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Small wastewater
treatment systems
have become a viable
method for providing
wastewater treatment
in rural areas. These
small systems have
filled an important
niche by providing
good treatment alter-
natives at a reason-
able cost.

For many rural
areas, a large, central-
ized wastewater treat-
ment system is not a
viable option due to

financial, regulatory, or Options for small system treatment include
package plants (top) and oxidation ditches

(bottom). Photos courtesy of Lorene Lindsey.

technological prob-
lems. The older decen-
tralized systems used a
rule of thumb that a conventional col-
lection system required at least 50
connections per mile of sewer to be
economically feasible. Newer, small-
diameter sewers, which include low-
pressure systems, STEP (septic tank ef-
fluent pump) systems, grinder pump
systems, and even vacuum sewers,
have provided a low-cost method for
small rural areas to collect wastewater
and treat it with some type of small
system located close by.

The growth in technology to pro-
vide treatment by small systems has
been explosive, and we have many
options, including recirculating sand
filters; biofilters that use geotextile,
peat, or plastic media; small aeration
plants; constructed wetlands; sequenc-
ing batch reactors; and more tradition-
al activated sludge treatment, such as
oxidation ditches. This wealth of tech-
nology has enabled many small com-
munities to provide high-quality waste-
water treatment at a reasonable cost.

However, to keep these small sys-
tems viable for the long term, good

operations, skilled
maintenance, and reli-
able management sys-
tems must be imple-
mented. One reason
the regulatory com-
munity has been slow
in some cases to em-
brace the concept of
small decentralized
systems is that without operation,
maintenance, and management, many
of these small systems will fail.

Operational Concerns

Wastewater treatment involves a
complex interaction of physical,
chemical, and biological processes
that work together to remove pollu-
tants. Small systems require opera-
tional control to keep these processes
functioning as designed. Without op-
erational control, the system will fail
and poor effluent quality will result.
The operator of a small system must
understand how these processes
occur and keep conditions optimum
for the treatment process.

Mamtenance, and Management
Wastewater Systems

Collection

Physical treatment processes in-
volve some method of separating the
solids and scum from the liquid
wastewater. In the case of a STEP sys-
tem, the larger solids and scum
should be retained by the septic tank
that is placed at each home. The sep-
tic tank must be sized to handle the
flow it receives and provide enough
detention time to allow the solids to
settle. The tank must also have baffles
to catch the scum and keep it con-
tained in the tank. Operators must
understand how the tank functions
and recognize when the tank is not
operating properly. The operational
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controls on the tank include checking for
the level of sludge build-up in the tank,
correct placement of the baffles, and keep-
ing screens and filters clean and functional

In a grinder pump system, the solids are
ground up by cutter blades located on the
pump impeller. The small solids produced
by this process are transported through a
low-pressure, small diameter pipe to a treat-
ment process. Depending upon the type of
treatment process, the wastewater may be
filtered or allowed to settle by gravity prior
to the next biological treatment process.
Operational controls include keeping the
grinder blades sharp to produce small
solids that can be kept in suspension and
moving through the small diameter sewer. If
solids are allowed to accumulate in the
pipe, clogging and anaerobic conditions
will develop that may negatively impact the
treatment process.

The operator must understand how to
keep the collection system operational and
be ready to respond when the system expe-
riences problems. Understanding what
types of wastes can and cannot be treated
by the system is important. The operator
must work with the users of the system to
exclude unacceptable wastes and flows,
such as infiltration/inflow, and keep the sys-
tem within the operational parameters for
which it was designed.

Treatment

The complex interaction of biological
treatment processes is the most challeng-
ing, but also the most important aspect of
wastewater treatment. All treatment
processes depend upon a complex mix of
bacteria, protozoa, fungi, and other small
organisms to decompose the organic mat-
ter in the waste and produce a clear, clean
effluent. The specific microorganisms that
develop in the treatment process depend
upon the type of treatment and the charac-
teristics of the wastewater; however, from

an operational
view these mi-
croorganisms
have the same
basic needs.
Aerobic mi-
croorganisms
are the most
efficient at de-
composing
wastes and are
usually favored
by most treat-
ment systems.
The anaerobic
and facultative
microorganisms
are usually pres-
ent in wastewater and may play an im-
portant role in some types of treat-
ment systems; however, the aerobic mi-
crobes are the most important for effi-
cient treatment.

In order to provide good treatment,
the system must maintain conditions
that favor the development of a com-
plex mix of microorganisms. The oper-
ational factors that affect the microbial
population include temperature, dis-
solved oxygen, pH, and nutrients. The
operator should keep these factors op-
timal for microbial growth and under-
stand how to respond when condi-
tions change.

Microbial activity increases with in-
creasing temperature. Although the op-
erator cannot usually control the tem-
perature of the wastewater directly,
other operational strategies may be im-
plemented to minimize the negative ef-
fects of changing temperatures. When
temperatures begin to decrease, the
microbial activity slows down, and
more time may be required for good
treatment. Increasing the recirculation
rate within the system may pro-
vide more treatment time.
Increasing recirculation may
also function to conserve heat

The amount of dissolved oxygen in an aeration tank is con-
trolled by mechanical or diffused aeration. Photo courtesy of
Lorene Lindsey.

and keep the water tempera-
ture more stable. The detention
time in the final clarifier may
also be increased to promote
better settling.

The pH is another factor
that may not be under the di-
rect control of the operator;
however, understanding
changes in pH may help the
operator keep the process func-
tional. Anaerobic conditions in
the collection system may lead
to a lower pH in the treatment
plant itself. Level controls in the

Natural aeration occurs in constructed wetlands and is provided by sunlight,
wind, and wave action. Photo courtesy of Lorene Lindsey.

collection system may need to be ad-
justed to pump the wastewater more
frequently to prevent the development
of anaerobic conditions.

The pH must remain between 6.00
and 9.00 to keep the microbial popu-
lation active and growing. Strong
wastes that have a pH lower or higher
than these optimum conditions may
need to be excluded from the system
and receive pretreatment to adjust the
pH before the wastes can be treated.
In some cases, a lower pH in the
treatment process may favor the de-
velopment of filamentous microorgan-
isms that do not produce the best
quality effluent. In extreme cases,
some form of pH adjustment through
chemical treatment may be needed to
get a system back within the optimum
pH conditions.

Dissolved oxygen is the most im-
portant operational control that the
operator can adjust in response to
changes in the treatment system.
Oxygen is more soluble in water as
the temperature decreases. This means
that colder water will hold more oxy-
gen, and so aeration equipment may
need to be throttled down during cold-
er temperatures.

Most wastewater treatment sys-
tems are designed to provide a dis-
solved oxygen level of 2.0 to 6.0 mil-
ligrams per liter. The dissolved oxygen
in the effluent may be controlled by
aeration equipment that provides ei-
ther mechanical or diffused aeration.
Both types of aeration provide oxygen
and mixing to the system that are vital
in keeping the microbes functioning.
However, in some types of activated
sludge treatment systems, too much
mixing may cause the floc particles
to shear, making them too small to
settle easily in the final clarifier. In an



activated sludge process, the operator
must keep the aeration high enough to
provide the mixing and dissolved oxy-
gen needed for optimal microbial
growth, but low enough to produce a
large, good-settling floc. Operational
problems due to poor settling may be
caused by a variety of factors. In most
cases these operational problems devel-
op when the wrong type of microor-
ganisms dominate the activated sludge

The level of dissolved oxygen in
some treatment systems may be con-
trolled through the recirculation rate.
In the case of a fixed-film process,
such as a sand filter, natural aeration is
provided as the wastewater flows over
the media. To increase the dissolved
oxygen, the rate of recirculation is in-
creased. The operator must find the
proper recirculation rate to provide
good oxygen transfer but not overload
the system hydraulically.

Natural aeration also occurs in sys-
tems such as a lagoon or constructed
wetland. These systems must be oper-
ated with natural aeration in mind so
that sunlight, wind, and wave action
are able to provide the dissolved oxy-
gen needed for the system.

Nutrients, such as carbon, nitrogen,
and phosphorous, are needed by all
living organisms. To keep the bacteria
healthy, these nutrients must be pres-
ent and available to the microbes.
Nutrients are normally readily available
in wastewater; however, some industri-
al wastes and some recycled flows
within the wastewater plant may not
provide these nutrients in the proper
ratio to keep the right types of mi-
crobes growing. Nutrient addition may
be required in these situations to keep
the proper type of microorganisms
growing and healthy.

The wastewater treatment process
depends upon a complex ecosystem
of microbes. Operational controls may
need to be adjusted to keep the prop-
er mix of microbes to produce a good
quality effluent. The operator must be
aware of the growth factors affecting
the microbes and understand how to
adjust the treatment process to provide
these growth factors.

Maintenance

Often we hear the term “low main-
tenance” used to describe a particular
treatment process, especially for small
systems. Low maintenance often means
that energy costs or equipment requiire-
ments are low for the system. However,
any treatment system that uses mechan-
ical equipment must receive regular

maintenance to remain functional. In
the case of the so-called natural sys-
tems, such as constructed wetlands, a
high level of hands-on physical labor
to keep the system operational may
replace mechanical maintenance.

Every wastewater treatment system
will require some level of on-going
maintenance. A small system may be
able to function well with only a part-
time operator, but preventive mainte-
nance must be addressed if the system
is to continue to provide a high level
of treatment. The type of maintenance
needed is specific to the treatment
process, and a maintenance program
must be included in the design and
development of any wastewater treat-
ment project.

Management: Personnel and Finances

Just as important as maintenance is
the development of a management
system for the project. Management in
this sense means the implementation
of a system to organize, staff, maintain,
budget, and plan for the long-term op-
eration of the treatment facilities.
Proper management will provide the
resources to keep the system opera-
tional throughout the life of the equip-
ment, provide repair and replacement
of equipment when needed, and keep
the system at peak operational capabil-
ity. Without a management system,
small, decentralized wastewater treat-
ment plants will be unable to acquire
the resources needed to continue to
produce high-quality effluent.

Management of these systems
must begin with an understanding of
the operational skills required to keep
the system functioning. Qualified op-
erators must be engaged either as
part-time or fulltime employees to op-
erate and maintain the equipment.
The management process must in-
clude policies and procedures that
clearly establish the roles and respon-
sibilities of all personnel. Adequate
staff must be supplied and given the
authority to propetly operate and
maintain the system. Many small sys-
tems may be able to contract with
others to provide the necessary opera-
tional and management skills.

The management of these systems
will also require the establishment of a
financial structure that can generate
the resources needed to run the facil-
ty and oversee the proper spending of
revenues. Many small facilities have
used existing administrative systems,
such as public water districts, to pro-
vide services for billing and revenue

collection. In addition to revenue gen-
eration, the facility must have estab-
lished financial policies and procedures
that govern the allocation of revenues
to keep the system functional. The sys-
tem should be managed so that funds
are generated to pay current costs and
provide long-term replacement costs
for all capital equipment. Financial
checks and balances must be provided
to accurately track expenses and rev-
enues and for the preparation of an an-
nual expense report. The financial
records must be managed and used to
plan for future needs.

These systems will require all of the
same management functions, plan-
ning, staffing, organizing, budgeting,
and controlling, that a small company
or other utility might require. If any
one of these management functions is
overlocked, the small wastewater treat-
ment system will not be able to remain
functional and provide users with an
adequate level of service.

With new technology and “think-
ing outside the box,” we have the op-
portunity to build small, decentralized
wastewater treatment systems that
provide high-quality treatment for a
reasonable cost. This type of decen-
tralized treatment can best serve
many small communities, including re-
sorts with intermittent use and geclog-
ically challenged sites. However, these
small systems will require operation,
maintenance, and management to
keep them operating as designed.

Providing the human resources
needed by these systems over the
long term will determine the ultimate
sticcess of decentralized wastewater
treatment. As we discuss the techni-
cal, regulatory, and financial issues
surrotnding these systems, we also
need to discuss the training and on-
going commitment that will be re-
quired to keep these systems opera-
tionally sound and protecting our very
important water resources.
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