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COMPONENTS OF
CONSTRUCTED WETLANDS

A constructed wetland consists of a properly-
designed basin that contains water, a substrate, and,
most commonly, vascular plants. These components
can be manipulated in constructing a wetland. Other
important components of wetlands, such as the
communities of microbes and aquatic invertebrates,
develop naturally.

W A T E R

Wetlands are likely to form where landforms
direct surface water to shallow basins and where a
relatively impermeable subsurface layer prevents the
surface water from seeping into the ground. These
conditions can be created to construct a wetland. A
wetland can be built almost anywhere in the land-
scape by shaping the land surface to collect surface
water and by sealing the basin to retain the water.

Hydrology is the most important design factor in
constructed wetlands because it links all of the
functions in a wetland and because it is often the
primary factor in the success or failure of a con- 
structed wetland. While the hydrology of con-
structed wetlands is not greatly different than that of
other surface and near-surface waters, it does differ in
several important respects:

l small changes in hydrology can have fairly signifi-
cant effects on a wetland and its treatment effec-
tiveness 

l because of the large surface area of the water and
its shallow depth, a wetland system interacts
strongly with the atmosphere through rainfall and
evapotranspiration (the combined loss of water by
evaporation from the water surface and loss
through transpiration by plants)

l the density of vegetation of a wetland strongly affects
its hydrology, first, by obstructing flow paths as the
water finds its sinuous way through the network of
stems, leaves, roots, and rhizomes and, second, by
blocking exposure to wind and sun.

S U B S T R A T E S,  SE D I M E N T S, A N D  L I T T E R

Substrates used to construct wetlands in-
clude soil, sand, gravel, rock, and organic
materials such as compost. Sediments and litter
then accumulate in the wetland because of the
low water velocities and high productivity
typical of wetlands. The substrates, sediments,
and litter are important for several reasons:

l they support many of the living organisms in
wetlands

l substrate permeability affects the movement of
water through the wetland

l many chemical and biological (especially
microbial) transformations take place within
the substrates

l substrates provide storage for many
contaminants

l the accumulation of litter increases the amount
of organic matter in the wetland. Organic matter
provides sites for material exchange and micro-
bial attachment, and is a source of carbon, the
energy source that drives some of the important
biological reactions in wetlands.

The physical and chemical characteristics of
soils and other substrates are altered when they
are flooded. In a saturated substrate, water
replaces the atmospheric gases in the pore
spaces and microbial metabolism consumes the
available oxygen. Since oxygen is consumed
more rapidly than it. can be replaced by diffusion
from the atmosphere, substrates become anoxic
(without oxygen). This reducing environment is
important in the removal of pollutants such as
nitrogen and metals.

V E G ET A T I O N

Both vascular plants (the higher plants) and
non-vascular plants (algae) are important in
constructed wetlands. Photosynthesis by algae
increases the dissolved oxygen content of the
water which in turn affects nutrient and metal





reactions. Vascular plants contribute to the
treatment of wastewater and runoff in a
number of ways:

they stabilize substrates and limit
channelized flow

they slow water velocities, allowing sus-
pended materials to settle

they take up carbon, nutrients, and trace
elements and incorporate them into plant
tissues

they transfer gases between the atmosphere
and the sediments

leakage of oxygen from subsurface plant
structures creates oxygenated microsites
within the substrate

their stem and root systems provide sites
for microbial attachment

theycreate litter when they die and decay.

Constructed wetlands are usually planted
with emergent vegetation (non-woody plants
that grow with their roots in the substrate
and their stems and leaves emerging from
the water surface). Common emergents
used in constructed wetlands include
bulrushes, cattails, reeds, and a number of
broad-leaved species.

M I C R O O R G A N I S M S

A fundamental characteristic of wetlands is
that their functions are largely regulated by
microorganisms and their metabolism (Wetzel
1993). Microorganisms include bacteria, yeasts,
fungi, protozoa, rind algae. The microbial
biomass is a major sink for organic carbon and
many nutrients. Microbial activity:

l transforms a great number of organic and
inorganic substances into innocuous or
insoluble substances

l alters the reduction/oxidation (redox) condi-
tions of the substrate and thus affects the
processing capacity of the wetland

l is involved in the recycling of nutrients.

Some microbial transformations are aerobic
(that is, they require free oxygen) while others
are anaerobic (they take place in the absence of
free oxygen). Many bacterial species are faculta-
tive anaerobes, that is, they are capable of func-
tioning under both aerobic and anaerobic condi-
tions in response to changing environmental
conditions.

Microbial populations adjust to changes in
the water delivered to them. Populations of
microbes can expand quickly when presented
with suitable energy-containing materials. When
environmental conditions are no longer suitable,
many microorganisms become dormant and can
remain dormant for years (Hilton 1993).

The microbial community of a constructed
wetland can be affected by toxic substances,
such as pesticides and heavy metals, and care
must be taken to prevent such chemicals from
being introduced at damaging concentrations.

A N I M A L S

Constructed wetlands provide habitat for a
rich diversity of invertebrates and vertebrates.
Invertebrate animals, such as insects and worms.
contribute to the treatment process by fragment-
ing detritus and consuming organic matter. The
larvae of many insects are aquatic and consume
significant amounts of material during their
larval stages, which may last for several years.
Invertebrates also fill a number of ecological
roles; for instance, dragonfly nymphs are impor-
tant predators of mosquito larvae.

Although invertebrates are the most
important animals as far as water quality im-
provement is concerned, constructed wetlands
also attract a variety of amphibians, turtles,
birds, and mammals.
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they require a minimum amount of water if they

l performance may be less consistent than in
conventional treatment. Wetland treatment
efficiencies may vary ‘seasonally in response to
changing environmental conditions, including
rainfall and drought. While the average perfor-
mance over the year may be acceptable, wetland
treatment cannot be relied upon if effluent
quality must meet stringent discharge standards
at all times.

l the biological components are sensitive to toxic
chemicals, such as ammonia and pesticides

l flushes of pollutants or surges in water flow may 
temporarily reduce treatment effectiveness

are to survive. While wetlands can tolerate
temporary drawdowns, they cannot withstand

Also, the use of constructed wetlands for waste-
water treatment and stormwater control is a fairly
recent development. There is yet no consensus on
the optimal design of wetland systems nor is there
much information on their long-term performance.

TYPES OF CONSTRUCTED
W E T L A N D S

There are several types of constructed wetlands:
surface flow wetlands, subsurface flow wetlands,
and hybrid systems that incorporate surface and
subsurface flow wetlands. Constructed wetland
systems can also be combined with conventional
treatment technologies. The types of constructed
wetlands appropriate for domestic wastewater,
agricultural wastewater, coal mine drainage, and
stormwater runoff are discussed in the wastewater-

complete drying. specific volumes.

Water level is above the ground surface; vegetation is rooted and emerges
above the water surface: waterflow is primarily above ground

WETLAND PLANTS AND WATER

SOIL Surface Flow Wetland
LINER

NATIVE SOIL

Water level is below ground; water flow is through a sand or gravel
penetrate to the bottom of the bed

WETLAND PLANTS

SOIL. SAND. AND GRAVEL
LINER

NATIVE SOIL

Subsurface Flow Wetland

Figure 1. Surface flow and subsurface flow constructed wetlands
(from Water Pollution Control Federation 1990).

bed; roots
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S U R F A C E  F L O W  W E T L A N D S

A surface flow (SF) wetland consists of a
shallow basin, soil or other medium to support the
roots of vegetation, and a water control structure
that maintains a shallow depth of water (figure 1).
The water surface is above the substrate. SF
wetlands look much like natural marshes and can
provide wildlife habitat and aesthetic benefits as
well as water treatment. In SF wetlands, the near-
surface layer is aerobic while the deeper waters
and substrate are usually anaerobic. Stormwater
wetlands and wetlands built to treat mine drainage
and agricultural runoff are usually SF wetlands.

SF wetlands are sometimes called free water
surface wetlands or, if they are for mine drainage,
aerobic wetlands. The advantages of SF wetlands
are that their capital and operating costs are low,
and that their construction, operation, and mainte-
nance are straightforward. The main disadvantage
of SF systems is that they generally require a larger
land area than other systems.

S U B S U R F A C E  F L O W  W E T L A N D S

A subsurface flow (SSF) wetland consists of a
sealed basin with a porous substrate of rock or
gravel. The water level is designed to remain below
the top of the substrate. In most of the systems in the
United States, the flow path is horizontal, although
some European systems use vertical flow paths. SSF
systems are called by several names. including
vegetated submerged bed, root zone method, micro-
bial rock reed filter, and plant-rock filter systems.

Because of the hydraulic constraints imposed
by the substrate, SSF wetlands are best suited to
wastewaters with relatively low solids concentra-
tions and under relatively uniform flow conditions.
SSF wetlands have most frequently been used to
reduce 5-day biochemical oxygen demand (BOD5)
from domestic wastewaters.

The advantages cited for SSF wetlands are
greater cold tolerance, minimization of pest and
odor problems, and, possibly, greater assimilation
potential per unit of land area than in SF systems.

It has been claimed that the porous medium
provides greater surface area for treatment contact
than is found in SF wetlands, so that the treatment
responses should be faster for SSF wetlands which
can, therefore, be smaller than a SF system de-
signed for the same volume of wastewater. Since
the water surface is not exposed, public access
problems are minimal. Several SSF systems are
operating in parks. with public access encouraged.

The disadvantages of SSF wetlands are that
they are more expensive to construct, on a unit
basis. than SF wetlands. Because of cost, SSF
wetlands are often used for small flows. SSF
wetlands may be more difficult to regulate than SF
wetlands, and maintenance and repair costs are
generally higher than for SF wetlands. A number of
systems have had problems with clogging and
unintended surface flows.

H Y B R I D  S Y S T E M S

Single stage systems require that all of the
removal processes occur in the same space. In
hybrid or multistage systems, different cells are
designed for different types of reactions. Effective
wetland treatment of mine drainage may require a
sequence of different wetland cells to promote
aerobic and anaerobic reactions. as may the re-
moral of ammonia from agricultural wastewater.

WINTER AND SUMMER
OPERATION

Wetlands continue to function during cold
weather. Physical processes, such as sedimenta-
tion. continue regardless of temperature, providing
that the water does not freeze. Many of the reac-
tions take place within the wetland substrate,
where decomposition and microbial activity
generate enough heat to keep the subsurface layers
from freezing. Water treatment will continue
under ice. To create space for under-ice flow,
water levels can be raised in anticipation of freeze,
then dropped once a cover of ice has formed.
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project, intervention to maintain diversity may
be necessary. If habitat values are not important,
changes can be allowed to proceed without
interference as long as the wetland continues to
treat the water to acceptable levels.

Any ecosystem, natural or constructed, has
limits to its ability to accept disturbance. The
performance of constructed wetland systems
may change over time as a consequence of
changes in the substrate and the accumulation of
pollutants in the wetland. Constructed wetlands
must be monitored periodically for evidence of
stress so that remedial action, if necessary, can
be taken.
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T O P O G RA P H Y

Landform considerations include shape, size,
and orientation to the prevailing winds. While a
constructed wetland can be built almost anywhere,
selecting a site with gradual slopes that can be easily
altered to collect and hold water simplifies design
and construction, and minimizes costs.

Previously drained wetland areas, including
prior converted (PC) agricultural sites, may be well-
suited for a constructed wetland since the topogra-
phy is usually conducive to gravity flow. The
appropriate regulatory agencies must be contacted
before disturbing any PC site.

Since the best location for a constructed wetland is
a low, flat area where water flows by gravity, it is
important to ensure that the area is not already a
wetland: not all wetlands have standing water through-
out the year. The Natural Resources Conservation
Service (NRCS), the US Fish and Wildlife Service, or
state regulatory personnel should be contacted to
determine whether or not a site contains jurisdictional
wetlands.

 EN V I R O N M E N T A L  R E S O U R C E S

To avoid damaging important resources
on the site, the presence or absence of significant
environmental resources must be determined.
Sources of information that can be helpful in select-
ing a site include the US Geological Survey Topo-
graphic Quadrangle maps, and National Aerial
Photography Program (NAPP) and and National High
Altitude Photography Program (NHAPP) photo-
graphs. Geographical information system (GIS) maps
are also available.

The National Wetlands Inventory (NWI) maps
and the County Soil Survey with the list of county
hydric soils should be checked for possible locations
of existing wetlands. However, the NW1 maps are
based on aerial photography and may not show small
wetlands or the less obvious wetlands (wet mead-
ows, vernal pools, and some forested wetlands) and
the NW1 information should be field-checked by a
wetlands scientist. Historical aerial photography,

such as the Agricultural Stabilization and Conser-
vation Service (ASCS) crop compliance photogra-
phy and county soil survey information, can be
useful in identifying hydric soils and drained
wetlands that may be difficult to detect otherwise.

Surface and groundwater considerations
include possible flooding and drainage problems,
location and depth of aquifers, and the location,
extent, and classification of receiving waters such
as streams and groundwater. A constructed wet-
land should not be sited on a floodplain unless
special measures can be taken to limit its impact
on the floodway. Floodplain elevations can often
be determined from sources such as Federal Flood
Insurance maps or from the Federal Land Manage-
ment Agency. Landuser input may be the best
source of information for assessing previous
hydrologic conditions.

US Fish and Wildlife Service and state natural
resource agencies should be contacted regarding
the potential for significant habitat, or habitat for
rare or endangered species. The possible presence
of archaeological resources should be verified.

P E R M I T S  A N D  R E G U L A T I O N S

The appropriate agency(ies) must be contacted
to determine the regulatory requirements for a
proposed constructed wetland and its discharge.
Work in a waterway or natural wetland requires a
permit. Discharges to natural waters also require a
permit. In some zoned communities, zoning
approval may be required.

Any stormwater plan must meet local and state
stormwater regulations. Some local ordinances
have incorporated stormwater provisions which
must be complied with. Stormwater regulations
vary from place to place and should be consulted
before developing a stormwater management plan.
The regulatory status of a proposed stormwater
wetland, and its relationship to streams and any
nearby natural wetlands, must be discussed with
the state and/or federal wetland permitting agency
before site plans are decided upon.
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design and operation, the wetland water balance is
important for determining conformance with
desired limits for HLR, hydroperiod range, HRT,
and mass balances. A simple water balance
equation for a constructed wetland is expressed as:

S = Q + R + I - O - E T (5.1)

Where: S = net change in storage
Q = surface flow, including wastewater

or stormwater inflow,
R = contribution from rainfall
I = net infiltration (infiltration less

exfiltration)
O = surface outflow
ET= loss due to evapotranspiration.

Equation 5.1 can be used to calculate water
budgets for daily, monthly, or yearly intervals.
Detailed water balances can be prepared with
site-specific monitoring data collected during
pilot- or full-scale operation of the wetland. If
large seasonal variation is expected, monthly
data are essential.

A number of factors can be used to manipu-
late the water budget:

l the volume of water released from the wetland
can be varied

l evapotranspiration rates can be altered by
shading, windbreaks, and the selection and
management of vegetation around the wetland

l storage capacity can be adjusted with water
control structures

l in SF wetlands, storage capacity can be in-
creased by excavating deep pools or decreased
by adding fill.
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organic acids, which contribute to low pH.
Also, when flooded, peats have a soft, loose
texture that may not provide adequate support
for plants.

The county soils maps, which are available
through libraries or through the county NRCS
offices, show the major soil types present and
their relationship to site topography. The soils
maps include a general description of the soil
characteristics. However, the NRCS soils maps
cannot be relied upon for detailed, site-specific
information for several reasons:

ORGANIC MATERIAL

Stabilized organic material, such as spent
mushroom compost, sawdust, hay or straw bales,
and chicken litter, have been used as organic
substrates. Organic material provides a source of
carbon to support microbial activity. Organic
material also consumes oxygen and creates the
anoxic environments that are required for some
treatment processes, such as nitrate reduction and
the neutralization of acidic mine drainage.

l the NRCS data are averages and estimates
tallied over many acres of ground

l most soils units include inclusions that may
differ in significant ways from nearby soils

l soils vary with depth, that is, they are stratified.
If the wetland is to be excavated, it is important
to know the characteristics of the soil at the
excavated depth.

Soils should ‘be analyzed before they are used
in the wetland. Site-specific information on the
hydraulic conductivity and permeability of the site
soils must be made through field data collection.
Laboratory soil analyses should include clay
content and type of clay, percent organic matter,
and mineral content.

SAND AND GRAVEL
Constructed wetlands receiving with water

high in nutrients, such as domestic and agricul-
tural wastewaters. can be built with sand or gravel.
Sand is an inexpensive alternative to soil and
provides an ideal texture for hand planting.
Gravel can also be used. Many domestic sewage
SSF wetlands in the United States have used
media ranging from medium gravel to coarse rock.
Sands and gravels dry out quickly and may need
to be irrigated to maintain water levels while the
vegetation is becoming established.
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CHAPTER 7
VEGETATION

The function of plants in constructed wetlands
is largely to grow and die: plant growth provides a
vegetative mass that deflects flows and provides
attachment sites for microbial development; death
creates litter and releases organic carbon to fuel
microbial metabolism. In addition, plants stabilize
substrates while enhancing its permeability, and
plants add greatly to the aesthetic value of the
wetland. A dense stand of vegetation appears to
moderate the effects of storms.

SELECTING PLANTS

The plants that are most often used in con-
structed wetlands are persistent emergent plants,
such as bulrushes (Scirpus), spikerush
(Efeocharis), other sedges (Cyperus). rushes
(Juncus), common reed (Phragrnites), and cattails
(Typha). Not all wetland species are suitable for
wastewater treatment since plants for treatment
wetlands must be able to tolerate the combination
of continuous flooding and exposure to wastewa-
ter or stormwater containing relatively high and
often variable concentrations of pollutants. A
number of species that have been used success-
fully in the northeastern United States are listed
table 1.

in

For wastewater treatment wetlands, the par-
ticular species selected are less important than
establishing a dense stand of vegetation. Any
species that will grow well can be chosen. For
stormwater wetlands, species should be chosen to
mimic the communities of emergent plants of
nearby natural wetlands. For both wastewater and
stormwater wetlands, native, local species should
be used because they are adapted to the local
climate, soils, and surrounding plant and animal
communities, and are likely to do well.

NRCS conservation agents and state personnel
can recommend species for constructed wetlands.

S U R F A C E  F L O W  W E T L A N D S

In wetlands constructed to treat domestic
sewage, agricultural wastewaters, and other
wastewaters relatively high in organic matter,
bulrushes (either softstem or common three-
square) are often used because they are tolerant of
high nutrient levels and because they establish
readily but are not invasive. Arrowhead and
pickerelweed have also been used successfully in
agricultural wetlands. Blueflag iris can be planted
along wetland edges to provide color. Cattails and
common reed have been used frequently because
of their high tolerances for many types of wastewa-
ter, but both have disadvantages. Cattails are
invasive. Since cattail tubers are a favorite food of
muskrats, cattails are susceptible to damage by
muskrats. Also, Surrency (1963) found that
cattails were subject to attack by insects similar to
army worms and suggests that cattails may not be
the best choice for agricultural wetlands. Common
reed is a highly aggressive species that can elimi-
nate other species once it is introduced. It pro-
duces abundant windborne seed and spreads
readily to natural wetlands. It is becoming a
problem in the Northeast and should not be used
without approval from the regulatory agency.

For agricultural wastewater wetlands, the
ammonia tolerances of the species must be consid-
ered. Wetland species vary in their ability to
tolerate ammonia. Plants may be able to tolerate
higher concentrations of ammonia if the plants are
slowly acclimated to it.

For stormwater wetlands, the goal should be a
diverse assemblage of plants. A diverse vegetation
is aesthetically pleasing and may be more likely to
resist invasive species, to recover from distur-
bance, and to resist pests than a less diverse stand.
The numbers of wildlife attracted to a wetland
generally increases as vegetation diversity in-
creases.’ The State of Maryland guidelines for
stormwater wetlands suggest planting two primary
species (some combination of arrowhead, common
three-square, or softstem bulrush) and three other
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secondary species (see table 1) to enhance short- and
long-term development and to reduce the invasion by
undesirable plants such as common reed (Livingston
1989).

S U B SU R F A C E  F L O W  W E T L A N D S

Many of the SSF constructed wetlands in the
United States have used bulrush, common reed,
cattail, or some combination of the three. About
40% of the operational SSF systems use only
bulrush. Common reed has been widely used in
British and European systems; however, it is a 
highly invasive species that can be very difficult to
eradicate once started and a number of states now
prohibit its use. Some SSF systems have been
planted with a diverse vegetation similar to that of a
natural marsh.

SOURCES OF PLANTS

Seeds, seedlings, entire plants, or parts of plants
(rootstocks, rhizomes, tubers, or cuttings) can be used
to establish wetland vegetation. While many wetland
plants produce wind-borne seeds, vegetative spread
by stolons and runners is common since seeds gener-
ally will not sprout under water. Many emergents
have rhizomes, rootstocks, or tubers which, although
they are primarily food storage organs, can generate
new plants.

S E E D S  

Seeds are the least expensive but also the least
reliable approach to planting. Seeds are generally
broadcast on the saturated surface of the wetland.
Seeds can also be scattered by shaking ripe spikes of
plants over the wetland surface. Germination is
unpredictable. Propagation by seeds requires an
exposed, wet surface on which the seeds can germi-
nate. Water levels can be raised as the plants grow,
but the leaves must remain above water since the
plants must be able to photosynthesize and transpire
if they are to grow.

Seed stands are typically difficult to establish
because scarification (abrasion of seed coat) and
stratification (exposure to cold) requirements are
largely unknown and because seeds are easily
moved about by rain. However, many wetland
species produce abundant wind-borne seed and
will appear quickly on newly exposed surfaces if
there is another wetland in the area to act as a
source of seed.

W ETLAND SO I L

The seeds of many wetland species remain
viable for many years buried in sediments. Soil
from a nearby wetland can be used as a source of
plants since this soil will contain seeds of a number
of native species that are well-adapted to local
conditions. Approval must be obtained from the
appropriate agency before removing wetland soil.
Soil must not be taken from natural wetlands
without a permit.

Cores (3 - 4 inch, or 8 - 10 cm, in diameter) of
wetland soil from the donor marsh can be trans-
planted to the constructed wetland. Cores are
excellent sources of seeds, shoots, and roots of
various wetland plants and will promote the devel-
opment of diverse wetlands. The disadvantages of
soil cores are the time and cost associated with
collecting, transporting, and planting the soil mass.
Also, the soil is likely to contain propagules of
undesirable, as well as desirable, species. If the
cores are taken from a wetland dominated by a
species that spreads by rhizomes (such as cattails),
the resulting wetland will probably be dominated by
that species since earthmoving cuts the rhizomes
into pieces, each of which can produce a new plant.

Once in place, the soil should be kept moist, but
not flooded, until the seeds germinate.

RHIZOMES, TUBERS ,
AND E NTIRE PLANTS

Plant materials include entire plants and plant
parts, such as rhizomes and tubers. These materi-

3 4 V O L U M E  1: GENERAL C ONSIDERATIONS







best survival and growth of small stalks
(1 - 2 inches) during the first growing season,
the substrate should only be saturated, not
flooded. As the plants become well-established
(2 - 3 months), water levels can be raised.

Mechanical protection may be needed to
prevent animals from damaging newly established
plants. Canada geese cause significant depredation
by grazing on young shoots and seedlings and by
uprooting rhizomes and tubers. Deer and black-
birds can also damage newly established seedlings.
Muskrats feed on the fleshy tubers of plants such as
cattails and can quickly demolish a cattail wetland.
Preventive methods include planting through
chicken wire fence fastened over the surface of the
substrate to prevent animals from excavating tubers
and rhizomes.

Plantings should be allowed to become well
established before the wastewater is introduced into
the system since the plants need an opportunity to
overcome the stress of planting before other stresses
are introduced. The water must supply enough
nutrients to support plant growth. If not, a solution
of commercial nutrient supplement should be
added. Satisfactory establishment may take from
several months to one or two full growing seasons.
The plants may not begin to reach maturity and
equilibrium until late in the second growing season.
A gradual rather than sudden increase in the
concentration of the wastewater applied reduces
shock to the vegetation. Alternatively, if plants are
readily available and inexpensive, some die-off and
replanting can be planned for in order to apply the
wastewater sooner.

Water level management is key to maintaining
wetland vegetation. Despite relatively broad depth
tolerances, freshwater plants often sort by small
variations in water depth, producing the apparent
zonation of vegetation along the shores of marshes.
Most wetland species are adapted to daily or
seasonal fluctuations in water level but most
wetland plants can tolerate neither extended
periods of flooding nor drying of their roots.

Water quality also affects the health and
survival of wetland plants. High nutrient loads,
high or low pHs, high dissolved solids concentra-
tions, and buildup of heavy metals and other
toxics can affect the vegetation in wetlands.
Constant pollutant loads work against species
diversity and favor pollution-tolerant species such
as cattails. In wetlands constructed to treat
domestic wastewater and mine drainage, Kadlec
(1989) and Webster et al. (1994) found that plant
diversity declined and dominance by cattails
increased as the wetlands aged.

Harvesting or winter burning of above-ground.
biomass is sometimes used as a means of removing
nitrogen and carbon and maintaining the wetland
vegetation in a log (growth) phase of high physi-
ological activity to enhance removal, but may
disrupt the wetland and the maturation of the
plant community. Decisions as to whether or not
to harvest will depend on the objectives of the
project and will be site-specific.
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1. Constructed wetlands, such as this stormwater
wetland, provide aesthetics and wildlife habitat as
well as water quality improvement and stormwater
c o n t r o l .

2. Constructed wetlands are a cost-effective
means of removing metals from mine
drainage. The black deposits are
manganese precipitates.

3. Site surveys are necessary for proper
design and construction.

4. Including a deeper, open water area
increases the wildlife value of the
wetland and may increase ammonia
removal.



5. An organic substrate is often used for wetlands
that will treat coal mine drainage.

6. This anoxic limestone drain, which is being built
with the help of the National Guard, will add
alkalinity to acidic drainage from an abandoned
coal mine before wetland treatment.

7. Perforated inlet pipes are a simple way to
distribute wastewater across the width of the
cell.

8. Construction usually requires heavy
equipment.





13. After flooding the wetland to settle the
substrate, the wetland should be drained
for planting.

15. A cattail rhizome.

14. Water levels can be raised gradually as the
plants grow.

16. Dense vegetation promotes sedimentation
and pollutant removal.



NOTES
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A B B R E V I A T I O N S  A N D  C O N V E R S I O N  F A C T O R S

MULTIPLY

ac, acre

cfs, cubic foot per second

cfs, cubic foot per second

cm, centimeter

cm/sec, centimeter per second

OF, degree Fahrenheit

ft, foot

ft2, square foot

ft3, cubic foot

ft/mi, foot per mile

fps, foot per second

g/m2/day, gram per square meter per day

gal, gallon

gal, gallon

gpm, gallon per minute

ha, hectare

inch

kg, kilogram

kg/ha/day, kilogram per hectare per day

kg/m2, kilogram per square meter

L, liter

L, liter

lb, pound

lb/ac, pound per acre

m, meter

m2, square meter

m3, cubic meter

m3, cubic meter

m3/ha/day, cubic meter per hectare per day

mm, millimeter

mi, mile

BY

0.4047

440.831

2.8317 x l0-2

0.3937

3.28 x 10-2

5/9 (0F - 32)

0.305

9.29 x 10-2

2.83 x l0-2

0.1895

18.29

8.92

3.785

3.765 x 10-3

6.308 x l0-2

2.47

2.54

2.205

0.892

0.2

3.531 x 10-2

0.2642

0.4536

1.121

3.28

10.76

1.31

264.2

106.9

3.94 x l0-2

1.609

T O  O B T A I N

ha, hectare

gpm, gallon per minute

m3/s, cubic meter per second

inch

fps, foot per second

oC, degree Celsius

m, meter

m2, square meter

m3, cubic meter

m/km, meter per kilometer

m/min, meter per minute

lb/ac/day, pound per acre per day

L, liter

m3, cubic meter

L/s. liter per second

ac, acre

cm, centimeter

lb, pound

lb/ac/day, pound per acre per day

lb/ft2, pound per square foot

ft3, cubic foot

gal, gallon

kg, kilogram

kg/ha, kilogram per hectare

ft, foot

ft2, square foot

y d3, cubic yard

gallon, gal

gallon per day per acre, gpd/ac

inch

kilometer, km




