measure local 218 
velocities. Propeller meters used in larger streams typically have a streamlined body 219 
attached to the propeller to minimize effects on the flow. 220 

  221 
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E.  Vortex Meter 222 

Obstacles in a flow, such as a cylinder or a block, generate a train of vortices downstream 223 
of the obstacles. A vortex flow meter detects the vortex field produced by a given 224 
obstacle and relates it to the local velocity.  Vortex flow meters are available from 225 
many manufacturers. Information on setting up and operating these meters can be 226 
obtained from the manufacturers. 227 

F.  Doppler (Acoustic) Meters 228 

Doppler (or acoustic) meters use an acoustic signal released into the water at a point 229 
and picked up by a sensor a short distance downstream. The time required to pick up 230 
the signal is related to the local flow velocity. A variety of commercial Doppler 231 
meters exists. Details for the set up and operation of these meters are available 232 
from the manufacturers. 233 

G.  Velocity Measurements with Floaters 234 

(1)  A simple way to measure velocity in open channels consists of measuring the time, t, 235 
required by a floater to travel a certain distance, x, in the channel. A straight channel 236 
reach is needed to perform floater velocity measurements. Neutrally buoyant floaters 237 
are preferred because they are less impacted by wind. The flow velocity at the free 238 
surface is simply, x/t. Measurements in laboratory flumes indicate that the mean 239 
velocity is 0.85 times the free-surface velocity. 240 

(2)  Example 5-5 – Flow velocity calculation using the float method. While performing a 241 
floater velocity measurement in a straight reach of an irrigation canal it is found that 242 
the floater requires 56 sec to travel 100 ft. Estimate the surface velocity as well as the 243 
mean velocity in the canal. 244 
(i) With x = 100 ft, and t = 56 sec, the surface velocity is Vs = x/t = 100ft/56 sec = 245 

1.78 fps. The mean velocity is V = 0.85Vs = 0.85×1.78 fps = 1.52 fps. 246 
 247 

634.0503  Laser-Doppler and Particle-Velocity Measurements 248 

A.  These types of velocity measurements are suitable in the laboratory. In a Laser-Doppler 249 
velocimeter, two or three laser beams are focused at a point in the flow. Air bubbles or 250 
any other impurity in the water passing through the laser focus point will produce a 251 
Doppler shift which is detected by an optical sensor. Calibration of the laser Doppler 252 
velocimeter allows for the determination of the local velocity at the laser focus point. 253 

B.  In a Particle velocimeter, tracers introduced in the flow reflect light from a source and the 254 
location of the particles is optically traced allowing for the instantaneous description of 255 
flow fields. 256 

634.0504  Sharp-crested Weirs 257 

A.  Sharp-crested weirs may be as simple as a thin plate placed across a rectangular open 258 
channel, as illustrated in Figure 5-14 below. Such a weir is referred to as a suppressed 259 
weir, as opposed to a contracted weir shown in Figure 5-15. The difference is that in a 260 
contracted weir the weir crest, length = L, does not extend the full width of the channel, b. 261 
Whereas in a suppressed weir b = L. In both cases of rectangular weirs P represents the 262 
weir height and H is the weir head. The head H is measured from the crest of the weir to 263 
the water surface at a point upstream so that the curvature of the flow streamlines is 264 
minimal (3 to 4 times the maximum value of H expected is suggested), as illustrated 265 
below.  266 
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Figure 5-14:  Suppressed sharp-crested weir in a rectangular channel. 267 

 268 
 269 
 270 
Figure 5-15:  Contracted sharp-crested weir in a rectangular channel. 271 

 272 
 273 

B.  For the suppressed sharp-crested weir, the discharge Q over the weir is calculated using: 274 

𝑄𝑄 = 𝐶𝐶𝑑𝑑
2
3�2𝑔𝑔(𝐿𝐿)(𝐻𝐻)3 2�  (eq. 5-4) 275 

Where Cd is a discharge coefficient, g is the acceleration of gravity (g = 9.806 m/s2 = 276 
32.2 ft/s2). The quantities L and H were defined previously. The value of Cd can be 277 
obtained using Rehbock’s formulas: 278 

𝐶𝐶𝑑𝑑 = 0.605 + 1
305𝐻𝐻

+ (0.08)𝐻𝐻
𝑃𝑃

;    𝐻𝐻(𝑐𝑐𝑓𝑓),𝑃𝑃(𝑐𝑐𝑓𝑓) (eq. 5-5) 279 

Or, 280 

𝐶𝐶𝑑𝑑 = 0.605 + 1
1000𝐻𝐻

+ (0.08)𝐻𝐻
𝑃𝑃

;    𝐻𝐻(𝑐𝑐𝑓𝑓),𝑃𝑃(𝑐𝑐𝑓𝑓) (eq. 5-6) 281 

C. These equations are valid for P in the range of 0.33 ft to 3.3 ft (0.10 m to 1.0 m) and for H 282 
in the range 0.08 ft to 2.0 ft (0.025 m to 0.60 m), and the ratio H/P < 1.0. A photograph of a 283 
sharp-crested weir is shown in figure 5-16. 284 

 285 
  286 
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Figure 5-16:  Contracted sharp-crested weir in a rectangular channel. 287 

 288 
 289 

 290 
(1)  Example 5-6 – Discharge over a suppressed rectangular weir. A suppressed 291 

rectangular weir is in a 3-ft wide rectangular open channel. If the weir is 0.5 ft high 292 
and the head measured upstream of the weir is H = 0.4 ft, determine the discharge 293 
over the weir using Rehbock’s formulas. 294 

(2)  For this case L = b = 3 ft, P = 0.5 ft, and H = 0.4 ft, and H/P = 0.4/0.5 = 0.8. 295 
Rehbock’s formula in units of the English System indicates that the discharge 296 
coefficient Cd is given by: 297 

𝐶𝐶𝑑𝑑 = 0.605 +
1

305𝐻𝐻
+ (0.08)

𝐻𝐻
𝑃𝑃

= 0.605 +
1

(305)0.4
+ (0.08)0.8 298 

= 0.677 299 

The discharge is calculated as: 300 

𝑄𝑄 = 𝐶𝐶𝑑𝑑
2
3�

2𝑔𝑔(𝐿𝐿)(𝐻𝐻)3 2� = (0.677)
2
3
�(2)(32.2𝑐𝑐𝑓𝑓 𝑐𝑐2� (3𝑐𝑐𝑓𝑓)(0.4)3 2�  301 

= 2.75𝑐𝑐𝑐𝑐𝑐𝑐 302 
 303 

D.  In equation 5-04, a weir coefficient Cw can be defined as 𝐶𝐶𝑤𝑤 = 𝐶𝐶𝑑𝑑
2
3�2𝑔𝑔. And for H/P 304 

<0.4 the discharge coefficient is approximately Cd = 0.62; thus, the equation can be re- 305 
written as: 306 

Q = 3.32 ⋅ L ⋅ H 3 / 2 ;        Q(cfs), L(ft), H(ft) (eq. 5-7) 307 

or 308 

Q = 1.83 ⋅ L ⋅ H 3 / 2 ;       Q(m3/s), L(m), H(m) (eq. 5-8) 309 

(1)  Example 5-7 – Discharge over a suppressed rectangular weir. A suppressed 310 
rectangular weir is in a 4-ft wide rectangular open channel. If the weir is 1.0 ft high 311 
and the head measured upstream of the weir is H = 0.25 ft, determine the discharge 312 
over the weir using the formula for H/P<0.4. 313 

Q = 3.32 ⋅ L ⋅ H 3 / 2 = 3.32 × 4.0 × (0.25)3 / 2= 1.66 cfs 314 

  315 
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E.  For a contracted sharp-crested weir, the equation to calculate the discharge is the Francis 316 
formula: 317 

𝑄𝑄 = 𝐶𝐶𝑤𝑤(𝐿𝐿 − 0.1𝑛𝑛𝐻𝐻)𝐻𝐻3
2�  (eq. 5-9) 318 

The value of n is either ‘1’ or ‘2’, depending on whether the contractions occur on one or 319 
two sides, as illustrated figure 5-17. 320 

 321 
Figure 5-17:  Contracted rectangular weir with n = 1 or n = 2 contractions. 322 

 323 
 324 

 325 
(1)  Example 5-8 – Discharge over a contracted weir. A contracted weir of length L = 2 ft 326 

is set in a 3-ft wide rectangular open channel. Using a weir coefficient Cw = 3.32, 327 
determine the discharge for a head H = 0.20 ft with (a) n = 1 contraction, and (b) n = 328 
2 contractions. The weir height is P = 0.5 ft. 329 

The ratio H/P = 0.20ft/0.5ft = 0.4, and the discharge is 330 

n=1: 𝑄𝑄 = 𝐶𝐶𝑤𝑤(𝐿𝐿 − 0.1𝑛𝑛𝐻𝐻)𝐻𝐻3
2� = 3.32�2 − (0.1)(1)(0.2)�(0.2)3 2�  331 

= 0.588𝑐𝑐𝑐𝑐𝑐𝑐 332 

n=2: 𝑄𝑄 = 𝐶𝐶𝑤𝑤(𝐿𝐿 − 0.1𝑛𝑛𝐻𝐻)𝐻𝐻3
2� = 3.32�2 − (0.1)(2)(0.2)�(0.2)3 2�  333 

= 0.582 𝑐𝑐𝑐𝑐𝑐𝑐 334 
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(2)  Figure 5-18 below shows a contracted rectangular weir in a laboratory flume. 336 
 337 
Figure 5-18:  Contracted weir in a laboratory flume. 338 

 339 
 340 

(3)  Shown in figure 5-19 a special type of a contracted weir is the Cipoletti weir 341 
consisting of a trapezoidal shape with side slopes 1H: 4V as shown figure 5-20. 342 
 343 
Figure 5-19 Flow over a Cipoletti weir in Grand Junction, CO 344 

 345 
 346 
 347 

  348 
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Figure 5-20:  Cipoletti weir schematic. 349 

 350 
 351 
(i)  The equation for the discharge over a Cipoletti weir is given by: 352 

Q = 3.367 ⋅ L ⋅ H 3 / 2 ;       Q(cfs), L( ft), H ( ft) (eq. 5-10) 353 

Where L = Lb + H/2, and Lb is the bottom or crest length of the Cipoletti weir. 354 
 355 

(ii)  Example 5-8 – Discharge over a Cipoletti weir. Determine the discharge over a 356 
Cipoletti weir if the weir length is L = 1.5 ft, and the head is H = 0.5 ft. 357 

(iii)  The discharge is 358 

Q = 3.367 ⋅ L ⋅ H 3 / 2 = 3.367 ×1.5 × 0.53 / 2 = 1.79 cfs. 359 
 360 

(4)  A triangular, or v-notch weir consists of a symmetric v-shaped notch in a thin wall 361 
placed across an open channel. A v-notch weir is used to measure low flows of less 362 
than 10 cfs. A schematic of a triangular (or v-notch) weir is shown figure 5-21. 363 
 364 
Figure 5-21:  Schematic of a triangular or v-notch weir. 365 

 366 
 367 
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(i)  Figure 5-22 shows a small triangular weir in a laboratory flume. 369 
 370 
Figure 5-22:  V-notch, or triangular, weir in a laboratory flume. 371 

 372 
 373 

(ii)  The discharge for a triangular (or v-notch) weir is given by: 374 

𝑄𝑄 = 𝐶𝐶𝑑𝑑
8
15�2𝑔𝑔  �𝑓𝑓𝑡𝑡𝑛𝑛 (𝜃𝜃

2
)�𝐻𝐻5

2�  (eq. 5-11) 375 

Where Cd is a discharge coefficient, g is the acceleration of gravity (g = 9.806 376 
m/s2= 32.2 ft/s2), and θ is the angle of the v-notch. A typical value of the 377 
contraction coefficient is Cd = 0.58. 378 

 379 
(iii)  Example 5-10 – Discharge over a triangular weir. Determine the discharge over 380 

a v-notch weir if the weir angle is θ = 80o and the head is H = 0.55 ft. Use a 381 
discharge coefficient Cd = 0.58.  382 

(iv)  The Discharge is 383 

𝑄𝑄 = 𝐶𝐶𝑑𝑑
8

15�
2𝑔𝑔  �𝑓𝑓𝑡𝑡 𝑛𝑛 �

𝜃𝜃
2
��𝐻𝐻5

2� = 0.58 �
8

15
��2(32.2𝑐𝑐𝑓𝑓/𝑐𝑐2) 𝑓𝑓𝑡𝑡𝑛𝑛 �

80𝑜𝑜

2
� (0.55)5 2�  384 

=  0.467 𝑐𝑐𝑐𝑐𝑐𝑐 385 
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634.0505  Broad-crested Weirs 387 

A.  A broad-crested weir consists of an obstacle of height P placed in a rectangular open 388 
channel, as illustrated in figure 5-23. The flow over the broad crested weir becomes critical, 389 
so that the depth at that point is the critical depth yc. 390 

 391 
Figure 5-23:  Schematic of flow over a broad-crested weir. 392 

 393 
 394 

B.  In a rectangular channel of width L, the discharge over the broad-crested weir is: 395 

𝑄𝑄 = 𝐿𝐿�𝑔𝑔𝑦𝑦𝑐𝑐3 (eq. 5-12) 396 

C.  If E represents the specific energy available over the weir, the critical depth can be 397 
expressed as, 𝑦𝑦𝑐𝑐 = 2

3
𝐸𝐸 and the discharge is written as: 398 

𝑄𝑄 = 𝐿𝐿�𝑔𝑔 �𝑦𝑦𝑐𝑐
3
2� � = 𝐿𝐿�𝑔𝑔 �23�

3
2� 𝐸𝐸3 2�  (eq. 5-13) 399 

D.  Expressing this equation in the form of a suppressed weir equation (equation 5-04), 400 
the discharge coefficient is given by: 401 

𝐶𝐶𝑑𝑑 = 1
√3
�𝐸𝐸
𝐻𝐻
�
3
2�  (eq. 5-14) 402 

Where H is the head measured upstream of the broad-crested weir, where the flow depth is 403 
y = P+H and the flow velocity is Vo. For a large value of H, Vo is small, and E 404 
becomes like H, i.e., E/H becomes 1.0 which provides a minimum value for the 405 
discharge coefficient, (𝐶𝐶𝑑𝑑)𝑚𝑚𝑚𝑚𝑚𝑚 = 1

√3
= 0.577. As the velocity Vo increases, the value of E/H 406 

becomes larger than 1, and the discharge coefficient (equation 5-14) becomes larger than 407 
0.577. 408 

E.  If the critical depth can be measured over the weir, equation 5-12 provides the 409 
discharge. If the head H is measured use equation 5-04, instead, with a discharge 410 
coefficient larger than or equal to 0.577. These are the equations used to evaluate many 411 
of the long- throated flume types discussed in section 634.0507. 412 

F.  Example 5-11– Discharge over a broad-crested weir- critical depth measured.  413 

(1)  Determine the discharge over a broad-crested weir if the critical depth of flow over 414 
the weir is measured to be yc = 0.52 ft. The channel has a width L = 2.5 ft. 415 

(2)  The discharge is: 416 

𝑄𝑄 = 𝐿𝐿�𝑔𝑔𝑦𝑦𝑐𝑐3 = 2.5𝑐𝑐𝑓𝑓�(32.2𝑐𝑐𝑓𝑓 𝑐𝑐2� (0.52𝑐𝑐𝑓𝑓)3 = 5.32𝑐𝑐𝑐𝑐𝑐𝑐  417 
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 418 
G.  Example 5-12 – Discharge over a broad-crested weir – head measured.  419 

(1)  Determine the discharge over a broad-crested weir if the head measured upstream of 420 
the weir is measured to be H = 0.65 ft. The channel has a width L = 3.5 ft. Use a 421 
discharge coefficient Cd = 0.61. 422 

(2)  The discharge is (equation 5-04): 423 

𝑄𝑄 = 𝐶𝐶𝑑𝑑 �
2
3��

2𝑔𝑔(𝐿𝐿)(𝐻𝐻)3 2� = 0.61 �
2
3�
�(2) �32.2𝑐𝑐𝑓𝑓 𝑐𝑐2� � (3.5𝑐𝑐𝑓𝑓)(0.65)2 424 

= 5.99𝑐𝑐𝑐𝑐𝑐𝑐 425 

G.  Most hydraulic structures in natural resource conservation work incorporate broad- 426 
crested weirs, where their function is the control of flood flows. The crest is horizontal and 427 
long in the direction of flow so that the water lays on the crest rather than springing free as 428 
water does flowing over a sharp-crested weir. Roadways over bridges and culverts may be 429 
considered broad-crested weirs to estimate overtopping flows. These discharges are 430 
generally calculated with equation 5-04, where a weir coefficient, Cw, can be defined as 𝐶𝐶𝑤𝑤 =431 
𝐶𝐶𝑑𝑑

2
3�2𝑔𝑔. Cw ranges in value from 2.5 to 3.1. 432 

634.0506  Submerged Weir Flow 433 

A. Conditions downstream of a sharp-crested weir may produce submergence of the weir as 434 
illustrated in figure 5-24. The equation used to calculate the discharge is the same as 435 
equation 5-07, modified by a submergence coefficient Cs, and replacing H with the 436 
upstream head Hu. The resulting equation is: 437 

𝑄𝑄 = 3.32𝐶𝐶𝑠𝑠𝐿𝐿𝐻𝐻𝑢𝑢
3
2�  (eq. 5-15) 438 

 439 
Figure 5-24 Submerged weir flow. 440 

 441 
 442 

B.  The submergence coefficient is based on empirical data, as shown in Figure 5-25. 443 
A polynomial fitting of this empirical data gives the following equation for the coefficient 444 
of submergence as: 445 

𝐶𝐶𝑠𝑠 = −28.152 �𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
�
4

+ 62.59 �𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
�
3
− 51.395 �𝐻𝐻𝑑𝑑

𝐻𝐻𝑢𝑢
�
2

+ 18.165 �𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
� − 1.3319 (eq. 5-16) 446 

For 0.38 < Hd/Hu < 1.0, or Cs =1.0, for Hd/Hu < 0.38. 447 

 448 
  449 
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Figure 5-25 Coefficient of submergence for sharp crested weirs. 450 
 451 
 452 
 453 
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 471 
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 479 

 480 
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 482 

 483 
 484 

C.  Example 5-13 - Discharge over a submerged sharp-crested weir 485 

(1)  A sharp crested weir is operating under submerged conditions with upstream and 486 
downstream heads of Hu = 0.40 ft and Hd = 0.25 ft. If the weir has a length L = 3.5 487 
ft, determine the discharge Q over the weir. 488 

(2)  The submergence ratio Hd/Hu = 0.25 ft/0.40 ft = 0.625, and the submergence 489 
coefficient is calculated as: 490 

𝐶𝐶𝑠𝑠 = −28.152 �
𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
�
4

+ 62.59 �
𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
�
3

− 51.395 �
𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
�
2

+ 18.165 �
𝐻𝐻𝑑𝑑
𝐻𝐻𝑢𝑢
� − 1.3319 491 

𝐶𝐶𝑠𝑠 = −28.152(0.625)4 + 62.59(0.625)3 − 51.395(0.625)2 + 18.165(0.625) − 1.3319 492 

= 0.93 493 

(3)  With this coefficient, the discharge is calculated as: 494 

𝑄𝑄 = 3.32(𝐶𝐶𝑠𝑠)𝐿𝐿(𝐻𝐻𝑢𝑢)3 2� = 3.32(0.93)3.5(0.40)3 2� = 2.73𝑐𝑐𝑐𝑐𝑐𝑐 495 

D.  Submergence affects broad-crested weirs less than sharp-crested weirs. For broad-crested 496 
weirs, discharge begins to be reduced at 80% submergence; at 90% submergence, discharge 497 
is still greater than 90% of unsubmerged discharge, USACOE (2008).  498 
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634.0507  Flumes 499 

A.  Flumes are shaped, open channel flow sections that force flow to accelerate and pass 500 
through critical depth in the flume. When flow passes through critical depth, a unique water 501 
surface profile occurs within the flume for each discharge. Flow acceleration is produced by 502 
converging the sidewalls, raising the bottom, or a combination of both. Flumes range in size 503 
from 1- inch to over 50 ft wide, and are installed in ditches, laterals, and large canals to 504 
measure flow. 505 

(1)  Long-throated Flumes (fig5-26)  506 

Long-throated flumes are coming into general use because they can be easily fitted 507 
into channel shapes. When the flume’s bottom is a raised overflow crest, with no 508 
side contractions, the flume is commonly called a broad-crested weir. Characteristics 509 
of long- throated flumes include: 510 

• Can have nearly any desired cross-sectional shape, 511 
• Can be made into portable devices, 512 
• Have few problems with floating debris and sediment, 513 
• May be designed and calibrated by computer techniques; WinFlume design 514 

software can be downloaded at: 515 
• https://www.usbr.gov/tsc/techreferences/computer%20software/software/win516 

flume/index.html 517 
• And, generally have measurement errors less than +2%. 518 

 519 
Figure 5-26:  Long throated Flume Hollister, ID 520 

 521 
 522 

  523 

https://www.usbr.gov/tsc/techreferences/computer%20software/software/winflume/index.html
https://www.usbr.gov/tsc/techreferences/computer%20software/software/winflume/index.html
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(2)  Parshall Flumes 524 
(i)  Parshall flumes are used to measure water flow by custom or by law in some 525 

locales fig (5-27). 526 
(ii)  The Parshall flume is an open-channel measurement structure that combines a 527 

contraction of the channel width with a drop in the channel bed. Both transitions 528 
contribute to the establishment of critical flow, thus providing a unique 529 
relationship between the flow depth and discharge through the flume. Parshall 530 
flumes are calibrated empirically, using other more precise and accurate water-531 
measuring systems. Since the flumes are calibrated empirically, care must be 532 
taken to build Parshall flumes according to the design dimensions. If ha 533 
represents the water depth at the Parshall flume’s throat in ft, the discharge 534 
through the flume Q in cfs, can be calculated using the equation 5-17: 535 

𝑄𝑄 = 𝐶𝐶ℎ𝑎𝑎𝑚𝑚 (eq. 5-17) 536 

Where the coefficient C and the exponent n are given as functions of the flume’s 537 
width. Coefficients and exponents are given in tables found in the Water 538 
Measurement Manual. 539 
 540 
Figure 5-27 Parshall flume Ft. Collins, CO 541 

 542 
 543 

 544 
(iii) Example 5-14 – Discharge through a Parshall flume. For a flume of width 5 ft, 545 

and depth, ha = 1.2 ft, determine the discharge through the flume. 546 
• From the Water Measurement Manual, C = 20 and n = 1.59. The resulting 547 

discharge is: 548 

Q = C ha
n = 20×1.21.5 = 26.73 cfs 549 

 550 
• Other flumes have been designed for special uses, such as for 551 

measurement of flows containing large amounts of sediment. See the 552 
Water Measurement Manual for discussion of special-type flumes. 553 

  554 
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