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Figure 1: A subsurface flow constructed wetland system for residential wastewater treatment.
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3. Fina treatment and dispersal in
the sail. After leaving the wetland,
the effluent is dispersed to adrain
field viagravity or pressure-dosed
systems. At this stage, the soil pol-
ishes, or further treats, the waste-
water and reclaims the water into
the environment.

o treat household wastewater effectively, subsurface flow con-
structed wetland systems must contain the right kinds of media,

such as sand, gravel or tire chips; the media must be configured
properly; and the system must be maintained regularly.

Subsurface flow constructed wet-
lands provide advanced treatment of

residential wastewater. In atypical flows from the septic tank into the

2. Advanced treatment in the con- :
constructed wetland system, waste- wetland cell, which isalined :

structed wetland. The wastewater

Functions of the media

The mediain a constructed wet-
land provide a path through which
wastewater can flow and surfaces on
which microorganisms can live. Asthe
wastewater passes through the pores

water (or effluent) istreated in three ' basin filled with porous media and
steps. After it leaves the house, the : plants. It isin the wetland cell that
effluent receives. ' most of the physical, chemica and

: biological treatment of the effluent

1. Primary treatment in a septic tank. s

There, the suspended materias are
removed from the wastewatey.



between the media particles, the
microorganisms living there feed on the
waste materials, removing them from
the water.

The wastewater also istreated by
other processes as it flows through the
media, including:

[] Filtration, the trapping of suspend-
ed materias in the pore spaces
between the media particles

[J Sedimentation, the settling of sus-
pended particles from the waste-
water asit passes through the wet-
land. These particles will accumu-
late in the bottom of the wetland
medium.

O Nitrification, the conversion of
ammoniato nitrate under aerobic
conditions (in the presence of oxy-
gen) in the wetland

[l Denitrification, the conversion of
nitrate to a gas under anoxic condi-
tions (without oxygen) in the wet-
land

[J Adsorption, the removal of waste-
water contaminants through attach-
ment to the media or biofilm sur-
face, which isalayer of microor-
ganisms living on the surface of the
media and on the plant roots

[J Assimilation, the incorporation of
wastewater contaminants into
microbia organismsor plants
growing in the wetland

Another function of the mediaisto
support the plants growing in the wet-
land. Because no soil should be present
in asubsurface flow wetland, the medi-
um iswhat holds the plantsin place.

Particle size

The size of the media particles
greatly affects the system’s ahility to
function. Compared to media made up
of large particles, mediawith small par-
ticles have:

[1 Smaller pores, so they can filter
smaller particles from the waste-
water.

0 Moresurface area, where treat-
ment occurs. The microorganisms
that feed on the waste materias
live on the media surfaces.

If the particles are too big, the
effluent does not have enough con-
tact with the biofilm on the media
surfaces for proper treatment.

[1 Better ability to reduce transmis-
sion of odors and vectors, which
are organisms (such as mosqui-
toes) that can carry diseases.
Mediawith large particles have
large openings that alow good air
exchange, which can alow odors
to exit or vectors to enter.

However, systems with small par-
ticles clog more often than those that
contain media with large particles.
Thus, in choosing the media for a con-

Table 1: Comparison of media used in constructed wetlands systems.

structed wetland system, you must
compromise on particle size: The parti-
cles must be small enough for treat-
ment, yet large enough to alow water
to flow through the bed.

Characteristics

Various types of mediaare used in
constructed wetlands. When choosing
fill media, consider:

[0 Bulk porosity: Thisis the amount
of gpace between media particles
that can befilled with air or water.
Idedlly, bulk porosity should be
about 30 percent, which alows the
effluent to flow adequately through
the wetland cell, yet provides ade-
quate contact time with the media.

[l Poresize: Evenif amedium has at
least 30 percent bulk porosity, the
individua pore spaces must be
large enough to resist clogging by
organic matter.

[1 Stability: The mediamust be
made of a substance that will not
break down over time.

[J Mediasize: Proper mediasize
affects the pore size, surface area,
permeability and functionality asa
barrier. Particles must be smdll
enough for treatment yet large
enough for adequate water flow.

[ Surface area: Media particles that
are too large do not have enough
surface area for the microorgan-

Particle size

Pros

Cons

Sand

Readily available

Difficult to obtain clean sand

Easily clogged as microbes grow

Pore size too small

Gravel (% inch)

Readily available

Pore size too small

Easily clogged as microbes grow

Gravel (% to % inch)

Ideal size
Good porosity

Not readily available
Costs more because of limited availability

Good barrier to odors

Concrete gravel (2 to 2 inches)

Ideal bulk porosity (32 percent)
Readily available

Nongraded (most small particles removed)
Fewer large openings because of variability in media sizes

Gravel (more than 2 inches)

Good permeability
Lower plugging potential

Less surface area for microorganisms
Large openings may allow vectors such as mosquitoes to

enter and odors to exit

Chipped tires

Relatively inexpensive

Lightweight

Appearance, low aesthetic value

Steel rusts and discolors effluent




isms to attach and colonize, which
could result in poor wastewater
treatment.

L] Uniformity: All medium particles
should be about the same size. If
they are of varying sizes, the small
particles will fill the pore space
between the larger particles and thus
fill up the larger pores.

[0 Permeability: Thereative ease
with which water can flow through
the mediaiis affected by the size of
the pores as well as the interconnec-
tion of the pores.

[l Aesthetics Appearanceis critical
for homeowners. The constructed
wetland should appear to be arock
garden in the landscape. A medium
may have a great functional value
but create an “eyesore” in the land-

scape.

Choices

The most common fill medium is
gravel, which is available in severa
sizes. Graded gravel (gravel particles
that are of uniform size) has more pore
space than nongraded gravel because the
smdler particlesin nongraded gravel
will fill the pore spaces left by the larger
particles.

To select the appropriate medium
for awetland, consider both quantitetive
properties, which address the perform-
ance of the medium in the wetland, and
qualitative parameters, which address a
homeowner’s satisfaction with the
appearance of the wetland.

The type of gravel used can affect
the long-term performance of the sys-
tem. For example, quartz river rock is
very suitable in awetland application.
Limestoneisless suitable becauseif it is
soft, it can dissolve and plug the wet-
land. The limestone must be hard
enough to resist breaking down over
time.

Because in some regions gravel is
scarce and waste tires abundant, tire
chipsincreasingly are being used as afill
medium. Waste tires make a suitable
subgtitute for gravel if they are chipped
into about 2 inch, square pieces, 72 inch
to % inch thick. In a constructed wetland,
the biofilm coats rubber tire chips just as
well asit coats gravel.
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Figure 2: A constructed wetland is a bed of media where water flows beneath the
surface and plants grow on top. Larger media are placed near the inlet and outlet

pipes to reduce clogging.

Tire chips are less dense and less
expensive than gravel. Because of their
lower density, they are cheaper to haul.
Tire chips have agreater bulk porosity
than gravel, so the wastewater is
detained longer in the cell. The longer
the effluent is in contact with the
media, the more pollutants removed
and the better the quality of the waste-
water treatment.

Tire chips pose disadvantages,
however: Those made from radial tires
have stedl belts and wires around the
tire rims that protrude from the chips.
Thisiron can reduce the available
phosphorus content of wastewater. This
reduced phosphorus content, however,
lasts only 1 to 2 years. Tire chips are
also less attractive than gravel as abed
medium.

If you are interested in using tire
chipsin a constructed wetland, your
designer or ingtaller may know where
to buy them. If not, the Texas
Commission for Environmental
Quality maintains alist of tire-chip
processors on its Web site at:
http://www.tceg.state.tx.us/assets/pub
lic/lcomm_exec/pubs/sfr/069 03.pdf

Configuration

Wetland beds can contain two or
more types of mediain different layers.
Generally, the larger media particles
are placed on the bottom and a differ-

ent type of media, generally consisting
of smdler particles, is placed on the
top.

For example: A layer of 2-t0 5
inch rock on the bottom of a cell can be
covered with ¥-inch rock on the top.
This configuration generally is used
only on large, community-scale wet-
land systems. Another exampleis plac-
ing chipped tires on the bottom and
smaller rock on top.

There are several reasonsto layer
the media, including safety, aesthetics,
effluent treatment and water flow.
Placing afew inches of gravel on top of
tire chips can help hold plantsin place,
aswell as address safety concerns from
the exposed wire in the tire chips.
Gravel isaso used above tire chips for
aesthetic reasons.

Placing smaller media over larger
mediawill also prevent direct accessto
wastewater, which can be a breeding
ground for mosguitoes and a danger to
pets and small children.

However, the vertical layering of
the wetland can be disrupted during
maintenance. When you remove plants
from the wetland, the medialayers are
mixed, with the surface media moving
down into the lower layer and the
lower media moving up into the surface
layer. Keep thisin mind when main-
taining your wetland.
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Figure 3: In this constrcted wetland, a layer of Iarger media is placed below a
layer of smaller media for greater safety and to improve aesthetics, treatment and

water flow.

The most effective approach may
be to remove the surface plant materia
without disturbing the plant roots. The
roots may be alowed to decay in the
wetland cell and pass through the
system.

Another consideration for media
configuration is the tendency of sys-
temsto clog near the inlet. There,
more solids are present in the effluent,
and the biofilm buildup is greeter.
Place larger media at the inlet of the
system to reduce the risk of clogging

and to help distribute the wastewater
acrosstheinlet.

How to keep it working

To keep a constructed wetland
system working properly, you must
maintain all of the componentsin the
system, including the septic tank, the
wetland and the drain field. Other
maintenance includes:

[l Place an effluent filter on the out-
let of the septic tank to decrease
the number of solids entering the

wetland cell and therefore increase
the life of the wetland media. Over
time, the effluent flow dows as
solids clog some pore spaces. The
biofilm will continue to grow as
long as it has a constant supply of
food (the wastewater). Asthe
biofilm grows, it also will sart to
clog the pores. When it becomes
too heavy, it will dough off and fall
through the pores of the system.

[0 Remove dead plant material to help
keep the system free of debris.
Debris on top of the wetland cell
can settle into the mediaand clog
the system as it decomposes.

[ Prevent soil from entering the wet-
land because soil can fill the pores.
If the medium isfilled with soil or
solids, you will need to remove the
medium and replace it with clean
medium.

[ Periodicaly remove plants from
the wetland bed and replant to help
maintain the pores needed for
water to flow through the wetland
cell. It isimportant to keep the pore
spaces open in the medium. Very
dense plants on the surface clog the
wetland because their roots take up
al the available pore space.

For more information, see
Extension publications, L-5227, “ Septic
Tank/Soil Absorption Field,” and
L-5230, “Constructed Wetlands.”
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