
Understanding Flow 
Measurement



Why is it important to have accurate flow at the 
effluent discharge?

• Permit requirement
• Provides data for mass 

loading calculations
• Critical for long-term 

planning and design
• Provides operating and 

performance data



Permit & NPDES Manual Requirements

Flow measurement systems should be calibrated by a third party 
source at least once a year

The flow meter should record to an accuracy of ±10 percent of 
actual flow



Common Flow Devices:
1. Open Channel Systems

2. Closed Channel Systems

Flumes

Venturi, Magnetic, Doppler 



Flow Measurement Systems Components

• Primary Device

• Secondary Device



Flow Measurement System

Primary Device (Parshall Flume)

Secondary Device: 
(Flow sensor, Chart 
Recorder and 
Totalizer)



Common Open Channel Devices
• Flumes
Common flumes:
• Parshall Flume
• Palmer-Bowlus Flume
• H-Flume

• Weirs
Common weirs:
• Rectangular Weir
• V-notch Weir
• Trapezoidal (Cipoletti) Weir



Poll Question

What is your Primary device?
A. Parshall Flume
B. Palmer Bowlus Flume
C.H-Flume
D.Other Flume
E. V-Notch Weir
F. Rectangular Weir
G.Trapazoidal Weir
H.Other Weir



USDI Water Measurement Manual (Cited Reference)

ISCO Flow Measurement Handbook (Guidance) 

www.usbr.gov/pmts/hydraulics_lab/pubs/wmm/cover.html



Parshall Flumes
• Very common in WTPPs
• Self-cleaning
• Operate under wide range of 

flows
• Simple to check for calibration









Free Flow & Submergence

• Free Flow
• Hydraulic Jump
• Submergence compensation

P 8-46 Water Measurement Manual 3rd Ed.



***
Requirements for 
Parshall Flumes:

***



•The approach channel should be straight and 
uniform

Parshall Flume







Head Measurement: Parshall Flumes

A

2/3 A

FLOW

- TOP VIEW -

HEAD MEASUREMENT
POINT

W

**Also see attached table (4-1A)



Throat width measurement of a Parshall Flume



Measurement of the “2/3 A” location 



The flume should be level and the 
sidewalls vertical.

Parshall Flume







***
Common Flume 

Deficiencies
***



•Turbulent Flow Conditions



•Turbulent Flow Conditions



•Grating creates an obstruction, making flow 
measurements inaccurate.





Poll Question

What is your 
secondary device?

A. Area Velocity Sensor
B. Ultrasonic Sensor
C.Other







What does this look like in reality



Weirs
• One of the most common open channel flow 

devices
• Simple to install and inexpensive
• Simple to check for calibration







Requirements 
for Sharp 
Crested Weirs
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Standard Weir Specifications

Flow 
Sensor

Weir Plate

Free Fall

4 X Hmax

Head, H

2H max
Nappe







Using a level



Weir Plate

Free Fall

4 X Hmax

Nappe

Using Survey Equipment
For Head Measurement
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***
DEFICIENCIES WITH

 WEIRS
***



Approach Too Short!
The inlet is too close to the outlet.

To get an accurate measurement the flow must 
be smooth. Here the waves from the inlet flow 
are rippling around the basin. Thus, the surface 
is not smooth, and an accurate flow cannot be 
determined.



Weir Too Broad
Remember the crest of a weir has to be less 
than 1/8 of an inch or chamfered at 45 degrees 
after the first 1/8 of an inch. 



Broad-crested Weir
Broad-crested Weir Formula
Q = cLH1.5

Q = cubic feet/second
L = length of crest (feet)
H = Head (feet)
C = Coefficient 

• specific to the weir shape and varies with water 
elevation.

Typically used where maintenance and 
structural integrity are issues i.e. dams and 
rivers.



Common Closed Channel Systems

Venturti Meters
Doppler Flow Meters
Magnetic Flow Meters



Venturi Meters

Cross-section of a  
Venturi Meter

Venturi meter in 
operation 



Magnetic Flow Meter



• Magnetic Flow Meter

• https://www.youtube.com/watch?v=lRSjYjg9WRo

https://www.youtube.com/watch?v=lRSjYjg9WRo


Ultrasonic / Transit Time

• https://youtu.be/NQWNYARWmB8?si=OSYjb4nxspJyXth
6

https://youtu.be/NQWNYARWmB8?si=OSYjb4nxspJyXth6
https://youtu.be/NQWNYARWmB8?si=OSYjb4nxspJyXth6


General Requirements: 
Closed Channel Systems

• Full pipe flow conditions

• Straight length of pipe for 5 to 20 diameters

• Accuracy checked annually



Poll Question

True or False:

Doppler meters need dirty water to function correctly?



***

Questions

***
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