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Why Flow Monitor? - Existing Capacity Issues

Street Flooding

SSO
Basement Flooding

CSO



Why Flow Monitor? 
Confirm Capacity for Future Development

Capacity for New Development



Why Flow Monitor? Reduce Peak Flows



Inflow & Infiltration
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Flow Monitoring Program Study Area

ÅDefine Study Area:
ÅWhole Collection System?
ÅAreas with I&I concerns?
ÅAreas with rapid growth?

ÅDetermine preliminary meter 
locations and the number 
needed to define the study 
area
ÅConsider the size of the 

tributary area upstream of 
each meter location



Too Big, Too Small, Just Right

Tributary Areas

Too SmallTOO BIG
Not enough definition to 
determine sources of I/I or to 
provide data to calibrate a 
hydraulic model.

Flows may be too small to 
accurately monitor.



Rain Gauge Coverage

ÅDetermines periods of dry 
vs wet weather and the 
ǎŜǿŜǊ ŦƭƻǿΩǎ ǊŜǎǇƻƴǎŜ ǘƻ 
rain.
ÅGeneral rule of thumb per 

WEF/ASCE guidance: 
install one rain gauge 
every 5-10 square miles.
ÅSupplement with other 

sources of rain data, when 
available.



Rainfall Variability

ÅRainfall intensity, duration, and volume 
will vary over the study area.

ÅRain Gauge Coverage should help to 
assess spatial variability.

Radar rainfall showing spatial variability 



Rain Gauges
ÅTipping Bucket Rain Gauge

ÅSecure locations

ÅAccessibility

ÅNot sheltered or obstructed from nearby buildings, trees, etc.

ÅRain gauges are typically installed 2 to 5 ft off the ground surface



Flow Metering Program Duration and Time of 
Year
ÅSeasonal conditions can play a big 

role in sewer system flows. 

ÅThe difference in sewer peak flows 
and volumes between dry and wet 
seasons could be substantial, 
depending on characteristics of the 
sewer system.

ÅCollect data across multiple 
seasons if possible.

Site 22 Spring & Summer Response



Flow Meters

ÅMany Different Types of Flow Meters: 

ÅPermanent vs Temporary

ÅContact vs Non-Contact

ÅArea-Velocity Flow Meters

ÅContact Sensor that sits in the flow line

ÅCollect two measurements:

ÅFlow Depth (D) and Velocity (V) 

ÅFlow Area (A) calculated using Depth and Pipe Size/Shape

ÅCalculate Flow Q = A * V



Area Velocity (AV) Flow Meters

Depth by 
pressure 
transducer

Particles/ 
Air Bubbles

Sensor

Doppler Radar

Flow

Top of pipe

Radar Frequency Shift is 
converted into an 

average velocity readingPipe Size and Shape Entered 
into Flow Meter

Flow Area (A) 
Measurement

Velocity (V) Measurement



Flow Monitoring Steps

ÅField Recon

Å Installation

ÅMaintenance and downloads

ÅData QA/QC

ÅMonitor removal



Field Recon: Traffic Issues for Installation 
and Downloads

Meter 1, Route 235 Safer location without traffic



Elevated MH ςDifficult for Fall 
Protection Equipment

Driving 
Range

Other Accessibility Issues



Site Hydraulics

Site Hydraulics



Site Selection

Avoid Turbulent Flow Locations



Ideal:
Uniform Flow at Sensor 
Location

Select Sites with 
Uniform Flow

Not Ideal:
Flow Depth Begins to Taper at 
Drop Connection into 
Downstream Sewer

Flow



Avoid Sites with Accumulation of Silt and 
Debris 

ÅClean sewer ahead of flow 
monitoring, if possible.
ÅShift and mount the sensor 

alongside the pipe and above 
the sediment.
ÅDepth reading adjusted in the 

meter program.
ÅSediment level is regularly 

checked during the flow 
program to ensure the correct 
flow area is being used.



Meter Installation

ÅConfined space entry

ÅTraffic control, if needed

ÅField Calibrate Level

ÅData check

ÅComplete Installation form  



Maintenance and Downloads

ÅA data download is recommended every two weeks.

ÅCheck the battery voltage.

ÅCheck sensor for fouling and sediment issues.

ÅSite QA/QC data to identify and monitor issues.

ÅConfirm Pipe Geometry is correctly programmed into the meter.



Data QA/QC

ÅCursory review for anomalies:

ÅVelocity Dropout

ÅLevel Drift

ÅSediment Accumulation

ÅCompare data against theoretical flow calculations (Manning equation)

ÅCreate and review scattergraphs

ÅGraph of flow level vs. velocity

ÅUsed to identify various flow conditions, monitor problems, and evaluate data 
quality



Data QA/QC

Manning Equation
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Data QA/QC

Scattergraphshowing debris accumulation downstream of the sensor

The flow profile gets deeper and slower over time



Data QA/QC



Data Analysis

Hydrograph Showing Likely Inflow Based on Large Spike in Flow



Data Analysis

Hydrograph showing likely infiltration based on slow flow 
reduction after a storm



Monitor Removal



Case Study: City of Eaton

ÅPhase I started with 4 meters near 
the Plant and East Side Pump 
Station.

ÅThe goal was to determine which 
major sewer sheds had the most 
significant wet weather peaks.



Phase I Results

I & I is widespread, 
but more 

concentrated on 
the East Side.

Flow monitoring 
indicated a probable 
inflow on the East 
Side, which was 

impacting capacity.

Additional 
monitoring to 

isolate the focus 
areas.



Phase II

ÅPhase II utilized four flow meters 
placed in new locations to isolate 
problem areas.

ÅManholes were inspected along the 
East Side Trunk Sewer, which closely 
parallels a creek.

ÅSmoke was tested in some of the older 
downtown neighborhoods.



Manhole Inspections

ÅFlow monitoring indicated 
that manhole inspections 
may find sources of I&I

ÅAreas were prioritized based 
on flow, condition, and 
likelihood of flooding

ÅImprovements 
recommended



Manhole Inspections

ÅOffset sections

Leaks at jointsLeak from a hole Offset sections


