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Variations
	 •	 Filtration

	 •	 Settling

	 •	 Hydrodynamic separation

Key Design  
Features

	 •	 Located below ground, as part 
of the stormwater conveyance 
system 

	 •	 Devices may be internal to the 
conveyance system 

	 •	 Devices may be installed in an 
offline configuration, so that 
a certain flow will be treated 
while allowing a surcharge 
flow to bypass the treatment.

Benefits
	 •	 Can be used in a variety of ap-

plications including retrofitting 
existing stormwater systems

Limitations 
	 •	 Virtually no water quantity 

benefits 

	 •	 Potentially high costs 

	 •	 Typically require frequent 
maintenance

Applications Stormwater Quantity Functions

Residential Yes Volume None

Commercial Yes
Groundwater 
Recharge None

Ultra Urban Yes Peak Rate None

Industrial Yes Stormwater Quality Functions

Retrofit Yes TSS Varies

Highway/Road Yes TP Varies

Recreational Yes
TN Varies

Temperature None

Additional Considerations

Cost Varies

Maintenance Varies, but no less than two inspections and 
cleanings per year

Winter Performance High

BMP Fact Sheet
Water Quality Devices 
Various proprietary, commercially available BMPs have been designed to 
remove non-point source pollutants from the conveyance system for storm-
water runoff. These structural BMPs vary in size and function, but all utilize 
some form of filtration, settling, or hydrodynamic separation to remove 
particulate pollutants from overland or piped flow. The devices are gener-
ally configured to remove pollutants including coarse sediment, oil and 
grease, litter, and debris. Some filtration devices employ additional absor-
bent/adsorbent material for removal of toxic pollutants. Pollutants attached 
to sediment such as phosphorus, nitrates, and metals may be removed from 
stormwater by effective filtration or settling of suspended solids. Regular 
maintenance is critical for the continued proper functioning of water qual-
ity devices.

Filtration insert with debris in St. Clair Shores, MI 

Source: Environmental Consulting & Technology, Inc.
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Case Study: LaVista Storm Drain Project
City of Battle Creek, MI
The LaVista Storm Drain Project was undertaken by the City of Battle 
Creek, MI to help improve stormwater runoff quality to its largest lake, 
Goguac Lake. The City applied several LID techniques, including a small 
bioretention basin, perforated piping, a grass swale, a large bioretention 
basin, and a structural vortex device to control runoff from three separate 
storm sewer systems in the project area. Native plantings were also incor-
porated to promote phosphorus removal and water infiltration. The largest 
drainage area, LaVista at 150 acres, had the most LID techniques employed. 
The two other drainage areas, Meno at four acres and Hulbert at 14 acres, 
utilized structural vortex devices only. 

The primary goals of the project were to reduce stormwater runoff volume 
and phosphorus pollutant loadings to the lake by 50 percent. Another aspect 
of the project was to promote the use of the LID in the Battle Creek area.

Non-blocking and non-mechanical screening vortex devices were installed 
at the outlets of all three drainage areas to Goguac Lake. They were used 
because portions of the stormwater sewer system could not geographically 
be diverted to any of the natural treatment areas. 

Estimated Annual Pollutant Load Reductions for entire site: 
•	 Sediment – 57.3 tons

•	 Nitrogen – 744 lbs.

•	 Phosphorous – 105 lbs.

•	 Volume Reduction – 80 percent

Case Study Site Considerations

Project Type Water Quality Devices

Estimated Total 
Project Cost $932,911

Maintenance 
Responsibility  City of Battle Creek

Project Contact Christine Kosmowski, 269-966-0712

Screening vortex device with floating debris 

Source: City of Battle Creek
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Description and Function
Water quality devices are generally proprietary, 
commercially available units designed to improve the 
quality of stormwater by removing pollutants as the 
stormwater flows through the system. Devices designed 
to reduce particulate solids may also reduce pollutants 
since pollutants can be bound to solid particles. 

Water quality devices are often employed in areas with 
high concentrations of pollutants in runoff and may 
effectively reduce sediment particles in stormwater 
runoff before they reach other BMPs, such as infiltra-
tion systems. Manufacturers of the devices usually 
provide the internal design specifications and instal-
lation instructions. Most are designed to treat a “first 
flush” of stormwater and provide an overflow or bypass 
route for large storm events. The first flush is generally 
measured as a volume of runoff from a specified storm.

The advantage of the manufactured devices is their 
adaptability to ultra urban and retrofit situations, where 
they can be installed beneath most surface infrastruc-
ture such as roads and parking lots.

Variations
Water quality devices may be separated into three cate-
gories: filtration (including absorption and adsorption), 
settling, and hydrodynamic separation. 

Filtration devices 
These devices usually take the form of catch basin 
inserts. They are installed within catch basins directly 
below the grates, and may be tray, bag, or basket types. 
Runoff passes through the device before discharging 
into the outlet pipe. Some modification of the catch 
basin inlet is sometimes necessary to accommodate 
and support the insert, and to allow bypass from large 
storms. Trays, baskets and bag type inserts perform 
similar functions – removing debris and sediment.

Tray type inserts 
Tray type inserts (Figure 7.64) allow flow to pass 
through filtration media contained in a tray around the 
perimeter of the catch basin. High flows pass over the 
tray and into the catch basin directly. 

Bag type inserts 
Bag type inserts are made of fabric that hangs down 
below the catch basin grate. Overflow holes are usually 
provided to allow larger flows to pass without causing 
flooding at the grate. Certain manufactured products 
include polymer textiles that are intended to increase 
pollutant removal effectiveness.

Source: Pennsylvania Stormwater BMP Manual, 2004

Installing a bag type catch basin insert

When filled with sediment, a machine such as a bobcat or 
backhoe may be needed to lift the bag from the catch basin.

Source: Pennsylvania Stormwater BMP Manual, 2004

Figure 7.64   
Tray type insert
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Basket type inserts 
Basket type inserts (Figure 7.65) are also installed in 
catch basins. Most have a handle to remove the basket 
for maintenance. Tray and basket inserts can be fitted 
with packets of absorbent or adsorbent material to aid 
with removal of oil, grease, or toxic pollutants. Small 
orifices allow small storm events to weep through, 
while larger storms overflow the basket. Tray and 
basket inserts are generally useful for debris and large 
sediment, and require consistent maintenance.

Source: Stormwater 360

Settling devices 
Settling devices provide sump areas where stormwater can 
collect within the conveyance system. Stormwater pools 
in the sump area, where velocity decreases and suspended 
solids settle out. Cleaner water pours over the top to the 
next link in the conveyance system. An example of a 
settling water quality device is a sumped catch basin. 

Sumped catch basins 
Sumped catch basins (Figure 7.66) are constructed in the 
same way as standard catch basins, but are constructed 
with approximately 12 to 24 inches of storage depth 
below the invert of the outlet pipe. Where suitable soils 
exist and groundwater is not a concern, weep holes 
should be drilled into the bottom of the inlet to prevent 
standing water from remaining in the inlet for long peri-
ods of time. 

Hydrodynamic devices
Hydrodynamic devices (Figure 7.67) are flow-through 
devices designed to serve within the stormwater convey-
ance system. Many products available from various 
manufacturers employ various mechanical methods to 
remove sediment, debris, and pollutants from storm-
water. These methods include inclined plane settlement 
plates, vortexes, baffle systems, tubular settlement 
chambers, or combinations of these. Sediment, debris, 
and pollutant removal efficiencies vary widely among 

Source: City of Farmington Hills, MI

devices and according to the rate, quantity, and quality 
characteristics of the flow reaching the device. These 
devices work most effectively in combination with 
other BMPs.

Plate Hydrodynamic Separator

Source: Terre Hill Stormwater Solutions

Figure 7.65   
Catch basin insert showing basket frame

Figure 7.66   
Sumped catch basin

Figure 7.67   
Example Hydrodynamic Devices

Vortex Hydrodynamic Separator 

Source: Stormwater Solutions



LID Manual for Michigan – Chapter 7 Page 333

Applications
The wide variety of commercially available water qual-
ity devices allows for them to be used in many different 
applications. However, their use in low-density residential 
projects is likely to be limited by their maintenance burden 
and the fact that other BMPs are more cost effective for 
stormwater management in residential projects (they are 
generally used for areas with high impervious cover).

Water quality devices are useful in any existing or 
proposed conveyance systems that have or are expected 
to have significant levels of sediment or debris, or in 
areas that have pollutant hot spots. Such areas include, 
but are not limited to: parking lots, gas stations, golf 
courses, streets, driveways, and material handling at 
industrial or commercial sites.

Water quality devices are commonly used as pre-treatment 
before other structural BMPs. Long term functional-
ity of these devices is dependent on regular long term 
inspection and cleaning. Long term maintenance must be 
considered when specifying these devices.

Design Considerations
1.	 Consider the requirements of the site including 

anticipated sediment loading and the components 
of each water quality device. The proposed land use 
should determine specific pollutants to be removed 
from runoff.

2.	 Design to ensure easy access to the device 
for people and also the necessary tools for 
maintenance. Frequent inspection and maintenance 
is required. To avoid re-suspension of pollutants, 
perform maintenance well before sediment or 
debris has filled the device to capacity.

3.	 Consider the head requirements for the device to 
work properly, especially when determining the 
total head requirements for a treatment train. Catch 
basin inserts have the advantage of fitting into 
existing drainage systems at points where head loss 
already occurs. 

4.	 The stormwater management system for the 
site should be designed to provide treatment for 
bypassed water. This occurs when storms in excess 
of the device’s hydraulic capacity bypass the device 
and fail to achieve the designed runoff treatment 
standard for the site.

5.	 Properly design and select water quality devices to 
prevent re-suspension of captured sediments during 
storm events that exceed the system capacity.

Stormwater Functions  
and Calculations
Volume reduction
Water quality devices do not provide volume reduction.

Peak rate mitigation
Water quality devices do not provide peak rate reduction.

Water quality improvement 
Water quality benefits may be quantified according to 
a third party review and testing of the technology, such 
as the U.S. EPA which offers a searchable clearing-
house of approximately 220 independent tests of BMP 
performance at: http://cfpub.epa.gov/npdes/stormwa-
ter/urbanbmp/bmpeffectiveness.cfm

If third party test results are not available for a device, 
the manufacturers’ specifications and tests for removal 
efficiencies of a device may be considered. 

Winter Considerations
A limited amount of data is available concerning cold 
weather effects on water quality insert effectiveness. 
Freezing may result in runoff bypassing the treatment 
system. Salt stratification may also reduce detention time. 
Colder temperatures reduce the settling velocity of parti-
cles, which can result in fewer particles being “trapped”. 
Salt and sand loadings may significantly increase in the 
winter and may warrant more frequent maintenance.

Water quality inserts (tray, bag, or basket types) as well 
as hydrodynamic devices should be inspected and main-
tained during winter months. Application of sand, ash, 
cinders, or other anti-skid materials may cause water 
quality devices to fill more quickly. Clogged inserts 
in cold weather can be especially problematic if flow 
is restricted and ponded water freezes over to create a 
safety hazard or render a portion of the site unusable. 

Maintenance 
Follow the manufacturer’s guidelines for maintenance 
taking into account expected sediment and pollutant 
load and site conditions. 

Inspect each water quality device at least twice per 
year and after all major storm events if possible. Post-
construction, they should be emptied when full of 
sediment (and trash) and cleaned at least twice a year. 

Vactor trucks may be an efficient cleaning mechanism 
for devices with firm or solid floors or sumps. Vactors 
should not be use for bag type filters or other devices 
where they could damage filter membranes or absorp-
tive/adsorptive materials. 
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Maintenance is crucial to the effectiveness of water 
quality devices. The more frequent a water quality insert 
is cleaned, the more effective it will be. One study (Pitt, 
1985) found that water quality inserts can effectively 
store sediment up to 60 percent of their sump volumes. 
Once the stored volume exceeds 60 percent, the inflow 
re-suspends the sediments into the stormwater. Keep-
ing a maintenance log of sediment amounts and dates 
removed is helpful in planning a maintenance schedule.

Michigan law classifies wastes removed from storm 
sewers as liquid industrial waste. There are specific 
requirements for the proper transport and disposal of 
these wastes, which may include proper permitting and 
registration if the transporter is a private entity. Guid-

ITEM YES NO N/A NOTES

If system is off-line, adequate flow diversion system?        

If system is on-line, adequate bypass/overflow that mini-
mizes release of captured pollutants?

       

Adequate hydraulic head available for device to operate?        

Properly sized for drainage area, flow, pollutant capture?        

Has device been independently verified for adequate pollut-
ant removal for appropriate particle sizes (especially if it is 
the primary water quality BMP)?

       

Manufacturer’s recommendations followed?        

Details provided for device and connections?        

Erosion control provided, if necessary?        

Easy access/visibility for maintenance?        

Maintenance accounted for and a detailed plan provided 
(including the amount sediment/debris accumulation that 
triggers the need for cleaning)?

       

ance for proper disposal, registration, and permitting is 
available from the Michigan Department of Environ-
mental Quality at: 

http://www.michigan.gov/documents/deq/wb-storm-
water-CatchBasinGuidance_216198_7.pdf

Cost 
Costs vary widely according to manufacturer, type, and 
size of water quality devices. Contact manufacturers to 
determine current costs. 

Installation and maintenance costs for in-line or off-line 
devices installed below ground can run significantly 
higher than for vegetative filters and infiltration devices 
that provide similar levels of treatment. 

Designer/Reviewer Checklist for Water Quality Devices
Type of water quality device(s) proposed:_ ________________________________________________________

Manufacturer(s) & model(s) proposed:_ __________________________________________________________

Independent Verifications (ETV, TARP, etc.):_ _____________________________________________________
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