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Designing a Wastewater Treatment Facility
Where to Begin & How to Follow Through!

The article is intended to include a variety of considerations designing a wastewater treatment facility that
will operate to discharge consistent compliant treated wastewater over an extended period of time.
By Daniel L. Theobald

In this first series of Back to Fundamentals section, the article focusses on a variety of
considerations designing a wastewater treatment facility that will operate to discharge
consistent compliant treated wastewater over an extended period of time. This generic
presentation utilizes my extended number of years of experience designing wastewater
treatment facilities using these procedures below:

Project Details
• Requirements of Facility Design
• Data & Information Gathering
• Facility Design Layout and Capacity

Requirements of Facility Design:
Design Municipal Wastewater Treatment Facilities:
To begin a facility design, the first requirement is to determine the type of wastewater
treatment facility - is this facility for treating municipal wastewater or industrial wastewater?

This is the first
article in a
series of Back
to Fundamentals
section on water
& wastewater
treatment facility!
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Some obvious variations between municipal wastewater facilities and industrial wastewater
facilities is a volume. That is, municipal facilities often treat millions of gallons of water
each day and industrial facilities often treat thousands of gallons of water each day.
Therefore, municipal treatment plants will almost always be located outside requiring all
lot of property, a large footprint.
Consequently, tank sizes are quite large along with pumps and pipes which are also quite
large. The type of wastewater treatment requires many days contact time therefore tanks
sizes will be based on volume and contact time making the tanks even larger and the foot
print requirements are also affected by the number of wastewater treatment processes.
More wastewater treatment processes require more wastewater treatment process units.
In addition to all of this, municipal wastewater treatment plants typically are sized to
accommodate a wide range of volume of water.

For example, rain can increase the volume through a municipal
wastewater treatment plant requiring flexibility to bring online
additional process units; standby secondary treatment process units.

Design Industrial Wastewater Treatment Facilities:
Requirements for designing industrial wastewater treatment
facilities can be much different than requirements for designing
municipal wastewater treatment facilities. Thus, industrial
wastewater treatment facilities are dependent upon the specifics
of the industrial process. For example, a wastewater treatment
facility at a pulp and paper manufacturer will have much
different wastewater treatment requirements then say a metal
plating operation. Another major consideration for designing
industrial wastewater treatment facilities is the requirements of
the receiving stream.
So for example, if industrial wastewater is being discharged
into an environmental stream the requirements for designing
and treating industrial wastewater will be much more stringent
than requirements for treating the wastewater if discharge is
into a sewer Authority collection system. Another important
consideration designing industrial wastewater treatment facilities
is the makeup of the pollutants within the wastewater.
Low concentrations of pollutions or the presence of certain
pollutants in industrial wastewater treatment plants can be
hazardous which requires very specific and rigorous treatment
processes. Another important consideration is the treatment
quality required to discharge into environmental stream as
compared to the quality of treatment required to discharge into a
sewer Authority collection system.
In general, if the wastewater is discharged into sewer Authority
collection system the facility is recognized as a pre-treatment facility
because the sewer Authority will finish treating the wastewater to
satisfy requirements for discharge into environmental streams.

Data & Information Gathering:
Design Municipal Wastewater Treatment Facilities:
Gathering information for designing a municipal wastewater
treatment facility requires considering not only current conditions
but also expected upcoming conditions in future years. For
example, look at the number of the population currently in your
area and look at the expected population in future years.

Also consider the makeup of the population recognizing the
portion of residence, the portion of commercial and the portion
of industry; both in current conditions and also in future
expectations.
It is also necessary to consider discharge permit regulations of
the current discharge permit limit requirements and consider
changes in future years of Discharge Permit Regulations.

Design Industrial Wastewater Treatment Facilities:
Gathering data and information to design and industrial
wastewater treatment facility can be very time intensive and span
over an extend period of time.
One of the important considerations is to have a representative
volume of wastewater for treatment in the data collection process
and to also collect a representative make up of wastewater to
adequately design a wastewater treatment facility.One of the
important considerations is to understand the worst circumstance
to be treated and to understand the greatest volume of wastewater
to be treated.
To overlook these important considerations could contribute
to a wastewater treatment facility unable to handle the volume
of wastewater and also could contribute to an industrial
wastewater treatment plant being unable to treat the amounts of
contaminants in the wastewater. It is also important to understand
all of the variations which will allow to include the appropriate
type of process units and the appropriate volume and size of the
necessary process units.
It is also important to collect a minimum amount of samples for
analysis to understand the categorical requirements for treatment
to ignore or eliminate some of those variables could cause the
treatment facility to be incomplete or inadequate upper treatment
requirements.

Facility Design Layout and Capacity:
Wastewater Treatment Facilities:
Facility design needs to take into consideration the amount of the
type of solids in the incoming untreated wastewater.
Obviously if there are heavy solids they should be separated
before treatment and if there are small solids they should be
screened before treatment.
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So it’s very important to recognize the presence of these solids
will interfere with the treatment process and therefore should be
removed before any other subsequent process is undertaken.
Facility layout is very critical in the design of wastewater treatment
plant so for example if there are variations in incoming waste,
equalization is extremely useful.
One thing that Equalization will do, is that it will allow for
wastewater to equalize instead of using chemicals.

treatment. It’s it is also important to understand that required
physical chemical treatment occurs first, so usually solids
separation occurs after addition of pH control chemicals and
necessary coagulants, followed by any required flocculants.
Settle-able solids are removed in a Primary Clarifier and Floatable
solids are removed in a Dissolved Air Floatation unit. Secondary
or biological treatment will occur after the necessary pretreatment
and primary treatment. Biological treatment type will depend
upon the makeup of the waste and the requirements for discharge.

For example, if you have certain waste sources with high pH and
other waste sources with low pH, equalization could allow high
pH wastewater and low pH wastewater to neutralize by mixing
before treatment. Same thing is true with other waste.

Biological treatment could include activated sludge systems,
biological contact towers commonly referred to as trickling filters,
also bio contact media.

For example, you may have high concentrations of certain
contaminants in some incoming way streams and low concentration
of the same contaminants in other waste stream sources and
equalization would allow to equalize the concentration in each
gallon of wastewater in the equalization tank.

Each of these biological process units may have their own solids
separation process unit/secondary clarifier and depending on
the discharge, whether it’s going to a sewer Authority collection
system or discharged into environmental stream, disinfection may
be required. This first in a series of educational articles covers
certain considerations designing wastewater treatment plants.

The other benefit of Equalization is that if some waste sources
have concentrations of a particular contaminant and other waste
sources has no concentrations of the same content, equalization
would allow to equalize every gallon to have less concentration
of the containment than the waste with the high concentrations.
Equalization is also useful for establishing flow control for
wastewater treatment. So after solids removal and equalization
has occurred, often times pH adjustment is required next so it’s
important to understand the ranges of incoming wastewater pH’s
and establish the necessary chemicals pumps and instrumentation
to adjust the pH that accommodates optimum wastewater
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