WASTEWATER
TREATMENT PLANTS

TOOLBOX
APWA’s Water Resources Management Committee is a group of
dedicated volunteers who provide valuable education on Water
Resources Management topics. The committee has created the
Wastewater Treatment Plants Toolbox. This toolbox is intended to be an
overview for individuals new to this area of public works. It can also be
used as education for residents and the governing body of your agency.
Wastewater treatment plants receive used, dirty water from homes,
businesses, and industries through a system of sewer pipes and lift
stations. The treatment plant cleans the water to standards designed to
protect public health and the environment and returns that clean water
to the environment (usually a surface water body like a river, stream,
or lake) or to a system for water reuse. Wastewater treatment uses
physical, biological, and chemical processes to clean the water and
prepare it to be released.

An overview of the preliminary treatment process at Empire Wastewater
Treatment Plant.

PRELIMINARY TREATMENT: REMOVING OBJECTS, SAND, AND GRIT
When wastewater enters the treatment plant, it carries with it everything that
was flushed down a toilet or rinsed down a drain, like rags, food particles,
or other objects. For communities with combined sewer systems—where
stormwater and wastewater are collected together—the water entering the
treatment plant also includes objects and sand carried over surfaces into
stormwater grates by runoff.
The first step of preliminary treatment is a screen, which removes large
objects (a quarter of an inch or larger, for example). This includes sticks,
rocks, or rags that might clog or damage the equipment in the treatment
plant. The second step of preliminary treatment is a grit chamber, where sand
and other small, heavy particles to settle to the bottom and are removed.
PRIMARY TREATMENT: SEPARATING THE SOLUTION
After removing the largest particles from the wastewater, there are still
organic solids suspended in the water. In primary treatment, the wastewater
flows into primary clarifiers, known as sedimentation tanks, where heavy
solids are given time to sink out of solution to the bottom of the tank; while
fats, oils, and grease float to the top. Skimmers move slowly along the bottom
of the tank to collect the solids and across the surface of the water to collect
fats, oils, and grease (sometimes called FOG or primary scum). The solids,
called sludge or primary biosolids, can be processed and then discarded in a
landfill, incinerated, or applied to land as fertilizer.
SECONDARY TREATMENT: PUTTING THE BACTERIA TO WORK
In secondary treatment, plant operators put the bacteria (activated sludge)
already in the wastewater to work. The bacteria use a natural process to break
down the nutrients that remain in the water. Treatment plants accelerate that
process by adding sludge with a lot of bacteria present and pushing air into
the tanks (aeration) or agitating the water to add air, which helps create an
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A barscreen removes large objects at the entry of Empire Wastewater
Treatment Plant

A primary clarifier allows heavy solids in the wastewater sink and fats, oils,
and greases float to the top at Empire Wastewater Treatment Plant. At
this plant, the biosolids are processed and applied to agricultural fields as
fertilizer.

environment for the bacteria to grow. As the bacteria consume the nutrients,
large particles are created and settle to the bottom of the tanks. Like the
sludge separated in primary treatment, a portion of these solids are removed
from the tank, processed, and can be discarded in a landfill, incinerated, or
applied to land as fertilizer. The remaining portion are recycled back into the
water treatment process.
DISINFECTION: RETURNING SAFE WATER TO THE ENVIRONMENT
Before releasing the water to the environment, it is disinfected to remove any
remaining disease-causing bacteria. This helps ensure the water is safe for all
downstream users of the water, including people and wildlife. Water is often
disinfected with chlorine, but some treatment plants use ozone or ultraviolet
(UV) light for disinfection. When chlorine is used, the water is tested, and may
be dechlorinated, before it is released to the environment.

Aeration tanks at Metropolitan Council’s (Minnesota) Empire Wastewater
Treatment Plant create a thriving environment for bacteria to break down
nutrients in the water.

SOLIDS HANDLING: A RENEWABLE RESOURCE
Solids that settle out of the treatment processes can be reused right at the
wastewater treatment plant or in the community. Solids can be incinerated on
site; some plants use the steam created to support plant operations. In some
plants, solids may be sent to a digester, where they are broken down and the
organic components are reduced. This process creates methane gas which
can be captured and burned for energy to power plant equipment or provide
heat. The solids that remain can be incinerated to generate additional energy
or they can be applied to agricultural fields as a nutrient-rich fertilizer.
*All images are courtesy of the Metropolitan Council Environmental Services
(MCES). MCES provides wastewater services to 110 communities in the Twin
Cities region.
UV channels at Metropolitan Council’s (Minnesota) Empire Wastewater
Treatment Plant operate April through October to disinfect treated wastewater
before it is returned to a local river.

A process flow diagram of the treatment process at Empire Wastewater Treatment Plant.

FOR MORE INFORMATION
Metropolitan Council Video Library
https://metrocouncil.org/Wastewater-Water/Projects/Metro-Plant-Solids-Management/Videos.aspx
US Environmental Protection Agency: Primer for Municipal Wastewater Treatment Systems
https://www.epa.gov/sites/production/files/2015-09/documents/primer.pdf
Cole Parmer: The Wastewater Treatment Process
https://www.coleparmer.com/tech-article/eight-stages-of-wastewater-treatment-process
Concerning Reality Educational Video: How Do Wastewater Treatment Plants Work?
https://www.youtube.com/watch?v=FvPakzqM3h8

