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he effective management of The application of natural and con- 
wetlands and water quaiity are structed wetlands technofogy to waste- 
of vital importance to Our water and starmwater 
nation. The pursuit of conser- treatment problems is 

vation goals for these systerns has increasingly becoming a 
become a significant area of cooperative daily land and water ’man- 
effort by the Secretariat to the North agement issue for planners 
American Wetlands Conservation Council and habitat’ specialists 
(Canada) and the Water and Habitat across Canada. This report wiii serve as an 
Conservation Branch of the Canadian effective entrée for Canadian practition- 
Wildlife Service. The following report, ers, as weii as the general public, to this 
Wastewater and Stormwater Applica- subject. The report should, of course, 
tions of Wetkands in Canadu, is a further ‘ complement effective research and in- 
example of Our joint efforts to foster depth environmental analysis which , 

national awareness of wetland issues of remain essential elements for environ- 
interest to Canadians. mental assessment , The report provides a 

The Government of Canada remains rapid look at the emerging technology of 
c o q i t t e d  to its objectives announced in wastewater treatment wetlands towards 
the FedemE Policy on Wetland Conser- the improvement of the quality of the 
vation. niese include ensuring provision world we Canadians share with nature. 
of tools and information on wetland J ~ ~ ~ ~ D . M ~ ~ ~ ~ ~  . 
resources to Canadians and fostering 
innovative research on methods for con- 
servation and management Of these habitats. 

Preface 
T 

. 

. .  

B ~ ~ ~ ~ ,  watW adHab&at Cornmation 
candian wiujqe srnice 
En&ronmmt canada 

- -  
ation have been developed for Canada by 

(1987, 1988). Each of the five classes can 

Gosses and ericaceous 

Canadian Wetlands 2 the National Wetlands Working Group s ~ b ~ c o m o n .  , 

be further subdivided into various “forms” 
based on landscape, hydrological and 
other physical factors and ‘‘types” related 
to vegetation characteristics. 

A detaiïed discussion of wetiand clas- 
sification is presented in Wetlands of 

. Canada (National Wetlands Working 
Group 1988). A’brief surnmary of the 
major wethnd classes is presented below. 

Fen a ainerotrophic peat- 
land with the dater table 
usually at  or just above the Surface.’ 
Vegetation may‘ include sedges, grasses, 
reeds, brown mosses, certain Sphagnum 
species, erkaceous s h b s ,  and trees. 

Swamp a minera1 wetiand or peatiand 
with standing or gently flowing waters 
occurring in pools or channels. The water 
table usudly is at or near the surface. The 

. 

, 



. l  

I .  

vegetation is characterized by a dense 
cover of deciduous or coniferous trees or 
shrubs, herbs, and some mosses. 

lWarsb a wetland *at is 
caiiy inundated‘by standing or siowly 

. Climatic and topographic factors 
influence the type of wetland which,, 
occurs in a particular rsgion. Twenty wet- 
land regions, .and a series of wetland sub- 
regions based upon climatic factors, are 
reco@zed in Canada (National Wetlands 

moving waters. Surface water lev& may 
fluctuate seasonally and vas. from fresh 
te  highly saline. Vegetation includes 
eme%ent sedgesj grasses, rushes and 
reeds, which may have interspemed areas 

W o r b g  Group 1386). A deta&-- diScus- 
sion of wetland distribution and of the 
characteristics of the wètlands in &ch 
wetland region is provided in Wetlands 
of cana& (National Wetlands Working 

of open water and aquatic plants. 

Shalibw Open Water a minera1 wetland 
that is intermittently or permanently 
flooded and has open expanses of stand- 
ing or flowing water. Shorelines, mud 
flats, shallow lakes, ponds, pools; 
oxbows, channels and similac features are 
included in this class. Vegetation, when 
‘present, consists of submerged and float- 
ing aquatic plant forms. 

Group 1988). 
These wetlands provide many ecolog- 

ical functions and values and are an 
important ecological component of many 
landscapes. Many of the wetland func- 
tions meet human needs. Functions 
ascribed to wetlands include: (a) 1Éfe sup- 
port (climatic regulation, toxics absorp- 
tion, stabilization of biosphere processes, 
water storage, cleansing, nutrient cycling, 
food Chain support, habitat, biomass stor- 
age, and genetic and biological diversity); 
(b) social and cvltural (research speci- 

. mens, Viewing, photography, birdwatch- 
ing, hiking, canoeing, and community, 
religious or cultural traditions); and 
(c) production (natural production of 
birds, plants, fish, fibre, and soil supple- 
ments) (Cox 1993;Sheehy 1993, Bond 
et al. 1992, National Wetlands Working 
Group 1988). 

The importance of wetland conserva- 
tion, restoration, and protection in 
Canada has become a matter of public 
policy as exemplified federally in the 
Federal Policy on Wetland Conservation 

provincial jurisdictions and other eco- 
* nomic sectors across Canada (Cox 1993, 
Lynch-Stewart et al. 1993). In Canada, the 
construction of artificial wetlands has 
received increased attention as a poten- 
tial means of compensating for losses of 
wetlands incurred by human activities. 
The use of wetlands as a cost-effective 
alternative to conventional advanced 
treatment of wastewater is also receivhg 

‘ 

Distribution of Canadian Wetlands 

These wetlands oc.cur intermittently 
across ali of Canada’s landscapes along 
the shores of lakes, rivers, and streams, 
and in other areas where the water table 
is close to the surface. Marshes and 
swamps stay wet for much of the year 
and are what many people in. Canada’s 
southern region think of when the terni 
“wetland” is used. The.distribution of 

‘ wetlands in Canada is controiled by many 
factors including surface hydrology and 
the interaction of climatic and topograph- 

of wetland occur in ail areas of Canada, 
with about 90% being classified as peat- 
lands where peaty soils are predowant 
and over 40 cm deep at their surface. 
Major wetland and peatland Inventos. 
programs have been completed in several 

‘ regions of Canada includïng the Pacific 
estuariei, the southern Prairies, southern 
Ontario, southern and eastern Quebec 
and most of the Atlantic Provinces 
excluding Labrador. . wider acceptance. 

* 

: 

ic factors. Canada’s 127 miilion hectares (Government of Canada 1991) and in’ 3 

. 
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Europe, the United States and Canada. 
There are many existing discharges to 
natural wetlands nationwide. while most 

constructed wetlands contain monocul- 
tures of cattails (Typha spp.) or bulrushes 
(Sclrpus spp.), while others are planted ‘ 

of these systems were not 
design,ed for wastewater 
and stormwater treatment, 
‘studies have led to both a 
greater understanding of the 
potential of natural we-d 
ecosystems for pollutant 
assimilation and the design 
of new natural water treat- 
ment systems. 

The proper use of a nat- 
urai wetland system for the 
treatment of secondary 
wastewater or stormwater 
involves a number of con- 
siderations. Research indi- 
cates that matching p hydraulic loads to the . 
hydroperiod requitements 
and tolerànces of the domi- 
nant wetland vegetation 
species limits changes in vegetation. 
Optimal treatment occurs when the pre- 
treated water is weiidistributed through- 
out the wetland. Ideally, alternative 
discharge areas or “treatment cells” ate 
used so that portions of the wetiand qs 
tem can ‘be taken “off Une” periodically 
and ailowed to u n w o  seasonal dry penods 

Monitoring the performance of natur- 
al wetlands for water quality enhance- 
ment is ongoing. The systems monitored 
to &te demonstîate that, through careful 
design, some nahuai wetlands can consis- 
tently and cost-effectively provide 
advanced treatment of wastewater and 
stormwater constituents. Natural wetland 
wastewater treatment systems in the 
Yukon are prime examples. 

Surface motv Canstructed Wetkrnds 
Surface flow (SF) constructeil wetlands 
usuaiiy are shdow, man-made impound- 
ments planted with emergent, rooted 
vegetation. These wetlands may be plant- 
ed manually or naturally colonized by 
”volunteer” plant communities. Some 

Ftrst stage v e r t i d  frow, planted site, .Zoo at Saint-Felicien, Quebec. 

with more diverse plant communities that 
have greater stabiiity under changing sea- 
Sonal and vater quaiity conditions. 

Uniike a natural wetland system in 
which hydrology is largely fured by the 
tolerance limits of the existing plant com- 
rnunity, an SF constructed wetland sys 
tem can be. designed to regulate water 

, depth and residence time, two of the 
most important factors in wetland treat- 
ment design. The design of a surface flow 
consmcted wetland system can also fea- 
ture parailel ceils or cells in series. Such a 
system can be operated to rotate dis- 
charge points or to use siightiy different 
treatment capabiiities of the various avaii- 
able plant species groups. SF constructed 
wetland systenis have relatively low con- 
struction, operation, and maintenance 
costs compared with conventional, 
a h c e d  treatment technologies. . ’ 

These constnicted wetlands are usu- 
ally not hamested to remove nutrients. 
Instead, the natural assimilatory capacity 
of the microbiai flora (bacteria and fungi) 

5 
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' Floating.'aquatic plant' (FAP) -5ystems use ' , 

".fl6ating macrophytic plants such as duck- ' :< '  . ' 
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. , .wastewater 'treatment. .They have been , ' 
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he intent of this report is to 
provide municipal planners, 
industry and the farming com; 
munity with a range of informa- 

tion sufficient to consider wetiands as a 
wastewater and stormwater treatment 
alternative. However, there is potential 
for applying this technology to a wider 
spectrum of wastewater and stormwater 
sources. Federal and provincial lands 
could benefit considerably from this tech- 
nology bccause it offers a low cost aiter- 
native to more conventional forms of 
wastewater and stonnwater treatment. A 
brief description of several of these 
potential uses is provided below. 

T 

Municipal Wastewater 

The use of wetlands €or the successful 
treatment of primary and secondary efflu- 
ent from, both activated sludge and lagoon 
systems, landfiii leachate, and septic tank 
effluent is well documented. Typically, 
these systems are appiied to smaii com- 
munities where land is readily avaiiable at 
a reasonable cost. Many of the colder- 
ciimate constructed systems in Canada are 
designed for seasonal discharge or to 
rneet the regulatory authority’s guideiines 
prior to discharge to the wetlands and to 
provide tertiary treatment to the waste- 
water Stream. 

lndustrial Wastewater 

Many potential applications exist for 
trearment of industrial wastes including 
metals removal and p H  adjustment of 
stormwater moff from coal and a6h piles 
at thermal genem’ting stations, the bio- 
chemicai oxygen demand (BOD) removal 
of milk product industry wastewater, 
ammonia and BOD removal from meat 
processing and rendering plants, refmery 
wastewater treatment, and contaminated 
groundwater treatment. High levels of 

contaminants may require pretreatment 
of the wastewater and innovative 
approaches for introducing the pretreat- 
ed effluent to the wetland. 

Farm Feedlot Runoff Applications of 
Severai projects are under- 

involve the use of con- 
way in Ontario that Wastewater 
structed wetlands to pre- 
vent runoff from farm and Stormwater 
feedlots and milkhouse 

Treatment Wetlands washwater discharge from 
entering open ditches. 
These wastewatérs could 
eventuaüy flow into near- 
by water courses or percolate into the 
ground affecting the surface water and 
g6undwater quaiity. The costs associated 
with constructing a wetland have been 
estimated to be as little as one tenth th; 
of building a iiquid manure tank. These 
systems can be designed for zero 
discharge, relying on evaporation and irri- 
gation for the disposal of the water. 

- .*- 

An artficial wetland used for hotel wastewater treahnent.~ 
Lac Simon, Quebec. 

7 



Agriculturol Storrnwater Runoff 

Stormwater runoff from agri- 
cultural fields, particularly 
after spreading fertilizer, 
results in high nutrient load- 
ings to the receiving streams 
and lakes. Building a buffer 
edge that allows Stream, 
river, and pond banks to nat- 
urally vegetate provides 
treatment for field runoff. 
Preventing cattle from graz- 
ing in and around the water 
edge helps to ensure the 
survival of the vegetation. 
Routing of stormwater 
runoff and tile drainage to a 
central wetland treatment 
area can provide treatment prior to dis- 
charge to the environment and the.poten- 
tial to recycle the nutrients by spray ' 

imgating the coflected water back ont0 
the fields where it originated. 

Airports - Glycol/iire Training Stormwoter 

De-icing of airplanes, especially at 
Canadals major international airports, can 
result in large quantities of glycol being 
swept down the Storm drains and eventu- 
ally discharging to the nearest water 
course if no onsite treatment or collec- 
tion system is in place. Wetlands, if piop 
erly sized and engineered, could provide 
treatment for the contaminated storm- 
water flow. 

Stormwater containing fuel and fire 
retardant foam is also a candidate for wet- 
land treatment, especiaiiy at sites where 
no recovery efforts of these compounds 
are being made. Hydrocarbon com- 
pounds simiiar to those found in jet fuel 
have undergone preliminary testing and 
have been found suitable for wetland 
treatment technology. 

8 '  

Fam feedlot wastewater wetland, Rideau Angus Fann 
near Burritî's Rapids, Ontario. 

#ationol/Provinciai Parks 

Campsites within national and provincial 
parks could benefit from wetland tech- 
nology from several standpoints. Since 
most parks operate on a seasonal basis, 
the design of these systems would not 
need to be buiit to meet winter operation 
criteria and could easily be modified in 
the future if year-round operation was 
desired. Wetlands could be Incorporated 
into the environmental education pro- 
gram although care would have to be 
taken to reduce the risk of campers com- 
ing into contact with the wastewater and 
the pathogens it may contain. Wetlands 
may be of particular interest to camp sites 
located in the northern reaches of 
Canada. A public beach in Quebec is 
using wetlands to treat the beach water 
to make it more suitable for use. 



Aboriginal/First Nation Lands 

Native Settlements are often in remote 
locations, some of which have poorly 
functioning wastewater treatment facili- 
ties. Wetlands offer an opportunity for a 
wastewater and stormwater treatment 
alternative that wiil blend into the natural 
environment. Construction and manage- 
ment of these systerns would provide an 
employment opportunity for the local res- 
idents as well as full control over every 
aspect of the wetland treatment project. 
Providing wildlife habitat could be another 
attractive benefit of such a wetland system. 
British Columbia has several sites where 
wetlands are being used for wastewater 
treatment for aboriginal, communities. 

Northern Communities , 

Many northern communities are currently 
using facultative storage lagoons for their 
wastewater treatment needs. Most have 
permits to discharge the lagoon contents 
during the summer months. A growing 
number of communities in the Yukon, 
Northwest Territories, north- 
e rn  British Columbia, and 
northern Alberta are incor- 
porating wetlands into the 
existing wastewater treat- 
ment facilities to provide a 
better quality effluent and, in 
some cases, to  extend the 
discharge period. 

Storrnwater 

Stormwater treatment wet- 
lands are constructed wet- 
lands that  improve water  
quality, modify flow rates (by 
storing water temporaiiiy in 
shallow pools  that  create  
growing conditions suitable 
for emergent and riparian, 

(Ontario Ministry 'of Environment and 
Metropolitan Toronto and Region 
Conservation Authority 1992, Shueler 
1992). Shueler (1 992) describes five basic 
stormwater wetland designs: shallow 
marsh, pond/wetland, extended detention 
wetland, pocket wetland, and fringe wet- 
land. Ail are essentially surface flow sys  
tems, with varying emergent marsh and 
deep pool habitat, hydrauiic capacity, resi- 
dence time, and travel routes. 

In recent years, interest has shifted 
from providing stormwater attenuation 
with retention ponds alone, to incorpo- 
rating vegetated wetland cells into the 
design to provide greater attenuation and 
contaminant removal and improved land- 
scape aesthetics in urban environments. 
Many communities across Canada have 
installed wet lands as  par t  of their  
stormwater management systems. Several 
additional installations are  awaiting 
approval from the regulatory authorities 
and there are many others in the pre- 
design or design phase. 

Municipal wastewater lagoon and seasonal discharge wetland. 
Old Crow, Yukon. 

wetland plants), a t tenuate  flow, and 
reduce downstrearn scouring and erosion 
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Pulp and Paper 

The use of wetlands for treating puip and 
paper wastewater has been documented 
by wetiand experts in the United States. 
This has sparked interest from the 
Canadian pulp and paper industry. 
Leachate from Wood waste is currently 
being treated in a eonstructed wetland in 
British Columbia. . 

Sludge Dr ying/Biosolids Management 

Dewatering and treatment of biological 
sludge using reed beds (Phragmites spp.) 
has been carried out in the United States 
and in Europe. This is being done to 
replace or improve sand drying beds. 
Reed beds have been found to provide 
shorter 'dewatering times and reduced 
sludge volumes and organic matefial 
(Cooper. and Findlater 1990). There is 
considerable potential for applications of 
this type in Canada. 

Acid Mine Drainage 

'H growing number of cornmunities in 

Canada are incorporating wetlands 

into tbeir wastewater tmatment." 

Compost wetlands are similar to aero- 
bic wetlands, but include a thick organic 
substrate that promotes chemical and 
microbiai processes that generate aikalini- 
ty and neutralize the acidic components 
of mine drainage. The anoxic iimestone 
drain (ALD) forces water through a 
buried bed of limestone, releasing aikalin- 
ity to the water in an anoxie environment 
without armouring the limestone (Hedin 
and Nairn 1992). 

Acid mine drainage wetlands are not 
covered in detail in this document. 
Considerable documentation exists in the 
literature that describes Canadian, 
European, and American experience (see 
pages 38 to 48). 

Wetland systems have been developed for 
the passive treatment of contaminated 
coal mine drainage that incorporate one 
or more of an aerobic system, a compost 
wetland, and an anoxic limestone drain 
(Hedin and Nairn 1992). Aerobic wet- 
lands are essentially surface flow wetlands 
as described above, but mav be construct- 
ed without plants. The goal of aerobic 
wetland operation is to aerate the water 
and to retain the water long enough for 
oxidation and precipitation reactions to 
occur (Hedin and Nairn 1992). 

Io 

Wastewater wetlands require carefui destgn, 
species selection and construction. 



General Performance of Wosfewater at higher input concentrations (Water 
Pollution Control Federation 1990). 
Subsurface flow wetlands may provi 
BOD5 r m ~ ~ a l  efficiencies 
in the range of 85 to  
90 ’Percent, if ProPerlY 
desi€Wd and majntained. 
Total’susPended solids . 
removal efficiencies are 
similar to .BOD, rm~oval  
Potential &ater Pollution 
Control Federation 1990). 

._ Table 1, for five-day biochemicai-oxygen Wetlands transform nitrogen through 
miCrobial action and Plant UPtAe mater  
Pollution Control Federation 1990). 
Ammonia iS transformed to  nitrate 
through the nitrification process, and 
nitrate to nitrogen gas through denitri- 
fication. These process rates may be 
controiled by temperature, nitrogen con- 
centration, OXJ’gen COnCentratiOn, tOXiC 
substances, and other.factors. Total 
~ o f i a - ~ t r o g e n  WH3-N) assimilation iS 
generallY hi&, but maY be affectcd bY 
short hydraulic retentian times (HRT), 

l o a h g  rates, and lOW temperatmes. 

Treotment Wetlands 

Performance of constructed wetlands for 
wastewater treatment is measured by 
removal efficiency and effectiveness of 
treatment. Knight et aZ. (1993) summa- 
rized the removal efficiency of 97 sites, 
mainly in the United States, representing 
127 separate systems for a wide range of 
flow and influent quality. Average 
removal efficiencies are presented in 

demand (BOD5), total suspended solids 
’ (Tss), ammonia-fiitrogen (NH3-~) ,  total- 

nitrogen (TN), and total phosphoms crp). 
Surface flow (SF> constmcted wetlan& as 
well a5 subsurface flow (SSF) consmcted 
wetlands are included in the data base. 

Wetlandç efficiently assimilate bio- 
chernical oxygen demand and total 
suspended solids through microbially- 
mediated decomposition of organic mat- 
ter. BOP5 removal efficiency is low at low 
input c.oncentrations (5  tO 10 mg/L) and 
increases to between 70 and 90 percent 

Operational. 
Considerations 

Table 1 
Average Constructed Wetiund rforntance Data 

Source Knight et al. c1933) 

Notes: BOD5 = Five Day Biochemicai Oqgen Demand 
TSS = Total Suspended Soli& 
NH3N = Afflmonia Nitrogen 
TN = Tota1,Nztrogen 
P = Total Phosphorus 
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Total nitrogen assimilation is highiy corre- projected long-term removal rates for 
lated with loading rates to 10 kgihalday, stormwater wetlands in the mid-Atlantic 
and is highiy dependent upon HRT, region of the United States. 
decreasing significantly at design HRTs of In Canada, the perceived problem 
less than about five days (Water Pollution associated with wetland technology is 
Control Federation 1990). . operation at cold temperatures. Jt  seems 

Total'phosphorus (TP) is removed logical that treatment processes will slow 
from the water column .through sedimen- or stop at cold temberatures, as they do 
tation and plant uptake,.and is dependent in conventional treatment plant opera- 
upon the phosphorus adsorption capacity tions. But wetlands are far more complex 
of the wetland soii. TP removal efficiency than conventional wastewater treatment 
increases with higher input concentra-* plants. Conventional wisdom fails to 
tions and with higher HRTs (Water apply; wetlands in fact perform many 
Pollution Control Federation 1990). treatment functions very efficiently 

Wetiands have signrficant potentiai to in winter. 
remove metals and other toxit chemicals The available information to answer 
(Water Pollution Control Federation questions on winter operation is now sig- 
1990). Removal mechanisms are generaiiy . nifcant, and increasing rapidly. Canadian ' 
oxidation and precipitation from the research has contributed in a major way 
water column. Pathogens such as col- to this knowledge. Pioneering work on 
iform bacteria can be significantly surface flow wetlands was done in 
reduced through wetland treatment, but Listowel, O n w o  from 1980 to 1984. The 
may also be introduced by birds and pioject data report (Herskowitz et al. 
other wildlife, and therefore show wide 1986) contains a wealth of information. 
variability (Water Pollution Control Five wetlands were kept in continuous 
Federation 1990). Table 2 summarizes operation throughout the winter by con- 
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Table 2 
Pmjected Iong-Tem Pollutant RemovaZ Rates for Stormwater Treatment 
Wetlands in tbe màd-Atlantic RegZon 

12 

TSS 

TN 

Organic Carbon 

Lead 

zinc. 

Racteria 

75 

. 45 

25 

15 

75 

50 

2 loe reduction . u 

Source. Scbueler (1992). 
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st of surface flow constructed wetlands 
in most of the cases in Canada feil within ' 
this range. Costs that fell outside this 
range included those wetlands where a 

. liner was required due to highly perme- 
able soils. Because special attention was 
given to the removal and subsequent 
replacement of the topsoil, economy of 
scale was lost due to the small size of the 
installation, and special architectural fea- 
tures were incorporated into the wetl&d 
design to create a more attractive feature . - 
for the surrounding community. 

The high cost of grave1 fd can raise 
the price per hectzire of subsurface flow 
constructed wetlands to as much as four 
to eight times the cost of surface flow 

, constructed wetlands. However, subsur- 
face flow constructed wetlands can han- 
dle greater contaminant loading rates 
than surface flow constructed wetlands 
thereby reducing the land requirements. 

Operation and 'maintenance costs 
depend on the extent of monitoring data 
collection, exotic plant control, burrow- 
ing animal activity.into the berms, and , 

water management. A summary of wet- 
land design guidelines is presented in 
Appendix A. 

for a wetland depends 
on the goal of wetland construction, and 
is described in more detail in Appeddix 
A. A wetland sizing calculation sheet is 
provided in Appendix B. 
. 

Perrnitting Requirements 

Treatment 'and disposa1 of wastewaters is 
regulated by provincial and local regula- 
tions. In Canada, each provincial environ- 
ment ministry sets treatment and 
discharge policies that directly affect the 
permitting and implementation of wet- 
land wastewater treatment systems. A 
provincial Certificate of Approvai is 
required for aimost ali point discharges of 
water and wastewater into the waters of 
Canada. Other potentially signrficant reg- 
ulations are defined in the Canadian 
Environmental Protection Act, the 
Canadian Environmental Assessment 
Act, and the Fisberies Act. 

. 

~ 

' 

Issues 

Wetlands constructed for WaSteWater and 
stormwater treatment also provide ancil- o&r wiidlife in the 15 
la+ beneficial functions for Wildlife habi- 
tat, food Chain support, enhanced 

- ecoiogical productiviq, and flood attenu- 

To date, no conditions in treatment 
wetlands of municipal wastewater and 
stormwater, have been lethal to fish Gr. 

United States (Kadlec 
and might, in prepa- 
ration). The oniy doc- 

' ation (Kadlec and Knight, in prepara- ' umented o,f 
' tion). Treated wastewater may beused to toxicity to wetland 

Effects on Biota ' 

augment and restore hYdrologicallY . 
altered wetlaads. Constructed wetlands 
establish a productive ecological food 
Chain as they mature. Public awareness 
and environmental éducation may be fac- 

where feasible. 

wildlife are releases from hazardous 
waste sites and discharges frbm agricul- 
tuml ifigation return flows in the West- 
ern 
Nati 

' 

ed States (at the Kesterson 



potential to become a problem, mea- 
sures are incorporated into the pro- 
ject design to mMimize these risks. 

Questions and Conterns 

Over the years, numerous questions 
and concerns have surfaced with 
respect to the long-term effects of 
wetlands on wiidlife and on the lives 
of local residents whose homes are 
located close to a wetland site. Some 
of those questions and the response 
to each by the wetland engineers are 
presented in Table 3. 

Blue beron on soutbern Ontario wetkand. 

Table 3 
Questions and Concerns about Wetlads used for Wastewater and 
Stormwater Treahnent 

QuestionsKoncerns 
expressed by Reguiators and 
the Generaï Pubiic 

~ ~~ 

Will it generate odours? 

What about mosquitos? 

16 

Do we know enough about 
this technology? 

Responses  by the Wetiand Engineers 

It has been found that if the wetland has been 'designed ' correctiy, odours should not occur. The experience of wetland 
' experts Who have visited wetland sites around the World indi- 

cate that odour generation in constructed or natural wetlands 
has not occurred. 

Even though the wetland provides a greater water surface area 
for mosquitos to breed, this potential has effectively been kept 
in check at many wetland sites in severai ways. The most effec- 
tive is the use of mosquito fish that eat the mosquito larvae 
before they reach the adult stage. Nesting boxes can be set up 
for martins and swaliows that consume adult mosquitos as they 
emerge from the wetland. Maintaining the design water level 
wiii reduce the formation of stagnant, mosquito hatching sites. 

Wetlands have been intentionally incorporated into wastewater 
and stormwater treatment systems for more than 25 years. 
Volumes of literature have been written on the subject based 
on experience gained from hundreds. of pilot- and fiil-sale 
wetland systems around the World. Although more knowledge 
is still being gained and more data need to be collected and 
analyzed, there exists sufficient design criteria to properly 
engineer a wetland treatment system. 
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Canada's Wetland Regions 
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legend 
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L 

A 

pratrie (Continental prairie, 
Zntwmountain prairie) 

Temperate (Eastern temperate, 
Pacific temperate) 

Subarctfc (High subarctic, 
b w  subarctic, Atlantic subar"c) 

8 

Bored Wlgh boreal, MM  botval,. 
Low boreal, .Atlantic boreal) 

. Oceanic (AtlanNc oceanic, 
Paclfic oceantc) 

Mounîah (Coastai mountafn, 
Interior mountaln, Roc& mountain, . 
Eastern mountain) 



Figure 1 : location of Surveyed Wastewater and Stormwater Wetlands in Canada 

NOlMbW 

*1 
2 
3 
4 
5 
6 
7 

8 
9 

Yukon 
Old Crow 
Destruction Bay 
Haines Junction 
Crestview 
Faro 
Ross River 
Teslin 

Nortbwest 
Terr3torles 
Hay River 
Pine Point 

10 
11 
12 

*13 
14 
15. 
16 

. 17 
18 
19 - 20 
21 

22 
23 

*24 
25 
26 

27 
28 
29 
30 
31 

33 
32 

Britisb Coh?nbha 
West Moberly 
Portage 
stellaquo 
coal Creek 
Rosewd Creek 
Pinecrest Estates 
Richmond 
Burnaby 
Frances Garden 
Throup Road 
Fishtrap Creek 
Chiüiwack 

Aiberta 
Fort McMmy 

. St. Paul 
Stettler 
Frank Lake 
Stirling ' 

Saskatcbewan 
Meadow Lake 
Saskatoon 
Aberdeen 

Shaunavon 
Regina 
Estevan 

Hmbolt . 

I 
1 

F4" 44' 45' 46 

NuInbel ~ 

*34 
a .  

35 
36 

*37 
*313 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

. 50 

51 
52 
53 
54 
55 
56 
57 

'58 . 
59 
60 
61 
62 
63 

64 

*65 
. .  

66 
67 

Locptiol 

Manitoba 
Oak Hammock 

Ontario 
Cobalt 
Listowel 
Fulletton Township 
Sarnia 
ïambton 
Essex 
Hamilton 
Niagara+n+he-Lake 
Mississauga 
EastYork 
North York 
scarborough 
Port Perry 
Storrington 
Rideau Township 
Kanata 

Quebec 
~ a c  simon 
Lac Simon 
Cariilon 
Mirabel 
Rivière Beaudeae 
be Ste. Hélène 
Montreal (Biosphere) 
Stoke 

Fonîages 
Saint-Felicien . 
Saint-Henri de Taiiion 
Saint-Vianney 

New Brunswick 
Moncton 

Prince Edward fshnd 
New Hannan 

Nova Scotia 
River Hebert 
Hwy. 101 Lanm 

Gmd-S&It-Espfit 

*Desm>tions of tbese sites are given in tbe foilowing "examples" section. 

19 
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. .  ., . Coal Creek, Bdtisb Columbia. . .  

Constmcted Wetiund for F i s b  Hatchery Wastewater. 
' Treatment at RosewaU . .  United Fisb . .  Farms . - 

Exam-$e:s' ,. ' .  . - .  
. .  

. .  
. .  

:, Q: . : . .  . .  
. .  

~~ . .  ' smolt size:Both.waste streams are,,provided. preliminary treatme'nt by 

'ktish wa,ter from the -GEL fdterç i s  .directed' to .a settler unit'bd 
the supernatant discharges kt0 a.small marsh. The.fbtered waters are, : 

. . 

screenifig througli . .  TRIANGEL &ers;' The continuous .flow' of backl ,Wetlinds :for'.'. . .  . . . . . . . . . .  
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'charges to a larger'makh. Both w&nds  were consthcted %I 1991 from mate.rials on 

.. site'.&d cattai- is' the, .predominant :plant speciesl Final,.;dischargei of the..treated 'waste-: 
water is.dispeced through. a drainage system that :utilises, waste ,oyster Shells fo reducc 
the impact of &es ii water onl'the salinity , .  levels Of .the commercial Loyster beach. No sig- 
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. .  Steltler, Alberta .,: , . ~ . .  

:. Slough Cons plidation land RunoB,Retention. . . . .  . .  
. .  

. ~. 

. . .  . . . .  . . . .  . . .  
. .  . <  

. .  

. . .  

A .water'management reseakch and. demonstrati0n:project .(the ,Massey :Research .PiojeCt) ' ' .  ' .  . : " 

. . .  . . .  

'near.Stetder h central Albefta was.jnitiated to:t&t thetechnical and economic feasibility .'.' ' . '. ' ' . . .  

.' < .  ~f storing .exc,ess'r.Vnoff. watei.on farms as ,an;alternative to building.conventiona1 . . ,.:. ; .'  

drainage ditches.: Runoff,.which accut&ates.in 15,'sloughs:on.a.'typical iu-er' section, .. , . . ' .  ..' . .  

. .  'p@npi& system are 'designed. to. remove all water 'from ,the' sloughs '.in:time .for spring . .  y 
' ' seedhg so the',sloughs can be.cropped'as part ',of tlie adjacent .field.. me stored svateris . :: ' . .' I .  ' 

Slough 'consolidation' involv& ''the. kalgamation. of several .slougis. or water retention . .  ,' . . . .  . . .  
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is tollected .by a subsurfaçe 'pipe systern and p&ped.@to a:&ree-hectare. consolidation 
pond] located'. in a.. corner of the property. The collection Ripe network. 2nd. automatic. 
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< :  irrigated onto the croplkd to empty'the . .  pond each fall: . ' ,  . ,  

' . . It is Ap0rt-t. . .  to . cle&ly :. define. the. meaning ahd .objectives of.sloughkonsokd;ition 
q d ' t o  recognize the,legal bd.technical implications of this water management concept. 
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ireas h t o  one slough .o:r' stozage pond to, reduce 'the humbei'of obstacles to':€ar&g..''. 
.In the past, consolidition has been- practised mainlfon. fanns wirh large; deep sloughs 
into which smaiier, . . . .  . . . .  h&her.ele.vation, sloughs. can be 'dr&ed by gkvity,.The addition .of 
,a piimping Systéin, .as in this prbject;.is a way, to expand .the . .  apilication of. 
.to those. fanipwhere littie, topographie .MerenCe exists between sloughs. 
'': . .  .The consolidation pond' and . . . .  surrounding uplands' were modified to providc 
enhanced wi@ife,, habitat by' constvction of nesting -iSlands.and ilanting of trees 'and' 
ghss. 'Ongoing . .  research.' w& evaluate the' agricultural &d 'widlife . .  benefits of this sKough 

' consolidation concept. and "develop .design . .  'criteria for:'on-farm ninoff management in 
. .  

1 . .  s.imüar.cimatic regions .of centrai Aibefta. . . * '  . .  z . . . .  

Prairie' Coniinental. Wetland Region -'Muni&l App ation ..,: i . .  : . '  
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Sto&al4, Mankoba , . .'. , ' . . 

Wastewtzter.Treatment ~, . System ;. . .  

. .  

. .  . .  . . .  

-:. , . .  I 

Oak Nammock Marsh Consehation C e M r e  ~ _ .  

Oak. ' H a k o c k  Marshl Consebation. Centre1.h serviced 'by a ,wastewater ltreatment sysi. 
tem khich was ,designed to. meec and.,surpass . .  t he  :requirements ... of the,'-Maiiit?ba 
Environment Act Licence. A :three:cell .lagoon. system' was chosen over a' mechanical 
'treatment . . . .  system because it .iS more reliab1e;'has; a lowef maintenance"cost,, and a lower. 
.capital casti The%yst.em'..accommodat.es.. the sewage, treafment' nëeds of.: the, Oak. 
.Hammoc~Marsh'.~onServation Centre, which 'holds 'a' staff .of 140,. has a public cafeteria, 
.and is expected to attract over 200 O00 yisitors; awually,. ; : '. ; ', 
". : The'system consists of three cells, 'one more. than :tradition&y . .  c 
mary ceil. receives. untreated' ., wastewater . and provides treatment . .  

out" .of the larger particles and biological breakdown of.the r e m a w g  wastewater. The , <  

second 'ce11 receives ,overfiow 'and Provides"additiona1 treatment and stokage', through 
the winter months -when, no ..effluent, is discharged: At.this. point, 'the -Iwo-cell 

-.soIids .and coliforin .in the. effluent; prior . .  ' to. discharging .$ffluenf from the. system..'. 
'However,. the Oak Hahock'Marsh 'Conse&ation. Centre::system'has been:designed to 
include a: thicd .ceil : to . . .  further' safeguard..against impact@g.the.environment. .This, third 
ce&is.lan , :artificial, , . .  .gmvel-bottom marsh' pianted with'&att&lS that removes phosphates . 

om the aiready keat- and nitrates and' fueher reduces' the biochemical. oxygen 

> '.The system'was. chosen .for the::Oak :Hammock . .  Marsh Consekation Centre - .  to :act as 
a démonstration mode1 that wu1 hopefully . encourage municipalities to incorporate a 

1 ' : Thesystem .wU-store wastewater between November 1 and.July. 15:.of the follow-i 
: . . . .  .ing year in. the..priniary and'secondary çells. Liqïiid wiii be; discharged.into'the third ceu; 
or artiflcial marsh, . ,  . .  held..,for::tyo to three,::weeks,. then' discharged 'into Oak .Hahnock: ' 
. .  Mafsh.: . . ,  Effluent . will:not ke.'transfe&ed.intothe third cell until the orgatikcontent (BOD.; 
<30 ma), th,e fecal ' coijîo&. content (G200 per ' 1.00,' mL), the 'total . . .  . 'colifo~'  content' 
.( 1 500 per:100 mL);. and the sodium .content (<300 m a )  meet the rëciuirements 'of the 
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. .  . .  

. .  . .  
.. 

. .  

. .  

. . .  . .  

. . . .  . .  

. .~ 
'would have reduced the' biochemical oxygen demand:-as ,Weil as 'levels .of . . . .  Suspended 

. . .  
. . .  '.ed sewage: It also pr&id&;additional . ' . .  wetland habitat ,for 

.:constructed marsh.'or artificial wetland in future lagoon' developments. . . . . . .  

. .  
. .  

' . . .  . . . .  
. . .  

. .  

. .  .Manitoba' Enviroriment Act Licence issued on January 28,. 1991. '.' . .  , . . .  . . . . . . .  
. . .  . .  . .  . . . .  . . .  . . . .  . . .  , .  
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+hgh Subarciic Wetland Region + Mu~cipal  Applihtion. . ;. :; . .';* , ..i . _  

Naturd1 Wethnd for, Sewage; Trealment 
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0IdCrG;'Yukon' . .' :' , '; '.. ' .  

A smai singleselled'lagoon was consti-uctedfo; the.Department of Indi& and No-hern. 
Affas Canada by the Yukon Government.ih. 1975:' It was, ,oAginally buiit to provlde .for ; 
disposa1 of educted sewage from federal institutional-.buildings in' the community:, . 

trinsferred to the,Yuk& Goveniinent: .'. ' . ' . : : '  ' - . ' ' 

' .' WHen,fuli; .it was periodically discharged .by:-puhping the. trhated.effluent to :a sur-. 

lagoon w&.too small for'old Crow, ai an increasing number' of new .hom&..were I6uiit 

. .  
. .  

. . . . .  
Shortly after it was completed; responsibility, for its :operation, and -mainten&ce.was 

iounding swamp that flowed.into the Porcupine River. :In tiine, it bec&ne apparent:tGe 

with, sewage: holding tanks. in 1,984,. the: Yukon . .  .Goverhment's Mupicipal . . .  Engineehg , 
:Branch'cohnenced planning for. a largerfacility to replace..the;e@sting.lagoon: In '1986, .. 
.predqsïgn :information for a new facility.was hcluded in the applicatim.'for ,the-Water 
,.Licence.rene$d. The'new singlecelled..lagoon'.was larger andrwas to, be'located in'the 

. .  . . . . . . . . . . . . .  sême spVampy . .  &as .as the o ~ d  iaioon. .: 

The 'supporting documentation.for. the water lic.ence renewal' included 'a small'; 
.-amountof perfokanSe data collected'from.the old lagoon. which exakined the 'degrëe', 
of fufiher xreatment and. effluent, . . .  :poiish&g . .  , .  which. . .  occurredl &I the.wetlands: On the 
strength of the,.sub.rnissi.on, a new licence.was'issued which, for the fmt. the,  formally 
k.coiporateci . .  the concept . .  Of wetlahii seivagi treatment : 
I Construction.?n the new lagoon co&enced:in 1987.and the'.system.was co&is- 
sioned in;the Fa11 ,of'l988. With low ,,ter usage in the community:(which.utilizes. 
tnicked deliveryj, the lagoon has taken a long: t h e :  to completely . . .  fil, @Ut . . .  has'had .no 
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. . . .  . . .  . . . . . . .  . . . . . . . .  Low &ireal Wetiand: Region,- AgriEulfural' Application, ;, 

. .  

. . . .  

.problems,meeting aii licence conditions '(Nai&e. 199.2):- ' .  
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.FuUeAon TownshZp;Ontario' 
.Constructed.,Wetlund to treat ContaminatedBakyakd '. . .  Runoff . ' . ' '  . .  , ' . 

The'first constructed wetland kyste& 'for treating barnyard.runoff in' Ont& was . .  

1992, 'the landowner . contacted the, Upper :Thames River.. Conservation Authority. with 
.the idea of Gstalling . . . .  a maish'system. to treat;barnyard. '. . runoff from his dairy opehtion.:A 

was.completed.over.a:four-day period iîi June. ,1993. 
, . . 'The constmcted. wetland is '0.32 . .  ha in size and consists.'of < .  a three-stage .treatmefit., 
system: Runoff from the conrrete' *. yard and stoGge area is temporarily. ponded in a grass 
Settiing area: Here the'water' drains slowly through a.ve&cal'pipe &et to..the second" 

were tknsplanted' from a'nearby pond into the Channel. The majoety of'the:transplant-. 
ing took place.&Noyember,"'&lien-the~plimts'were .dorm&:Hqwever,'40~cattails plant- 
.ed. in July. survived sùrprisingly well and produced, approx&ately 500 .ney.Ishoots .by . .  

. ' 

. .  

hstalled. by a:dahy farmer 'in. Fullerton' Township. ne& the City, of Str&ford, Ontano;. In 

. . .  
. . . . .  . .  

system. was designed by a Conservation Authority'engineér.and biologist.. Constkction 
, . .  . .  

I . ,  
. . ( , !  : ,  , . , . .  

. . .  

t reakent  cell; The second ceLis designed to  move.'the &off water. through a shallow 
20 to 30-cm. dkep' wikding ,Channel: . .  Cattails, bulmshes; ane other wetland végétation 

September 1993,. Water.,from . .  the .second cell flows $to'a thirdlpond . .  area which has:a, 
v; 
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.Prier .to 'construction;. hydrogéoloscal testsg, of: the. site' was completed',and the 
"groundwater monitoring. Wells; &ere..i.nstalled: Both; groundwater ' , .  and. surface . .  .water : 
quality are. being . .  mo&toied f6r chemical and] bacterial concentrations. As wek linstrw 

,. mented stations accurately monitor surface water 'flow?. water tempekatme . . .  &d rainfall:' " .  

.: ' Simples, takizn in tlïe ,first. Six .months 'of 'operationhdicate that the-constructed 
..wetiand: ha5 .perfo&ed.,weil to  reduce -contamin& in the' &off Water. It 'is believed . .  . .  

that .much of.the. initial contaminant reduction.is. the result of solids settlkg, adsorption 
-'to .the bottom .sédiments, and sunlight exposure::.Although .initial 'fesults .show good 
. remofal efficiencies, 'it is'foo early. to make an? predictions on the system's .future . . . . .  abiiity . .  

. .  . ,' If the . . .  siiccess of .the ,wetland technology . .  continues, 'agrkulture wU:.have:an alterna-'. 
. ,  tive' low cost.method for handling barnyard . .  Nnoff . . .  that uses a passive . .  natu& system for 

. .  .' to treat .cont&atedwater. .Modto+g.wilicontinue.for severa!:years..~ . . ' ' .: 

iriating c,iritin&ants. . "  .:. .' , ' ' .  . .  , .  . .  ... . .  
. . . . .  

. _  . . . .  

. .  

. . .  . .  , .  . . . ' .  - . .  
. . .  . . .  . . . .  ' . . , . ,  . . . .  
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. .  Eastern Te.mperote.We?land Region - Muniipal . .  Apphcation: ! ,  . . .  .: . .: . .: .-:: . . . . .  . .  .: : . .  

. . .  . . . .  
. _.  . .  

. . . .  . . .  . . .  . . . . .  
. . . . .  . .  . . .  

. .  . ,  . . . . . . .  
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... . . . . . . . .  , . .  
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Sa&ia,.&tar-io .' . ' ,  . .  

The S&a Wdfii Site consists of.2 1 haof approved landfii ares, as well :as 40 ha to .the 
.' ..south of the.landfU area. In.ûrder..to prevent the-,offsité;kigration of.leacfiate generated 
~withinthe landfii; the site is,:equipped wit@ a . ' pe .~e te r  leachate containment.system1 . . .  

: . '' The 1eachate:contaMent system .consists of' a low' pernieable .barrier. and perfo-. 
'. rated tile;collection.system. Leachate is .treated:at k average rate of 13.6 m3/day (3 600 
' . IGPD): The effluent from; the'leachate. Treatment, Facility is discharged via &O storagk' . . . . .  

lagoons . . . . . .  a ~ ~ d  a Sédimentation pond to.the.wet1ands located east'of the site. . ' '  . 

.: ' The wqtland'is .si!uated irrmiediatk1y:to . the .east 'of :the iandfii site on' 60 ha.of 1kd 
' leased by.the. County ofkunbtoni.It,covers . .  . , , :  @"ares of . approximately 6i5 ha andh 'situat-' 
: ed in a basin < .  about &ree metres"below.-the ' . .  surrounding . . .  landscape: The wetland. is 
prkarily ;wooded and is 'typically . .  flooded. from late winter h to  early s&er, 'or for 
approximately 1 2  to 25 percerit'of the growing season. By late summer ir'most years,: 

. . the wetla& dry. The wetland is .the:final.biological treatment . . .  .proces that. the, treated 
leachate effluent undergoes before it 'enters Perch Creek. and subsequentïy Lake Huron: 

.' Treated leaihate effluent :in the siorage 'lagoon :or .the aeration'lagoon c h  be discharged' 
via a 'sedkentation pond to the wetland: . . . . .  from Mai.cb,::through Noyember, -ad stated ,. , . &. 
the-Çertificateof Approval. . '  ' . .' '.'. ' ' 

: ' The::maxi&ukwater depth the'wetlhd basimis between O.Sland 1.0 m.'.Once 
.,'the' wetland .bas* is filledi. the .effluent is. transp0rte.d in an eastétly direction,to. Perch 

Creek. The esthated ~ i m u r r i  dist&e-that the effluent must (&el from the sedimen-. 
'tation.pond 'to.Perch. Creek'is 800 .m'. .Flow. of effluent 'from the .lagoons.is . . :  regulated to'. 
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Stoke; Quebec :.' j' . . ' 

Wetland.Treatment System . '  . . ' . .  ' 

study.of the wetland technolow:, . ; .: .. ' , ,,:. 

.: . 

The' Municipality of.Stoke . .  comgleted a.const&ted wetland in the Fall of ,1993 ta ,treat.. 
the ;effluent from an &t*g . . .  ic.'system.' after 'carrying .out .a ;preliminary feasibility 

' .  The .siibsurface flow .wetland. treatment ' system consists of . . .  f,ur,:l8 m. long by 
, 1 5 5  .rn'-wide. ce1ls:planted 'with: reeds . .  (Phrugmgtes. sp.),---it services .a population :of 
130 . .  people .at. a design f l u e  rate of, 41 mj/day.and is operated year-round, . '. . '' ', . 

' 

i . ~his.iS the f i t  system:o£,its,,kind to be:imIjleme&xi in Queûec for the tpeitment of 
municipal wastewater. The wetland' system 'is prisentiy the focus. of a research"poject . . .  

'that Wiu evaluate.the performance of the'system . . .  over a-pehod of three . . . .  years: ' : '  . . ' 

. . .  . .  . . + . . ' ,  
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'New Hannan, Prince Edward Island" . ' . .' 

Cavendish Fams, Biological Wqstewater' Treatmerit 
One of the most complex and modem'-biological .wastewater 'treatment plants .in N o , ~ h  . .  

America was:cornpleted in the Faii .of 1993' at New : h , a n ;  near . Sumerside, 'Prince ._ . . 

Edward . ,  Island. The complex ,~ . 
'treats w&tewater frop .the'. Cavendish F a v s  potato ,pro- 

:ce.ssing p l k t  :which operates. around the clocki'.seven days :a".week,: . .  au: yex. The: plant 
produces french.fries andfrozen peas in.season; : :' ,. ' . . '  . . : . 
. . The"aLtificia1 wèiand.is 'adjacent to the treatment plant.-and . .  .is used to fuither. polish. 
the wastewater treatment plant e'ffluent. The complex is operated:.by the Company : q d  
treats . . .  'all of the wastewater . .  from the processmg plant; 'Tlie.'polished,, .. dishfected , . .  effluent 

. from. the advanced activated ,sludge .system is sent to a .1..6 ha .detention . .  pond that ,lias .a 
two-day detention the .  .The, effluent cm, be. assessed. at the, . .  detention .pond and,, if it 
'doesn;t..meet &standards set-for it; can be :retuAed to' .the bioreactcir for furthci: treat- 
.ment. . .  if the effluent'.is . .  satisfactory;' it proceeds, to' an .artficial wetland . . .  and finally:'to . <  

.. The wetland was, seeded naturally with' local ernergent aquatic vegefation 'such as 
cattak, n;Shes, .'and 'reeds.. The plants 'are'both submerged, and bank rooted. The 'wet- 
l&d covers 1.6 ha.an,d is .designed wiih. three cellS,opepted series. The'wedand ce& 
were . . . .  const&cted using-.earthen. berms an'd. konstpction, followkd exhthg contours 
Using' a .balanced cut-and-fil1 technique.. Overflow '.weir stcctures connec't the c.elh 
'.enabhg effluent level. . . . .  control in 'each cell-lt is'anticipated that'each cellwiKbe. drained 
annuaily 'to . . . .  . .  p e d t  harvesting .of vegetation g r o ~ h .  By',hafvest*e fhe 'plants,, some -of 
'the nutrients removed.from. the'wastèwater WdI. be: removed from. the system. . '.: ' . .  

to discharge 'to 'the ,.wetiand::The, . .  plant, immediately up?n.sta.rtup, met .or exceeded al1 
. provincid. and federal 'requ&ern.nts. Since startup, effluent 'amonia has'been consi& 
tently below tw6 ,ppm G d  five-day:blochëmical oxygen .demand (BOD;) has remained 
'under 10 ppni. Chemical oxygen. demand.i(COD) removals have beeh 99 perceni plus. 
.Suspended solids'.a& ave&i$g about lO'mg/L. These removals are ,beihg reaüzed'before . .  

. .  

. . '  . .  . .  
. .  . .  

. . . . .  . .  
. .  

. . .  . .  Malpeque . .  Bay. ,.: . . . .  ' 

.... ,The effluent from thê new'.wastewater treatment . plant is.,of excellent quaiitfprior 

tiie effluent -aches the wetland where furthe.r treatment is-expected . . . . . . .  . .  . . .  
. . .  .: . .  

. . .  . . .  . .  . . . .  . . . .  . . .  . . .  . . . .  
. . . . . . . . . .  

. .  . .  

. .  

. .  
. .  .. . .  : 

. .  
. .  .. 

. .  , . .  - . . I  
. .  . .  . , .  

. . . .  

. . .  
, . , . . < .  

. . .  
. . . . . .  

. .  . .  . .  

. . .  . . .  
. .  

,- 

. .  
. . .  . . . .  

. .  . .  . .  . .  .. 

. .  . .  . .  . .  
. . . .  . .  

. . .  . .  

. , .  
. ' .  . .  

. . .  

:,. . 
, . , . .  

. .  . .  
. . .  

. . . . . . . .  . . . .  . . .  
. .  

. . .  . . .  . .  . . .  
. .  . . .  . .  . .  

. .  . .  . .  
. .  

. .  . .  . .  . ,  . .  , . .  . .  
. . -  

. _ .  . .  . .  
. . .  . . . .  

. . .  



National Distribution the future. This is pakicularly tme of the 
Listowel, Ontario project where exten- 

An intensive survey was carried Out by sive monitoring was carried Out. It is very 
CH2M HILL Engineering Ltd. of Waterloo, evident that since the 
Ontario in early 1994 to determine the installation of the 

ter and wastewater treatment in Canada. late 1970s and early 
Figure 1 shows the location of each of 67 1980% wetland design 
sites that were identified in this survey (it criteria have under- 
has since been discovered that more sites gone considerable 
exist). .A copy of the questionnaire that changes and have 
was sent to each of the wetlandauthori- evolved t,o ensure 
ties managing these sites is provided in much more reliable 
Appendix C. Data on additional sites is w\astewater 
invited. New reports can be filled out and stormwater treatment 
mailed in for inclusion in future updates perfomance. 
of the database that has been developed 
for the Secretariat to the North American 
Wetland Conservation Council (Canada) 
in Ottawa. 

The frequency of wetlands for waste- 

locations of wetlands used for stormwa- . “failed” systems of the Wastewater 

Treatment 
and Wetlands 

in Canad 
Provincial and 
Territorial Summaries 

. 
This section gives a summary 

, Canada, as Seen in Table 4, is highest in . ter treatment in Canadian . 
the Temperate and Boreal Wetland 

Working’ Group (1986). The High Boreal 
Wetland Region, which stretches into the 
&entra1 part‘ of the Yukon-and Northwest 
Territories (NWT), has at leaSt tell Wet- 
lands for wastewater treatment that are 
operating on a seasonal basis, or have 

ties. The climate in this region is typified 
by long winters, high accumulations of 
snow, and short summers with short 

of each of the wetlands is summarized in 
Table 5. 

Of the 67 wetlands identified, 67% 
are full-scale operating systems, 9% are 
pilot installations, 18% are designed and 

scale systems that have “failed.” A select- 
ed number of these projects are featured 
in this section. It is important to note that 
the “failed” systems are providing to wet- 
land designers and researchers valuable 
data, experience, and knowledge that’ 
wiil help to develop better design data for 

Over loo contacts were made with 
Regions defmed ’Y the National Wetlmds howledgeable Sources actively involved ’ 

, 

“‘Failed’ systems have provided wetland 

designers and reSearCherS with valuable 
been approved bY the regulatory authon- data, experience, and knowledge.” 

growing seasonS. The ’tatus location in wetland treatment issues, This yielded 
descriptions of a total of 51 
wetland treatment systems, four that had 
been tested and abandoned 
temS that were approved 
in 1994, In general, those with.’ 

iariSr with the literature, were the mOSt 

supportive of the technology. 

25 

. approved sites, and ‘”/O are pilot- Or the most wetland experience and famil- 
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Treatment Wetknds in C 

. .  Arctic . .  

High Arctic ' .  O 
Midkctic ', ' - - . ._  O 
Low.ArctiC '. , ' O  

Subtotal' ' . ' . . o. 
' .  

. .  
. . .  

. . . .  
. .  

. .  
. . .  Subarctic :..: . . . . . .  . .  

Hig&SuGarctic , ' .  1 
' ' ' 

. .  
Lowsubarctic .: . i 
'Alantic Subaictic ' '.. : O 

Subtotal . ' . . 2  

Temperate' . .  

. .  

. . . .  , .  

. .  
. .  

Eastern.Temperate. : '20 
Pacifc Tempefate , . ' 8 

Subtotal ', 

. .  Boreal, '. ,,, ,.: . . . .  

High.Boreal : .. 1 9  

L O ~ B O & ~ ~ .  . . . . . . .  7 ,  .. 

' 

. .  . . .  
Mid'Bofed ' "-. 5,.. 

.Atlantic Boreal . . '  

. .Subtotal .: 

' .  " 5 ' 

.' 26: 
, .  . . .  

. .  : , : 

'Mounthih; . . , . .  
. . .  

CoastalMountain ' .  ' 1 . '  

Interior Mount&. ". . O 
0 :. RockyMOuntain ' ' . 

Eastern.Mountain' ' .  . .  .O3. 

, .  . 

. .  

. .  

Subtotal ! '1. 
. .  

Prairie 
Continental Prairie . 10 
internountain 1 

O 
. .  

P&e ' ', 

Subtotal,,. ,, :.. ; .. 10 : 

,@ceanic : . .,. . I .  

Atlantic Ocear&c O '. 

. . . .  . .  . .  
. .  . ' ' 

Pacifk,Oceanic : : O " 

Subtotal . .  

, . CANADA .TOTAL 67.. ' 

ada by Wetland Regbn * 
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Yukon 
Outside of the capital, Whitehome @opu- 
iation 21 ûûû), the communities range in 
size from 80 to appmximately 1 600 resi- 
dents. Most Yukon communities are .siru- 
ated in river valleys or beside lakes. 
Duting the past decade, there has been a 
concerted effort made by the Yukon and 
feded governments, municipaüties, and 
the Territohal Water Board to upgrade 
and consuuct high standard sewage treat- 
ment. facilities ih the majority of Yukon 
communities. This has been accom- 
plished despite iimited funding, necessi- 
tating the.investigation and utiüzation of 
cost-effective and innovative treatment 
technologies, including wetland treat- 
ment. Seven communities (see Table 5 )  
are currentiy using MW or consuucted 
wetlands in conjunction with pretreat- 

. ment in hmitative iagoons to meet their 
wastewater treatment needs (Grainger 
and Yaworsky 1992). Some of these wet- 
lands were consmcted in the mid-196os 
and continue to operate. Most wetlands 
receive seasonal discharge between the 
rnonths of June'and September. A wet- 
iand feasibiiity study has k e n  carried out 
for the City of Whitehorse 
(Klohn Leonoff Yukon 
Consulting Engineers Ltd. 
and NovaTec Consultants 
Inc. 1991). . 

Several challenges for 
wastewater treatment usbg 
wetlands in nonhern corn-. 
munities include permafrost 
(damage to berms), low pre- 
cipitation, exverne tempera- 
tures, 24 hours of sunshine 
during the summer, and 
24 hours of datkness during 
the winter that can iead to 

30 

. septic conditions. 

\< 

1 
9 

. .  

I .  . 

Nortbwest Terrftorfes 
The wetiand &srch that was carried out 
revealed that at least two systems are 
operating in the Northwest Territories at 
Hay River and Pine Point. Both are naturai' 
wetland systems receiving municipal 
wastewater treatment lagoon effluent on 
a seasonal basis. 

M s b  COkrnrMa 

Fuü-scale or pilot-scale wetiands are being ' 
used in British Columbia at 12 separate 
sites (see Table 5 ) .  The applications 
include cleanup of stormwater at a diesel 
fuel truck filling station, coal mining 
wastewater and stormwater treatment, 
phosphorus removal from creeks enter- 
ing several lakes, leachate control (includ- 
ing leachate control from Wood waste 
materiai used in highway construction in 
mils having poor l a d  bearing charactef- 
istics), fish hatchery wastewater treat- 
ment (at least two systems have been 
installed), and municipal wastewater . 

treatment including two systems that 
havebeen installed on aborigiaai lands. 

. 

. 

. 

. .  

- . # .  

71 

. .  
r 

'. 1 

' i '  

. <  

Wmtewater wetkand witb constructed LsiandF at Frank Lake, Al&erta. 
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Manitoba is provided by lagoon develop- 
ments. During the course of preparing 
this document, oniy one wastewater wet- 
land for  wastewater treatment was 
found. Ducks Uniimited Canada has con- 
structed a wastewater wetland at the Oak 
Hammock Marsh Conservation Centre 
near Stonewall. It has been designed to 
treat secondary lagoon effluent that 
meets provincial water quality standards 
and federai phosphorus removai require- 
ments. Oak Hammock Marsh is a 
restored 1 600 ha wetland of what was 
once an approximately 40 500 ha wet- 
land that had been drained and reduced 
to about 40 ha by the mid-1970s. The 
constructed wetiand treatment system, 
which has been in operation since 1993, 
is located on several hectares of land 
beside the marsh. .Observation decks 
have been buiit in and around the wet- 
land for wildlife viewing. An interpretive 
centre includes description of the waste- 
water treatment aspect of the wetland. A 
water quality monitoring program is in 
place to ensure optimal performance of 
the system. 

. 

Ontario 
The biggest push for the use of wetlands 
for wastewater treatment in this province 
is coming from the Ontario Ministry of 
Agriculture and Food. A program, initiat- 
ed in 1993, will allow eight wetlands to 
be instaiied by the end of 1994 for agri- 
cultural applications across the province 

32 . focusing, in particular, on stockyard 
runoff. Five of these are currently opera- 
tional. The intent of this program is to 
provide a closed loop sysiem that would 
result in no direct discharge of the wet- 
land effluent to a water course. The sys- 
tems will rely to  a large extent on 
evaporation for disposa1 of the polished 
effluent and irrigation of any excess. This 
reduces the Iikelihood of a requirement 
for a Certificate of Approval for surface 
water discharge. The wetland systems 
will be estabfished in differing climatic 

Education is aprimary focus of the Oak Hammock 
Marsh Conservation Centre at Stonewall, Manitoba. 
B e  site includes a functioning wastewater wetland. 

regions and will be evaluated over the 
next several years to determine their 
future applicability to the farming com- 
munity in Ontario. 

Other wetland treatment systems 
include treating wastewater from a high 
school in southwesterp Ontario, a sewage 
treatment plant outfail bypass during rain- 
Storm events in northern Ontario, parking 
lot stormwater treatment, treatment of 
ash and Coal pile runoff at a thermal gen- 
erating station, and various other small 
stormwater and wastewater treatment 
applications. At least 11 wastewater treat- 
ment wetlands have been installed 
in Ontario. 

The Ontario Ministry of Environment 8 

and Energy maintains that wastewater 
should be treated to secondary standards 
at a minimum prior to discharge to the 
wetland. They are also concerned that 
phosphorus removal and then subse- 
quent release by the wetland in  the 
spring and faii must be accounted for in 



the design. It was also noted that an 
increase in the hydrogen sulphide con- 
centration across the wetland could 
resuit in an anaerobic discharge. Seasonal 
discharge was cbnsidered to be more 
acceptable than continuous, year-round 
discharge. 

Several pilot operations are k ing  or 
have been monitored including 
Stomington Landfili (north of Kingston) 
for the treatment of leachate, Niagaraan- 
the-Lake for tertiary treatment of sec- 
ondary iagQon effluent, and Listowel for 
the treatment of primary and secondary 
lagoon effluent. It is important to note 
that the large volume of data that was col- 
lected at the Listowel site is providing 
valuable design information to several 
wetland experts. Wetiands awaiting con- 
struction after gaining approval from the 
regulatory authorities include a stomwa- 
ter wetland designed for the City of 
Kanata. Numerous wetland projects are 
in the predesign or the design phase and 
are under review hy the clients. 

Quebec 
There are numerous constructed wet- 
lands in this province, the majority of 
which are subsurface flow 'systems. The 
projects include treatment of the effluent 
from septic tanks, municipal 

wiii be an educational exhibit with appro- 
priate signage explaining the wetland 
processes. Severalmore fuii-scale systems 
are operating in the Lac Simon- 
Papineauville area treating wastewater 
from singie family homes, a hotel, ànd a 
golf course clubhouse. 

N e w  Brunswick 
The regulatory authorities in New 
Brunswick are investigating natural 
treatment systems including wetlands 
for tertiary treatment of wastewater, 
non-point source pollution from farms, 
and stormwater treatment. The New 
Brunswick Department of Agriculture 
hosted a workshop in February, 1994 on 
constructed wetlands for agricultural 
runoff. Presentations were made by an 
American f m  that had designed simiiar 
systems within 20 kilometres of the 
Canada-United States border over the past 
six years. 

Currently, the New Brunswick 
Department of the Environment requires 
that lagoon wastewater treatment sys- 
tems meet the discharge objectives prior 
to discharge to a wetiand. Therefore, the 
few wetlands in operation to date are 
k ing  used as tertiary treatment. A litera- 
ture search of wetlands for wastewater 

lagoon effluent, tertiary 
treatment (phosphorus 
removal) of municipal 
wastewater, acid mine, 
drainage, and treatment of 
hi& itrength wastewater at 
a zoo. Several of these sys- 
tems incorporate a veNc21 
flow nercolation unit D r i o r  I -~ . _ ~ . ~ ~ . ~ ~  ~~ _ _  - 

to discharge to the wetland. ~ 

Water quaiity improvement 4 
of a recreational swimming l 

facility in Montreal is carried 
out using a constructed wet- . 
land. The system treating 
the wastewater from the 
Biosphere on fie Ste-Hélène 

. .  
~ <. . 

33 

Constrycted wetland site, Quebec. 
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.. . . . .  . . . . . .  . ûverview of 'Design Criterio # . .  
. . .  . .  . .  

' ' Wetland . . .  :design. . . . .  réq&es careful consider-, 
' . ation..of.wetland .type;.confïguration, size,' 

w a t e r source , so il s ,. 'and ve . .  g et a t io n .. 
Wetland design methods and crite&are. 
continually being. ipproved. .wetland.' 
designer.Shouid review referénces .and : 
obtaii?' reviews 'of aii desip.and. . .  consthic- 
tion pians, prior . to proceeding .with" con- ': 
struction. Wetlahd ,dësign .re ferences cw ' .: 

be found 3 the "Additional 'Reading;' . .  sec- . .  ' ' 

tion:of the m& text.', , , . '  . 
. .  ' . , : .. . .  

. . .  .. L , .  . .  
. .  

. .  . . .  
. . .  A 

. .  
. .  , .  . . _  . . 

. .  
. .  . < .  , 

. . .  
. . :  

. .  . ,  
. .  . .  . .  

. .  Typé: . .  

. .  . .  I .  . 1 

The type of ,constmcted wetland . .  system- 
deS,i&d . .  may, depend 'upon :the.'feasibility .. 
of. using 'natural wetlands. for. treatment, . .  
tieatment .performance .requirements; ' , 

estimated : cost,. and availability of 
&uired land .ares, among .other .site:&- 
cific coiiditions. NO -general consens&: . . .  : 
exists On the:advantages 'of Surface Bow 
'wetlands over subs"urface. fl& ,wetiands. 
(W a t e r P.ol.1~1 t ion ' Con t roi .-Fe de rat ion 
.i99O>, but iutjsuiface'.,fl+v .we&ids.. 
may be desired where'.land. is limited . .  or 

. . . . . . . . .  .. too expénsive., 

. . ,  . , ,  . 

. . .  . . .  . .  
. .  

. . . .  .: : .  . . .  . .  . .  , . .  . .  

. . .  . .  . . . .  . . .  . . . . . .  . . ,. 

. .  
. .  

. .  

Area 

< . .  . . . .  . .  

, .  . 

. .  , . .  ment .syste& wiii.:vary.as a, fun,ction . , 

to h i  .treafed, desired wetland e.ffluent. ' '. ' .  ' .  " '.' : .  < .  

. .  

. . . .  . .  
, of the:~volume.:and.quality:of,'influent.. . <  

. . . .  
. . .  .: 

. .  
. .  

. .  

. .  
, .  . 

'' qu.ality, :and; allow-. , .' . . 
. . . .  . .  .: . .  

. .  . .  able hydraulic load-. , . . . . . .  App,e.ndix:;A . .'). . .  

. . <  . 

. .  

.. . . .  . . .  . .  . .  

. , ,  . . 
. .  

. . . .  
ingrate. 

. . .  , .  . , . ,  . .  . .  Total w'étland . '  :. 

area should be based 

upon empitical pubiished pollutant or Methods to Design 
mas5 removal data 
for the poilutant and (onstru[t 
parameter of con- 

. .  . .  . .  . .  . .  

. . .  . . .  . .  
. .  I 

. . . . .  . . . .  
. .  

. .  
. .  

. . . . . .  . 

. .  
', -area.reqyirements t9 . 

2 achieve target poiiutant:co.ncentrations,+ ,'. . , '  ' ' ' . .  

et.al. .(1988) and :Kadie and.Knight (in . .  : . .  

'.. Naturbl Wetland Tyeatment. Systerns: . . .  A'' . 

. . . . .  . .  .cm/d-and a minimum size. requirement of 

5-10, ha/.l000 m3/d. have'been .reco& 
mended by the'Water.'Pollution Conirol' . . .  

' Federation(199.0): : . ' . .' . . ' '  . ' 

. .  '. I 

. . .  
. .  

the .'effluent ,are .available in .'Water ' 
Pollution CQntr&Federation.(l990), Reed.'. : . .  :.' ' ' ' ' . .' . . .  

. .  

. .  - .  
. . .  . .  . . . . . .  . . ,  . .  , 

. . .  

' . ' . " 

. . .  . .  
~' ,, . . . .  . . .  : 
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. .  . .  . .  
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. . . .  
' 8  . 

, .  
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. .  

. . . .  . .  . . .  
. . ,  . . <  ~ ' 

. .  

' .prepi&tion): . - . 
. .  

. .  
i :.. , 

. .  

' ' ,  

,m&mum.hydrauiic. loadkg i t e  .of .1 to .2 " 

. . .  

, .  
. .  

. . . .  . . . .  
. .  , .  . 

. . .  . . . . . .  . .  . .  . .  
. . .  . . . .  . . .  . . .  . . . . . .  . . . .  . . . . . .  . . .  

. .  
. .  , . '  

. .  
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. .  

. .  
. . .  . .  
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.. : . .  

. . . .  Constructed Su,flace' Flow ,Wetland:.,', A". 

. .  

. . .  
I .  . .  

. .  
. .  , 

; ' 
. . .  . .  

< .  ' 

. .  

. , .  . . . .  . . .  . . . . . . .  . . .  ... .. ' , .: m h u m  hydkulïc :loading rate of 2.5,  to 
Because wetiand constiu'ctidn.is inhérent-.: :', 5 c i i d  and a m&&size, ieQ&-ement.. : : ' . .  

. . .  
. .  

. . .  
, .  

. .  

' . . .  
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. . .  . . . .  . . .  . . . . . . . .  . .  . .. 

. . . . . . .  . . . . . .  

' . '  . ' passive treatment.of-acia.mine . .  drainage '.' , :fident: t.o-:support..nitrification. . .  ,Fo.r ' .. ' . . .  - '  

., .', gave ;been: summarized 'by Hedin. and - optimum, performance,',experience 'sug- ; , 

:'.surface flow wetland is. 50' cm .(Water : :. : ' : ,.;. 
PolIutlon"Contr.Ql .Fe'deration. 1990). . .  

. .  

. . .  

. .  I .  

. .  '.: , .dete&ed as .five perkënt .of the water- .. y .  these watér 'sources needs to. given care: .': 

.shed . ,  areal Schue1er.I ,. . 1932) indicated, that . :' . ful. consideration.in design'; .Examples of . : , 

a' smaller wetland area:of one percent' of, .;. ' design guidance:for .treatment.wetland : 
th-, total. watershed area was. considered 

and longer liydkaulic :residence-tikes 

. .  

. . . . .  . . . .  

. .  . .  . .  
,. . 

. . .  

. .  

. . .  

. . ,  

. . . .  

. .  

. . . .  

. , .  

. . .  

, . .  

. . .  

. .  

. . .  . . . . . .  . . .  

hydrology can bè. found. in Kadlec, and 

Contol, Federation' ?1990),.-and Schueier. 

........ 

. . .  .. cfiteha for sizhg wetland systk,ms'for the.. : .ta& dissolved'oxygen. co,ncentratioris,.suf-. , .  

' : ' 
. . '. 

. .  

. . .  

. .  

. . .  

. .  . . , .  

. .  . . .  

. '  ,acceptable..for wetlands~with, deep zones' .i:!'. . Knight '(.in . .  prepaktion);, Water 'Pollutioi . i. ; 

. . .  
. ., 

, . I .  . 

. .  

' . .  . ' ' ' 

: . .  

. . . . . .  . . . . . . .  . .  
. .  

. 1 .  

. . .  

. : 

. . .  . . . .  

. .  
. .  

. .  . .  (1992). ! \  ;, - y : ;  . ' : 1. L.' . .  

. . . .  .. 

. ' .  Ac& Mine Drainage Shallow'wetland water. depths mgin-' - "  
j 

. .  
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. . . . .  
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.., . .  . : : :  : 
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. .  ,. ._ 
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. .  

. . . . . . .  . . . . . . . .  . . . . . . .  . . .  Na* (1992): ': . .  

. . . . . . .  

. . . .  .. .. 

.configurc.ïtion 

. .  Constructed w.etlands are.'typically.. . .  designid to be bel& the.ground,$Urface. 
designed as shgle- or m.ultipie-cel1:com- .Natur+wetland.water:.depths may varf -:' 

:. partments. in '.series. or.paiaiiei to; allow' ' . .  O& a'wider. range:th&.su 
:' '' ' redistribution. of flows;'.maintenance' of ': ' 'lands., .but.& most effe 

: ' operation .(Watei P.oîiution~~Contro~ ,, ;:. retention time for surface flow. a& sub'. , 

. . . .  . . . . . . .  . . . . .  . .  . .  'dow' for more' C0Inpkte'~g' 'Of.efflUi 14. days for]nat&l, 'treatment yetlandb . .  

........ ... . . .  . . . . . . . . .  
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' , '  . .  . . 

. .  . , .  . 
. .  

. .  . .  

. . . .  
.: 5 . .  . .  . . .  . . .  
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... . . .  
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' ' ' . . '  -ge'sts .that maximum'water depth for a . : ' ". ' . ' . '  ' '". . ' 
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. . . .  

. .  

. . .  
. . . .  

' .  .plam communities, :and flexi,b$lity of : ' ,  

:Federation .l990)1 Multiple. input :points 

not 'exceed. 50, cm.-Mifiimum hydraulic' 

.'surface flow.&lands of.5-10 d&, and. 

, ' . ', . . 

.. : 

: 
. . .  . . .  . < .  . . .  . .  .. . .  . . .  . . . . . . .  . . .  
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. .  _.. . .  
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.: ent within'the wetland:(Water':Poilution- " . ,are typicai: ' 
' Control Feder'atian ..19!90):. An aspect ' '  . 

" 

. . .  

. .  . .  

. . .  
. i  

. .  
. '  : A minimum of-primae, tre,a'tment,in " .  , "  ' 

. '  surface:flo&an;! subsurface &y &etlandS.. ' , . .  ' .  . : . .  : , ,  . . .  
,. . . ,  . .  . .  . .  

. . .  . .  ' >  
. .  

. . . .  . .  , 

. . . . .  r :  .' 

. . . .  .. ' .  . .  

' . . (1engtb:widthJ'ktio of a t  l&st 2:1,;a .grad- 
,ual wetïand .siope on -the ordtk.of 0.05 

: percent,:and deep . .  zones'onented"pe~~n- . .  . . .  

. '  di&bution,-ofthe wetiand' flow: , .  ' ' ' 

Water Source and Management,' 

. .  

. . . . .  
. .  

. .  

. . .  . . .  . .  . . . . .  . . .  
. .  . .  

. . .  

CJvater poflution conmol , ., Fe,der&n'$&, . I  

'and &c,ondary with niuificatiqn .&d-ph& . 

ment prior to .discharge .to 

. . .  . . .  
. . . . . . .  

. . . . . . .  

. .  
. .  

. . .  

. .  

. . .  . . . . .  
. .  _.'. .' dicular to the.wetbnd flow .provid-:e\rqn ., .phorus &on will'.provide.th,e, neces . ' :: . . 

. <  

. , . .  
' , . : , '  . . .: . .  

. .  

.. . . . . . . .  . . . .  . . .  ; ' ; >  

. . . . . .  . . . . . .  
. . .  . . .  . . .  

. . .  . . . . . . . .  
. . . .  . . . . . . .  . . . .  

. .  . .  
' 

. . .  

. .naturalwetiand:treatment.systems, ,:'. . , 
. .  

. . . . .  

' " M~C~IIILUII BOD,,loading &es of l O @ : .  . 

of , water soiIrce~av+abiiity,. ' ;''..face flow''&itlan&,. 80-1.20 kg/ha/d'for ' .  . 

:. ;.. quahty and: management. iS. important. t o  ' .&surface. flow &&n&;.and: 4 'kg/ha/d. . , 
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Possible wetland site selection 
criteria may include the following: 

. .  . .  . .  
. . .  

Wetland Water Source: Constructed 
wetland viability will be determined by 
the continued availability of wastewater 
effluent. 

Hydrogeology: Site hydrogeology should 

Excessively drained soiis may not be suit- 
able for wetland construction without the 
installation of an aquitard of Clay or other 

. . materials of low hydraulic conductivic. 
Shallow depths to the surface of bedrock 
may also constrain wetland excavation. 

. . .  . Proximity to desired location. . Availability of sflicient contiguous 

. Avdabihty of suitable long-term be favourable for wetland construction. . 

. Favourable site hydrogeology. . Acceptable site geotechnical 

area. 

wetland water source. 
. 

constraints. . Presence of existing or potential 
limiting land use, natural wetlands, 
protected species, historical or . Geotechnical Constraints: Wetland berm 
archaeological resources on or 
adjacent to site. 

of ownership rights, easement, or 
other controlling interest. extremes. 

. Ease of access for construction aHd 
maintenance. 

and substrate materi 
for. wetland constru . Potential ease and cost of acquisition excessive erosion, 
potential for failure under normal design 

Limiting Land Uses and Other Siting , 

Constraints: Human land use may con- 
Availabiiity of suffcient c struction strain the suitability of a wetland con- 

struction location. Care should be taken 
to locate the wetland in areas with com- 
patible zoning and other land uses in full 
recognition of the wetland design goals. 
The presence of natural wetlands, pro- 
tected species habitats, and historical or 
archaeologica1 resources on or adjacent 
to the site may pose additional, signifi- 
cant design constraints. 

Ownershzp and Land COst: Sites not cur- 
rentiy under the ownership of the project 
owner will need to be assessed for ease 

ment, or other controlling interest. 
Because wetiands are land-intensive, land 
costs will significantly affect the totaI 

materials and labour resources. 
. 

Proximity: This çriterion will Vary 
depending upon the type of wetland to 
be constructed. Wetlands designed for 
stormwater treatment may need to be 
located at an appropriate topographic ele- 
vation in order to maximize gravity flow. 
Natural and constructed wetland treat- 
ment systems may need to be designed 
on or adjacent to the location of the pol- 
lution source in order to minimize land 
and pumping costs, and to control or 

‘ 

Area: Total area requirements will Vary 
with wetland goals, but & general, suffi- 

to aliow the wetland to be constructed at 
one location to minimize construction, 
operation, and maintenance costs. 
Prehninary estimates of the required area 
may be determined for the site selection 

“Conceptual Design.” 

limit public Iccess. ’ of acquisition of ownership rights, ease- 53 

. cient contiguous area should be available project cost. 

Access: Each site should be evaluated for 
existing and potential ease of access for 
construction and future maintenance. 
Local land use regulations should be con- 

’ phase as . described below under sulted to idente  possible constraints to 
construction and maintenance t d i c .  
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Operating Season (months): 

Period of Record:Stat-t Wear) 
Years in Selirice: 

Average Flow: Units: 
BOD, ( m a ) :  

End Wear) 

Turbidity: Units: 
’ NH,-N ( m a ) :  

. N03-N+N0,-N ( m a ) :  
Total Nitroaen (mg/L): - . - ,  
TKN ( m a ) :  
Organic Nitrogen ( m a ) :  

Temperature (degC): 
Chioride (ma): 

Metais (list): Units: Units: 
Units: 

Pesticidesmerbicides: Units: . Units: Organics (iist): 
Un its: 

. . .  

- 

Units: 
Fecai Coiiform (coV100 ml): 
E. coli (col/lOO mi): 
(Others can be added to comments section) 

.5G 

Dissolved Oxygen (m 

NH,-N ( m a ) :  
Total Nitrogen ( m a ) :  
Total P ( m a ) :  
Fecai Coliform (coV100 ml): 
Permitted Flow (per day, week, month, year): 
Permit Duration: annual- seasonai- month&- other (descnbe) 

Permitting Agency: 

. .  



Table A.l (continuedl 

Last Name: 
Fkst Name: 
Role: opemtor__ Eng. Design/St&y- Resemh 6 m e b v t -  
Organization: 
Address: 

. .  
Phone No.: 
Fax No.: 

Average Number of Frost Free Days: 
Units: Average Winter Temperature: % Units: 

Units: 
Units: Annual Rainfaii: Annual Precipitation: Units: 

Units: Elevation: 

' Average Annual Temp.erature: 

- Annual SnoWfall: 

1 

. .  

57 

. .  



Conceptual Design Hydrobgy 
It is important to note that successful 
wetland design is an iterative process 
that requires the technical input of biolo- 
gists, engineers, construction contrac- 
tors, resource regulatory staff, and the 
project owners or proponents. A concep- 
tual design should be prepared during 
the site selection process with available 
information in order to achieve the great- 
est realism in site selection. Key concep- 

approximate determination of wetland 
area, hydrologic requirements, ability to 
meet performance objectives, and cost of 
land and construction. These are dis- 

. cussed below by wetland type, with ref- 
erence to the types of available 
site-specific information. 

Careful consideration must be given to 
the hydrology of the wetland treatment 
system. Meeting regulatory constraints 
wjthout overdesign is important for this 
land-intensive technology. This means 
careful consideration of the seasonal 
effects of evapotranspiration and precipi- 
tation as Weil as the potential seasonaiity 
of discharge. 

Water balances in wetland treatment 
- tual design elements include an systems for wastewater are critical when 

site soil permeabiiity is potentiaily great 
enough for infiltration to be a significant 

. hydrologic output from the wetland, or 
groundwater quality concern. A reliable 
and controllable hydraulic loading rate is 
one of the critical concéptual hydrologic 
design criteria for constructed wetlands 
for wastewater treatment. Stormwater 
wetland treatment systems experience 
less controllable and less reliable . 

8 

Area 
Conceptual area requirements for natural hydraulic loading. ‘ 

and xonstructed wetland treatment sys- 
tems should be conservatively deter- 
mined as a function of hydraulic loading wetland Objectives 
rate, pollutant loading rate, and perfor- 
mance objectives from published or 
experimentally-determined design crite- 
ria, as described in the section entitled 
“Establishment of Constructed Waste- 
water Treatment Wetlands.” 

Types of information that will be 
’ needed to d e t e d e  this criterion for the 

Conceptual Design Phage include the 
average influent water quality and flow 
rate,-effluent water quaiity objectives. and 

quality and hydrauiic capacity. Results of 
more detailed pollutant mass balances are 
required during the Final Design Phase to 
determine which pollutant wiil require 
the most area to achieve the wetland 
water quaiity objectives. 

Most natural or constructed wetland 
treatment systems will be designed to 
remove as much of a particular nutrient 
or suite of pollutants from wastewater as 
possible. Performance objectives in the 
form of mass removal rates should be 
established early in the Conceptual 
Design process to guide wetland sizing 
and cofiguration. 

58 flow limitations, and receiving water ‘Ost 

Conceptual estimates should be prepared 
for land costs based upon local real estate 
appraisals (if necessary), earthwork costs ’ 
based upon agproximate cut and fül vol- 
umes, planting costs based upon the 
product of an average plant cost deter- 
mined from local nursery operators‘ and 
the total estimated wetland area, culverts 
and pipes as needed, and long-term oper- 
ations and maintenance costs. 

, 
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rekon.sliould: be used. .; . 1 .  . . .  
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his calculation sheet is designed to provide the potential user 
with'a rough estimate of the land area required for a free water Appendix B 
surface (surface flow) constructed wetland exclusive of the 
area required for the berms. It is intended as an aid in deter- 

mining whether suffkient land area is available to handle the wastewater 
or stormwater flow. Final design should be carried out by a wetland 
expert to ensure optimal performance of the system for meeting dis- 
charge criteria. 

Wetland Sizing 
Estimate for 

T 
Wastewater Wastewater 

Facilities Design . 
. Hydraulic Loading (Flow) 

Design-Flow (Q) = m3/d V .  

Design Surface Area Requirement = 3.5 ha/1000 m3/d 

Approximate Land Area Required = 3.5 ha/1000 m3/d x m3/d (Q> 
ha wetland - - 

. (excluding area required for berms) 

. Nutrient Loadfng 
TP TN . TSS/BOD 

- Influent Concentration, mg/L; Ci= - 
9 

Wetiand'Lower Limit, 0.05 2.00 5.00 

Desired Effluent Conc 

Fraction Remaining or Limit Fraction; F= 
(the greater of F=Ce/Ci or F=C 1 /Ci) 

Areal Rate Constant, m/yr; k= 10 15 35 

. .  Required Wetland Area, ha; A= - 
where A = (0.0365xQ/k)xln(l/F) 

The estimated wetland area with- the greatest value based on hydraulic and nutrient 
loadings should be used as the first cut at determining the potential for incorporating , 

wetland technology into the wastewater treatment system design. 63 
- 

Stormwater 
TemZS 
m3 = cubic metres 
mg/L = milligrams'per litre 

TN = total mtrogen 
TsS = total suspended soiids 

' Watershed Area (A) = . ha 

TP = total phosphonis 
(A) . ha x .O5 = hawetland ~ 

. Table A. 1 will provide to the consultant critic4 i@ormation needed to give a more accu- 
rate estimate of the land area requirement and help deterrnitie other factors includhg 
further pretreatment that may be necessary and the need for a liner. 

= demand biochemical O V g e n  

$ 1  
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Database for Canadian Wetlands for Wostewater and Stormwater Treatment 

.Appendix C .. - 'Yes -No. Piedse indicate if a publication or paper bas been written on 
the wetland. 

- Yes -No Please indicate ifyou will send a copy of the publication orpaper 'Data Sheet 
Clf'No: please provide a reference in the space below.) 

Author: 4 .  for Survey ' 
Affiiation: 
Title: 
mbiication/Journal: of Canadian 
Year: 

Was tewater 
and Stormwati Site System Name: Name: 

Country: 

CityKommunity : Population: Provinceflerritory : . .. Treatment 
Wetlands Wastewater Source: Municipal: 

(descnbe) Industrial: 

Other Wetiand.Uses: nature study- hunting- aquaculture- 
Othe; (descnbe) 

Wastewater, Pretreatment: . 
Stormwater: Watershed Area: .~ Units: 

Wetland Hydrologic Type: -Free Water Surface 

Other: 

% Irnpewious (roofs, parkjng lots, etc.): . 
- Wetland System Status: F i n a l  Design 

V e g e t a t e d  Subrnwged Bed 

-0ther (descnbe) 

-Unknown 

- Pilot Sttlciy 
iull-scale H y b r i d  - 

. ,  

System Origin: constructed- natural- other (describe) 

System Area: Units: 
Design Flow: Units: 
Number of Ceiîs: 
Ceii Area: Un its: 
Ceii Vegetated Type: M a r s h  __ Forest 

S h h b  __ Floating Aquatic 

-0ther (descnbe) 

- Unknown 

Open water __ Hybria 

Dominant Plant Species: 
Ceiî Length: Units: 
Ceii Width: Units: 
Ceiî Depth (average): Range: Units: 
Cell Bottom Slope C%); 
Substrate Material (e g: sand, clay, muck, sandy clay, clayey sand, etc.): 
Capital Cost: 
Annual Operating/Maintenance Cost: 
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Database for Canadian Wetlands for Wastewater and Stormwater Treatment (continued) 

Last Name: 
First Name: 
Role: Operator- Eng. Design/Study- Research C Deue1.- Performance Monitoring- 
Organization: 
Address: 

Phone No. : 
Fax No.: 

_. 

Average Number of Frost Free Days: 
Average Annual Temperature: Units: 
Average Winter Temperature: Units: 

. Annual Snowfail: Units: 
Annual Rainfall: Un its: 
Annual Precipitation: Units: . 
Elevation: Un its: 

1. A map showing the wetland location in proximity to the nearest large City. 
2. Copies of photographs (including negatives) and/or slides of the wetiand under construction ’ 

and/or operation that might be used in publications or presentations. Please indicate Who 
took the photo. 

This material may not be returned; therefore, do not send originals. 
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The North American Wetlands 
Conservation Council (Canada) 

The mandate of the North American Wetlands Conservation 
Council (Canada) is to provide a national forum for leadership on 
matters relating to the North American Waterfowl Management 
Plan; facilitate the development and implementation of wetland 

conservation policies and programs; and facilitate Canadian 
involvement in international wetland conservation initiatives. 

Suite 200, 1750 Cournvood Crescent, Ottawa, Ontario K2C 2B5 




