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INTRODUCTION 

James A. Moore 

Civilization has been concerned about 
wastewater and its public health effects 
for as long as we have been living in 

cities. Advances in wastewater treatment 
technology have come slowly, despite the 
number of engineers and scientists that have 
addressed this concern. The state of the art 
of wastewater treatment today utilizes small 
components of natural systems in the engi- 
neering of biological, chemical and physical 
treatment and we see these in our cities 
housed in large concrete structures. While 
they do accomplish their primary mission, 
there seems to be room to include aesthetics, 
wildlife, green space, and other 
considerations beyond treating wastewater 
for discharge back into receiving waters. 
One of the new technologies that appears to 
show some promise in this field is the use of 
constructed wetlands to treat wastewater. 

In the study of constructed wetlands, it 
seems strange that we have taken this long to 
realize the potential that exists for mimicking 
the processes of natural wetland systems. 
We have been dumping our soiled 
wastewater from cities "out back in the 
swamp" for years and only for the past 20 
years have begun to appreciate the potential 
of these systems and to monitor this type of 
natural treatment system. Most of our efforts 
to date have been to copy parts of the 
treatment system and measure success by 
looking at inflow and outflow strength. 
More recently, research efforts have begun to 
study the processes that go on in a wetland in 
an attempt to understand how the treatment 
works. 

We still have a long way to go to totally 
understand what is going on in the natural or 
constructed swamp and exacdy why it does 
the things it does. This seminar series is one 
step toward that goal. In the development of 
the series, topics to address subsections of 
the technology were identified and outlined. 
Then speakers were selected who had the 
background and expertise to share their 
knowledge on their particular part of the 
system. It is a testament to the complexity of 
these systems that the list necessarily includes 
people with backgrounds in biology, engi- 
neering, botany, horticulture, hydrology, 
ecology, public education, and environmental 
protection. 

In an attempt to capture and extend the 
presentations of the speakers, each seminar 
was summarized by Heidi Van Zee, a 
graduate student in scientific and technical 
communication here at Oregon State 
University. Her first draft was reviewed and 
edited by Dawn Lesley and I. The edited 
copy was then reviewed by the speaker to 
insure accuracy. This publication is the 
product of that process and we hope will 
allow others to benefit from the effons of the 
speakers. As you read this publication, you 
may have some questions. At the end of the 
publication is a list of the address of each 
speaker, should you wish to contact them. 

The seminar and this publication would not 
have been possible without the support of the 
following: the Agricultural Extension 
Service, Oregon Water Resources Research 
Institute, CH2M Hill, Bioresource 
Engineering Department, Pope and Talbot, 
and Pacific Power. We thank them all for 
their support. 



CONSTRUCTED WETLANDS: 
WHEN, WHERE, HOW, WHY? 

Dawn Lesley, Department of Bioresource Engineering, 
Oregon State University 

We know them as marshes, 
swamps, estuaries, and bogs. 
When we think of a natural wet- 

land, images of a soggy area replete with 
rushes, cattails, and birds, probably come 
to mind. Actually, it's a fairly accurate 
image, since wetlands are characterized 
by three components: water, plant type, 
and saturated soil. The water component 
is important because there must be 
enough water, enough of the time, to 
support wedand plant species such as 
rushes and cattails. 

The federal government has a more 
specific definition: a wetland is any area 
supporting wedand plant species where 
the soil is saturated at least seven con- 
secutive days a year. The definition is 
used to delineate natural wetlands that are 
federally protected as "waters of the 
U.S." under the Clean Water Act This 
protection is crucial because over the 
years, since European setdement, we 
have removed, mosdy through dredge 
and fill operations, over 50 percent of our 
nation's natural wedands. 

"Kidneys of the Landscape" 

Wedands perform several critical 
functions. Perhaps most important, wet- 
lands act as a buffer and filter between 
upland areas and lakes, streams, and 
oceans, transforming, removing, or both, 
nutrients and certain pollutants from the 
water. They have been described as the 
"kidneys of the landscape." 

Because water spreads out and slows 
down as it flows into a wetland, these 

areas can slow the release of flood 
waters, and retain sediments that would 
otherwise wash downstream during 
storms. Additionally, and perhaps one of 
the most well-known attributes of wet- 
lands, is the large and diverse wildlife 
population they support This includes 
one-third of the country's threatened and 
endangered species. 

Natural Wetlands, Human 
Activity, and the Clean Water Act 

Considering the functions that wetlands 
perform, we have a vested interest in 
maintaining them. However, the trend of 
natural wetland loss continues. President 
George Bush decreed there would be "no 
net loss of wedands," but one of the 
ways "no net loss" is accomplished is 
through mitigation. According to Section 
404 of the Clean Water Act, if a wedand 
is destroyed by human activity, another 
must be created to replace the loss. In 
addition to mitigation, we also restore 
natural wedands by replanting. In 
theory, mitigation and restoration sound 
good; in practice, it's a "best guess" 
tactic. We simply don't know all we 
need to about how these natural systems 
work. We can only "replace" wetlands as 
best we can. We need to understand the 
natural wetland system better. 

There is one "human activity" that 
threatens to reduce our country's wet- 
lands more drastically than any other. 
The Vice President's Council on 
Competitiveness, headed by Dan Quayle 
at this writing, wants to change the 



definition of a wetland by increasing the 
annual number of consecutive days of 
soil saturation from 7 to 21. Such a 
policy decision would effectively cut the 
number of protected wetland areas in 
half. 

Even though we do not fully 
understand all the mechanisms at work in 
natural wetlands, we know they clean 
water, provide habitat, and can be 
aesthetically pleasing. The more 
sophisticated our knowledge and 
understanding of natural systems, the 
more we come to appreciate nature's 
elegance, and seek to emulate it. The 
nation's water quality is at stake, and 
wedands help to clean our water. 

Constructing Wetlands for 
Wastewater Treatment 

Recognizing the functions of natural 
wedands has led to the development of 
technology that harnesses natural wedand 
processes for use in treating water pol- 
luted by human activity. Constructed 
wedands can provide secondary or 
tertiary water treatment, and have been 
used in Europe since the 1940s. 
Constructed wedands have only been 
used in the U.S. for the past 25 years; 
however, recendy, the practice is catching 
on. Municipal wastewater and acid mine 
drainage treatment applications came first, 
and now the use of constructed wedand 
technology is expanding to include the 
following applications: 
• agricultural runoff 
• stormwater 
• industrial wastewaters, including 

those from 
• pulp and paper mills 

food processing and canneries 
• petroleum processing plants 

Physical, Chemical, and 
Biological Processes of 
Constructed Wetlands 

We don't know all there is to know 
about the physical, chemical, and biologi- 
cal processes of wedands, but scientific is 

improving our understanding—wedands 
no longer represent a "black box" that 
influent flows into, coming out clean. 

The physical processes involved in 
cleaning water via a wedand include sedi- 
mentation, filtration, and adsorption. In a 
wedand designed for secondary treatment 
of municipal wastewater, for instance, the 
larger, heavy particles, will setde out as 
the water reaches the area, slows, and 
spreads throughout the wedand. The 
constituents in the water will also filter 
through the plants and soil, and be 
adsorbed on the root and stem surfaces of 
plants, and on the soil surface. 

Chemical processes of water treatment 
in wedands are more complex and 
involve the precipitation, adsorption, and 
decomposition of pollutants and 
nutrients, especially on plant surfaces and 
in oxidation-reduction zones. The 
biological processes that occur in a 
wedand are probably most important and 
the least understood. Both plant and 
microbial communities can adsorb and 
metabolize wastewater constituents. Past 
discussion of these biological processes 
have over-emphasized the importance of 
plant uptake; we are beginning to see that 
the microbial processes are far more 
significant in pollutant removal. 
Biological processes also include natural 
die-off of coliform and pathogens in the 
wedand environment. 

The effluent from a constructed wedand 
can be a much cleaner water than the 
influent. Depending on the design and 
purpose of the wedand, as much as 86 
percent of the BOD (biochemical oxygen 
demand), 93 percent of the suspended 
solids, 98 percent of the fecal coliform, 
89 percent of the total nitrogen, and 86 
percent of the phosphorus can be 
removed from the water. 

Types of Constructed Wetlands 

There are three types of constructed 
wedands: Free Water Surface (FWS), 
Subsurface Flow System (SFS), and die 
Aquatic Plant System. 

The FWS is the most commonly used 
system in the U.S. It consists of shallow 



water flowing over the land surface, 
vegetated with emergent plants such as 
bulrushes. 

The SFS is commonly used in Europe, 
since it uses less land than the FWS. The 
appearance of the SFS is similar to the 
FWS once the system is vegetated, but 
the design is quite different. Sand or 
gravel beds are planted with wetland 
plants such as reeds, and wastewater 
flows through the planting medium (root 
zone). The SFS can be expensive to 
maintain because it fills up and clogs at 
intervals, requiring regular replacement of 
the sand or gravel, followed by 
replanting. 

Aquatic Plant Systems are comprised of 
a shallow pond with floating aquatic 
plants such as water hyacinth. The vege- 
tation and associated microbial commu- 
nity provide all of the treatment in this 
type of system, and they are designed for 
periodic harvesting. Use of Aquatic Plant 
Systems is restricted to warmer climates; 
they are relatively common in the 
Southern U.S. 

Constructed Wetlands in Oregon 

Several locations in Oregon have begun 
to use constructed wedands, principally 
to treat municipal wastewater. A few are 
listed below. 

• The Jackson Bottom FWS facility in 
Hillsboro consists of 9.9 acres of 
reed canary grass. 

• Mt. Angel also uses a 9-acre FWS 
wetland of hardstem bulrush to treat 
municipal wastewater for a design 
population of up to 4,100 people. 

Cannon Beach uses 16 acres of natu- 
ral wedand to treat municipal waste. 
It began operating in 1984, before 
regulations prohibited using natural 
wetlands for this purpose. 

• Rivergate Industrial District in 
Portland is currently designing as 23- 
acre wetland to treat stormwater. 

Pope & Talbot in Halsey are using a 
3-acre pilot wetland of cattail and 
hardstem bulrush to provide tertiary 
treatment of a small fraction of their 
pulp mill effluent. If the pilot opera- 
tion proves effective, the company 
will consider putting in over 100 
acres of a constructed wetlands 
wastewater treatment facility. 

Costs of Building Wetlands 

One of the factors that cities or busi- 
nesses must consider is of course, cost. 
While the price of building a wedand can 
vary dramatically depending on factors 
including location, topography, climate, 
type of treatment needed, and land cost, 
in many cases they prove economically 
attractive. The Arcata Marsh and Wildlife 
Sanctuary in northern California, for 
example, was built in the early 1980s: 
the city (population 30,000 - 35,000) has 
gone to some extra expense to establish 
an inteipretive center, nature trails, 
benches and a parking lot to encourage 
public recreational use. The facility con- 
sists of nearly 100 acres of oxidation 
ponds and marshes, and cost $514,600 to 
acquire the land and construct the marsh 
portion. Estimates of construction costs 
of conventional treatment are often 130 - 
150 percent higher than building con- 
structed wedands. Annual operation and 
maintenance of conventional systems is 
usually an even greater contrast, ranging 
from 150 - 400 percent of the annual cost 
of operating and maintaining constructed 
wetlands facilities. 

Land acquisition costs may be a limiting 
factor. There may not be enough avail- 
able, or as in southern California, the 
price may be prohibitive. If the city 
already owns land, however, construct- 
ing a wedand may be extremely cost- 
effective. 



Why Build A Wetland? 

There are a number of advantages to 
building a wetland for wastewater 
treatment. 
Wedands can be 
• Less expensive to build and operate 

than conventional secondary or ter- 
tiary treatment 

• Energy efficient 
• A consistent and reliable way to treat 

wastewater 
• A method of eliminating chemical 

handling and chemical sludge 
• Aesthetically pleasing 
• Accepting of load variations 
• Attractive to wildlife. 

There can be disadvantages as well. 
• Wedands need large land areas, 

which can be expensive or impossible 
to obtain, depending on location. 

• Depending on the loading rate, the 
type of plants used and whether there 
are fish, mosquitoes can be a prob- 
lem. 

• Created wedands technology is rela- 
tively new and is not yet precise in its 
design parameters. 

• Engineers, regulatory agencies, and 
the public are unfamiliar with created 
wetlands, and may initially be reluc- 
tant to accept them. 

• Pulsed releases of phosphorus may 
cause discharge problems. 

• Poor operating procedures may pro- 
duce undesirable odors. 

In some geographic locations, opera- 
tion may be temperature- and season- 
dependent. 

Answering Questions about the 
Future 

The technology to build wetlands is still 
new, at least for FWS in the U.S., and 
several questions remain unanswered. 
For instance, what exacdy do the plants 
in a wetland do! Are there differences 
between species? It's possible that one 
type or species of plant is more effective 
at removing certain nutrients or pollutants 
than another. 

What happens as the wetland ages? 
Few systems have been operational long 
enough to indicate how long the life of a 
constructed wedand may be. What are 
the long-term effects of different types of 
wastewater on wildlife, and what might 
wildlife do to wedands? Certain types of 
wastewater, such as some industrial 
types, may be dangerous to wildlife. In 
contrast, there are some animals such as 
nutria, that are undesirable because they 
destroy plants. 

Advantages, disadvantages, questions 
about wedand technology—it's probable, 
maybe inevitable, that the pros and cons 
will shift as we become more knowledge- 
able about constructed wedands wastewa- 
ter treatment systems. 



PHYSICAL AND CHEMICAL PROCESSES 

Douglas Titus, Department of Enviromnental Resources Engineering, 
Humboldt State University 

It is an exciting time to talk about con- 
structed wetlands as a low-cost treat- 
ment alternative for municipal 

wastewater. Much of this excitement 
comes from recognition of constructed 
wetlands as a valuable water reclamation 
option at the local, community level. The 
Arcata system began this way in 1977. 
Two of the most recent local movements 
to include constructed wetlands as a 
sewage treatment option are in Sequim, 
Washington, and Ashland, Oregon. 
There are about 150 constructed wetland 
systems providing municipal wastewater 
treatment in the U.S. 

The City of Ashland, Oregon has re- 
cently been looking into wastewater 
treatment systems. It paid an engineering 
firm to make recommendations about the 
best type of system for the area. When 
the recommendations were presented, 
citizens there wanted to know why the 
engineers failed to include constructed 
wetlands as a wastewater treatment 
option. Perhaps it's because the engi- 
neering firm stood to make less money 
building a wetland, or they simply over- 
looked this option, or maybe because the 
technology is relatively new and the firm 
had no one who could design such a 
wastewater treatment facility. The same 
story can be told in Sequim, Washington. 
But the implication for the newly emerg- 
ing science of constructed wedands 
wastewater treatment technology is clear: 
the interest of the public is catching on, 
and Ashland has not yet given up on the 
idea of constructed wedands to treat their 
municipal wastewater. 

Arcata Marsh and Wildlife 
Sanctuary—How One Constructed 
Wetland Works 

Arcata, California didn't give up either. 
When that city faced proposals for a new 

regional wastewater treatment system, at 
an estimated cost of nearly $60 million, 
they began to look at other options. The 
"concrete and steel" treatment plant would 
have dramatically increased sewage rates 
that had just doubled in 1976. Instead, 
the city decided to look into expanding 
oxidation ponds and constructed 
wetlands, a more common treatment 
option in the south and southeastern U.S. 
Arcata.'s coastal location and temperate 
climate is well suited for a constructed 
wetland. 

The city built pilot marsh cells and used 
them to evaluate the feasibility of a con- 
structed wedand system. Good pilot 
results led to the installation of treatment 
marshes and enhancement marshes to 
augment the existing secondary wastewa- 
ter treatment facility built in the late 
1950s. A new primary treatment plant 
was constructed and existing oxidation 
ponds expanded in size. Wetlands were 
constructed at the end of the treatment 
train to "polish" effluent The oxidation 
pond/marsh system became fully opera- 
tional in 1986 and now provides sec- 
ondary and tertiary treatment for the 
area's wastewater, a research site for 
Humboldt State University, a wastewater 
salmon and trout rearing facility, and 
waterfowl habitat that is visited by 
thousands of birds and people, at a total 
cost of between $6 and $7 million. This 
cost was offset by thousands of volun- 
teered hours by area residents to get the 
project accepted, designed and approved. 
The city did not have to buy the land, 
which is often the biggest cost involved 
in building a wastewater treatment 
wetland. 

The system serves some 15,000 people 
and includes 53 acres of oxidation ponds 
5 to 6 feet deep. The ponds provide 
secondary treatment, removing approxi- 
mately 70 percent of the suspended solids 



(SS) and up to 120 mg/1 of biochemical 
oxygen demand (BOD) during a retention 
time that averages 15 - 30 days. From 
the oxidation ponds, wastewater goes to 
the treatment marshes for about 1 day. 
The treatment marshes are built to remove 
occasional high loads of suspended solids 
and buffer dissolved oxygen and total 
inorganic nitrogen (TIN) shifts resulting 
from summer algae growth in the oxida- 
tion ponds. 

Enhancement marshes, referred to as 
the Arcata Marsh and Wildlife Sanctuary, 
are the last segment of the treatment 
chain. The first two marshes are com- 
posed of 60 percent emergent wetland 
vegetation and 40 percent open water 
with submerged plants. They are man- 
aged primarily for wildlife habitat The 
third marsh is comprised of 70 percent 
emergent vegetation, especially with 
dense vegetation at the outlet end, and is 
managed for water treatment since it is the 
last marsh of the system. The enhance- 
ment marshes "polish" the wastewater, 
further reducing nitrogen, BOD, and SS 
to consistently meet National Pollutant 
Discharge Elimination System (NPDES) 
discharge requirements. 

By the time the treated wastewater 
enters Humboldt Bay, the BOD and SS 
have been reduced by about 95 percent 
and nitrogen by some 60 percent. The 
total retention time for the system aver- 
ages 25 days in the winter and 50 days in 
the summer. This difference exists 
because the winter rain increases flow 
and reduces the amount of time water 
spends in the system. 

Tertiary wastewater treatment is impor- 
tant in Arcata. Without these marshes, the 
city would be unable to meet the NPDES 
requirement of 30 mg/1 for both BOD and 
SS. The entire treatment system is con- 
sistently below 15 mg/1 for BOD and SS. 
In addition, the State Water Resources 
Control Board requires the discharge 
from the marshes into the bay be less than 
14 organisms per 100 ml of coliform 
bacteria; since about 70 percent of the 
state's oysters come from the bay, regu- 
lations are strict Physical, chemical, and 
biological processes at work in the marsh 
treatment system maintain effluent water 

quality at levels that consistently satisfy 
both the regulations and the need to 
protect the bay's oyster industry. 

Wetland Processes—Removing the 
"Black Box" 

Since colonial times, the U.S. has lost 
about half of its natural wetlands; only 
about 103 million acres remain. Much of 
the loss is due to the activities of agricul- 
ture and was encouraged by the federal 
government until the 1970s. California, 
Ohio, and Iowa have lost or altered some 
90 percent of their original wetlands. We 
are now only beginning to understand the 
importance of natural wetlands. While 
we may not be able to effectively mitigate 
the wetland losses incurred over the last 
150 years, our understanding of natural 
systems has improved, and we are 
beginning to appreciate what we have 
lost Our knowledge of wetlands has 
been predominantly qualitative—we have 
recently realized that when polluted water 
goes into wetlands, it comes out cleaner, 
but we don't understand all the processes 
at work. 

The Max Planck Institute in Germany 
began research and led in the develop- 
ment of constructed wetlands to polish 
municipal wastewater more than 30 years 
ago. Asia's history of utilizing both 
"gray" and "black" water in agriculture 
and polyculture provides another history 
of wastewater reclamation wetlands. 
Studies examining the treatment of 
wastewater by wetlands in the U.S. 
began in the 1960s, as researchers 
noticed the Tinicum Marshes on the 
Delaware River substantially renovated 
the water flowing through them. In natu- 
ral wetlands of the U.S., suspended 
solids removals average 30 percent with a 
maximum removal rate of 95 percent 
How? What are the effects of sedimenta- 
tion on pollutants such as nitrogen? The 
pilot project marshes at the Arcata facility 
and the research conducted by Humboldt 
State University have contributed to de- 
mystifying the "black box" of wetland 
processes. 



Arcata's pilot project marshes provide a 
means of studying wetland processes, 
varying conditions to find out what 
happens when pollutant parameters or 
system design change. The results of 
these studies are combined in the follow- 
ing table. The cells of the pilot marshes 
are 6 meters by 66 meters; retention time 
is about six days. Studies there have 
determined^ for example, that the most 
effective removal for bacteria and viruses 
is accomplished by alternating vegetated 
sections with open (non-vegetated) sec- 
tions in the cell, especially with a densely 
vegetated zone at the final two days of 
detention time. 

The vegetated segments of the cell 
remove more pollutants, but the open 
segments reoxygenate the water, 
enhancing treatment in the subsequent 
vegetated section, a combination effect 
that was previously reported from 
wetland studies in South Africa. This 
planting strategy is most effective when 
the outlet section is vegetated—providing 
a final filtration and adsorption 
opportunity just prior to discharge. The 
Arcata Enhancement Marshes also use 
these strategies. 

Source, Sink, and Transformer— 
How Wetlands Function 

A wetland can be a source of pollutants, 
producing nitrogen in its effluent, lower- 
ing pH, increasing color of the water 
(because total dissolved solids increase), 
emanating odors that result from methane 
and hydrogen sulfide, and generating 
bacteria, especially coliform (a result of 
ducks or other wildlife using the 
wetland). Wetlands acting as a source of 
organic matter or carbon has been recog- 
nized as a value, such as for food for 
downstream biota. Since the purpose of 
a wastewater treatment wetland is to 
reduce, not increase, the pollutants in the 
effluent, proper design and management 
are critical. 

Thus, creating wetlands which maxi- 
mize their capabilities to act as a pollutant 

sink and transformer is essential. This is 
accomplished through attention to all 
critical design variables. Above all, 
conditions for a healthy and diverse 
microbial community are required. The 
combination of anaerobic conditions with 
oxygenated microzones and aerobic open 
waters is also important Minimizing 
hydrologic "short-circuiting makes effec- 
tive use of the entire wetland. 

Dye studies from the Des Plaines 
demonstration wetlands show that if 
short-circuiting is prevented in the 
design, flows between vegetated and 
deeper water zones, exchange of water on 
the wetland perimeter and through 
densely vegetated areas contribute to 
increase wetland water quality. These 
dye studies suggest that length-to-width 
ratios recommended in the literature may 
not be critical for treatment effectiveness. 
These recommended length-to-width 
range from 7-10:1, but have been as high 
as 25:1 A danger lies in designing such 
wetlands, in that extreme pollutant load- 
ings may occur at the influent end. More 
elaborate inflow configurations may be 
required for treatment wetlands with high 
length-to-width ratios. Moving inflow 
pipes further down the wetland may 
better distribute the wastewater, but con- 
tradicts the reason for high length-to- 
width ratios. 

The physical, chemical, and biological 
processes that occur in wetlands acting as 
pollutant sinks and transformers are the 
keys to successful constructed wetlands 
wastewater treatment systems. As sinks 
and transformers, wetlands can effec- 
tively remove substances from the waste 
stream. Processes that are maximized in 
properly-constructed wetlands treatment 
are outlined in Table 1 and include: 

sedimentation 
volatilization—a wetland's ability to 
form and release gases 
cation exchange 
biological uptake into plants and 
especially microbes 
nitrification/denitrification 
chemical and physical adsorption. 
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Wetlands have the ability to chemically 
transform dissolved particles to particu- 
lates, which physically settle out. They 
cycle wastewater constituents biochemi- 
cally and physically, reducing chemical 
species to lower oxidation states, enhanc- 
ing opportunities for removal. 

Physical sedimentation of SS is an 
extremely important mechanism of pollu- 
tant removal that concurrently reduces 
BOD and most other contaminants. 
Sedimentation also brings pollutants in 
contact with soils, where bacterial 
metabolism can occur. Sediments in 
municipal wastewater are predominantly 
organic and can be decomposed versus 
inorganic nonpoint runoff sediments. 
Sediment accumulation has not been a 
problem at the Arcata wetlands. 
Sediments are settled out in the first two 
days at the influent end of the wetland. 
The pilot cells at Arcata have been receiv- 
ing wastewater since 1983 and sediment 
deposition is evident over the upper 75 
percent of the cell. However, the cells 
continue to provide treatment 

Furthermore, the dense vegetation in 
the cells contribute far more organic sedi- 
ments by mass than the incoming 
wastewater. Based on mass loading, 
deposition and decay of the wetland vege- 
tation contributes more to the BOD and 
SS quantities in the outflow than the 
wastewater. Decayed plant material or 
detritus acts to supply food and attach- 
ment sites for benthic microbes, as well 
as adsorption surfaces for pollutants. 

To create conditions necessary for 
healthy microbe and plant communities, it 
is necessary to pretreat wastewater to 
remove as much of the pollutant load as 
possible. Arcata has studied both organic 
and hydraulic loading in relation to wet- 
land treatment effectiveness. This was 
done to determine a wetland's response to 
shock organic loads as increased storm- 
flows. Organic loading influenced BOD 
and nitrogen removal, but only when 
loading reached high levels. 

Arcata's data shows wetlands can 
handle shock loads. Other research has 
recommended a maximum loading of 70 

kg/ha«day for BOD, but the Arcata wet- 
lands received 200 kg/ha»day before 
showing elevated BOD levels in its 
outflow. BOD levels remained low and 
stable at loadings up to 150 kg/ha*day and 
loadings of up to 90 kg/ha»day allow the 
wetlands to consistently meet the 30 mg/1 
BOD NPDES effluent requirements. 
Suspended solids were less affected by 
higher organic loadings than BOD. 

For effective nitrogen removal, a lower 
organic loading rate is recommended. 
Wetlands do have a greater ability to 
receive shock organic and hydraulic 
loads, produce consistent effluent quality, 
and recover without external control 
(human maintenance) compared to con- 
ventional wastewater treatment plants. 
However, lower loading rates allow for 
more reliable and predictable water treat- 
ment, and increased protection for the 
wetland's biota. Physical and chemical 
adsorption are important removal pro- 
cesses, and sedimentation and subsequent 
bacterial metabolism are perhaps the most 
important processes in wetlands. Table 2 
summarizes some effects of design and 
operational variables on water quality 
parameters. 

We're making exciting discoveries in 
the investigation of suspended solids and 
nitrogen removal. Research at Arcata 
reveals that about 75 percent of the influ- 
ent suspended solids are removed after 
the first day and a half in the pilot cells, 
mostly setfling to the bottom in the first 
12 meters of the cell. Since these solids 
are mainly organic, they consist of carbon 
and nitrogen among other chemicals. 
Breakdown of the deposited sediments by 
bacteria produces ammonia. In the pilot 
cells influent ammonia levels were 
approximately 8 to 10 mg/1. Ammonia 
levels at the center of the pilot cells 
reached 14 mg/1. Bacterial aerobic nitrifi- 
cation and subsequent anaerobic denitrifi- 
cation reduced ammonia levels to about 6 
mg/1 at the end of the pilot cell. If the 
pilot cells were one-half the size, or half 
the detention time, they would act as a 
source of ammonia nitrogen due to the 
decomposition of SS. 



Tabled- Influence of Design and Operational Variables on Selected Water Quality Parameters 

DESIGN 
AND 

OPERATL 
VARIABLES 

WATER QUAUTY PARAMETER 

Dissolved 
Oxygen BOD 

Suspend- 
ed Solids 
asNFR 

Coliform 
Removal 

Nitrogen 
Removal 

Phosphorus 
Removal PH 

Hydraulic 
Loading 
0.02-024 

(m5/m2/day) 

Minimal effect Inversly related No effect Directiy- 
T.Cofifonn; 
No effect- 

F.Conform 

Inversly related No effect No effect 

Organic 
Loading 

Inversly related 
to critical 

loading 
Inversly related No effect 

Possibly indirectly 
related to 

T.CoCfonn 

Inversly related 
33 Kg/ha/day 

and less 

Mia effect- 
Summer mos. 

<=12£ 

kg/ha/day 

SPght. 

decrease 

Detention 
Time 

37-697 hrs. 

Directly related Directly related 

>90hrs 
No effect Directly related to 

F.Coliform 

Directly related 

> 125 hrs. 

Mineffect- 
summermo > 

tS/Shrs 

No effect 

Water 
Depth 

1 to 3 ft. 

Deeper cell 
buffers D.O. 

depletion 

No effect No effect No effect No effect No effect No effect 

Aquatic Plant 
Groups 
Emenjent. 

Submerged, 

Floating Leaved 

Canopy 
reduces 

Plankton; 
Lemna reduces 

D.O transfer 

Submerged 
root 

entrainment 
short circuiting 

reduced 

Submerged 
root 

entrainment 

related to plant 

surface area 

AH groups 
important fa- 

uptake 

All groups 

important 

Lemna 
reduces 
D.O.- 

HjS lowers 

PH 

Plant Density 
& 

Distribution 

OpenwatRr 
zone increases 

D.O.; 
dense cover 

reduces D.O. 

Bands across 
water increase 

removal rate 

Open water 
at discharge 

pLcan 
result in 

increase 

Probable effect Higher density 
for greater 

removal rate 

Higher density 
for greater 

removal rate 

No effect 

Fluctuation 
in Rate 
of Inflow 

No effect 

Directly related 
and lagged by 

flow 
No effect 

Directly- 
T. Cofiform; 

Less effective 

-F.Conform 

Directly related 
and lagged by 

flow 

Directly related 
and lagged by 

flow 
No effect 

Cold 
Weather 

<12*C 

Increases Good removals No effect 

T.CoGfbrm 
increases; 
F. CoDform 

decreases 

Decreases Decreases Sfight 

Increase 

Wanm 
Weather 

>12*C 

Decreases 

Best removals 
if D.O. 

available 
No effect 

T.CoBform 
decrease; 
F.CoTrfbrm 

increases 

Increases Increases Slight 

Decrease 

Variations 
Within 

Wetland Cell 

Lower in upper 

reaches 

BOD levels 
decrease with 

reach 

Accumu- 
lation in 
upper 

reaches 

Upper reaches 

Complex 
Denitrifica- 

tioiV 

Nitrification 

No effect Minimal 
effect 

Source: R. Gearheart, from Arcata Marsh data (pilot, treatment and full scale), 1980-1986. 
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Life Expectancy of Constructed 
Wetlands 

In addition to these research results, the 
Arcata Marsh's eight years of operation 
provides data about the expected 
longevity of constructed wastewater 
treatment wetlands. According to the 
original design, the Arcata Marsh was 
expected to require maintenance after 
eight years. However, that figure is 
being revised, because the facility's 
treatment effectiveness is improving. 
Data from Florida indicates that at 10-12 
years the detrital-consuming biological 
community matures and is more diverse 
in created and restored wetlands. This 
research found that "detrital density" was 
most important for achieving functional 
levels similar to the natural "control" 
wetlands. Arcata's marsh seems to be 
following that pattern. Fifteen years of 
data on free-surface wetlands used for 
wastewater treatment currently being ana- 
lyzed by Dr. Robert Kadlec of the 
University of Michigan show continued 
and excellent treatment performance. 

Looking to the Future 

Constructed wetlands loaded with 
municipal wastewater like Arcata's are 
more efficient at 8 years than at 5, and 
may be even more efficient at 10 to 12, 
but what about after that? There are no 
data about FWS systems such as Arcata's 
extending beyond 15 years. Additionally, 
we know little about metals accumulation 
in wetlands. Conventional wastewater 
treatment plants are less able to handle 
shock, toxic and hydraulic loads than 
wetlands resulting in occasional dis- 
charges of an elevated level of pollutants 
to receiving water. 

Most "concrete and steel" sewage 
treatment plants have a life expectancy of 
about 20 years. Wetlands treatment 
longevities are approaching this and oxi- 
dation ponds surpass it Lower mainte- 
nance and energy costs along with the 
multiple values wetland afford are other 
reasons for promoting constructed wet- 
lands. Construction costs are often lower 
as well, depending on land availability. 
Created wetlands can return some of the 
habitat values dramatically lost since 
colonial times. 
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PLANTS AND MICROORGANISMS 

Robert Gearheart, Department of Environmental Resources Engineering, 
Humboldt State University 

The Arcata Marsh and Wildlife 
Sanctuary is primarily a constructed 
wetland wastewater treatment facil- 

ity. The City of Arcata, however, has 
recognized other benefits from the facility 
and now has a Natural Resources 
Department to manage it Besides provid- 
ing tertiary water treatment to the area's 
wastewater, the marsh is an ecological, 
socio-cultural, and water resource. It 
serves as host to weekly Audubon walks, 
approximately 100 educational field trips 
and about 125,000 people each year who 
go to watch birds, fish, or relax. Built on 
reclaimed land, vegetated with indigenous 
wetland plants, and supporting over 200 
species of birds and several stocks offish, 
the Arcata marsh is proof that municipal 
wastewater can be a resource, rather than a 
liability. 

Arcata's marsh has become so central 
to area recreation and natural resources 
that it is managed for habitat, as well as 
comphance with the federal Clean Water 
Act In addition, over its eight years of 
operation, the marsh has proven to be an 
effective method for removing pollutants, 
and an important site for research, adding 
to our knowledge about what wetlands do, 
and how they do it. 

Assumptions about Wetland 
Processes 

Studies done at Arcata's marsh have 
cleared some of the confusion about what 
actually happens in wastewater treatment 
wedands. Four early assumptions we've 
made about these systems have turned out 
to be in error. 
•    Plants are nutrient sinks, responsible 

for the uptake and removal of nitro- 
gen, phosphorus, carbon, and other 
nutrients. 

Plants play an active role in nitrogen 
and phosphorus processing. 
Different plant species make a 
difference. 
Intensive management or harvesting 
are necessary for long-term treatment 
function. 

Harnessing Plant and Microbial 
Processes 

Both natural and constructed wetlands 
are complex systems of interconnected 
processes. Research of these processes 
has historically emphasized the macro- 
scale; it is easier to work with and under- 
stand macroscopic organisms such as 
cattails. But at Arcata we find that, in fact, 
micro-scale processes directly remove 
more constituents from the wastewater. 
Cattails' major contribution to con- 
structed wetland wastewater treatment 
may be indirect, creating conditions in 
which microscopic organisms can most 
effectively grow, and clean wastewater. 

Cattails, Reeds, and other Macrophytes 

Macroscopic wetland plants, known 
collectively as macrophytes, play an im- 
portant role in wetlands, but it is not pri- 
marily the role of nutrient uptake, as we 
originally thought. live macrophytes and 
dead macrophyte material deposited 
annually as detritus on the wedand floor 
provide surface area for underwater 
microscopic plants—periphyton—and 
microbes. These microscopic organisms 
grow as attached films on submerged sur- 
faces. In Arcata's pilot cells, this surface 
area (150-250 mtirx?) is as much as three 
times higher than conventional wastewater 
treatment reactors. Macrophytes also 
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provide a canopy to intercept sunlight 
Shading promotes periphytic growth; 
pilot cell studies show that these 
microscopic plant communities are most 
vigorous when receiving 60-70 percent 
full sun. Furthermore, as they die, 
wetland plants become a source of carbon 
that can be used by bacteria to denitrify 
nitrate, releasing the nitrogen as nitrogen 
gas to the atmosphere. 

The Role of Periphyton and Microbes 

Research conducted in the 
Environmental Resources Engineering 
Department at Humboldt State University 
indicates that the periphytic and microbial 
communities are die real driving force 
behind a wetland's ability to remove pol- 
lutants. Periphyton generate dissolved 
oxygen, a compound in short supply in 
submerged systems. The oxygen they 
provide supports the microbial communi- 
ties that are attached, along with periphy- 
ton, to the submerged surfaces. The 
microbes can remove nutrients such as 
nitrogen from the system, but this process 
requires oxygen in the early stages. 

Microbial denitrification is a major 
nitrogen removal route in wetland waters. 
Denitrification is a process in which bac- 
teria transform nitrate to nitrogen gas, 
which is released into the atmosphere. 
Since municipal wastewater is high in 
nitrogen, denitrifying bacteria need carbon 
contributed by wetiand macrophytes to 
achieve maximum denitrification rates. 
Living organisms require specific carbon- 
to-nitrogen ratios (that is, a "balanced" 
energy source) for their metabolic 
processes, and these denitrifying bacteria 
are no exception. The net result in a 
wetland such as Arcata's is a 60-70 
percent reduction of nitrogen. 

A closer examination of nitrogen 
dynamics can illustrate the interconnec- 
tions of processes. In wetland systems, 
all of these processes are occurring simul- 
taneously. By singling out one process, 
we. may miss significant impacts of other 
processes we are trying to understand. 

As wastewater is introduced into a 
wetland, the flow velocity slows and some 

of the suspended solids drop to the 
bottom. Figure 1 shows a reduction of 
suspended solids across one of Arcata's 
pilot cells, plotted against time in days. 
Figure 2 shows ammonia concentrations 
across the same wetland cell. The 
ammonia concentration is about 8 mg/1 
when it comes into and leaves the cell. 
One might conclude that no ammonia 
treatment is occurring. Not so. 

Upon closer inspection. Figure 2 shows 
an increase in ammonia concentrations to 
above 14 mg/1 near the center of the cell. 
How can that be? Part of the explanation 
lies in the fact that this graph shows not 
total nitrogen, only ammonia. In addition, 
recall that Figure 1 showed solids settling 
to the bottom in the first quarter of the 
cell. These solids are undergoing 
microbial decomposition and one of the 
byproducts of this breakdown is the 
release of ammonia. This ammonia is 
being lost to the atmosphere over time, as 
it flows along the cell, or perhaps it is 
being converted to nitrate. To determine 
exactly what is occumng, the pH, 
dissolved oxygen concentration and other 
factors need to be known. However, as 
the ammonia is lost, the concentration 
goes down, and is back down to a con- 
centration of 8 mg/1 as the liquid leaves 
the cell. 

Sampling at only the inlet and oudet of 
the cell might have indicated the system 
had undergone no change. If the cell had 
been half the size, a significant increase in 
ammonia would have been measured, and 
the conclusions would be completely 
different 

There are apparent hydraulic slow spots 
in the comers of the cell that have less 
ammonia. Researching both the hydrol- 
ogy and biology will provide a better 
delineation of the rates and products of 
nitrogen transformations. Wetlands are 
very complex and we need to continue 
piecing together the big picture to develop 
a complete understanding of the pro- 
cesses that go on in these systems. 

Findings such as these focus scientific 
attention on the complex microbial and 
periphyton communities which form a 
living "biofilm" on the vast submerged 
surface area in constructed wedands. 
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The difficulties presented by quantifying 
micro-scale processes will present 
challenges to researchers in the years 
ahead, as we continue to expand our 
understanding of the crucial wastewater 
treatment role played by this biofilm 
community in constructed wetlands. 

Microorganisms of Concern to Public 
Health 

Chlorine came into use as a disinfectant 
in 1910, soon after the first fecal coliform 
tests were developed. Incidences of 
waterbome diseases fell drastically, and 
we've continued to use chlorine as the 
primary disinfectant for drinking water, 
and to kill organisms in treated wastewa- 
ter as it is returned to the nearby river or 
lake. Current regulations in California 
require Arcata's wastewater to be chlori- 
nated to protect the oyster industry in the 
bay and the visitors to the wetland. 
However, such disinfection is now con- 
sidered old technology. It is costly, and 
its by-products include trihalomethanes 
(THMs), known carcinogens. 

The question facing us is how much 
public health protection can we get from 
wetlands alone? Studies at the Arcata 
marsh have demonstrated that fecal col- 
iform removal is approximately 86 per- 
cent before chlorine disinfection. Within 
completely vegetated cells, the potential 
exists for an even higher rate of removal, 
thus negating the need for chlorine disin- 
fection. We are not yet certain of the 
removal mechanism, but we do know that 
wetlands substantially reduce microorgan- 
isms once thought to require chlorine 
disinfection. 

It's All in How Yon Look At It 

Whether it's providing habitat for 
migrating waterfowl, new clues to 
researchers of wetland processes, 
enhancement of an oyster industry, or 
human solace from urban lifestyles, a 
constructed wetland challenges the popu- 
lar notion of "waste" water. Valuing the 
byproducts of human settlement as a 
resource presents many opportunities for 
engineers, scientists, and citizens. 
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NUTRIENT AND SEDIMENT DYNAMICS 

Carol Johnston, Natural Resources Research Institute, 
University of Minnesota 

Our ability to design constructed 
wetlands for wastewater treatment 
is improving, and one goal of an 

effective design is to create wetlands that 
will serve a desired function over a long 
period of time. To do this, we can apply 
our understanding of how natural wetland 
systems function, examining the physi- 
cal, biological and chemical mechanisms 
involved in the way wetlands interact 
with materials in surface water. Wetlands 
can be very effective, at least in the short 
term, at reducing suspended solids and 
nutrient concentrations in wastewater, but 
over the long term, wetland water treat- 
ment functions can cease or even reverse, 
causing the system to become a source of 
contaminants rather than a sink or 
transformer. 

Although the sediment and nutrient 
sources are usually different for con- 
structed wetlands and natural wetlands, 
the processes or treatment within are 
similar. Studying the flow of sediments 
and nutrients through a natural wetland 
has given us some insights we can apply 
to constructed wastewater treatment wet- 
lands. One useful conceptual tool is a 
generic model of a wetland that includes 
"storage compartments"—leaves, woody 
stems, roots and rhizomes, litter, water, 
surface soil, and deeper soil—between 
which are numerous pathways of nutrient 
flux. While we understand some of the 
exchange mechanisms that occur between 
these compartments, it is difficult to 
quantify others. The highly variable 
published results on the effects of wet- 
lands on water quality complicates the 
analysis, but the general model can still 
be used to develop a picture of the 
dynamics of nutrients and sediment 
within wetlands. We can thus summarize 

the existing findings, presenting the "big 
picture" of how wetlands process sedi- 
ments and nutrients. 

Mineral Sediments 

As waterbome suspended solids enter 
a wetland, they settle out onto the soil 
surface as the water loses velocity.  Once 
deposited, these mineral sediments are 
there to stay, as part of the soil storage 
compartment Trapped indefinitely as 
sediment in the wetland, suspended 
solids are reduced in downstream lakes 
and streams, improving water quality. 
Since high turbidity in surface waters 
reduces photosynthesis, decreases con- 
centrations of oxygen, kills benthic 
organisms, destroys fish habitat, and 
encourages growth of exotic and perhaps 
undesirable plant species, wetland sedi- 
ment deposition plays a vital role keeping 
rivers and lakes healthy. 

Not only does mineral sediment depo- 
sition reduce downstream turbidity, it 
retains nutrients and contaminants that are 
attached to the solids as they settle in the 
wedand. Inflows to natural wetlands are 
typically diffuse, arriving as overland 
runoff from forested or agricultural lands 
or from river flooding, whereas inflows 
to constructed wetlands are usually point 
sources of municipal or industrial 
wastewater. 

Depending on the input to the wetland, 
sedimentation rates vary; they are mea- 
sured in vertical accretion (cm/yr) or mass 
accumulation (g/m2«yr) units. Some 
wetlands receive almost no sediment per 
year—others receive high sediment load- 
ing, such as an niinois wetland located in 
an agricultural area, which has shown a 
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mass accumulation rate of over 5,000 
g/m2«yr. 

Organic Sediments 

While mineral sediment deposition 
depends on the inflow of soil material 
from outside the wetland, the accumula- 
tion of organic soil is a function of the 
biomass within the wetland. 
Accumulated organic soil has little effect 
on downstream water quality and 
happens very slowly, over hundreds or 
thousands of years. Compared with the 
average annual mass accumulation rates 
of mineral sedimentation, organic soil 
accumulation is significantly less: 96 
g/m2«yr as opposed to an average of 
1,680 g/m2«yr for mineral sedimentation. 
In wetlands where plant litter has a high 
annual decomposition rate, organic soil 
accumulation is negligible. 

Sedimentation, especially via mineral 
deposition, is an important way for wet- 
lands to obtain nutrients. Nutrients con- 
tributed by organic soil accumulation are 
less significant, about an order of 
magnitude lower. 

Nutrient Storage in Natural 
Wetlands 

When nutrients are added to the soil 
surface, they are part of the soil standing 
stock, which is the total amount of a 
nutrient in the surface soil compartment 
(defined as the root zone soil layer) per 
unit area of wetland at a particular time. 
Standing stock can be calculated as: 

Standing stock = concentration • mass 
• Concentration: amount of nutrient per 

unit of storage medium, for instance, 
mg N (nitrogen) per gram of surface 
soil. 

• Mass: amount of storage medium per 
unit area—for example, grams of 
surface soil per square meter of 
wetland 

Standing stock values allow compar- 
isons of various storage compartments, 
giving a picture of nutrient distribution at 

a given time. Soils contain the largest 
standing stocks of all wetland storage 
compartments because of their high nutri- 
ent concentrations and large mass. For 
example, the average standing stock of 
nitrogen, summarized from six studies, 
ranged from 342 g N/m2 to 6,900 g N/m2 

in the upper soil layer. Why the varia- 
tion? Soil nutrient concentrations are 
variable and soil mass is difficult to 
define due to the lack of a distinct lower 
boundary in most wetlands. Despite the 
variability of the data, knowing a range of 
standing stock values serves as a useful 
index for comparing nutrient storage 
compartments. 

Nutrient concentrations of green tissues 
typically have a narrow range of values: 
1-3 percent nitrogen and 0.1-0.3 percent 
phosphorus. But variation in green tissue 
mass varies significantly between and 
within species. When a Michigan 
peatland began to be used for municipal 
wastewater treatment, the existing sedge- 
leatherleaf vegetation, a community with 
a low natural biomass production, was 
replaced by twelve-foot tall cattails in less 
than a decade: the wetland species com- 
position changed in response to increased 
levels of incoming nutrients. Standing 
stock of nitrogen in green tissues varies 
largely with green tissue biomass, 
averaging 21 g/m2 in emergents and 8 
g/m2 in the leaves of wetland trees and 
shrubs. Similar analyses of woody 
biomass, litter, surface and deep soil 
compartments complete the picture of 
nitrogen partitioning within a wetland. 

Because of their extended lifespan and 
time needed to become a significant stor- 
age compartment, trees have not been 
used extensively in constructed wetlands. 
In spite of low average nutrient concen- 
tration, the large biomass of woody vege- 
tation can store a significant amount of 
nutrients, up to ten times the nitrogen and 
five times the phosphorus of green tissue. 
In addition, though belowground 
standing stocks are difficult to study, 
they, too, can contain nutrient concentra- 
tions equal to or higher than green 
tissues. 
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Nutrient Flows between Storage 
Compartments 

Nutrient cycling in wetlands is a 
dynamic process, and standing stocks 
only provide a snapshot of the location 
and concentration of nutrients at a given 
time. Wetland plants may take up nutri- 
ents that will be used in belowground 
standing stocks or moved into the green 
tissues. Some of these nutrients will be 
translocated into perennial tissues, 
leached out of green tissues into wetland 
waters, or will return to the soil surface 
as litter when the growing season ends. 

A measure of nutrient cycling, or 
uptake and return, is the turnover time, 
which is estimated by dividing standing 
stocks by annual inputs. Leaves and litter 
have an average turnover time of approx- 
imately 2 years, while wood and soU 
compartments average 100 years. The 
implication for constructed wetlands: 
long-term nutrient storage is more desir- 
able in terms of water quality, especially 
when the flow rate into the compartment 
is adequate to remove appreciable 
amounts of nutrients from the water. A 
moderate flux rate into a long-term stor- 
age compartment such as a tree may have 
a greater overall effect on water quality 
than a large flux into a short-term storage 
compartment such as algae that will 
quickly decompose, releasing nutrients 
back into the water. 

We are discovering that when different 
cumulative nutrient fluxes and storage 
capacities are compared on an annual 
basis, some are more important than 
others. 
• Mineral sediment deposition is the big 

winner, able to retain up to 
52.4 g of nitrogen and 8.2 g of 
phosphorus/m2«yr for as much as 100 
years. Mineral sedimentation retains 
more phosphorus than any other 
mechanism in natural wetlands, but 
raises concerns about system aging, 
long-term impacts, and the possible 
need for dredging. 

• Denitrification has the greatest 
potential for effective, long-term 
nitrogen removal from wetlands. 

Implications for Design 

If we can design constructed wedands 
to promote sedimentation and nitrifica- 
tion/denitrification, and harvest vegetation 
(removing standing stock in biomass), 
we can maximize nutrient removal rates 
from the water that flows through the 
wetlands. In addition, continued research 
of constructed and natural wedands will 
improve our understanding of how these 
systems affect water quality, and enable 
us to design wetlands to treat specific 
wastewater treatment needs. 
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THE ROLE OF WETLAND PLANTS 

Richard Halse, Department of Botany and Plant Pathology, 
Oregon State University 

Wetlands are ecotones, a transition 
zone between deepwater sys- 
tems and uplands. The federal 

government characterizes them by three 
primary traits: hydrology, hydric soils, 
and hydrophytic vegetation. 

The dominant influence in establishing 
and maintaining a wetland is hydrology, 
which affects all aspects of a wetland 
system, including plant life. Primary 
productivity in a wetland is enhanced by 
flowing water (or a pulsing hydroperiod), 
and is often depressed by stagnant water. 
Hydrology controls the organic accumu- 
lation in wetlands by influencing primary 
productivity, decomposition, and the ex- 
port of particulate organic matter, as well 
as nutrient cycling and availability. Water 
inputs, especially in constructed wet- 
lands, are usually the major source of 
nutrients, while outflows frequently 
remove biotic materials. 

The presence of water creates hydric 
soils, soils that in their undrained condi- 
tion are saturated, flooded, or ponded 
long enough during the growing season 
to be anaerobic. Air percolates into soil 
in upland ecosystems, but the interstitial 
spaces in wetland soils are full of water. 
This lack of oxygen in the soil prevents 
most plants from carrying out normal 
aerobic root respiration, and strongly 
affects the availability of nutrients. In 
addition, this lack of oxygen can lead to 
toxic materials accumulating in the soil in 
some situations. 

Wedand plants have evolved several 
mechanisms which allow them to grow in 
saturated soils and avoid root anoxia. 
They have developed aerenchyma tissues, 
which improves gas transfer from the ex- 
posed tissues in the stems and leaves to 
the roots. In addition, some wetland 

plants tolerate oxygen shortages by 
respiring anaerobically. 

Types of Wetland Plants 

When we refer to wetland plants, we 
include a variety of organisms, including 
cyanobacteria, algae, fungi, and vascular 
plants. The focus here is on vascular 
plants, but all are found in wetlands. 
Cyanobacteria, or "blue-green algae," are 
unicellular and photosynthetic and are 
often found in polluted waters. Algae are 
also unicellular and photosynthetic, 
depending on nutrients that are dissolved 
in the water column. They are often 
referred to under the broader term 
"phytoplankton," and are the primary 
components of algal-bacteria wastewater 
treatment systems. Largely ignored in the 
literature, there is litde information about 
fungi, though we know they are primary 
decomposers, along with bacteria. 

Referred to as wetland plants, aquatic 
plants, aquatic macrophytes, and 
hydrophytes, vascular plants—multicellu- 
lar, photosynthetic organisms—all obtain 
nutrients primarily from sediments. 
Some confusion has resulted from previ- 
ous distinctions between aquatic and 
wedand plants, but in general, wetland 
species grow in saturated soils, while 
aquatic species grow in soils that are cov- 
ered with standing water. A more inclu- 
sive term is perhaps hydrophyte, to indi- 
cate any plant living in water or on a 
substrate that is at least periodically 
anaerobic because of excess water. 

Though often unrelated, vascular 
hydrophytes can be grouped according to 
their life or growth forms, or both. This 
group of plants has evolved into morpho- 
logically comparable forms to adapt to a 
specific mode of life in a specific habitat 
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Vascular hydrophytes can be further 
divided into plants that are attached to the 
soil and plants that are free-floating, often 
lacking a root system or with roots that 
dangle in the water. 

Rooted Hydrophytes 
Emergent hydrophytes are rooted in 

exposed or submerged soils, and typi- 
caUy have erect stems and mature aerial 
leaves: 
Carex, sedge 
Eleocharis, spikerush 
Juncus, rush 
Phalaris, canarygrass 
Phragmites, reed 
Scirpus, bulrush 
Typha, cattail 

Floating-leaved hydrophytes are rooted 
in submerged soils, with lax stems, and 
leaves that float on the water's surface. 
The most common include Nuphar, or 
spatterdock, Nymphaea, or water lily, 
and Potamogeton, pondweed. 

Submerged hydrophytes are also rooted 
in submerged soils; their stems are lax 
and their leaves are submerged. 
Examples include Callitriche, water 
starwort; Elodea, waterweed; Najas, 
water-nymph; and Potamogeton, 
pondweed. 

Free-Floating Hydrophytes 
In general, these species are unattached. 

Their root systems dangle in the water, or 
are absent. These include Eichhornia, 
water hyacinth; and Pistia, water lettuce. 
Some are submerged altogether, like 
Utricularia, bladderwort; or 
Ceratophyllum, homwort. 

Some plants, like pondweed and water 
starwort, are members of large genera, 
with different species having different life 
forms. Some plants, like bladderwort, 
rises to flower and sinks to overwinter. 
This can blur the distinctions between 
these groups. 

How Plants Influence Wetlands 

Plants are a vital component of both 
natural and constructed wetlands for a 
number of reasons. 

Vascular plant root systems, particu- 
larly those of emergent species, hold 
sediments together, which reduces 
erosion. 
Plants forai an obstruction to sus- 
pended particles in moving water, 
causing them to drop out of the water 
and deposit as sediment. 
Plants shade water, which can reduce 
the amount of light reaching algae, 
and thus the rate of photosynthesis. 
Shading can also lower the water 
temperature, which reduces the 
amount of oxygen generated and 
microbial activity. 
Plants transpire enormous amounts of 
water into the atmosphere. Reed 
canarygrass has been known to dry 
out wedands receiving lower inflow 
than its transpiration capacity. 
Transpiration rates may be a problem 
in constructed wedands if water input 
ceases for some interval of time, since 
the resulting transpiration water loss 
can cause concentrations of toxics and 
other solutes (particularly salt) to 
increase. 
Plants are capable of transporting 
oxygen from their leaves and stems 
into their root systems. The portion 
leaking from roots creates an aerobic 
rooting zone that stimulates the 
decomposition of organic material, 
growth of nitrifying bacteria, and aids 
in detoxifying hydrogen sulfide 
(along with reduced forms of iron and 
manganese). Floating hydrophytes, 
and some emergent plants, can put 
oxygen direcdy into the water column 
as well. 
Plants provide a substratum to which 
periphyton can attach. 
Plants provide habitat, food, and 
shelter for wildlife. Depending on the 
system, this may be positive, as in the 
Arcata marsh, or negative, if animals 
such as nutria, that feed on plants, are 
present. 
Plants add aesthetic value to 
wedands. 
Lasdy, a study in a German con- 
structed wetland showed the average 
percent reduction of fecal and 
pathogenic bacteria after two hours 
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could be significant: Scirpus 
lacustris, or bulrush, removed 70 
percent of E. coli; 80 percent of 
Enterococci; and 60 percent of 
Salmonella. Juncus effusus, or rush, 
removed 80 percent of both E. coli 
and Enterococci; and 50 percent of 
Salmonella It appears the plants 
release some form of antibiotic, 
which kills some of the bacteria. 

Wetlands—Nutrient Sinks or 
Sources 

The most important role plants play in 
an artificial wedand is when the wedand 
can be considered a nutrient sink, when 
inputs of nutrients exceed outflows: this 
is the goal of wastewater treatment wet- 
lands. During the growing season, 
aquatic plants absorb nutrients such as 
nitrogen, carbon, and phosphorus for 
growth, removing them from the water 
and sediments. In addition, hydrophytes 
absorb inorganic micronutrients and tend 
to accumulate more than they need for 
growth. (One study measured the uptake 
of 14 elements by 10 species of aquatic 
plants.) 

Plants can also accumulate heavy metals 
and synthetic organic compounds, which 
can be stored in aboveground biomass 
until the plant dies, when they may be 
released. Nutrients and other materials 
can also be translocated to the rhizomes 
and roots of plants, which is a semi- 
permanent form of storage. 

Productivity, a function of resources, 
environmental conditions, and species, 
varies widely among hydrophytes. In 
general, the productivity of free-floating 
species is as high or higher than for 
emergent species, but for submerged 
vascular species it is lower. 

During the fall, when plants die, they 
can release large amounts of nutrients and 
become nutrient sources, a process that 
may continue through the winter and into 
spring. Leaching occurs almost immedi- 
ately, both aerobically and anaerobically 
when the plant falls into the water. 
Within 6 to 12 months, nearly 80-90 per- 
cent of water-soluble organic and inor- 

ganic substances in green tissues can be 
released through leaching. Organic ma- 
terial also setdes to the bottom of the 
wetland, where it continues to decompose 
and add nutrients to the system. Some of 
the litter deposits go into the substrate in 
the form of peat, which represents a 
semi-permanent form of storage. 

Harvesting vegetation is one way to 
permanendy remove nutrients from the 
system, and thus to prevent nutrient 
release in wetland outflow. Free-floating 
plants such as water hyacinth are com- 
monly harvested. In die Pacific 
Northwest, where climate dictates the use 
of emergent species, harvesting has not 
been studied as extensively. 

Determining Which Plants to Use 
in a Constructed Wetland 

There are several important factors to 
consider in choosing which plants to 
grow when designing a constructed wet- 
land. First, what type of wedand is to be 
constructed? Lagoons and ponds covered 
by free-floating plants will require differ- 
ent plants than a wedand with emergent 
species, the kind typically used in the 
Pacific Northwest Other considerations 
include: 
• What will grow in the local 

environment? 
• Plants with high biomass production 

and nutrient absorption are preferred. 
• The efficiency of the plants in treating 

a particular wastewater problem. 
• Availability—some plants may be 

purchased from a nursery; others 
must be collected from the wild. 

• Cost and time involved in planting 
vegetation; for instance, seeds vs. 
rhizomes. 

• Harvesting—plants should have a 
low water, high protein content, low 
fiber and lignin content, and produce 
a useful by-product. 

• Plants should be non-toxic to both 
humans and animals; water hemlock, 
for example, is highly poisonous and 
therefore not preferred. 

• Plants should have an extended 
growing period. 
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• Plants should have few natural pests. 
• Most importantly, native plants are 

preferable. Water milfoil and water 
hyacinth are two examples of 
aggressive exotics that can become 
noxious weeds. 

As we continue to study wetland plants, 
we're learning that some are better suited 
to specific types of wastewater treatment 

than others. And while harvesting wet- 
land plants is desirable for free-floating 
hydrophytes such as Lemna and 
Eichhornia, it hasn't yet been demon- 
strated to be necessary or feasible in the 
Pacific Northwest, where emergent 
hydrophytes are the predominant wetland 
plant. 
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CONSTRUCTED WETLANDS DESIGN 

Michelle Girts, Wetlands and Water Quality, CH2M Hill 

When evaluating the prospect of 
constructing a wedand, we must 
ask, "What do we really want to 

accomplish?" Sediment and nutrient 
removal are only two of the potential 
benefits of constructing a wedand. Other 
benefits may drive demand or need: 
constructed wetlands may be more readily 
designed, more easily sited, and provide 
more educational and recreation benefits 
than conventional wastewater treatment 
systems. The typical design parameters 
for constructed wedands address a wide 
range of applications, including 
stormwater runoff treatment, wetiands as 
stream diversions to enhance downstream 
water quality, and point and nonpoint 
source pollution treatment. 

Types of Wetland Systems 

There are three types of constructed 
wetlands currendy in use: 
• Free Water Surface Systems 

(FWS) Water primarily flows over 
the surface of the wetland, though a 
small volume of subsurface water will 
flow through the litter layer. 

• Vegetated Submerged Bed 
(VSB) The surface of the wetland is 
completely covered with vegetation. 
Water in the system flows through a 
gravel matrix, either horizontally or 
vertically. 

• Floating Macrophyte A more 
controlled, contained system. Can be 
used in a vat, tank, or greenhouse. 
Metals and nutrients are removed 
primarily through the vegetation (by 
harvesting). 

The trend in using constructed wedands 
is a focus on preserving existing natural 
systems. In Tualatin, for example, a 
stormwater treatment wedand has recendy 

been constructed. An area adjacent to a 
natural wedand was bulldozed and 
planted with emergent vegetation, and 
islands were created for wildlife. The 
area was already receiving stormwater 
runoff, but as a wedand, it will provide 
better water treatment 

Design Considerations for Free 
Water Surface Systems 

This type of system is the best under- 
stood and most commonly used in the 
U.S., and has a wide range of applica- 
tions. There are two primary design 
criteria to be considered for FWS: siting 
and treatment efficiency. The hydraulics 
of the area, peak flows into the proposed 
wedand, and groundwater flows at the 
site are pertinent factors. In a proposed 
wedand site near Lake Oswego, the land 
is sloped, which limits the latitude in 
design and requires sequential cells. The 
same is true of an area in southwest 
Pennsylvania, where designers 
considered lining each terraced cell to 
intercept flows that might infiltrate from 
higher terraces, reducing treatment. 

Siting and Design—Some considera- 
tions for site selection include evaluating: 
• existing biota 
• environmental chemicals 
• existing sediments 
• hydrology 
• archeological artifacts 
• existing land ownership 
• established water conveyance systems 

Once a conceptual design is drawn, the 
feasibility of construction needs to be 
considered. It may be extremely expen- 
sive or technically difficult. Projecting 
the treatment efficiency from the design 
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and examining any discharge permits are 
essential to answer the bottom-line 
question: how much will the constructed 
wetland cost? Currendy, the cost per acre 
for FWS systems ranges from $15,000- 
$25,000 not including land acquisition. 
The land costs for these systems are 
generally less than $5,000 per acre in 
applications where wedands are cost 
effective. In areas with higher land 
values, a wastewater treatment wedand 
can be more expensive than conventional 
treatment 

Soils—^Environmental chemistry, 
permeability, and geotechnical attributes 
of the soil in the proposed wedand site 
are extremely important. Chemicals may 
have accumulated in the soil from previ- 
ous land use, and if the soil is to be used 
on-site, leachate testing may be necessary 
to determine what chemical 
concentrations may leach out Soil 
permeability varies considerably and we 
need to determine if water will infiltrate 
through the constructed wedand bottom 
and impact grouridwater. Native soils 
with low permeability will allow 
compacting, perhaps eliminating the need 
for lining a system. Lining can be very 
expensive, especially for FWS, which 
can be as large as several thousand acres. 
Geotechnical considerations include 
looking ahead to determine how the 
wedand will be constructed—where the 
material for berms will come from, 
availability of materials needed to level 
the area, and the source of topsoil. 
It is least expensive to use on-site mate- 
rial, especially if there is clay soil that can 
be used for internal structures to prevent 
water from flowing from one cell to 
another. 

In some cases, constructed wedands 
are built on previous wedand areas where 
soil is degraded. These soils may be 
usable, but the degree of degradation 
needs to be evaluated to determine the 
soil's ability to provide treatment and 
support vegetation. 

Hydrology—A critical issue in siting 
analysis. The issue is how to control 
flow into, through, and out of a 

constructed wedand, especially if the site 
is near an area of runoff and groundwater 
flow. Both may have high flows and 
nutrient loads. Though we have typically 
avoided siting a wedand too close to 
runoff or drainage areas, such sites are 
being used more frequendy for purposes 
of stoimwater treatment. 

Wildlife Habitat and Special 
Status Species—Wildlife isn't 
typically present in high-value areas, but 
one goal is to lay out the wedand around 
existing wedand and wildlife values. 
Even in degraded areas that may have 
once been natural wedands, it's possible 
to have some special status species, 
particularly plants. 

Public Access—Though this is some- 
times "tacked on," there can be educa- 
tional, research, or recreational benefits in 
addition to the water quality benefits of a 
constructed wedand. When public access 
is to be included, several considerations 
need to be addressed. If public visitation 
is frequent and fairly uncontrolled, 
designing a shallow wedand is important 
for safety. In general, there is a tradeoff 
between cost-effective construction and 
providing access. Trails on berms, and 
not in the wedand itself, mean more con- 
struction material, and thus a higher cost, 
as well as the possibility that flow may be 
affected. Boardwalks that zig-zag above 
the wedand's surface can be aesthetic, but 
again, cost is a factor. Perimeter trails or 
picnic tables between cells can allow 
recreational benefits while limiting 
intrusion on wildlife. 

Treatment Efficiency in FWS 
Wetlands 

Regulatory standards, pollutant parame- 
ters, chemical and hydraulic loading 
quantification, estimating variance, and 
residence time of water in the wedand are 
all considerations for treatment efficiency. 

Regulatory standards—Regulatory 
standards in a given state will control dis- 
charge limits and discharge points. In 
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most cases, the discharge point is set at 
the point of entry to a "water of the 
U.S.," a natural stream, lake, wetland, or 
an ocean, for example. But wildlife 
(ducks, for instance) use of wastewater 
treatment wetlands can affect the quality 
of the outflow water. 

Pollutant discharge 
requirements—Some municipalities are 
taking a proactive approach to discharge 
requirements, looking into the future 
towards tighter environmental constraints 
and examining the assimilative capacity of 
receiving waters. We can make educated 
guesses about the necessary size for a 
wetland treatment system and refine the 
design as more information becomes 
available. Some adjustments can be made 
in operating strategy, for example. 
Instead of increasing the overall area of a 
wedand, we can change retention times or 
water depths to comply with changing 
regulations. 

Pollutant parameters—Characteristics 
of wastewater and regulatory standards 
determine which pollutant parameters will 
be targeted in system design. These 
parameters may already be regulated, or 
regulations may be expected in the future. 
Though wetlands are usually designed to 
treat regulated parameters, we still need to 
assess what may be necessary in the 
future and design accordingly 

Loading rates and removal 
efficiency—Predicting nutrient removal 
in a constructed wedand is more difficult 
for some nutrients than others. 
Biochemical oxygen demand (BOD), total 
suspended solids (TSS), and total nitro- 
gen have the most extensive data bases, 
and we can use empirical evidence from 
established wetlands to determine 
removal and treatment levels for these 
parameters. Wastewater treatment 
wedands can handle BOD loading up to 
about 150 kg/ha'day; treatment efficiency 
drops off with higher loadings. 
Constructed wetlands can remove 
approximately 10 kg/ha-day of TSS 
before efficiency is reduced. Though 

removal of BOD and TSS has been well- 
studied, neither parameter has been 
broken down into subcomponents. TSS, 
for example, has a large range of particle 
sizes. To understand the kinetics in the 
system, we need to look at the various 
component forms and particle sizes. 

For total nitrogen, treatment is efficient 
to about 8 kg/ha'day. The main removal 
process is denitrification, in which nitro- 
gen is released as a gas. The nitrogen 
cycle is fairly complicated, but basically 
involves interactions between processes 
that occur in both oxidized and reduced 
zones. Though it is frequendy desirable 
to remove both nitrogen and phosphorus, 
their removal requires radically different 
processes. We have less experience with 
phosphorus, and there is greater variabil- 
ity in its removal. Phosphorus storage 
occurs primarily in sediment and litter 
layers, which act as long-term sinks. 

There are design equations for deter- 
mining the necessary size of a wedand 
area as a result of research and data 
bases. We can predict the required size 
of a wastewater treatment wetland if we 
know the flow rate, a given inflow 
concentration, and a target outflow 
concentration based on wastewater 
treatment wedand performance data. 

Estimating variance—In some cases, 
regulations will set maximum discharge 
or average annual discharge concentra- 
tions, so we need to evaluate when vari- 
ability might occur, and when the receiv- 
ing waters can handle such variability. In 
the winter, for instance, flows are higher, 
but in the summer, wastewater treatment 
discharge may be a large percentage of 
the total flow of receiving water, and 
algal blooms and low dissolved oxygen 
can be of concern. 

In harsh climates, the hydraulic loading 
of a given system needs to be considered. 
The wedand system may freeze for 
several months of the year, yet have high 
temperatures and evapotranspiration rates 
in the summer. These factors all affect 
the rate of treatment, producing high sea- 
sonal variability. The design can include 
seasonal operating guidelines. For 
example, the water depth and residence 
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time can be increased to improve treat- 
ment efficiency in winter months. 
Extreme conditions like snowmelt or 
freezing pipes and control structures also 
need to be taken into account 

Residence time—^Predicting required 
residence times for adequate BOD, TSS, 
and nitrogen removal is more straightfor- 
ward, because dependable equations have 
been developed from operational data. 
There are few data for phosphorus. 
Metals need to be examined based on 
form: are they dissolved or particulate? 
Some general predictions of required 
residence times follow: 

nitrogen—5-7 days 

BOD and TSS—3-5 days 

phosphorus—21 days 

metals (particulate)—3-5 days 
(dissolved)—5 or more 

Other Design Considerations for 
FWS Wetlands 

Determining a water budget is critical in 
FWS wetlands. How much water does a 
cell need in a month, and where? What if 
the evapotranspiration rate is higher than 
the feed rate? Where is additional water 
or storage needed? In a multi-component 
system there may be a wet pond up front, 
or a storage or setding pond. This is 
followed by the wedand, with constant 
feed and controlled hydrology. At this 
stage of the design process, the types of 
necessary structures need to be assessed: 
level spreaders or flow-over berms 
require less manipulation. Where flow 
control and measurement are critical for 
research and pilot-scale wedands, flow 
control and measurement will require 
more weir structures, and possible 
additional maintenance. 

Calculating the necessary water depth is 
a design component, too. The water may 
be at the same level year around or it may 
fluctuate, as natural wedands do. If sedi- 
ments will be exposed, there may be 
some release of chemical constituents. 

The most common design provides that 
some water always be on top of the 
wedand's surface. In the central U.S., 
though, there are some wedands designed 
for nitrogen removal that have a period 
when organic sediments are exposed, 
allowing oxidation. In general, water 
depths in wastewater treatment wedands 
average 1-2 feet. In some cases, 
particularly if there are organic 
compounds which volatilize or degrade in 
light, a shallow depth of only 6 inches is 
desirable. 

Routing is also important. At this point 
in the design, a routing diagram will 
show where water comes in, where it 
flows through, how long it will take, 
what its flow paths are, and the necessary 
water depths. In addition, an elevation 
diagram is needed to determine the extent 
of the drop between elements of system. 

Vegetation is largely dictated by water 
depths and site location. Native vegeta- 
tion is best, for it may have been exposed 
to similar kinds of water conditions. A 
variety of plant species is preferable to a 
single type. 

A constructed wedand in Santa Rosa, 
California has included bat boxes. They 
provide habitat, and though there is cur- 
rendy no mosquito problem in the wet- 
land, the bats can be a form of biocontrol. 

Vegetated Submerged Bed 
Systems  (VSB) 

Initially built in Europe in the 1950s, 
submerged bed systems have gone 
through several developments. The early 
systems were long, narrow cells that 
clogged easily at die front end because of 
loading. Systems today are wider and 
shorter and hydraulics have improved. 
Though Denmark still uses fairly large 
gravel, most systems have returned to the 
original use of pea gravel for matrices. In 
the U.S., VSB systems are generally 
larger than their European counterparts. 
In spite of the fact these systems have 
been in place for 40 years, we are still 
learning about them. One reason is that 
most European systems are patented, so 
information is limited. 
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Submerged bed systems possess a high 
treatment efficiency for BOD and TSS. 
These systems also seem to work 
particularly well in cold weather applica- 
tions because the water is underground 
and its temperature is maintained closer to 
the ambient soil temperature than in 
FWS. They are usually more expensive 
per acre than FWS because of the cost of 
bed materials and higher maintenance. 

Floating Macrophyte Systems 

Duckweed is used in many larger 
floating macrophyte systems and has 
shown remarkable treatment efficiency, 
even in cold climates like North Dakota. 
In designing such a system, mainte- 
nance—harvesting and disposal of plant 
material-needs to be considered In sys- 
tems where ammonia is the prime con- 
stituent, harvesting is critical, for if the 
duckweed is allowed to die off, it 
consumes oxygen, and ammonia flows 

through the system. Disposal may be 
through a reuse program such as land 
application or co-generation for methane. 
However, if the system is treating metals, 
a landfill may be the only option for dis- 
posal of plant biomass that has taken up 
high concentrations of metals—an expen- 
sive option. 

The Design Process for 
Wastewater Treatment Wetlands— 
Far From Cookbook 

We are getting better at designing 
wastewater treatment wedands. TTiough 
our knowledge is far from perfect, we 
can predict and design for BOD, TSS, 
and nitrogen removal fairly accurately. 
Studies on phosphorus are progressing; 
more may be published this year. Design 
is based on experience and experiments in 
pilot wetlands and laboratories, and 
empirical evidence that is continually 
being collected and reviewed. 
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CONSTRUCTED WETLANDS AS 
PART OF THE LANDSCAPE 

Linda Newberry, Dimgeness-Quilcene Water Resource Pilot Planning 
Project, Blyn, Washington 

Landscape—The surface of the earth: the landforms of a region in the aggregate especially 
as produced or modified by geologic forces; a portion of land or territory that the eye can 
comprehend in a single view. 

Webster's Third New International Dictionary 

We are beginning to understand 
landscapes as aggregates that 
include human and natural 

systems. We are also discovering that as 
we focus management efforts from the 
whole to the component part, from 
ecosystem to specific systems, communi- 
ties, populations, and individuals, man- 
agement costs increase. Establishing 
regional priorities for resource manage- 
ment can reduce costs and protect the 
broadest number of species and systems. 
Portland's complex and creative 
Greenspaces Program is an example of a 
regional planning strategy, an attempt to 
provide migration opportunities and a 
variety of habitats for a range of species 
as part of a landscape densely populated 
by humans. 

Wedands, whether natural or con- 
structed, can also be included in a land- 
scape approach to managing resources, a 
way of looking at the aggregate. It is no 
longer enough to consider only traditional 
ways of treating our polluted waters; the 
costs are too high, both to the pocketbook 
of the community and to the environment. 
Long-term costs can include degraded or 
destroyed habitat, a loss of open space, 
and loss of recreational and educational 
opportunities. Aesthetic values, and the 
human need for beauty, also referred to 
as "livability," or the "amenities of open 
space" are also important Some maintain 
we can have both: a beautiful, healthy 
environment and a city, community, or 
town. Looking at alternative ways to 

clean our waters, treat our sewage, and 
mitigate wedand losses is one step toward 
a landscape, or integrated, approach. 

The Value of Wetlands 

As nature's sponge, wetlands can 
reduce flooding to downstream areas. 
Studies show that flood peaks in water- 
sheds without wedands can be as much 
as 80 percent higher than in similar basins 
with wetlands. As we continue to pave 
over these "sponges," flooding problems 
will increase. Recent flooding in the 
highly developed Puget Sound area, for 
example, cost 8 lives and over $200 
million in damage. 

Economists have established that wet- 
lands with active water flows are worth 
$30,000 or more per acre, based on the 
cost of man-made alternatives such as 
flood-control reservoirs or deeper wells. 

The Clean Water Act protects some 
natural wedands from human activities, 
mandating "replacement" of wetlands 
degraded by such activities in a "no net 
loss" policy. The replacement cost, not 
including the land purchase, can be 
$25,000 per acre of wetland restored or 
replaced in compliance with wedand 
protection legislation. 

Wetlands provide market products 
including fish, shellfish, and furbearing 
animals, and are nurseries for economi- 
cally-important fish such as salmon. 
Another value of wetlands, difficult to 
quantify, are activities related to using or 
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enjoying a wetland's resources like 
birds, wildlife viewing, hunting, or just 
walking, taking pictures. Ecologically, 
wetlands are extremely important, 
providing food and habitat to 85 percent 
of the terrestrial birds and animals in 
North America. Several million 
waterfowl use west coast wedands during 
the annual spring and fall migrations 
along the Pacific Flyway. 

Wetland Losses 

In California, 90-99 percent of the 
historical wedand acreage, especially 
coastal and salt marshes, has been lost. 
Washington retains about 50 percent of 
its wedands, though in urban areas, as 
much as 90 percent has been lost. Much 
of Oregon's endangered areas are 
wooded or forested wedands, and estuar- 
ine systems. Loss estimates range from 
35-50 percent within the state. 
Nationally, the loss continues. Over 
400,000 acres of marshes, swamps, and 
bogs are lost each year, altered or 
degraded by human activities such as 
draining or ditching. 

Uses for Constructed Wetlands 

We now understand the value of what 
we have lost, and though we cannot 
restore historic wetland acreages, we can 
build wetlands to treat our own wastes, to 
help prevent further degradation of the 
landscape. 

There are currently about 150 con- 
structed wedands in the U.S:; they are 
principally used to treat municipal and 
industrial wastewater. These wedands are 
prevalent in the southeast and southcen- 
tral states, and almost entirely in small or 
rural communities. Nationwide, con- 
structed wedands are becoming more 
widely used. There is no complete 
accounting of how many stormwater 
treatment wedands exist in the northwest, 
but the numbers are growing rapidly. 
The state of Washington is just beginning 
to investigate constructed wedands; there 

is currendy one natural wedand being 
used for sewage treatment in Black 
Diamond. 

Types of Constructed Wetlands 

There are several types of wastewater 
treatment wedands, including wet ponds, 
containing deeper, open water, infiltration 
systems, extended detention dry ponds 
(these are wet for a few days), filtration 
systems, and biofilters (grassy swales) 
for stormwater. Wedands are also used to 
treat agricultural wastewater. 

Advantages of Constructed 
Wetlands 

Some of the advantages of constructed 
wedands include: 
• Treatment diversity—depths, shapes, 

plant species, and a longer treatment 
time potential for wastewater are a 
few possibilities. 

• A wide range of potential benefits— 
open space, the presence of wildlife, 
groundwater recharge, and more. 

• Relatively low maintenance costs. 
• A wider applicability and more reli- 

able service than infiltration and other 
systems. 

Disadvantages of Constructed 
Wetlands 

• Land requirements are larger for wet 
pond systems: the cost of acquiring 
the necessary land may be expensive. 

• Delayed efficiency: wedand plants 
can support themselves in 3 years, 
but it may take 5 until treatment 
benefits can be realized. 

• Design, construction, and operating 
criteria are not yet certain. 

• There may be public concern about 
pest problems (mosquitoes, for 
instance), and the attraction for water- 
fowl. 

Design techniques are still imperfect; 
there isn't one constructed wedand that's 
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an unqualified success, but our knowl- 
edge is improving. We can look carefully 
at the landscape, try to mimic what we 
see, and through "intelligent tinkering" 
improve on our designs and treatment 
efficiency. 

Case Studies of Constructed 
Wetlands 

Cannon Beach, Oregon 
Located on the state's north coast, due 

west of Portland, Cannon Beach is a 
small town of about 1,200 permanent 
residents. The population can swell to 
5,000 on a weekend during tourist sea- 
son, and as many as 40,000 on Sand 
Castle Day. In the late 1970s, the city 
saw the need for a larger sewage treat- 
ment system. One area citizen, Don 
Thompson, realized a conventional 
sewage treatment plant would destroy the 
beauty of the community's natural 
setting, and began exploring alternatives. 
After traveling across the country and to 
Europe, Thompson returned and pro- 
posed a constructed wedand. 

Cannon Beach eventually constructed 
such a system on a small existing estuary 
of Ecola Creek. Robert Gearheart partici- 
pated in designing the wedand, which 
treats sewage using a series of four 
ponds. The wedand was designed to 
meet the DEQ effluent discharge require- 
ment of 10/10 mg/1 for biochemical 
oxygen demand (BOD) and total 
suspended solids (TSS) increases over 
background levels during dry weather 
(May-October) and 30/50 mg/1 during 
wet weather (November-April). In 
general, the limitations have generally 
been met even without adjusting for 
background levels. The town has whole- 
heartedly supported the constructed wet- 
land and feels the performance of the 
system has exceeded expectations. 

According to Oregon law, existing 
natural wetlands can no longer be used 
for wastewater treatment, but Cannon 
Beach built their system before this law 
was passed. A vegetative sampling 
scheme was initiated in 1984 when the 

wetland began treating wastewater to 
assess impacts on the site. These studies 
have continued intermittendy, varying 
with interest and funding. 

Jackson Bottom Wetlands, Hillsboro, 
Oregon 

West of Portland, Hillsboro is experi- 
encing major growth pains as it develops 
from a rural, agricultural community to an 
urbanized area supporting high technol- 
ogy business. In 1980,400 acres of 
degraded wedand along the Tualatin 
River were set aside, and Gene Herb, a 
biologist for the Oregon Department of 
Fish and Wildlife, began creating a more 
biologically diverse system. Then in 
1989, The Unified Sewerage Agency 
(USA) built 17 experimental cells on 15 
acres of the site, primarily to monitor the 
abihty of wedands to clean such nutrients 
as nitrogen and phosphorus from 
secondary sewage effluent. The effluent 
is currently being discharged into the full 
450 acres of what is now called the 
Jackson Bottom Wedand Preserve. One 
consideration involved wildlife: how 
would the effluent from the wedand 
impact wildlife? And how would the 
wildlife effect the wedand? 

"Build it and they will come" is not an 
overstatement Four hundred and fifty 
acres of potential habitat is not likely to be 
passed by. Waterfowl and other animals 
use this wedand, and limited research has 
not found any significant impacts on 
wildlife from the effluent The question 
is still an important and unanswered one 
as research efforts in this area are difficult 
to conduct and require long time frames. 
Fecal coliform counts rise when large 
numbers of waterfowl use a constructed 
wedand, but studies at Arcata's marsh 
describe operating methods that can pro- 
duce further treatment and in some cases 
recommend disinfectant with chlorine or 
other less toxic techniques such as ultra- 
violet radiation. 

Port Townsend, Washington 
Not all municipalities have made the 

choice to construct wedands for 
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wastewater treatment Port Townsend is 
a beautiful town of 7,000, perched on the 
white cliffs above the Strait of Juan de 
Fuca, at the entrance to the San Juan 
Islands. Faced with the potential of a 
burgeoning population (25,000 by the 
year 2010), the city' s former public 
works department had neither the vision 
nor the inclination to consider the envi- 
ronment or the landscape surrounding 
Port Townsend when they built a sewage 
treatment plant that today looms over a 
nearby lagoon, a state park, and a 
neighborhood. 

A constructed wedand would have 
incurred lower maintenance costs over 
time, cost less money initially, and 
enhanced the regional system. Though 
wedands are being used for stormwater 
treatment in Washington, they have yet to 
be tried for municipal wastewater. With 
the new plant. Port Townsend can only 
speculate about the lost opportunities for 
innovative ways to treat their sewage. 
The current public works department is 
pursuing an enlightened approach to both 
stormwater management and natural 
resource protection which may include 
the use of wetiands, education for the 
public, and purchases of natural corridors 
throughout the city. 

Sequim Sewer Outfall, Sequim, 
Washington 

There are many places well suited to 
constructed wastewater treatment wet- 
lands, and perhaps Sequim is one. 
Situated on the Olympic peninsula 
halfway between Port Townsend and 
Port Angeles, Sequim, a small town with 
a projected population of 6,400 by 2010, 
has a sewage outfall direcdy into die 
Strait of Juan de Fuca. The planning 
process included hiring consultants, 
keeping the public involvement to a 
minimum, and proposing alternatives. 
The number one recommendation: con- 
tinue dumping wastewater into the Strait. 
A local group, "Protect the Peninsula" 
filed and won lawsuits regarding the lack 
of public involvement in the planning 

process. The permit to put wastewater 
into the Strait was denied. The denial is 
being appealed, and an environmental 
impact statement is out for determination. 

Robert Gearheart testified that 
"constructed free surface water wetlands 
are proven wastewater treatment pro- 
cesses. ..." and proposed several ways 
wastewater treatment wedands might 
work most effectively, given the 
landscape and the city's needs. 
Discussion of Gearheart's alternatives is 
ongoing. The city fathers do not like 
these ideas, and the state has yet to 
strongly voice recommendations regard- 
ing alternative wastewater treatment 
methods. 

Sequim Prairie Agricultural 
Constructed Wetlands 

Just west of the Sequim sewage treat- 
ment plant, the Sequim Prairie rolls 
across the landscape. The prairie was 
long ago converted to pasture, which at 
one time had more cows than people. 
Located in the rain shadow of the 
Olympic Mountains, the 17 inches of 
annual rainfall mean water is at a 
premium; conflicts among users are 
frequent. 

The Dungeness River has been appro- 
priated since the early 1900s by irrigation 
districts which have built over 90 miles of 
laterals connecting farms and fields to the 
river. By the time the Dungeness reaches 
the Strait of Juan de Fuca, its quality is 
badly degraded, laden with nutrients, 
mostly from grazing catde. The water 
quality from die river's mouth has led 
some of the nearby shellfish beds to be 
decertified. (The shellfish of Dungeness 
Bay have historically been a sustenance 
food for the Jamestown S'Klallam 
Tribe.) In conjunction with a local 
landowner, the powerful irrigation dis- 
tricts, the Soil Conservation Service, and 
the local Conservation District are work- 
ing out a way to improve the quality of 
agricultural tailwater in the area. 

The wedand now under construction 
will treat and polish the effluent from the 
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end of last irrigation ditch on the river. 
It's only a big hole in the ground right 
now, but in the next few months, natives 
wedand vegetation will be planted, and 
eventually billions of microbes on the 
sedges and cattails will gobble up 
unwanted nutrients. The hoped-for end 
product: clean, balanced water entering 
the river. 

Conclusions 

Using a "landscape approach," con- 
structed wetlands, to treat our wastewater 
may have some definite advantages over 
conventional treatment systems. There are 

concerns that have to be carefully evalu- 
ated and designed for, and the laws in 
some states have not yet caught up with 
the technology, but constructed wetlands 
remain a viable alternative in many 
places. They are useful for small towns, 
and their benefits are reflected in the 
quality of life and open space values, the 
economic worth of neighboring land 
values, the possibility of wastewater 
treatment without major facilities, and the 
ecosystem benefits, including those 
derived from natural wedand systems. 

Patience is a key word here—model 
nature, watch what she does. It does not 
happen quickly, but it does happen. 
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MONITORING AND RESEARCH 

James Moore, Department of Bioresource Engineering, 
Oregon State University 

Understanding how constructed 
wedands work requires monitor- 
ing and researching these systems. 

Monitoring can be defined as that activity 
that measures and documents conditions 
over a period of time, or across a wet- 
land. Monitoring can focus at differing 
investigative scales, to yield different 
kinds of information. For example, as a 
previous presentation shared, ammonia 
concentrations in a wedand cell may be 
the same at both the inlet and the oudet, 
but there are still changes occurring 
within that cell. Only monitoring will 
identify these changes. When reading the 
literature about constructed wedands, it is 
important to remember that the data pre- 
sented is probably true, but that the 
research project may not have had a broad 
perspective: were they measuring total 
nitrogen, or was it just ammonia nitro- 
gen, and where were the solids settling 
out? Incomplete monitoring may result in 
unclear or easily misinteipreted data. 
Constructed wedands are complicated 
systems and we are in the early stages of 
investigating and learning how the 
components fit together. 

Monitoring Conditions in 
Constructed Wetlands 

Water quality, plant communities, pub- 
lic access, and wildlife are four areas 
we're interested in monitoring. 
• Water Quality—Constructed wedands 

are used to treat wastewater, to 
improve its quality before water is 
discharged into a river or lake. 

• Plant Communities—Some nutrient 
uptake occurs in wedand plants, but 
their primary role is providing surface 
area and oxygen. 

• Aesthetics and public use—Plants 
may also contribute to the aesthetics 
of a wedand, especially those that 
flower. Bird watching, walking, etc. 
are public use activities. 

• Wildlife—another component of 
constructed wedands, monitoring can 
help us understand how plants and 
people interact with wildlife, and how 
wildlife affects water quality. 

Effective monitoring efforts acknowl- 
edge that these components, as well as 
soil and groundwater and the pollutants 
being treated, are interconnected: none 
stand alone. Nor should monitoring only 
be considered short-term. Wastewater 
treatment wedands have start-up phases, 
and a long lifespan, and monitoring a 
system for 4 or 5 years may not provide 
sufficient information about what is 
happening in a wedand.   In addition, 
monitoring is dependent on the question 
being asked and how we want to answer 
it. There are some questions that might 
be answered with short-term data, but we 
may not know just how long is really 
needed for monitoring. We have accu- 
mulated about 20 years of data about 
constructed wedands, primarily from 
monitoring inflow and outflow of munic- 
ipal wastewater treatment systems. The 
field is widening; constructed wedands 
also treat industrial wastewater, including 
sugar beet processing and pulp mill efflu- 
ents, livestock wastewater, and a variety 
of other types. These newer applications 
require their own set of targeted 
monitoring questions. 

To date, most monitoring has focused 
on input/output comparisons, and we 
have limited data on the processes that 
occur inside constructed wedands. 
Research has looked at BOD (biochemical 
oxygen demand), loading, and reduction 
with increased retention time. For 
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instance, we are not certain of what the 
characteristics of such "lumped" parame- 
ters as BOD are when they enter a treat- 
ment wetland, nor do we know what 
happens to them inside the wetland. 

Most research in water quality has been 
driven by concerns and regulations from 
agencies such as the Oregon Department 
of Environmental Quality (DEQ), and the 
United States Environmental Protection 
Agency (EPA) so most of the data we 
have has been driven by regulatory con- 
cerns. Much of the, water discharge 
monitoring examines only flow and 
strength. 

Monitoring Discharge Flow 

Discharge flow is typically measured in 
volume per unit of time, such as gallons 
per minute or cubic feet per second. 
When monitoring volume, we must know 
something about the time frame. What is 
generating the loading? Is it an 8-, 16-, 
or 24-hour day? A 5-day work week, or 
7-day week? Perhaps, unlike industrial- 
generated wastewater, pollutant loadings 
are event-driven, such as stormwater 
runoff. This will affect the form and 
scheduling of monitoring. We also need 
to be aware of the receiving water: the 
Willamette River, for example, is not the 
same year-around. Low flow conditions 
will be affected by wedand outflows dif- 
ferendy than winter (higher flow) condi- 
tions for water quality parameters. When 
these differences are taken into account, 
they influence the questions that we ask, 
thereby influencing how we monitor. 

Monitoring Discharge Strength 

In addition to monitoring the flow into 
or out of a constructed wetland, we must 
consider strength, or concentration of the 
pollutants or nutrients as they flow into 
and out of such a wedand. We need to 
evaluate how a source generates 
wastewater. At the Oregon State 
University Dairy, where a wastewater 
treatment wedand is being constructed, 
some of the questions regarding strength 

include determining when the dairy 
milking parlor is washed down, when 
soap is added, and what the flow charac- 
teristics through the system are. Each of 
these variables will influence the flow rate 
and the strength. (Wastewater from a 
hospital or the OSU campus, for 
instance, also have flow and strength 
variations.) Ponds or temporary storage 
can be used to dampen the variations so 
some of the pollutant parameters will be 
lessened by the time the treated 
wastewater leaves the constructed 
wetland. 

Other facets of monitoring wastewater 
pollutant strength include addressing its 
transport time through the wedand 
system, the rate of decay, or breakdown, 
and the dieoff rate of micro-organisms. 
These must be identified and tracked 
through the system. When samples are 
transported to the laboratory, the sample 
handling process must also be monitored 
The EPA requires accurate labeling and 
careful transport where federal support of 
data generation and process evaluation are 
concerned. The question may arise as to 
whether the samples can be cooled, or 
frozen. 

Developing a Monitoring Scheme 
for Water Quality 

Knowing the variables will enable us to 
develop a monitoring scheme that 
includes when to sample, how often to 
sample, and which parameters to sample. 
All are dependent on the question being 
asked. For example, monitoring phos- 
phorus loading in the Tualatin River will 
be different in the summer than in the 
winter, and both will require a different 
monitoring scheme than one for bacteria. 

We must consider the location of the 
sampling, whether it will be at the inflow 
or outflow of the wedand, and if we can 
assume that flow will be uniform through 
the system. In some instances, such as 
stormwater runoff, the inflow may be 
less important to users or to regulatory 
agencies (such as the DEQ) than the com- 
position of the outflow, and its potential 
impact on the quality of receiving water. 
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Researchers, however, are generally 
interested in inflows to a constructed 
wetland, so that they can compare them to 
the outflow. Researchers can examine 
what happens between inflow and out- 
flow, including evaporation, plant use, 
and infiltration to groundwater. 

Determining the type of sample is also 
important It may be a "grab" sample, 
where once a week a sample of the con- 
structed wedand's discharge is taken. It 
may be an automatic sampler, sampling 
once a day, once an hour, or every 15 
minutes. Such continuous sampling can 
be used to construct a picture of water 
quality variation over time. It may be an 
event-based sample, following rainfall or 
snow melt. In the Tillamook area, the 
first rainfall runoff of the season is 
important since discharge cairies high 
loads of catde manure toward the bay. 
Depending on what we're looking for, 
the type of sampling may be different. 
Phosphorus, bacteria and suspended 
solids will all react differently to storm 
events than to calendar events. 

Monitoring the Plant Community 

In addition to water quality, the plant 
community can be monitored. Some 
monitoring considerations include 
• Hardiness—which species will 

survive, can be propagated, thrive 
and perhaps dominate the wetland? 
Some of these variables may be influ- 
enced by the strength of the 
wastewater. For livestock 
wastewater treatment, ammonia tox- 
icity may be an issue. Brackish water 
may also limit the plant species that 
will grow. Some plants will grow 
better in shallow (6 inches) water, 
some better in water depths of 18 
inches or even 3 feet. We need to 
consider which plants will grow best, 
that is, which will provide the most 
surface area for microbial growth. 

• Uptake/tolerance—will plants tolerate 
saline water or high nitrogen or 
ammonia levels?   Other considera- 
tions include plant uptake of nitrogen 

or phosphorus, and whether they can 
be harvested. 

• Biomass production—plants may 
affect the concentration of the 
wastewater within the wedand 
through uptake and storage. As they 
die, plants will release nutrients back 
into the system, and this cycling may 
need to be monitored. For example, 
will the uptake occur during the 
summer (river low flow period) fol- 
lowed by a release of nuttients 
during the winter high flow season. 

• Impact on water quality, wildlife, or 
public use—Most systems use 
bulrush and cattails, since they are 
hardy; flowering aquatic plants are 
not yet widely used, but may have a 
positive effect on water quality and 
public perception of wetlands. 

There is a variety of research opportu- 
nities with respect to monitoring plant 
communities—we still have questions 
about the role of plants and the most 
effective use of plants in constructed 
wedands. Monitoring is fraught with 
requirements and complexities: public 
use and the presence of wildlife are other 
considerations that may need to be moni- 
tored, but will not be discussed in this 
paper. 

Research Projects Involving 
Constructed Wetlands 

Oregon State University's Department 
of Bioresource Engineering has two 
research projects in the Corvallis area. 
The first is a two-year-old project at 
Pope and Talbot's pulp mill in nearby 
Halsey, and the most recent is a 
constructed wetland at the university's 
dairy. The planting patterns are similar at 
both facilities, so researchers can com- 
pare treatment efficiencies of bulrush and 
cattail in very different wastewaters. 

Pope and Talbot Pulp Mill 
Researchers have accumulated about 

one year of data from the pilot cells at the 
Pope and Talbot facility. The project 
goals include evaluating the effectiveness 
of wetlands to treat pulp mill effluent, to 
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make recommendations regarding larger 
constructed wetland treatment systems, 
and to add to the body of knowledge 
about these systems so other pulp and 
paper producers will have the information 
about constructed wetlands for waste- 
water treatment Some of the data will be 
applicable to effluent from sources other 
than pulp mills. 

The wedand project consists of 10 
ponds, 75 feet wide and 215 feet long, or 
about one-third acre each. Wastewater 
treatment over the past year has been lim- 
ited to secondarily treated pulp mill efflu- 
ent, but during 1993 the wedand ponds 
will receive stronger effluent. 

All ponds have wastewater flowing 18 
inches deep. One pond is filled with 
large rocks; the water flows through the 
rocks with a 2-day retention time. One is 
unvegetated; the other eight are vegetated. 
Researchers have found that the rock 
pond yields by far the best suspended 
solids and BOD treatment But questions 
remain about nutrient removal in the rock 
pond: how long will the treatment be 
effective before the system must be 
cleaned, and what does recovery involve? 
Since the rocks cost about $8,000, 
replacement, if necessary, may be pro- 
hibitive, especially on a larger scale. 

Two ponds are planted with bulrush, 
and the other six have cattail. Two of the 
cattail ponds receive no effluent, only 
clean water, in an effort to determine the 
strength of decaying material in the pond 
effluent. Of the six receiving effluent, 
two cattail ponds have 2-day retention 
times, and two cattail ponds have 10-day 
retention times. The purpose is to deter- 
mine what effect, if any, the additional 
retention time has on water treatment 
The two bulrush ponds receive effluent 
and have 2-day retention times. Our 
studies have found that overall, the 
bulrush ponds remove more BOD than 
the cattail ponds; but the cattail ponds 
remove more suspended sohds than the 
bulrush ponds. We suspect the greater 
removal of suspended solids is a function 
of greater cattail plant surface area, and 
the bulrushes perform better with BOD 
because they pump more oxygen into the 
system. 

The wedands team at OSU is working 
toward the goal of determining, depend- 
ing on the characteristics of the waste- 
water, the type of treatment (rocks, 
bulrushes, or cattail) that might be most 
effective; there is much work to be done. 

OSUDairy 
The constructed wetland at the OSU 

dairy was planted with cattails and 
bulrushes approximately one year ago. 
The dairy wedand has been planted three 
times; nutria have been a problem here as 
well as at the Pope and Talbot site. Nutria 
swim and nest in wetiands, and are 
apparendy fond of both bulrush and 
cattail as a food source. Ultimately, a 
fence was constructed around the 
perimeter of the wedand to prevent nutria 
from entering and eating the plants. 
There is no water quality data as yet from 
the dairy wastewater wedand. 

A three-year study of monitoring con- 
structed wedands for treatment of live- 
stock wastewater has been funded 
through the Soil Conservation Service 
(SCS). Two other projects, one in 
Wisconsin and one in Alabama, are 
working in concert to develop design 
criteria for treating dairy wastewater in 
wedand systems. 

Research Topics at Oregon State 
University 

A number of topics regarding con- 
structed wedands constitute Master's 
research projects at OSU. 

Pope and Talbot and the DEQ are both 
interested in the input/output of BOD and 
suspended solids. BOD is considered a 
"lumped" parameter. Some of it is dis- 
solved, some is paniculate, some is 
removable through settling, and we know 
wedands are better at removing some 
components than others. One study is 
partitioning the BOD, quantifying and 
characterizing the fractions in an effort to 
determine possible treatment capabilities 
for each component of BOD. If success- 
ful, we can predict which type of soluble 
or particulate BOD will effectively be 
removed in a constructed wedand. 
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Uniform water flow through wetland 
ponds is necessary for optimum water 
treatment Most treatment occurs during 
the first day, and falls rapidly (on a first- 
order curve) through the tenth day. The 
treatment is most effective if every parti- 
cle of water spends the same amount of 
time in the wetland cell. The shape and 
the dimensions of the pond influence 
flow uniformity, and therefore treatment 
efficiency. In a pond with a three-to-one 
or greater length to width ratio, the flow 
will be more uniform. They are more 
expensive to build, but provide the best 
treatment. The least expensive system is 
circular, and after that, a square system, 
but both these have "dead spots," areas 
where water will not move as quickly 
through some parts as it will through 
others. We still do not know, however, 
how plants affect flow uniformity. 

Current studies at OSU examine the 
flow uniformity by monitoring dye con- 
centrations as the effluent flows through 
the system. No one know if the presence 
of vegetation increases or decreases flow 
uniformity. The bottom line is treatment 
efficiency, meeting the discharge standard 
set by EPA or DEQ. 

During the first year, the wedands team 
began with 2' x 8' stock tanks planted 
with cattails and bulrushes and six other 
wetland plant species. One researcher 
measured dissolved oxygen concentra- 
tions at the bottom and the top of the 
water column. Concentration ranged 
from 0.5 ppm to 5 ppm. Oxygen con- 
sumption and production were then mea- 
sured at the pulp mill wedand ponds. 
This led to studying the accumulation of 
dead plant material, and its decomposition 
rates under both anaerobic and aerobic 
conditions. In addition, the study looked 
at weights, composition of cellulose, 
hemi-cellulose, and lignin, at several 
points during decomposition. 

In addition to the OSU research, there 
is a joint project with North Carolina 
State University (NCSU) evaluating 

microbial ecology. Researchers at OSU 
cut cattails and bulrushes at three depths 
(one inch at the bottom, one inch at the 
middle, and one inch at the top) for 
studies at NCSU, which are identifying 
the kinds and densities of bacteria and 
fungi on each of the segments. 

Researchers at NCSU are also looking 
at the surrounding soil and water. The 
first study is complete; it will be repeated 
with the stronger wastewater this year. 
In general, the bacteria levels were 
highest at the surface and decreased as the 
environment became anaerobic. 

Color removal is not a requirement of 
the DEQ, as industries discharge into 
streams, but it is a concern for Pope and 
Talbot and also for the public. Pulp mill 
effluent in this case is tea-colored, pri- 
marily from lignin released from die 
pulped wood. Research sought an 
aquatic fungus that might break down 
color. Over 200 fungi were isolated. 
One provides about 40 percent color 
removal in the laboratory. 

Plant competitiveness is also being 
studied by the OSU wedands team. The 
study evaluated the hardiness and the 
ability of plants to compete and dominate. 
Unfortunately, nutria literally killed the 
experiment. Or, perhaps it can be viewed 
as an answer to a different question: 
which plant species do nutria prefer? 

Additional study includes the propaga- 
tion of cattail and bulrush from seed. 
Currendy, they are planted by hand, typi- 
cally using rhizomes. It's a tedious and 
time-consuming process. The OSU wet- 
land team is also transplanting whole 
cattail and bulrush plants. If constructed 
wedands are going to be a viable water 
treatment alternative, advances in planting 
techniques will need to be made. These 
are just a few of the many questions that 
challenge the use of constructed wedands 
in our environment Time should allow 
us to answer some of the questions, and 
will likely generate more. 
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JACKSON BOTTOM: 
A DUAL-PURPOSE FACILITY 

John Jackson, Unified Sewerage Agency, Hillsboro, Oregon 

The Unified Sewerage Agency 
(USA) of Washington County, 
Oregon, is charged with the task of 

sewage treatment and surface water 
management in the Tualatin River basin, 
an area that continues to grow rapidly. 
USA currendy provides sewage treatment 
for a population of 325,000 people in 12 
cities. USA maintains about 600 miles of 
sewer trunk lines, which in dry weather 
conditions cany approximately 47 million 
gallons of wastewater per day. The 
Durham wastewater treatment plant uses 
nitrification to treat wastewater in 
Washington county to a higher standard 
than anywhere else in the U.S. In the 
summer, treated water goes into the 
Tualatin River, or to wetlands in the 
Jackson Bottom Wetiands Preserve, or to 
some types of irrigation. In the winter, 
when phosphorus is not a consideration, 
the treated wastewater goes direcdy to the 
river. 

Surface Water Management in 
Washington County 

The other pan of USA's responsibility, 
in addition to sewage treatment, is surface 
water management. Surface water man- 
agement includes water quality and 
quantity responsibilities in the urban 
growth boundary, an area that has resi- 
dential, commercial, light industrial, and 
high-technology water uses. In addition, 
USA's surface water management in- 
volves public education, maintaining and 
operating the urban area drainage system, 
working with developers to design pro- 
tection plans for natural wedands and 
stream corridors, and controlling soil 
erosion. Unlike many special districts. 

USA has rule-making and enforcement 
authority. 

Within the Tualatin River watershed, 
USA manages 18 percent of the surface 
water, and approximately 90 percent of 
the wastewater in Washington county. 
The agency is the local designer and 
implementer of water quality strategies in 
the county. Given these responsibilities, 
evaluating the treatment efficiency of 
wastewater treatment wetiands may pro- 
vide some options for improving and 
maintaining water quality along a river 
that has been designated water-quality 
limited by the Oregon Department of 
Environmental Quality (DEQ). 

The Tualatin River is heavily managed; 
in the winter, its flow may reach 4,000 
cubic feet per second (cfs), but in the 
summer, the natural flow all but disap- 
pears by early July. The USA has an 
annual right to 14,000 acre-feet of water 
from Hagg Lake for pollution abatement, 
an amount that enables the agency to 
maintain the Tualatin's flow at about 150 
cfs in the summer. Because the river is 
slow-moving and supports a variety of 
land uses, water quality problems have 
developed. 

Reducing Ammonia in the Tualatin 
River 

Ammonia is one pollutant that has 
drawn a great deal of attention over the 
past five years. From May to October 
1989, mean ammonia levels in the 
Tualatin measured almost 1.2 mg/l. At 
high levels, ammonia is toxic, and it uses 
a great deal of oxygen in the water as it 
converts to nitrate; two factors that are 
detrimental to aquatic life. Since the 
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Durham treatment plant began using 
nitrification to treat wastewater, ammonia 
levels have fallen dramatically, to less 
than 0.1 mg/1, a quantity well below the 
DEQ's goal of 0.86 mg/1. 

Reducing Phosphorus in the 
Tualatin River 

Phosphorus is probably the most 
talked-about pollutant in the Tualatin 
watershed. The DEQ has set acceptable 
phosphorus levels at 0.07 mg/1. Mean 
concentrations of phosphorus measured 
from May to October in 1989 were about 
0.265 mg/1; by 1992 these had been 
reduced to approximately 0.10 mg/1. In 
terms of pounds of phosphorus per day, 
the load into the Tualatin has decreased 
from about 250 lbs/day to 3.5 lbs/day at 
both the Rock Creek treatment plant and 
the Durham facility. The load on the river 
has been reduced largely because the 
county's ban on phosphate detergents 
proved to be an effective source control. 
However, the nonpoint sources of phos- 
phorus loading stiU contribute to a phos- 
phorus level still higher than the DEQ's 
goal. 

Several options were available to treat 
the remaining phosphorus load. The first 
option was to continue conventional 
(structural, mechanical) treatment. 
Another option was to dilute the 
pollution, but in most cases, this isn't 
feasible or desirable. Preserving, and in 
some cases, restoring or even 
constructing natural water treatment 
systems can fit into both sanitary and 
surface water management strategies, 
providing one more option for water 
treatment. 

What Constructed Wetlands Will 
and Won't Do for Water Quality 

The USA (and others) have no choice 
whether they want to improve water qual- 
ity in the Tualatin basin; they must. 
Jackson Bottom Wetlands Preserve is one 
possible tool to meet water quality regula- 
tions in the basin. The 400-acre wedand 

is located on the Tualatin's floodplain just 
south of Hillsboro next to the wastewater 
treatment plant Jackson Bottom has 
been farmed, grazed and in general, 
abused over the years. Though it lies 
within the urban growth boundary of 
Hillsboro, construction is prohibited 
because it is a floodplain area, and does 
flood during a normal winter. The site 
has wildlife ponds, several marshes, an 
effluent retention pond, natural wedands, 
and the experimental wedands. 

Jackson Bottom Experimental Wedands 
on part of the site are comprised of 17 
cells, each 18-22 feet wide and 1,200 
feet long. Water from the nearby 
wastewater treatment plant is metered into 
the cells, flows across them and is 
pumped into a detention pond for use by 
inigators. (The USA has no permit to 
discharge into the Tualatin River.) 
Within the experimental cells, the depth 
of the water varies from 1 foot in 
vegetated cells to 3 feet in open cells. 
Vegetation is primarily reed-canary grass 
and duckweed. Cattails and sago 
pondweed were introduced in 1989, but 
USA is discovering it is the surface area 
available for microbial growth rather than 
macrophyte species that matters most for 
treatment of soluble pollutants. 

Flowmeters at the wedand monitor 
water movement: some flows out the end 
of the wedand, and some goes into the 
groundwater, while some evaporates. 
Nutrients are also monitored in the cells. 
In addition, USA monitors groundwater 
quality below the wedand area. 

Jackson Bottom is an experimental 
wedand to determine the feasibility of 
using constructed wedands to polish 
secondary-treated wastewater. In addi- 
tion, the treatment capability and the 
longevity of the wedand are also being 
evaluated, as are operation and mainte- 
nance costs and considerations. Because 
the wetland is experimental, designed to 
evaluate water quality, wildlife, aesthetic, 
and passive recreation benefits were not 
designed into the system. However, 
USA recognizes that these are important 
and would include them in a full-scale 
wastewater treatment wedand. Because 
of normal winter flooding, the 
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experimental wedands are operated only 
seasonally, typically from June to 
October, when phosphorus is a 
consideration. 

The USA has conducted loading exper- 
iments to determine surface area to load- 
ing rate ratios, and especially oxygen 
demand. The system has become anaer- 
obic under high loads and becomes a 
smelly, insect-ridden swamp. 
Optimization of loading rates eliminates 
this problem. 

Conclusions about Pollutant 
Removal Efficiency at Jackson 
Bottom Experimental Wetlands 

At the experimental wedands, phospho- 
rus has been measured over the past four 
years in terms of mass loading and con- 
centration for both influent and effluent 
From a total load of approximately 3,600 
pounds in 1989, influent phosphorus fell 
to about 2,000 pounds in 1991 but the 
effluent discharge has increased from 
about 400 pounds in 1989 to 700 pounds 
in 1991. Concentrations of phosphorus 
influent have fallen from about 7.2 mg/1 
to 3.9 mg/1 over the same period. 
Effluent concentrations have fallen from 
4.2 to about 3.2 mg/1 from 1989 to 1991. 
This concentration is acceptable for reuse 
as irrigation water, but not for discharge 
into the Tualatin. 

Soils can also play an important role in 
phosphorus control. As depositional 
soils from the river, some of those under 
the experimental wedand are naturally 
high in phosphorus, and under anaerobic 
conditions will give off phosphorus. 
Other soils have a high affinity for phos- 
phorus and will store it to the point of 
binding site saturation. Since 
phosphorus is accumulating in the 
system, the wedand's longevity for 
phosphorus removal is limited. 

Vegetation is also important, 
particularly for nitrogen removal. 
Groundwater monitoring data from the 
experimental wedands indicates that 
though water has infiltrated down 
through wedand soils, groundwater 
nitrate/nitrite levels of 0.02 mg/1 are well 

below the established drinking water 
standard of 10 mg/1. The wetlands work 
well for standard pollutant removal, 
including metals, but not for polishing 
effluent that contains phosphorus, which 
is an important consideration in the 
Tualatin basin because the DEQ's limits 
for phosphorus loading are very low. 

The constructed wedands also provide 
significant habitat for wildlife, but their 
presence also poses a problem. A three- 
year average reveals influent levels of 
enterococcus of 3/100 ml, and effluent 
levels of 75/100 ml, indicating that 
wildlife use, especially waterfowl, adds 
undesirable bacteria to the wastewater. 
Some may be attributable to natural, 
background levels, but it needs to be con- 
sidered before building a wedand that is 
intended to reduce bacterial counts. 

Longevity is a consideration as well. 
The USA predicts constructed wedands 
will provide treatment for 10-20 years. 
However, because utility companies such 
as USA amortize large expenditures over 
periods of 20 years or more, the 
longevity of constructed wetlands must 
be increased to at least that many years to 
be financially viable. 

Financial Considerations for 
Constructed Wetlands 

Operation and maintenance costs 
include dike maintenance, which, as we 
are learning, can add up quickly because 
of burrowing animals such as nutria. 
Water can be pumped to the system 
(which means energy costs), or gravity 
flow can be used. Sedimentation rates can 
reduce the longevity of a wedand, though 
if they are built deep enough, the expense 
and disruption of dredging or rebuilding 
over can be postponed. 

The area required for wedands can be 
difficult to obtain in urban areas, though 
developers are discovering that it can be 
more profitable to leave a wedand than 
build a house on the land. They do not 
have to mitigate for the loss, and houses 
built near wedands sell for a higher price. 

Building a wedand can require a 
plethora of permits, including a Division 
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of State Lands fill and removal permit, a 
401 permit from the U.S. Army Corps of 
Engineers, a water right from the Oregon 
Water Resources Department, a 
floodplain alteration permit from the city 
or the county, or a conditional land use 
permit to change the land use from its 
designated zone. And permits can be 
expensive. The USA estimates it will 
cost $100,000 in staff time to obtain the 
required permits to replace a beaver dam 
on one of the marshes where the beaver 
was trapped out. 

Long-Term Considerations for 
Constructed Wetlands 

Another consideration, from a utility 
company perspective, is the long-term. 
Even if a wetland is constructed as a 
"wastewater treatment facility," it will be 
considered a "wedand" under current 
law, and the owner may be required to 
continue providing water to the system 
after its useful life for water treatment is 
over. At Jackson Bottom, the permit 
requires USA to restore the site to its 
original condition after USA is done 
using the land, which means the agency 
must bulldoze the wetland and plant reed- 
canary grass. In effect, this returns a 
functioning, vibrant wetland to its prior, 
degraded condition. 

"Incurred liability" is a concern of 
boards of directors and county commis- 
sioners. If a "wastewater treatment facil- 
ity" becomes a "wetland" after 20 years 
or so, it may continue to require mainte- 
nance costs even though its treatment life 
is over. Discharge permits from the 
Oregon DEQ for stormwater or surface 
water have to be obtained. Lasdy, law- 
suits are a consideration, primarily for 
drownmg or injury while at a constructed 
wetland site. Though the probability of 
fatal accidents is low, the utility or 
company must decide if it's worth the 
risk. 

Before building a wastewater treatment 
wedand, the operation and maintenance 
costs must be calculated, public support 
must be forthcoming, and financing and 
permits must be available. Most impor- 
tant, a clear analysis of water quality 
objectives must be performed. 
Constructed wedands are not panaceas 
for every water quality problem; careful 
consideration of required removal rates 
and expected treatment efficiencies must 
be made for each parameter of interest 
Only then can the wedand be built 

Will USA build another? Probably. 
The science is improving, and those con- 
sidering the construction of wastewater 
treatment wedands are increasingly com- 
fortable with the level of knowledge 
scientists are providing. 
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LOOKING TOWARD THE FUTURE: 
ADVANTAGES, LIMITATIONS, AND 
CONCERNS OF IMPLEMENTATION 

A PANEL DISCUSSION 

Engineering the Future 

John Yarnall, Westech 
Engineering, Salem, OR 

From a consulting engineering per- 
spective, the future of constructed 
wastewater treatment technology is 

generally promising. The usefulness of 
this technology for its resihency, flexibil- 
ity, tolerance of hydraulic shock loads, 
low operating costs, and other benefits is 
creating an increasing demand for its 
implementation. Adding to its appeal is 
the positive perception of the general 
public. Public use of constructed wet- 
lands for educational and recreational 
benefits can create popular support for 
their construction and ongoing mainte- 
nance, as well as making people aware of 
wastewater and wastewater treatment sys- 
tems in their communities. 

There are four main barriers to fuller 
acceptance and use of constructed wet- 
lands. One is the existing wetlands 
dilemma. Current wetlands protection by 
many different government agencies with 
differing goals (included are EPA, DEQ, 
U.S. Army Corps of Engineers, Division 
of State Lands, U.S. Fisheries & Wildlife 
Service, Oregon Department of Fisheries 
& Wildlife) makes it extremely difficult 
and generally not cost effective to 
navigate the permitting process of 
constructing wetlands in areas classed as 
jurisdictional wetlands, unless they're 
severely degraded. This removes some 
very suitable sites from consideration, or 
can make their use very cosdy. High- 
quality wetland ecosystems should 
continue to be protected from 
degradation, but efforts should be 
undertaken to educate agency 

representatives about constructed 
wedands, especially about the function 
they can restore to degraded wetland 
sites. Bringing the many concerned 
government agencies together to achieve 
consistent policies on constructed 
wedands would also help to smooth the 
way. 

A second barrier is the cost associated 
with land acquisition and groundwater 
protection (including monitoring, permit- 
ting, and/or lining with expensive syn- 
thetic liners). Lowering this barrier will 
only occur on a case by case basis. Some 
sites have prohibitive land values. In 
some cases, vulnerable groundwater 
should be protected with a liner, but pro- 
tection of groundwater is best carried out 
in the context of overall watershed man- 
agement There may be some situations 
when designing a "leaky" constructed 
could be beneficial for wastewater treat- 
ment and not damaging at all to ground- 
water quality. 

Third, the land use requirements may 
be in excess of what is available, or the 
sites may not be topographically suitable. 
The fourth major barrier is availability of 
plant stock. Currendy, plant nurseries are 
not prepared to provide the necessary 
amount of plant material, and removal of 
plants from jurisdictional wedands is 
restricted. Mount Angel, Oregon's 
newest municipal constructed wedand 
facility, established its own 2 Va acre 
plant nursery a year ahead of time, 
propagating bulrushes which were later 
transplanted to the newly-built wedand. 
Availability of plant stock is expected to 
improve within the next few years in the 
Willamette Valley as more nurseries move 
toward stocking native plants. And, as 
more constructed wedands are established 
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they can become sources for plant 
materials as well. 

Another concern is for design confi- 
dence and performance. Constructed 
wetlands technology lacks the accumu- 
lated data supporting the design of more 
common systems such as activated 
sludge. Additional research work needs 
to be done monitoring existing facilities, 
as well as basic research comparing dif- 
ferent types of wastewater and other 
factors. This work requires funding, 
which is currently in short supply from 
the public agencies. Collaboration is 
therefore required, between universities, 
agencies, and operators of existing con- 
structed wetlands, to improve the data 
base of information that will allow us to 
construct ever more efficient and 
dependable systems. 

Some of the impetus for the continuing 
development of the technology will come 
from the public, based on many ancillary 
benefits provided by constructed 
wetlands in the community. People value 
the increased wildlife habitat, the species 
diversity, educational opportunities, and 
aesthetic enhancement of the landscape 
that can be provided by this method of 
wastewater treatment. So the public can 
become one of the best advocates, 
providing funding and in other ways 
moving constructed wetlands toward the 
future. 

Planting the Seeds 

Mark G. Wilson, Horticulture & 
Environment Restoration 
Consultant, Portland, OR 

A key element missing in current 
implementation of constructed 
wedands is the integration of 

engineering goals with what are generally 
termed "side benefits." Approaching 
design with a bigger picture in mind than 
just water quality improvement could 
yield higher overall wetland values, better 
overall system function, and increase the 
life expectancy of constructed systems. 

Landscape ecology provides us a theory 
of "the big picture," where we look at 
each element of a landscape in the context 
of the entire landscape. Using this 
theory, we base a project's design on a 
specific site rather than on a design 
formula, and in that way improve the 
project aesthetically as well as 
ecologically. Multi-objective scientific 
goals should be established whenever 
possible, so that while water quality is 
improved on the site, the system also 
serves, for example, as part of a regional 
wildlife corridor system, or complements 
other local natural area restoration efforts. 

While the primary goal of the design 
process could still be water quality 
improvement, secondary goals jointly 
considered should include avian, inverte- 
brate, and herpetile habitat, a constructed 
wedand's physical connection to the 
larger landscape, and public education. 
Isolating design as merely an engineering 
feat runs the risk of worsening the 
problems of human impact, including 
fragmentation of habitat and invasion of 
nonnative species. The best way to avoid 
such blunders involves a change of focus 
and improved communication among 
engineers and natural scientists. This has 
historically been difficult; communication, 
has often been a stumbling block. The 
most promising combination unites 
natural sciences and engineering in a 
project design team that can most 
successfully include a wide range of 
project goals. 

A team will need to plan ahead for plant 
materials, a minimum of two years 
advance notice is needed for local native 
plant nurseries to propagate the required 
plants. Use of local nurseries is strongly 
encouraged because transport costs are 
reduced and local plant materials are 
much more likely to establish success- 
fully when planted. Ongoing relation- 
ships with local nurseries greatly aid 
acquisition of plants. It must be stressed 
that contracted plant materials should be 
nursery propagated or salvaged, 
not collected as whole plants from 
existing natural wetlands. 
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The use of native plant species in con- 
structed wetlands can gready enhance 
their value in several ways. Native plant 
communities tend to support native fauna 
much more effectively than monocultures 
of nonnative plants. Some nonnative 
plants are invasive and actually displace 
natives, worsening the problem of human 
destruction of floral and faunal habitat 

Mimicking native natural systems could 
even extend to the use of woody wetland 
plant species or to allowing succession to 
more complex habitat including shrubs 
and trees. Allowing succession to occur 
may yield lower maintenance costs and 
higher sustainability of systems. Woody 
species can greatly diversify habitat, and 
can be used to stabilize berms. 
Facilitating the establishment of native 
woody species is especially beneficial: 
native trees have been shown to support 
as much as 10 times the number of 
invertebrate species that nonnative trees 
suppon. 

Construction schedules should com- 
plement horticultural schedules, and this 
must be part of the plan from the begin- 
ning. Finally, designers and planners 
should supervise all phases of construc- 
tion on the ground. This is crucial to 
project success; the best plan on paper 
can't work unless it is implemented prop- 
erly in construction and planting. 

The opportunity exists for future con- 
structed wetlands projects to actively 
complement regional land use planning. 
Creative approaches with this goal in 
mind will yield far greater advantages to 
society, while improving water quality in 
perhaps an even more sustainable way. 

Holding the Reins 

Neil Mullane, Water Quality 
Standards and Assessment 
Section, Oregon Department of 
Environmental Quality 

Under state and federal law, the 
DEQ is responsible for protecting 
water quality in all "waters of the 

state," which include natural wetlands. 

The new technology of constructed 
wetlands has not historically been 
supported by DEQ, and regulations have 
not adequately addressed their use. 
Realizing finally that the practice is here 
to stay, the DEQ has been working to put 
together a regulatory stance that is cur- 
rently still evolving. The regulations 
must respond to two main points. One is 
that many proposed sites for constructed 
wetlands are located in jurisdictional 
wedands (natural wedands delineated as 
such and protected by the DEQ). 

Regulators have approached this "use" 
of natural wedands in exacdy the same 
spirit as if developers were proposing a 
parking lot, that is, as an activity which 
would remove all natural functions of a 
wetland. The second part of DEQ's 
responsibility on this issue is the regula- 
tion of discharge from constructed wet- 
lands to receiving waters (including 
natural wetlands). In other words, when 
constructed wedands are built on non- 
protected areas, their discharge will still 
be regulated for impacts to waters of the 
state. 

Some of the regulations used by DEQ 
in assessing constructed wedands 
include: 
Section 401, Water Quality Certification, 
ensures that projects are in compliance 
with the state's water quality program. 
Section 402 is the federal permit program 
for wastewater and stoimwater 
discharges to jurisdictional wedands. 
Section 404 is the DEQ fill and removal 
regulation which applies to jurisdictional 
wedands, protecting them under a federal 
permit system administered by the DEQ. 
Section 319 deals with nonpoint source 
(e.g., agriculture, forestry) discharge to 
waters of the state. 

Section 303, whereby the DEQ is 
required to develop statewide standards; 
the DEQ is currently writing standards to 
include constructed and natural wedands. 
Complicating wedand regulation is the 
fact that other state agencies have their 
own criteria for delineating jurisdictional 
wedands, and their own regulations for 
protecting them. The DEQ is working to 
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develop more consistent inter-agency 
regulations. 

New definitions are being developed as 
a first step, defining constructed and 
natural wetlands, including a statewide 
delineation methodology for natural wet- 
lands that will be used by all state 
agencies. Also, biological criteria are 
being developed for use in protecting 
natural wetlands. Classification of con- 
structed wetlands which are located 
within jurisdictional wetlands as distinct 
regulatory units is necessary and will 
continue because, under the Clean Water 
Act wastewater treatment in waters of the 
U.S. is prohibited. Thus defined, 
construction of wastewater treatment 
wedands within jurisdictional wedands 
will require mitigation, as would any 
construction within a protected wetland. 

The language of the regulations will 
further stipulate that while constructed 
wedand treatment systems may be viable 
alternatives for both secondary and 
advanced municipal wastewater 
treatment, natural wedands will not be 
used for secondary treatment. 

Proposed policy for use of constructed 
wetlands in non-wedand or upland areas 
for secondary or "polishing" of wastewa- 
ter or for treatment and disposal of 
stormwater is encouraged so long as 
effluent from such facilities does not 
adversely affect other surface or ground- 
waters. Use of constructed wedands for 
primary wastewater treatment will not be 
allowed. It is expected that linings will 
be required under most constructed wet- 
lands. Natural wedands may be viable 
alternatives for advanced municipal 
wastewater and treated wastewater reuse. 
Permitting of existing natural "high qual- 
ity," non-degraded, or unique wetlands, 
or any wetlands essential or critical fish 
or wildlife habitat, for wastewater or 
stormwater disposal or treatment will not 
be allowed. 

The debate over use of natural wetlands 
for some water treatment continues, and 
DEQ's forthcoming regulations will 
hedge somewhat on this issue. A pro- 
posed policy for use of wetlands for 
water treatment states that permitting of 

existing natural but degraded wedands for 
disposal or polishing of treated 
wastewater or stormwater would be 
considered if such use would result in 
either no degradation of the wedand or 
preferably enhancement or restoration of 
the natural degraded wedands and no 
other degradation of other surface or 
groundwaters would occur. A series of 
preapplication steps would be necessary 
to prove these qualifiers, and in all cases 
some type of pretreatment would be 
specified. 

Oregon's regulatory community is on 
its way to a clearer and more rational set 
of policies for constructed and natural 
wedands. However, several issues 
remain to be grappled with in the future. 
We need better definitions of "high 
quality" and "degraded" wedands. We 
need to specifically consider how existing 
water quality standards, state effluent 
limitations, the mixing zone concept, 
dilution rules, and National Pollutant 
Discharge Elimination System (NPDES) 
permit provisions and monitoring should 
apply to wedands. Wedands-specific 
water quality standards should be 
developed. Long-term assimilative 
capacity and impacts of constructed 
wedand systems and natural wedands 
treating wastewater should be assessed. 
Project failures should be evaluated. All 
of these issues will be difficult to address 
in the state's Measure 5 economic 
climate, but it is expected that state policy 
will mature as better information becomes 
available. 

Panel Question and Answer Period 

Q: In using constructed wedands for ter- 
tiary or stormwater treatment, will liners 
still be required? 
NM: This will be decided on a case-by- 
case basis. 

Q: Did you say there is a difference 
between national and state water treatment 
standards? 
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NM: Nationally, EPA requires 30/30 (30 
mg/l BOD, 30 mg/1 Total Suspended 
Solids) for secondary treatment. In the 
state of Oregon, we have stricter require- 
ments for secondary treatment, ranging 
from 20/20 to 5/5 depending on the 
basin, and often varying seasonally 
(stricter in summer than in winter). 

Q: Mark Wilson and John Yamall have 
mentioned the desirability of using other 
plant species than the standby cattail and 
bulrush. Can they reliably be grown 
from seed? What is known about 
availability of other species and their 
tolerance of wastewaters? 
JY: The best source of growers is the 
Hortus NW directory. The demand for 
other plant species is new, and there is no 
substitute for spending your time to talk 
to people. Engineers tend to expect to 
make one phone call and get a delivery on 
demand, but it takes more lead time and 
more work than a phone call. Seeding is 
not well understood yet, and planting 
rhizomes is very labor intensive. When 
we planted the Mount Angel project, we 
used plugs 12-15" in diameter and 6" 
deep. 
MW: No, it's not well understood which 
species will survive. We need more 
research on that. We have data from natu- 
ral wetland systems which tell us about 
water depths and hydroperiods, then you 
need to research availability with 
growers, or grow your own as in Mount 
Angel. We have no data on vegetation 
survival in wastewater, but some 
information could perhaps be gained by 
examining wedand mitigation projects 
that worked and those that failed. Most 
have failed. 
JY: We can also learn from existing 
treatment facilities. See what works and 
what doesn't. 

Q: What is the cost effectiveness of 
planting plant plugs or rhizomes or by 
seeding? 
JY: In Arcata, seeding failed miserably. 
They tried a number of different species. 

Plants can be procured from established 
treatment facilities, or salvaged from 
roadside ditches before, for instance, a 
highway is widened. Survival rate is 
much higher with whole plants than 
trying to grow from seed. 
MW: There's a tremendous opportunity 
for some well-organized salvaging to 
provide low-cost plant materials. King 
County (Seattle) now has a native plant 
salvage hot line. If you know of a devel- 
oping project that's going to destroy a 
wetland or woodland, you call up King 
County and volunteers come out and pull 
out the plants first. Seed is cheap, but 
you need 2-3 years minimum lead time to 
obtain it. Seeding only has potential if 
you have control over the water level, 
keeping the seed dry in midsummer and 
then raising the level after sprouting. 

Q: Would Neil Mullane and John Yamall 
speak to the question of long-term liabil- 
ity? Can you walk away from these sys- 
tems once they are in? The previous 
speaker from Jackson Bottom indicated 
that they might have the responsibility to 
restore the site to its previous condition 
when they are done using it for wastewa- 
ter treatment, which would mean bulldoz- 
ing a functioning system back to a very 
degraded condition. 
JY: Mount Angel is essentially a garden 
plot, built on a spot which was 
previously not a wetland. We have no 
responsibiUty to maintain it as a wetland 
after its useful life is over. We can 
change design at will. 
NM: Areas which were previously juris- 
dictional wetlands, such as Jackson 
Bottom, are regulated. DEQ answers this 
question by insisting upon classification 
of constructed wetlands as regulated 
wastewater treatment units. If a con- 
structed wedand can maintain itself once 
the effluent stops going through it, all the 
better, but we will not call such a system 
a jurisdictional wedand because of the 
problems that causes. 
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Q: Do you think that we will ever be able 
to understand these systems well enough 
to be able to employ a scientific basis for 
designing based on fundamental princi- 
ples? And if you do, what types of ques- 
tions do you think we need to be asking 
now to move in that direction? 
NM: From the regulatory standpoint, 
when we permit a facility, we expect it to 
operate at a certain capacity and have a 
certain predictable quality when it dis- 
charges to a certain water body. We need 
to be sure it's going to work, especially 
because in many cases communities who 
use this technology are getting loans of 
public funds to build them. We have to 
be certain that those loans are good 
investments. 
JY: We will never have a purely analyti- 
cal way to design these. They are very 
diverse communities. I don't think we 
will get to a point where we can say 
"here's a differential equation that 
describes how this thing works," any 
more than we can with stabilization 
lagoons. Most stabilization lagoon 
systems are far more complex than people 
realize and we know from practice what 

works and what doesn't work. Activated 
sludge technology is another example. 
They are complex systems which we 
don't completely understand, but we can 
make them work. We've had 40-50 
years and billions of dollars plowed into 
activated sludge plants. Id be willing to 
say that if we put comparable dollars into 
constructed wetland systems we'd know 
a lot more about them than we do now. 
MW: Constructed wetlands are very 
dynamic systems. It will take art as well 
as science to work with them, and 
dollars. It's going to take a certain 
amount of manipulation of variables, to 
learn more. Also, it will take a 
commitment to making them work. 

Q: Does the DEQ restrict the use of plant 
monocultures in constructed wetlands? 
NM: No, we probably will not get into 
internal operations of constructed wet- 
lands any more than we interfere in 
wastewater treatment plant operation. 
MW: Other regulators may regulate that, 
though. For example, the City of 
Portland requires the use of native plants. 
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