




Understanding Flow 

Measurement



Why is it important to have accurate flow at 

the effluent discharge?



Importance of Accurate Flow

• Permit requirement

• Provides data for mass loading 

calculations

• Critical for long-term planning and design

• Provides operating and performance data



• “Flow measurement systems should be 

calibrated by an source at least once a 

year” (NPDES Permit).

• “The flow meter should record to an 

accuracy of ±10 percent of actual flow” 

(NPDES Permit).

Requirement



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)



Open Channel Systems

• Flumes
Common flumes:

• Parshall Flume

• Palmer-Bowlus Flume

• H-Flume

• Weirs
Common weirs:

• Rectangular Weir

• V-notch Weir

• Trapezoidal (Cipoletti) 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









When submergence is a problem

• 50 % for flumes 1, 2, and 3 inches wide

• 60 % for flumes 6 and 9 inches wide

• 70 % for flumes 1 to 8 feet wide

• 80 percent for flumes 8 to 50 feet wide

• At 95 % the flume is no longer useable





***

Requirements for 

Parshall Flumes:
***



•The approach channel should be 

straight and uniform

Parshall Flume







Head Measurement: Parshall Flumes
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**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.











What’s wrong with this system?



Palmer-Bowlus Flumes

• Often used in manholes and temporary 

installations

• Easy to install in existing conduits

• Check that location and determination of head is 

correct
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•Stormwater outfall contains debris and 

sediment in channel floor of H-flume



Weirs

• One of the most common open channel flow 

devices

• Simple to install and inexpensive

• Simple to check for calibration







Standard Weir Specifications

Flow 

Sensor

Weir Plate

Free Fall

4 X Hmax

Head, H

2H max
Nappe



Requirements for Sharp Crested 

Weirs (continued)

• Weir crest should be 1/8-inch thick or less, 

or chamfered at 45 degrees so that the 

water springs free of the weir



or

k k

45 °

K = ⅛ “ or less

WEIR CRET 

THICKNESS







Weir Plate

Free Fall

4 X Hmax

Nappe

Using Survey Equipment

For Head Measurement

Point 1

Point 2







***

DEFICIENCIES WITH

WEIRS
***





What’s wrong?





Broad-crested Weir Formula

• Q = cLH1.5

– Q = cubic feet/second

– L = length of crest (feet)

– H = Head (feet)

– C = Coefficient 



ISCO 4210 



Operation

• To move between 
option use the left right 
arrows

• To make a selection 
use the green 
“Enter/Program Step” 
button

• To enter a value type it 
in using the key pad.



Program



Level

• Units of measure used are “FT” (not 

shown)



Flow Rate



Flow Measurement Type



Primary Measurement Device



Type of Weir



Weir Angle



Maximum Head

• This number can be typed directly in from 

the key pad



Corresponding Flow Rate



Current Water Level



• Determine height of water and type in



Closed Channel Systems

• Common closed channel 

devices:

• Venturi Meters

• Magnetic Flow Meters

• Doppler Flow Meters



Venturi Meters

Cross-section of a  

Venturi Meter

Venturi meter in 

operation



Magnetic Flow Meter





Doppler Flow Meter



Ultrasonic / Transit Time



General Requirements: 

Closed Channel Systems

• Full pipe flow conditions

• Straight length of pipe for 5 to 20 

diameters

• Calibrated annually








