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' water dtscharge effluent 11m1tat10ns

Because of the dlversrty and magmtude of
waste streams from domestic wastewater
treatment facilities, multrple technologles -
must be evaluated to provxde cost-effec—.‘

- tive and rehable efﬂuent management in

. -EVery :Case. As allowable effluent hmrta- -
) tions become lower or-more’ restnctrve
mnovatwe technologres may offer new .

and affordable methods of comphance

Constfucted wetlands provide .one’ - -
mnovatrve approach to meet these grow—‘_i
ing challenges. Constructed wetlands
have been found to effectrvely reduce'u

many of the typical pollutants i mdustn—

: nology, constructed wetlands rely on the

. naturally occurrmg energles of the sun
and wind. Compared to many convent1on- C

“al technologxes that rely on inputs

- of concentrated fossﬂ fuels the natur: .
ally occurrmg energles act over larger-' v

land areas.

Constructed wetlands use many of
' ~; the. same chenucal ‘physical, and. bxologr-

cal processes that occur in. conventronal,'
treatment systems.. Because these process— B
es are drstnbuted over.a larger area; bio- -

» logtcal sohds are degraded mternally byﬂ‘ '
‘microbial processes, and sludge ‘or plant..
) alternatlve for. the treatment of mumc1pal
_,'__'mdustnal and agricultural wastewater
. and stormwater in Canada

harvestmg and drsposal may not be neces-
sary Constructed wetland treatment sys-

‘ tems. do not use: expensxve energy and-
' ‘.' chemlcal inputs; therefore, their operat-
Cing costs are lower than those® for: alterna-

“tive treatment technologles Ini addition,

creatmg productrve wetland plant com-’» ‘
.. munities and natural food chalns can *
prov1de ancﬂlary benefits to wildlife and . -
* adds value to industries that mvest in this.‘

natural technology

Aumcrpalmes and mdustrres‘ -
~in Canada face many chal-'-
"lenges in complymg with 5
. envrronmental regulatlons,‘ -
mcludmg mcreasmgly strmgent surface N

Canada has a growrng number of

vl rnumc1pal1t1es and 1ndustr1es that are:
-mvestrgatlng the use of constructed
‘wetlands to mieet their efflu- . L
-ént management responsn-
- bilities.- Many 1ndustr1es
regulatmg authorttles and
: _mumcxpalmes are holdmg -
“workshops and training ses- - o
; ’smns to. become more knowledgeable on
R wetland treatment capabrhtres and are ‘
actlvely piloting the wetland treatment
.-_'»altematrve More-than 45 full-scale con-.
. structed wetland treatment systems have
' been mstalled

* This. report sumiarizes for the frrst

time the status of constructed wetlands -
located strictly ‘in Canada and 1ncludes
descnptlons ‘of the types of constructed
.- _wetlands, their applications, perfor-
“al and mun1c1pal efﬂuents ~such-as bio-. "
chemical oxygen demand suspended‘."i
sohds and nutnents As a “natural” tech- -

mance,. costs and their natlonal drstrr-

"p_butron Intervrews held wrth over-100 .
4Canadran md1v1duals and agencres provrd-
" ‘ed the basis for this understanding of the -
-drversrty of constructed wetland systems
4operat1ng or planned in Canada This
" ‘report also provrdes gurdehnes for a feasi--

bility assessment and for the constructron

. of wetland treatment systems as well as
Can extensrve brbhography on all aspects
of Wwastewatef treatment wetland systems. _‘ L

- "'With the large number of wetland

treatment systems now in ‘use in Canada
-and with- the research and posmve '
. .full—scale results reported to date, con-
“structed wetlands wrll mcreasmgly be-

consrdered as a vrable and cost—effecttve

Sumntury



he effectrve management of

B __'ledhfe Service. The followmg report,.

) ‘Wastewater. and Stormwater Applica-
" tions of Wetkands in Canada, is a-further’ -
- example of our joint efforts to- foster
 national awareness of wetland isstes of "
o . mental assessmient. The report ‘provldes a

mterest to Canadrans

The Government of Canada remams e
commrtted to its ob)ecuves announced in -
. the Federal Policy, on Wetland Conser-
vatton These include ensunng prov:sron -

" of tools and information on wetland

‘Tesources to Canadlans and fostermg..
- ‘innovative research on miethods for con- .-

.. servation and management of these ha_br_tats. _

weétlands and water quality are
~ of vital importance to our
: - nation. The pursuit of conser-. -
vation. goals for these. systems has”
become a srgmﬁcant area of cooperatrve .
effort by the- Secretarrat to the North -
. Amencan Wetlands Conservatron Council °
(Canada) and, the Water and ‘Habitat
_Conservatlon Branch.of the Canadian .

: mcreasmgly becommg a.

= The apphcatlon of natural and con-.-
structed wetlands technology to waste- '
water and_ stormwater - :
treatment problems is.

Prefuce

dally land and water ‘man-

. “agement issue for planners

“and habitaf specrallsts' .
. ..across Canada This-report will serve as an

. effectlve entrée for Canadidn practmon- 5y
-ers, as well as the general public, to ‘this - -
sub;ect The report should, of course, -

complement effectrve research and in-

' _:depth envrronmental analys:s which -

remain ‘essential el_ements for environ-

raprd look at ‘the emergmg technology of

A_,wastewater treatment ‘wetlands towards .
. the- 1mprovement of the quality of. the S
-~ world we Canadlans share wrth nature

]amesD McCuaig

Dzrector Water and Habztat Consrm;atzon o

) 'Canadzan Wildlzﬁa Service .
: Envnjonme_nt Candda

.

: Wetlund Development und Clussafltuhon

swamp, marsh and. shallow
) open water. Deﬁmtrons of these

‘terms and methods for wetland dtfferenn-:
. ation have been developed,.forCanada by -

the National Wetlinds: Working Group
(1987, 1988). Each of the five classes can

_ ~be further subdivided into various “forms”

lbased ori landscape hydrologrcal and

other physrcal factors and “types related

. to vegetation charactenstrcs .
" A detailed discussion of wetland clas-

_ srﬁcatlon is preserited. in Wetlands of..

Canada (Natlonal Wetlands Workmg;

' Group 1988). A "brief- summary of the-
ma;or Wetland classes is presented below

' anadran wetlands are subdrvrd— -
ed into five “classes bog, fen, .

‘Bogw an-'ombrotrophicpeatland thh the -

© . water table at or near the surface. Bogs.”
: may be treed or treeless. Vegetatton

'species tend to'show a

, ‘hrmted dwersrty due to the .
" acid, nutrient- poor envi-
» ronment with Spbagnum
~ .mosses- and errcaceous
', shrubs common '

: Fen ammerotrophic peat-. -

*" land with the Water table- -

“usuaily at or ]ust above the surface

- Vegetation may mclude sedges ‘grasses, -
_reeds, brown mosses certain Sphagnum—l :
N specres encaceous shrubs and trees.

'Swamp ‘a mmeral wetland or peatland
with standrng or gently flowrng Waters o
occurrmg in pools or channels. The water o
: table usually is at or near the surface The

An Overwew of
(unudlun Wetlunds



vegetation is characterized by a-dense " - '
cover of decrduous or comferous trees or.

,shrubs herbs and sofme mosses

“Climatic and top'ograp'hic .fac"t‘o-r's o

' influence: the type of wetland whrch
“occurs in a particular region. Twenty wet—

- land- regions, and a series of wetland.sub-

;'_.:Marsb a mineral wetland that is penodr— Ce

_cally inundated by standmg ot slowly

- moving waters ‘Surface water levels may -
'-' ﬂuctuate seasonally and vary from fresh - .
to highly-saline. Vegetanon includes -

emergent sedges grasses rushes and
‘reeds, which. may have interspersed areas _

'_of open water and aquatrc plants..

'Shallow Open Water a mmeral wetland
- that is 1nterm1ttently or permanentlyi :

4 ﬂooded and has open expanses of stand-

. mg or ﬂowmg water. Shorelrnes mud 3-'
: .flats shallow lakes ‘ponds, pools
-'oxbows channels and similar. features are. -
- mcluded in this class. Vegetatron when *
» present ‘consists of submerged and ﬂoat-

' 'mg aquatrc plant forms

: Dlstnbullon of (unudmn Weilunds

-These wetlands -occur mtermrttently
L across all of Canada s landscapes alongf"
.. the shores of lakes;. rivers, and streams, .
I and in-other areas ‘where the water table.

_»'1s close to the Surface. Marshes and
g swamps stay wet. for. much of the year

..and are what many people in Canada’s

southern regxon thmk of when the term

- wetland” 1s used The drstrrbutron of
. wetlands in Canada is controlled by many

‘ factors mcludmg surface: hydrology and
“the. mteractton of climatic and topograph-

- ic factors. Canada’s 127. mrlhon hectares
- of - ‘wetland occur-in all, areas of Canada,
- w1th about 90% bemg classrﬁed as peat-.
- lands where peaty sorls are predommant
. constructlon of artificial wetlands has:"'
.rCCClVCd mcreased attennon as a. poten— |
tial means of compensating-for losses of . - :
. wetlands incurred by human activities.

:‘and over 40 cm deep at their surface.

E ,Ma]or wetland and- peatland mventory.,? '
programis have been completed in several. |
."'regrons of- Canada mcludmg the ‘Pacific
- €Stuaries, the southiern Prames southern
o Ontarro “southérn and eastern Quebec' :
- and. most of the Atlantrc Provmces--'

_ excludmg Labrador -

o regrons based upon chmatrc factors aref o
recogmzed in Canada (Natlonal Wetlands.-

Working Group 1986) A détailed discus-
sion of wetland distribution and of ‘the

fcharactensttcs of the wetlands in each.
wetland reglon is provided ‘in Wetlands -
. of Canada. (Natronal Wetlands Workmg
: Group 1988). '

These wetlands provrde many ecolog- '

_.1cal functrons and ‘values. and are anv o
' '1mportant ecologrcal component of many -
landscapes. Many of the wetland func-"- '
. tions meet human needs Functlons
- ascnbed to wetlands include: (a) lzfe sup
_ port (Chmatlc regulatlon toxics absorp-- :
“tion, stabilization: of brosphere processes - _
water. storage; cleansmg, nutrient cyclmg, Y :

food cham support, habitat, bromass stor-
‘age, and. genetic-and, brolog1cal d1versrty) :

() social and cultural (research specx- _
L ’,mens viewing, photography, brrdwatch— o
'1ng, htkmg, canoetng, and’ commumty,, - :
'rehgxous or cultural tradmons), and -

© productzon (natural productlon of -

- birds, plants, fish, ﬁbre and soil supple- .

_;.'»ments) (Cox 1993, Sheehy 1993, Bond -

: }fet al. 1992, National Wetlands Workrng
v Group 1988).

The importance of wetland conserva- -

tion, Testoratio, and protectionin - -
..Canada. has. become a matter of public ; - o
o pohcy as exemplified federally in the - -

.. Federal Policy on Wetland Conservation - -
(Government of Canada 1991) and in" -

- provmcral ]ul‘lSdlCthIlS and other eco-

- *homic sectors across Canada (Cox 1993,

Lynch-$ Stewart et al. 1993). In. Canada, the

The'use of wetlands as a cost-effectlve'r

o alternatrve to conventronal advanced' ,
“treatment of wastewater is: also recervmg ST
. widér acceptance L '



hrch 1s a great advantage to'a’rémote

: ,communrty wrth lrmrted frnanC1al
resources. The most rmportant £CONOMIC. -
' dlsadvantage ‘of wetland treatment rs the;v
. cost of land, for this is a lancl-mtensrve'
: 'process However, that may-well be an
~advantage to a remote community that is’

land- rich, especrally if the area’is cash

poor because operatrng costs. are gener—

T ally very low.

’ Desrgn of artrfrcral wetlands must' ’
' kaccount for hydraulrc operabrhty and cor-

rect size to‘achieve the specnﬁc regulato

ry. goals of water qualrty 1mprovement I
Many regulated parameters are effectrvely - :

'treated in cold temperature condttrons

here i$'an obvious role for wet- .

I land treatment. of wastewaters .
.- in‘our northern envrronment .

_ “Thesé¢ low-tech, solar-driven
systems are passive and user-frrendly‘

. . vertical flow subsurface sys--
© There is no need for a skilled operator‘ :

. tems: that run -on mtermrt
'»_v.tent mode are much more
efficient  for
: :removal _ . e

essary to rely upon slow
. Wmter processes - There are
- »many northern systems that
* store water for the durauonv
- of the non-growmg season,
" and- then discharge to the.
‘-'wetland during the warm

,,'but nrtrogen reductron slows consrder— N
Aably.. Desrgns are presently evolvmg to .-

allow flow manrpulatron
that decreases ‘wetland size:

Introducﬂon

» mtrogen

However 1t 1s not nec:

Apphcuhons
of Wetlunds

sprmg, summer. and fall_ _

-~ months. The advantage of . =~ -~ o
this is the wide avarlabrhty of warm ¢
"'Weather desrgn mformatron the disadvan- . ,
;'tage is the cost of the storage lagoons

. Eslabhshmenl of (onstructed Wetland
- Ireutmenl Syslems e

‘ Wetlands are eonstructed to perform a"‘
' broad range of functions, mcludmg L
_‘_enhancement of wrldlrfe productron,-
'storage of ﬂood Waters reduction and - -
. "storage of pollutants -and general aesthet— g
e benefits. The basic componerits of a'f_
wetland construction pro;ect mclude the
T followmg activities: :

W Establrshment of prolect goals and
o -ob]ectrves " _

e _Determrnatron of area requrrement

e Evaluation and selectron of construc- B

.- tion locatron ‘ :
e Preparatlon of prelrmmary desrgn
C analysrs ‘ o Lo
» O btammg perrmts _
. Preparatron of ﬁnal des;gn and
. constructron documents

| ;' Types of Syslems

] In addmon to the use. of
’natural Wetlands three -
“types’of artrﬁaal wetland
"' systems are now bemg
' '*;uSCd f()r water treatment:

« - Construction of the wetland.
Cdnduc'ting post—construction
momtormg and mamtenance :

Wetlund

Treutmenlfﬁ"':: .
Systems

1) surface flow wetlands
(n) subsurface flow ‘wetland. -

_.systems and. (iii) floating aquatrc plant

systems. Each of these alternatrves 1s-

-bneﬂy descnbed below

.Natural Wetlands RURES
‘Natural wetlands have been used for: the"

treatment and drsposal of secondary o

'wastewater efﬂuent for many years in

to Wustewaler
und Stormwaler



Europe, the United States and Canada.
There are many existing discharges to
natural wetlands nationwide. While most
of these systems were not
designed for wastewater
and stormwater treatment,
studies have led to both a
greater understanding of the
potential of natural wetland
ecosystems for pollutant
assimilation and the design
of new natural water treat-
ment systems.

The proper use of a nat-
ural wetland system for the
treatment of secondary
wastewater or stormwater
involves a number of con-
siderations. Research indi-
cates that - matching
hydraulic loads to the -
hydroperiod requirements
and tolerances of the domi-
nant wetland vegetation
species limits changes in vegetation.
Optimal treatment occurs when the pre-
treated water is well-distributed through-
out the wetland. Ideally, alternative
discharge areas or “treatment cells” are
used so that portions of the wetland sys-
tem can be taken “off line” periodically
and allowed to undergo seasonal dry periods.

Monitoring the performance of natur-
al wetland$ for water quality enhance-
ment is ongoing. The systems monitored
to date demonstrate that, through careful
design, some natural 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 Flow Constructed Wetlands

Surface flow (SF) constructed wetlands
usually are shallow, man-made impound-
ments planted with emergent, rooted
vegetation. These wetlands may be plant-
ed manually or naturally colonized by
“volunteer” plant communities. Some

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

First stage vertical flow, planted site, Zoo at Saint-Felicten, Quebec.

with more diverse plant communities that

have greater stability under changing sea-

sonal and water quality conditions.
Unlike a natural wetland system in
which hydrology is largely fixed by the

" tolerance limits of the existing plant com-

munity, 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
constructed wetland system can also fea-
ture parallel cells or cells in series. Such a

‘system can be operated to rotate dis-

charge points or to use slightly different
treatment capabilities of the -various avail-
able plant species groups. SF constructed
wetland systemis have relatively low con-
struction, operation, and maintenance
costs compared with conventional,
advanced treatment technologies.

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

Photo: RSA Consultants



" that attach to the plants provrdes efficient
~andreliable removal of brodegradable.

’ organrcs ‘and nrtrogen (ammonia and
‘nitrate). Metals and phosphorus can be

: -sequestered in plant materials and wet: .
“land sediments. Becausé much of the =

treatment that occurs in wetlands is from

- mrcrobral action rather than plant uptake e

k these systems continue-to. function’ dut-

rng winter, but at'a slower rate, w1th the' o '

o temperature-buffenng effect of water and

'Floatzng Aquatzc Plant Systems o

: Floatrng aquatic plant (FAP)- systems use v'
" floating macrophytrc plants such as duck-

weed (Lemna spp. or szro.dela spp.) for '
wastewater treatment. They have been

-'modeled after small facultatlve waste-, .
water lagoons that are naturally colomzed O

jce Cover i Surface ﬂow constructed wetland systems L

‘ have relatzvely low constructzon operatzon

. Subsurface Flow e and mamtenance costs compared wzth

‘. Constructed Wetlands

i 'Subsurface flow (SSF) constructed wet- s
--lands are- srmllar to surface _ﬂo_w con-
structed wetlands in many respects, often .

* -using some. of the- safie emergent plant

'specres However, SSF constructed Sys-.
tems are desrgned to’ achteve effluent
“flow through the porous substrate sup-
portmg the emergent vegetatron rather"

than, above the substrate. The large sur-

face aréa resulting from the porous medi- )
‘um and the plant roots provrdes ample L
g sites for microbial, act1v1ty “When treatmg .
an equivalent volusiie of flow, SSF con- -
" structed. Wetland systems may use less
: land area .than- do surface ﬂow construct-'

ed wetlands. .

N - SSF constructed wetland systems are-
L advantageous in.cooler chmates because -
.50 much of the: treatment occurs below
the ground surface Thus these systems "
-are less affected by cold air temperatures . : design, cost and pe rformance of this twpe .
. of system is'available at this’time .making -
- it difficult-to compare it to other natural. -
: system technologres '

Also, SSF constructed wetland systems'

) may be: relatlvely low in maintenance”
requn‘ements and are less likely to, have; _
odour-and mosqurto problems than are

. lagoons SSF constructed wetland systemsi

- are most effectrve at removmg brodegrad- R

- able organic matter and mtrate-nltrogen'.

. from: wastewaters

A major drsadvantage of these SSF '

. constructed wetland systems is therr ten—_'
dency for plugging; overall costs can be .

‘srx to erght times higher than for a. sur—;’g "

~face ﬂow constructed wetland system 3

conventzonal advanced treatment technologzes

by volunteer ﬂoatmg plants and provrde -

- 1mproved removal effrcrencres for meet-- .
- ing mcreasmgly stringent efﬂuent require- -

. ments These systems have a s1gruf1cant V
B potentral for reducrng concentratrons -of
- five-day. b10chem1cal oxygen demand,
I total suspended solids, nuitrients, and metals

_ One such duckweed system that uses ©
floating’ barriers is a proprietary: product h

It is claimed to be one of several natural . -

treatment. systems that can consrstently B

‘meet an efﬂuent fimit of one milligram
. per htre (mg/L) total. phosphorous or’
‘lower, if the plants are harvested without

using in-plant ‘modifications or chemical .
additions. Little information on the

The drsadvantages of aquaculture sys- o

tems are their sensitivity to cold tempera-. S
- tures and-their general- susceptibility to.
- plant pests and’ pathogens Polyculture

systems that use a combmanon of ﬂoatmg

- aquatic: plant specres offer an alternatrve L

» wrth less. intensive pest management( ;
.requrrements Aquaculture systems that - o
_use’ greenhouse enclosures in’ colder .

- chmates can also be consrdered



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 wetlands 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 because it offers a low cost alter-
native to more conventional forms of
wastewater and stormwater treatment. A
brief description of several of these
potential uses is provided below.

Municipal Wastewater

The use of wetlands for the successful
treatment of primary and secondary efflu-
ent from both activated sludge and lagoon
systems, landfill leachate, and septic tank
effluent is well documented. Typically,
these systems are applied to small com-
munities where land is readily available at
a reasonable cost. Many of the colder-
climate constructed systems in Canada are
designed for seasonal discharge or to
meet the regulatory authority’s guidelines
prior to discharge to the wetlands and to
provide tertiary treatment to the waste-
water stream.

Industrial Wostewater

Many potential applications exist for
treatment of industrial wastes including
metals removal and pH adjustment of
stormwater runoff from coal and ash piles
at thermal generating stations, the bio-
chemical oxygen demand (BOD) removal
of milk product industry wastewater,
ammonia and BOD removal from meat
processing and rendering plants, refinery
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.

amfwdtot— Applications of
Wastewater
and Stormwater

Treatment Wetlands

Several projects are under-
way that
involve the use of con-
structed wetlands to pre-

in Ontario

vent runoff from farm
feedlots and milkhouse
washwater discharge from
entering open ditches.
These wastewaters could
eventually flow into near-
by water courses or percolate into the
ground affecting the surface water and
grdundwater quality. The costs associated
with constructing a wetland have been
estimated -to be as little as one tenth that
of building a liquid manure tank. These
systems can be designed for zero
discharge, relying on evaporation and irri-
gation for the disposal of the water.

An artificial wetland used for botel wastewater treatment.
Lac Simon, Quebec.

Photo: C. Rubec, Environment Canada



Agricultural Stormwater 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 |

irrigating the collected water back onto
the fields where it originated.

Airports — Glycol/Fire Training Stormwater

De-icing of airplanes, especially at
Canada’s 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 pr'()p-
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, especially at sites where
no recovery efforts of these compounds
are being made. Hydrocarbon com-
pounds similar to those found in jet fuel
have undergone preliminary testing and
have been found suitable for wetland
treatment technology.

Farm feedlot wastewater wetland, Rideau Angus Farm
near Burritt’s Rapids, Ontario.

National/Provincial 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 built to meet winter operation
criteria and could easily be modified in
the future if year-round opération 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.

' Photq: T. Davidson, Rideau Valley Conservation Authority



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 will blend into the natural
environment. Construction and manage-
ment of these systems 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-

(Ontario Ministry of Environment and
Metropolitan Toronto and Region
Conservation Authority 1992, Shueler
1992). Shueler (1992) describes five basic
stormwater wetland designs: shallow
marsh, pond/wetland, extended detention

wetland, pocket wetland, and fringe wet-

land. All are essentially surface flow sys-

tems, with varying emergent marsh and
deep pool habitat, hydraulic 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 wetlands as part of their
stormwater management systems. Several
additional installations ar¢ awaiting
approval from the regulatory authorities
and there are many others in the pre-
design or design phase.

ern British Columbia, and
northern Alberta are incor-
porating wetlands into the
Cxisting wastewater treat-
ment facilities to provide a
better quality effluent and, in
some cases, to extend the
discharge period.

Stormwater

Stormwater treatment wet-
lands are constructed wet-
lands that improve water
quality, modify flow rates (by
storing water temporarily in
shallow pools that create
growing conditions suitable
for emergent and riparian,
wetland plants), attenuate flow, and
reduce downstream scouring and erosion

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

Photo: J. Granger
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Pulp and Paper

The use of wetlands for treating pulp and
paper wastewater has been documented
by wetland 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 constructed wetland in
British Columbia.

Sludge Drying/Biosolids Management

Dewatering and treatment of biological
sludge using reed beds (Pbragmites 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 material
(Cooper and Findlater 1990). There is
considerable potential for applications of
this type in Canada.

Acid Mine Drainage

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 may 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).

‘A growing number of communities in

Canada are incorporating wetlands

into their wastewater-treatment.”

Compost wetlands are similar to aero-
bic wetlands, but include a thick organic
substrate that promotes chemical and
microbial processes that generate alkalini-
ty and neutralize the acidic components
of mine drainage. The anoxic limestone
drain (ALD) forces water through a

~ buried bed of limestone, releasing alkalin-

ity to the water in an anoxic 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).

Wastewater wetlands require careful design,
species selection and construction.

Phato: L. Leavens



Generul Performunce of Wustewoter
' ‘_V,Treutmenl Wetlunds e

v ‘Performance of constructed Wetlands for = .
- wastewater treatment is- measured by
removal efflcrency and effectlveness of
" treatment. Kn1ght et al. (1993) summa: -
“ rized the removal. efﬁcnency’ of 97 sites, -

- mainly in the Umted:States representing ;
. 127 separate systems for a- wide range of

- -flow and 1nfluent quallty Average

o 'removal eff1c1enc1es are presented 1n :
~ . Table- 1, for . ﬁve-day blochemxcal oxygen :

‘j:'demand (BODS), total- suspended solrds

t, (TSS), ammonija- mtrogen (NH,-N); total*;x :
' fmtrogen (TN) and total phosphorus CI'P)
o Surface flow. (SF) constructed wetlands as .
©wellas subsurface flow (SSF) constructed s
s f-wetlands are included in the data base '

Wetlands effrcrently assimilaté bio-

- chiemical oxygen ‘demand and total’
o 'suspended sohds through' mlcrobrally -
- mediated decomposmon of orgamc mat: . .

" ter. ‘BODjy removal efﬁcnency is low at low'l _

= mput concentratrons (5 to: 10 mg/L) and
: 'mcreases to between 70” and 90 percent-_ :

“at. h1gher mput concentratlons (Water__ _ .
_:'Pollutlon Control Federatron 1990). ~ .o
" Subsurface ﬂow wetlands may prov1de- R

BOD removal efﬁcrencres

.1n the range of 85 to .
90 ercent, if properly

".fjdesrr;ned and maintdined. . Operutlonul
; Total suspended SOleS
rerhoval eff1c1enc1es are’ c d '

'51m1lar to BOD removal 0“5| eru Ions
. potential {Water Pollutlon .
,:_Control Federatnon 1990). v
‘ Wetlands transform mtrogen through :
E mlcroblal actlon and plant uptake (Water,
' Pollutron Control Federatlon 1990).
'Ammoma is: transformed to mtrate"'
-'through the n1tr1f1catlon process and
-rmtrate to’ nltrogen 8as through demtrr-
i 'flCilt‘IOI’l These process rates may be "
‘ .controlled by temperature nitrogen con-
centratlon oxyger concentration,” toxic™
3substances and other. factors. Total
ammoma—mtrogen (NH,-N) assimilation is .-
"+ generally high; but may be affected by o

-short hydrauhc retention times (HRT), o
'fhlgh loadmg rates and low temperatures o

'»-Tuble .

S Average Constmcted Wetland Per:fornmnce Data o

PARAMETER

REMOVAL EFFICIENCY
{percent)

Source nght et al C 1993)

) Notes BOD --~que Day Btocbemzcal Oxygen Demand '

.. TSS.  =Total Suspended Solids _' EE
. NH3 N' . = Ammonia Nzt‘rogen
: IN - = Total Nztrogen

_— TP . = Total Pbospborus

i1



] Tota] mtrogen assumlatxon is hlghly Cofre:. _
' lated wnth loaclmg rates to-10 kg/ha/day, -

and is hlghly dependent upon, HRT;

decreasmg s1gn1ﬁcantly at design HRTs of. -
" 1éss than about five days (Water Pollutlon
Control Federatlon 1990).
"~ Total phosphorus. (TP) is’ removed. ‘
B from the water column through sedimeri-- -
" tation and plant uptake and is dependent-
upon the phosphorus adsorptlon capacity -
-of the wetland soil. TP removal’ efﬁc1ency
. incréases with hlgher input concentra-’
. ":-,tlons and with” ‘higher” HRTs (Water
Pollution Control Federatton i 990) '

. Wetlands have s1gmﬁcant potentxal to

” remove metals and other tox1c chenucals ;
: ‘(Water Pollutton Control Federatlon"
. 1990) Removal mechamsms are generally' :
ox1datnon and prec1p1tat10n from the
watefr column Pathogens such: as col-
1form bacteria can be sngmﬁcantly»’l |

feduced through wetland treatment, but

may also be mtroduced by bll‘dS and .-
- other ‘wildlife, and therefore show wide '
; varlabxhty (Water Pollutnon Control’
'Federatton 1990). Table 2 summanzes' ’

.,_prO]ected long term removal rates’ for '

" stormwater wetlands in the mid: Atlantlc' o

: "reglon of the: Umted States. " o
In Canada, the perceived problem S

) .assocxated w1th ‘wetland: technology is '

' operat1on at.cold- temperatures It seems

* logical that treatment processes will slow_ .

or stop at cold’ temperatures as-they’ do. .

N in, conventlonal tréatment ‘plant opera-.

" tiops. But wetlands are far’ more complex
than’ conventxonal wastewater treatment"_"‘ '

“plants. Conventlonal w1sdom fallS to -
~apply, wetlands in fact’ perform many )

treatment functlons very eff1c1ently'

: in winter. o

The avatlable mformatlon to answer'*'

; questxons on wmter operation is now 'sig: -

" nificant, and mcreasmg rapldly Canadlan o
: tesearch has contnbuted in-a major ‘way
‘to thlS knowleclge Pxoneenng work on

surface ﬂow wetlands Was "done. in~
Listowel, Ontano from. 1980 10 1984. The

‘project data report (Herskowitz et al.” -~

. 1986) contains a wealih .of information.-
",_Flve wetlands . were kept in contmuous ) o o
-operanon th:oughout the wmter by con—{

o TabIeZ - ‘ _
Pro_;ected Long-T erm Pollutant Removal Rates for Stormwater Treatment oY
) ’Wetlands in the mid- Atlantzc Regzon R : cel

POLLUTANT

REMOVAL RATE (PERCENT)

45

25

15

" Organic Catbon ~

" Lead:, ‘

' zine .

0

"~ Bacteria .

Source:.Schueler (. 1992).

2 log reduction” "



trolhng the 1nsulat10n ina Way umque to'_ Lo
'wetland ecosystems Water leévels were.
,"rarsed at freeze up, ‘and a layer of ice -
“allowed to form.-The ‘water level’ was
"'then lowered to provrde an msulatmg air
- "gap above the water, but ‘belaw the ice.
A "The stems of the dense stand of emergent_
. cattails served 4s- supports to keep the ice

: layer elevated “The standmg dead cattarls

‘then trapped snow and added an msulat-t )
ing snow blanket Many northern wet-
g 'lands exhrbrt this same behaviour; wrth
*. unfrozen water below a snow blanket " .
o trapped by the. plants Temperature o
effect__s were ‘srgnrfrcan_t; for nrtrogen'
reduction-' slight for phosphorus, and

nonexistent' for biochemical.oxygen
~ démand and total suspended solids. .

A subsequent companlon prolect at -’

B Cobalt Ontario’ rernforced ‘much of the
,'knowledge gamed at- Lrstowel (Mrller

. 1989). Research on subsurface flow wét- .
' V:lands in winter operatron is now in -

‘ progress at Nragara-on—the—Lake Ontarro

- The Scandmavran countrres have -
e espoused wetland technology for a vari:,
.. ety. of purposes ‘and are generatmg valu-

: .able operatrng and desrgn 1nformat10n

’ ‘Researchers have’ operated systems year- -
" found near. the Arctic Crrcle in Norway '

: -(]enssen et al. 1992; Jenssen er-al. 199%).

- Their- conclusrons challenge our conven- -

. t10nal wrsdom and offer the followmg

“The results from the fzrst two years of :
operatzon bave shown an average ‘
"reductzon of 86%, 55%, ana’ 98% of '
'v"~BOD total nitrogen and. total phospho— 'j"f '

rus.- The results. so. far bave shown a -

winter. performance nearly on the same
g .;level as the. s_umm_er performance

‘ Norway is also burldmg wetland treat—
o ment systems in the Jaeren regron ‘at the L
- rate of about 10 per year (Bakke 1994). -

These are multr -use: treatment “parks,”

Aand produce 90% reductlons in total;

'phosphorus and ammomum nttrogen

: Sweden has rep'o'rted"yearround |
"-_operatron of both. subsurface. flow and -
submerged aquatrc bed wetlands

“Corwentzonal wzsa’om fazls to apply,
a wetlands in fact perform many treatment

E fanctzons very eﬁ“zczently m wmter’

; (Gumbncht 1992a 1992b) Temperature'*
-effects in the subsurface system Q10
21°C) were srgnrﬁcant fOr nitrogen reduc— )
- tion @ 50% reduction in efﬁcrency), slight =~
- . for’ phosphorus (a’15% reduction in effi- -
) crency) and nonexrstent for BOD The - -
‘same-trénds were noted for. the sub--
. meérged macrophyte system_(l to 17°C)..
A'ttpr'esent' ‘Dr. Hans'Wittgren' 'at the .-
: Swedrsh Meteorologrcal and Hydrologrcal.
- .Instrtute in- Norrkoprng is compiling'a
" - revrew of cold cltmate wetland treatment A
'mformatxon Lo i Co ; »
- TSS'is removed by physrcal processes T
* that have little to do with temperature )
- settling and filtration are not temperature_ ) -
sensitive. The author is. unaware- of any o
“-research that has attempted to- clarify the .

» reaSOnS'why BOD removal is not temper- o
- ature” dependent but there are now"
' numerous TEpOrts. of the lack of a temper-

. ature coefﬁcrent BOD isa lumped chemi- . E T
“cal. ‘category consisting of 2 multitude. of* .
~ carbon compounds The wegland process-’
es that consume BOD involve several dif-
_ferent vertical zones in whrch a large
'_number ‘of chemical-and brochemtcal.‘-
. processes take’ place Some of these - .
- processes generatg BOD by decomposr-' _ ]
tion; others consume BOD Wetlands fre-. o
8 quently are of a suffrcrent size to reach o
 the background BOD level created by the -
balance between generatron and con- .’
sumptron of BOD The net consumptron, o
s therefore the dlfference between two o
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competrng process categorres It is -

" known' that decomposmon slows, to 2.
marked degree at cold temperatures Tt is -
also lrkely that BOD destructron process-

_es slow, down smce these are a combina- .

o tion, of aerobrc and anaerobic microbial _

"reactrons The drfference between slow

. destructron and slow generatron as mani-

T fested by net removal need not drffer sig-
' -n1f1cantly from- the drfference under ’

‘warmer, more raprd process condltlons

‘Not-all. BOD' removal processe_s slow: I
- with decredsing temperature: A signifi- -
”cant fraction. of ‘wetland- BOD is particu- -
late, and therefore susceptlble to removal - .
by partrculate settling. This physical
process is shghtly temperature depen-"'
" dent. Another- important factor is the aer-
-+ obic destructron of, carbon compounds _
“whichis dependent on'the amount .of
. Ooxygen available. for the oxrdatron reac- '.>
' tions. Most of the requrred oxygen comes
~from the drssolutron of atmospherrc O

The solubrhty of gaseous O2 in Water is

' hrgher at lower- temperatures wrth a two- .
- fold increase as the temperature drops )

from 30°C to 0°C. o
» It would be mappropnate to extrapo-;

: ,late thrs behavrour to. specrfrc carbon ..
. compounds, especially those which-are

. not normally found. in wetlands A com:

' -pound that is not generated in the wet- v
fland Wlll be sub]ect to depletron alone

and may also requrre a specrﬁc microor- -

' gamsm ‘Under these condrtrons a temper-"
l : :ature dependence is'a drstmct possrblhty
- i¢ The nitrogen specres compnsrng the'.. -
-'_total nitrogén 1oad undergo a well known

set Of mterconversron pI‘OCCSSCS in WCI"

land and pond environments. These’
:.processes are all temperature sensitive; to
: -varying' degrees ‘Wetland research con-
-firms the same level of vanabﬂrty wrth tem-

: perature that 1s found in conventional . |

' processes The reason is that the same: ',
- _mrcroorgamsms are mvolved m both cases

‘ | A reasonable explanatron for a lack of
seasonal dependence for phosphorus

uptake is found when the life style of the B

o “Tempemture eﬁects were szgmfzcant for
o mtrogen reductzon slzght for phospboms
: .cmd nonexzstent for BOD and T SS o 4

"-lvegetatlon is taken mto account The g
-Lrstowel wetlands are cattail monocul .
tures (Typba latzfolza) Ina northern ,

environiment, Typhd undergoes maxr-_" ‘

. mum growth. jri spring: ‘In. fall,’ ‘it enters a
".perrod in whrch it translocates large 5
'amounts of nutnents and: bromass to its '_ S
thizomes: Thus the high values of spring - .
and fall are plausrble Summer is a period
of hrgh brologrcal actrvrty in'the wetland.
However, the rate constant isa parameter L
" in'a lumped model, that descnbes a net
' transfer, which'is the diffefence between - -
' uptake processes and release processes to
- and from the active comipartiments;in the |
ecosystem Although plant growth and.
microbial uptake may be operating in .
. high gear, so are leaching and decomposr- _
. tion processes High retums of phospho—
rus. ‘from the stanc compartments S
,counterbalance hrgh rates of uptake
. Wrnter temperatures slow both uptake" :
" and return’ transfers, but the net- transfer, _—
.clearly remains hrgh :

B ',(apnul Operal:on und Mumlenunce (osts

- A\Xfetland constructlon costs are deter- o
mrned by the cumulative cost, of land,
earthwork plantmg, desrgn momtormg
v and maihtenance. Surface flow construct:.
,-ved wetlands in the Umted States typically -
‘ 'cost between- US$10 OOO and US$50 000 " : -
.o oper hectare dependmg upon system size
- :'(Kadlec and nght in preparatron) ‘The - =



o face ﬂow constructed wetlands can han-
L dle greater contamrnant loadrng rates‘;;f-
““than surface ﬂow constructed wetlands '

~-cost of surface flow constructed wetlands -
~ in most of the cases in Canada fell within-
‘ ' thrs range. Costs that fell outside thlsl -
: frange mcluded those wetlands where a
" linef ‘was requrred due to hrghly perme-
‘able’ sorls Because specral attention was "~
_ given tothe: removal and subsequent V
replacement of. the topsonl economy of""» Tl : . e
' 'scale was lost due to. the smiall size of the' . »_: RS LT
" mstallatron -and specral archrtectural fea- Permlmng Requuemenls
. tures wére mcorporated into the wetland- R .
_ desrgn to create’a mote’ attractrve feature .
- for the surroundmg ‘community: o

The hrgh ‘cost--of gravel fill can rarse

'-..the price per hectare of subsurface flow
‘constructed wetlands to as much as four

to.eight times the cost of surface flow.
constructed wetlands However, subsur-

thereby reducmg the land requlrements

| -»"'Spuce Reqmrements

T reatment"and' disposal of 'wastewaters is

3 regulated by provmcral and local regula~' »

~. tions. In Canada each provmcral environ- .
ment’ mtmstry sets treatment and .

‘ discharge policies that directly affect the -

permrttmg ‘and’ 1mplementatron of wet-. .
" land wastewater treatment systems. A
"provmcral Certificate of. Approval is

. _requrred for almost all pomt drscharges of

.- ‘water’ and wastewater into. the waters: 0f~-.-

-Canada Other potentially srgmﬁcant reg-_ -

- ulations are defined.in the Canadian .. . -
Operatron and ‘maintenance’ costs R

depend on the extent of monitoring data’. -
-~ collection, exotrc plant control, burrow— o
lng animal acttvrty -into the berms, and *’
“water management A summary of wet- - - '_ '
‘ ','_land design’ gurdehnes is presented in :
' :-AppendrxA o L ‘

_,-The area requrred for a wetland depends R
' on'the goal of wetland construction, and - -
,.'15 descrrbed in ‘more detail in Appendrx.j .
CAVA wetland srzrng calculatron sheet is RN
‘provrded in Appendlx B

""Enmronmental Protectzon Act; the', :
Canadmn Enmronmenml Assessment A
. Act, and the Fzsherzes Act

. '-,'lssues--
‘ Wetlands constructed for wastewater and .
- stormwater treatment also’ provrde ancil-
L lary beneﬁcral functrons for wrldhfe habi--
tat, - food chain-support, enhanced

‘ ecologrcal productrvrty, and ﬂood attenu-’,
-atron (Kadlec and nght in prepara- o

t1on) Treated ‘wastewater may- be used to

augment and restore hydrologrcally..‘
" altered wetlands Constructed wetlands_ '
establish a productive ecological food "j'.,tural irrigation return flows in the west-. . o
_ chain as they mature.Public awareness,' : :
- and envrronmental educatron may be fac-.

L tored into, the overall system desrgn

- where feasxble

-, other wildlife in the
; Umted States (Kadlec
. and nght in prepa-
’ ratron) The only doc-.

-To date no COl’ldlthﬂS in treatment- _
: wetlands of. municipal wastewater and = _
vstormwater have been lethal to frsh or RERRIETA

umented cases ofv R

'toxrcrty to wetland o

O“fBi;‘?m: .

1ldlrfe are releases from hazardous'_ '

Av waste sites and drscharges from agrrcul-

~ ‘ern United.States (at the’ Kestersonﬁ"' L
. National erdlrfe Refuge) “Where bioac- .-
Co cumulatro_n_ or wildlife exposure -has the =
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potential to become a problem, mea-
sures are incorporated into the pro-
ject design to minimize these risks.

Questions and Concerns

Over the years, numerous questions
and concerns have surfaced with
respect to the long-term effects of
wetlands on wildlife 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. ’

Tablé 3

Blue beron on southern Ontario wetland.

Questions and Concerns about Wetlands used for Wastewater and

Stormwater Treatment

Questions/Concerns
expressed by Regulators and
the General Public

Responses by the Wetland Engineers

Will it generate odours?

It has been found that if the wetland has been designed
correctly, 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. B

What about mosquitos?

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 several 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 swallows that consume adult mosquitos as they
emerge from the wetland. Maintaining the design water level
will reduce the formation of stagnant, mosquito hatching sites.

Do we know enough about
this technology?

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 full-scale
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.

Photo: J. Pries, CH2M HILL



Wil it work in winter?

-same levelas the summer performance o

: .Will"i't work jin,. ﬂae farfNorth.P ;“ S

the Northwest Terntones

: .'»'Wzll it work for all nument
and chemzcal types’ ’

treatment system

Wil this technology be applzcable
e to all sztuatzons? ‘

ble for the wetland treatment technology

A .' Has tbis tecbnology been applzed
-to a large-scale mstczllatzon? B
' : - ! .‘efﬂuent

‘How long wzll it contmue to -
' ""remove tbe contammants? .

il

7. § removal capacity of high strength mdustnal systems may be. less
- vpossrbly ina decade ‘

- _'Wzll the accumulated conmmmants
" wash out of. the stormwater wetland

'treatment system dumng mmstorms? 5 and retammg sedtments 1n the wetland

L .What about metuls accumulatzon
S the soz] and Dplants?-. '

‘greater than those. growmg in‘a contaminated water. stream.

'mulatron on the surroundmg envnonment

. ‘Will wtldltfe be adversely aﬂected
b y the accumulated contammants?

be incorporated into, the prolect de51gn to mmttmze these nsks
' Research is contmumg on this subject; :

\Vetlands contmue to- perform many of thelr treatment functrons
very efﬁcnently in winter. The first two years of operation of a- .. -
system in Norway showed a winter performance almost at the e

The apphcatlon of wetlands in cold chmates has successfully S
B-met efﬂuent criteria across Canada as far north as the Yukon and .-

‘Wetlands have been used to effectrvely treat a w1de range of
mumcrpal and industrial’ effluénts. Each waste stream requires a
_careful, individual consideration. . Concentrations and types of

' chenucals that have not been tested in a blologlcal wastewater
treatment system should be approached with the: same‘ T
caution that would be exercrsed in a conventtonal wastewater R

_‘There are many potentral wetland apphcattons HOWever expe-* -
“rience has shown that after cartying out an initial investigation, "
only about 50% of the: potentral sites would be con51dered fea81- i

TIn. Canada at Frank Lake Alberta a 1246 ha system has been '
mstalled to treat munrctpal and 1ndustr1al terttary treatment L

,AlthOugh the oldest wetlands currently in- operatron have only' o
been momtored for a few decades, experience indicates thatthe . -
-life” expectancy wﬂl be related to the type and strength of efflu-
.ent being: tréated. SpCleIC wetlands treating low strength -*
jmumcrpal wastewater have. been-estimated to have a life: .
“expectancy of centuries if properly. mamtamed However, the .

If the wetiand is desngned properly, the. sed.tment should remam‘
in the-wetland. Appropriate wetland designs 1nclude trappmg h

vStudtes have shown that the accumulatron of metals in. the sod' " -
- and plants can b€ quite variable. Some sites with.no contammat-. -
ed watér flow showed levels of metals in the’ plants that were

Investlgatrons continue to’ detemnne the xmpact of metals accu—,l
-Based upon the screntlﬁc knowledge gamed to date the nsk to .

_erdltfe is likely temote: Where bicaccumulation or w1ldhfe:-':
expostire has the potentlal to become a problem measures can
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Canada’s Wetland Regions

Legend

Arctic (High Arctic,
Mid Arctic, Low Arctic)

Prairie (Continental prairie,
Intermountain prairie)

Temperate (Eastern temperate, _
Pacific temperate)

Subarctic (High subarctic,
Low subarctic, Atlantic subarctic)

ﬂ‘n\.

Boreal (High boreal, Mid boreal,
Low boreal, Atlantic boreal)

Oceanic (Atlantic oceanic,
Pacific oceanic)

Mountain (Coastal mountain,
Interior mountain, Rocky mountain, -
Eastern mountain)




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

Number  Location - Number Location Number . Location

Yukon : British Columbia Manitoba
*1 0Old Crow 10  West Moberly *34  Oak Hammock
2 Destruction Bay 11 Portage - - °
'3 Haines Junction 12 Stellaquo  Osiario
4 Crestview *13 Coal Creek 35 Cobalt
5 Faro 14  Rosewall Creek 36 Listowel
6  Ross River 15, Pinecrest Estates *37  Fullerton Township
7  Teslin 16  Richmond *38  Sarnia
' 17 Burnaby 39 Lambton
Nortbwest 18  Frances Garden 40 Essex
Territories 19  Throup Road 41 Hamilton
8  Hay River - 20  Fishtrap Creek 42 Niagara-on-the-Lake
9 Pine Point 21 Chilliwack 43 Mississatga
: 44 East-York
Alberta 45 North York
22 Fort McMurray 46 Scarborough
23 .St Paul 47 Port Perry
*24  Stettler 48  Storrington v
25 Frank Lake 49 Rideau Township
26 Stirling 50 Kanata
Saskatchewan Quebec
27 Meadow Lake 51 Lac Simon
28  Saskatoon 52 Lac Simon
29 Aberdeen 53 Carillon
30 Humbolt 54 Mirabel
31 Shaunavon 55 Riviere Beaudette
32 Regina 56 lle Ste. Hélene
33 Estevan 57 Montreal (Biosphere)
*s8 . Stoke
59 Grand-Saint-Esprit
60 Fontages
61 - Saint-Felicien - -
62 Saint-Henri de Taillon
63  Saint-Vianney ’
New Brunswick
64 Moncton
Prince Edward Island
*65 New Hannan
' Nova Scotia
66 River Hebert
67

Hwy. 101 Landfill

*Descriptions of these sites are given in the following “examples” section.
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Puc’ifi'chthper'dte.Weﬂdnd Regitin'—,lndustriu! Application -+ . T , e
| coat Creek Brttzsb Columbia o s o
S Constructed Wetland for Fish Hatchery Wastewater - . E I

| Treatment at Rosewall United Fish Farms : o xump es

T At thrs Vanc0uver Island- salmon hatchery, the wastewater ongmates

| as two streams The first is. heated rearing tank water derived. from Of cunudlun L '

small fish-tanks: used for raprd development of ﬁngerhngs from the.
swim-up stage of development The lasger flow, from the main ﬁsh

‘holding tanks, is unheated water and is used to grow fingerlings up to con Structed "

:’smolt size. Both’ waste streams are provided prelrmmary treatment by
. screening through TRIANGEL filtérs; The contifiuous . flow of back: - w I d f
~ wash water from the TRIANGEL filters i is directed to 2 settler unit and et u“ S or

" the supernatant dxscharges into a-small marsh The filtered waters are -

B passed through a blologrcal ﬁlter and then mto a larger marsh o W t t
1 The system has been developed to maintain the high- quahty fresh - us ewu er

",waters -of Coal’ Creek and to protect an oyster ﬁshery on the beach .

i recervmg the Coal Creek Waters Direct drscharge of ‘the fish hatchery Tr e utmen'

waters has not been permrtted The treatment ‘and drsposal system

e maxrmrzes removal ‘of- grganic load and nutrients, and reduces the

' ,‘charges to a larger marsh. Both wetlands were constructed 1n 1991 from matenals on

. potentral for transfer of dtseases from.the hatchery to. wrld stocks mf . B
the creek. . o Lo : et :
"The backwash water ﬂow rate is esttmated at 111 m3/day The wetland requrred o]

1. treat this volume is approxrmately 40 mi x- 33 m, and the screened water ultrmately dis-

*|: site’and cattail is the. predommant plant specres Final. discharge: of the-treated waste- | R
water is drspersed through a dramage system that ‘utilizes waste oyster shells to reduce’|
| the impact of fresh water on the salinity levels of the commercral oyster beach. No sig-
'_ " nificant difference ‘has been found between the quahty of the treated waters exrtmg the' '
i marsh and the Coal Creek waters : : o

. (ontmentul Prmne Wellund Regton Agncuhurul Apphtmlon

: Stettler, Alberta " - _
|- Stough C‘onsolzdatzon and Runojf Retentzon ks
A water. management research and demonstratron pro;ect (the Massey Research Pro;ect) |
‘near Stettler in central Alberta was uutrated to: test the technical and ecoriomic feasibility |~ o '
: 'of storrng ‘excess runoff water on farms as an alternatrve to bmldmg conventronal 5 _
, dratnage drtches Runoff Wthh accumulates in 15 sloughs on-a ‘typical quarter’ sectron Bl L
- 18- collected by a subsurface pipe system and pumped into a three-hectare consohdatton N
' ~_pond 1ocated in a corner of the property The collectron pipe network and automatrc d
| pumping system are designed: to. remove all water from the sloughs in’ ‘time . for sprmg ‘
" seeding so the’sloughs can be. cropped- as part of the ad]acent field. The stored water is
irrigated onto the cropland to empty the pond each fall. B S
o dtis important. to clearly define the meaning and Ob]CCthCS of. slough consolrdatton o
"| andto recognize the legal and techmcal unphcatrons of thrs water management concept 4
R vSlough consohdatron mvolves “the amalgamatron of several sloughs or water retentron‘ ,




g areas mto one slough or storage pond to reduce the number of obstacles to farmmg R

In the past, consohdatron has been practised marnly on: farms w1th large deep sloughs
mto whrch smaller hrgher elevatlon sloughs can be dramed by gravrty The addition of

: 1a pumpmg system as in this pro;ect isa way to expand the applrcatton of the concept. -f '
|oto those farms where httle topographrc drfference exists between sloughs N

- The consolrdatron pond and surroundrng uplands were modrfred to provrde

'enhanced wrldlrfe habitat by constructron of nesting 1slands and plantmg of trees’ andﬂ‘
grass Ongoing research will evaluate the agrrcultural and wﬂdhfe beneﬁts of this slough »
: consolrdatxon concept ‘and develop desrgn crrtena for on farm runoff management in. |’

e srmrlar chmatlc regrons of central Alberta ,

: Prmne (ommemul Weﬂund Reglon Mumupul Apphtuhon

Stonewall, Mamtoba T
Oak Hammock Marsh. Conservation Centre c
5 Wastewater Treatment System s

1 Oak Hammock Marsh Conservatron Centre is servrced by a wastewater treatment sys-"" '
tem whxch was designed to meet and surpass the requrrements of the Mamtoba
vEnvrronment Act Licence. A. three~cell lagoon system was chosen over a ' mechanical

- treatment system because 1t 15 more rehable has a lower mamtenance ‘cost, and a lower |
capital cost The system ‘accommodates_the sewage treatment needs of. the Oak o
| Hammock Marsh Conservatron Centre which’ holds a'staff of 140 hasa pubhc cafetena B

_’_and is expected to attract over 200 000 vrsrtors annually

. “The system consrsts of three cells one more than tradrtronally constructed The prr-_ ' '_
o :"mary cell receives untreated wastewater and prOVIdeS treatment through a “settllng-.; o
1. out? of the larger parttcles and brologrcal breakdown Of the remammg wastewater The L
. second ¢ell receives overflow and provrdes addrtronal treatment ‘and storage through 1
- the wmter months when no effluent is drscharged ‘At this. point, the two-cell system Rt
1. 'would have reduced the brochemrcal oxygen demand as well as levels of. Suspended
‘| “solids and coliferm in the effluent; prior _to drschargmg effluent from the system...
| HoWever the Oak Hammock' Marsh Conservatron Centre- system has been. desrgned to 1 ¢
,mclude a: thud cell to further safeguard agamst nnpactmg the envrronment Thrs thrrd e
-'cell is'an. arttﬁcral gravel bottom marsh planted with cattatls that femoves phosphates R

‘and mtxates and further reduces the brochermcal oxygen demand from the already treat—
'ed sewage ‘It also provrdes addrtronal wetland habrtat for wrldhfe

. " The system was chosen for the:Oak Hammock Marsh Conservatron Centre to: act as
‘a demonstratron ‘model that: will hopefully: encourage mumcrpalrtres to mcorporate a

o ‘constructed marsh or artificial wetland in future lagoon developments

The system will store wastewater between November 1 and July 15 of the follow-', _': .

ing year in.the primary and’ secondary cells qumd will be’ drscharged into the third cell,

“or artrﬁcral marsh, held for two to threé ‘weeks, then' discharged into Oak Hammock ™
e _Marsh Efﬂuent will not be transferred mto the third cell until the orgamc content (BOD__f
<30 mg/L), the fecal coliform. content (<200 per 100, ml), the total cohform content:
(1 500 per 100 mL), and the sodium content (<30() mg/L) meet the requrrements of the _

v Mamtoba Envrronment Act Ltcence 1ssued on January 28, 1991

e



{ -,-ngh Suborchc Weﬂund Reglon Mumupul Apphcutlon

- _ Old Crow Yukon

Natural Wetland for Sewuge Treatment

A small smgle-celled lagoon was constructed for the Department of Indlan and Nonhern.;' o
- Affairs Canada by the Yukon Government in. 1975 It was originally built to provrde for |

dlsposal of educted sewage from federal mstrtutronal buildings in the commumty 4?
Shortly after 1t was completcd responsrblhty for 1ts operatron and mamtenance was | '

' transferred to the Yukon Govemment

When full; it was penodrcally dlscharged by pumpmg the- treated efﬂuent to a sur—-'
rounding swamp that flowed- into the Porcupme RlVCI‘ In time, it became apparent ‘the
lagoon was. too small for oid Crow as an 1ncreasmg number of new ‘homes. were built |
with sewage. holdmg tanks In 1984, the Yukon Government s Mumcnpal Engmeenng )

Rt :Branch ‘commenced plannmg for.a larger fac1hty to replace the existing. lagoon In 1986 1 ‘
‘predesngn mformatron for a new facility was included in the apphcanon for the- Water |
_Licence renewal The new smgle-celled lagoon was larger and- was to be located in the 1

same swampy areas as the old lagoon N

~The supportmg documentatron for the water hcence renewal mcluded a smalli_'j o
A --amount of performance data collected from the old lagoon Wthh exarmned the degree” ‘
T of further treatmient and efﬂuent pohshmg whrch occurred in the- wetlands On the

strength of the submission, a new hcence was “issued which, for the ﬁrst time, formally

. ,mcorporated the concept of wetland sewage treatment

Constructron on the new lagoon commenced in 1987 and the system ‘was commis- |

: sroned in, the Fall of 1988. With low water usage in the commumty (which. utilizes-

trucked dehvery), the lagoon has taken 4 long time to completely fill, but has had 1o

. problems meetmg all hcence COIldlthl’lS (Narrne 1992)

low Boreul Weﬂund Reglon Agntulturul Apphtutmn

) .Fullerton Tawnsth, Ontarzo :
, Constmcted Wetland to treat Contammated Bamyard Runof/'

: .‘The f1rst constructed wetland system for treatmg barnyard runoff in’ Ontano was. |
_ installed by a dalry farmer in Fullerton Townshrp near the City of Stratford Ontarlo In |

- 1992 the landowner contacted the Upper Thames River. Conservation Authonty thh'
-the idea of mstalhng a marsh system to treat bamyard runoff from hrs daxry operatron A

system was desrgned by a Conservatlon Authonty engmeer -and brologrst Constructlon
was completed ovéra four—day penod in June 1993 ‘ - -

. ‘The constructed wetland is 0. 32 ha in size and con515ts of a three-stage treat.ment 1
‘ system Runoff from the concrete yard and storage area is temporanly ponded in a grass

setthng area. Here the water drams slowly through a vertical pipe inlet to. the second 3

.| treatment cell: The second céll is desrgned to move the runoff water through a shallow ‘, S

20 to 30-cm, deep winding channel. Cattatls bulrushes; and other wetland Vegetatlon

Towere transplanted from a’ nearby pond into the channel The majority of the’ transplant-
o ing took place in November, when the plants were dormant However, 40 cattails plant-

ed in July survived surpnsmgly well and produced approxrmately 500 new. shoots by

" . September 1993, Water from the second cell flows into’'a thnrd pond area whrch has.a
| _vanety of shallow and deep vegetatlon R ‘




;mented statrons accurately momtor surface water ﬂow water tenrperature and rainfall.

_ to treat contammated 'water. Momtonng wrll continue for several ‘years..

' treatmg contammants

ik Eustern Temperote Weﬂund Reglon Mumclpal Apphcutlon

1. Sarm?a, Ontamo
: Landﬁll

'wrthm the landfill, the site is. equrpped wrth a perimeter leachate contamment system. .

' lagoons and a sedrmentatron pondto.the wetlands located east of the site.

I edin a basm about three metres below the surroundrng landscape.: The wetland is
prrmanly wooded and is typrcally flooded from late wmter into early summer, or for

the Certrﬁcate of Approval

| the Wetland basin is ﬁlled ‘the: efﬂuent is transported in an easter:ly drrectron to Perch

provrde a mrmmum retentron trme of two to four weeks ‘within the wetland

Prlor to constructron hydrogeologrcal testmg of the srte was completed and the qo
- groundwater monrtorrng wells. were- mstalled Both: groundwater and surface water
,quahty are bemg momtored for chemical and, bactenal concentrattons ‘As well, mstru-_ |

Samples. taken in the first six ‘months of operatron md1cate that the- constructed 4
wetland has performed well to reduce- contammants in the’ runoff water. It'is believed .|, ' .
" .| that much of the initial Contamrnant reductron is.the result of sohds settlmg, adsorption | -
o to the bottom sedrments and sunhght exposure "Although initial results show good: )
‘removal efﬁcrencres itis 100 early t to make any predrctrons on the system S future abrhty_ S

If the success of. the wetland technology continues, agrrculture will have.an altema—" 1
' ‘trve low cost method for handlmg barnyard runoff that uses 4 passrve natural system for |

. The Sarma Landﬁll Srte consrsts of 21 ha of approved landﬁll area as well as 40 ha to the 1
. south of the.landfill area. In. order to prevent the offsite mrgratron of. leachate generatedv |

“The leachate. contamment system consists of a low: permeable barner and perfo-_ 1
rated tile: collectron system Leachate 1s treated:at ani average rate of 13.6 m3/day 3 000 1
_‘.IGPD) The effluent from the. Leachate Treatment Facxhty is drscharged via two storage" L

: The wetland is srtuated unmedrately to the -east of the ’landﬁll site on 60 ha- -of land_ 1
'leased by the County of Lambton Tt covers an area of approxrmately 6.5 ha and is situat-

| approxunately 12 to 25 percerit of the growmg season. By fate summer in’most yedrs, ) '
il ._the wetland is, dry The wetland is the ﬁnal b1010g1ca1 treatment process that the treated ’
_léachate effluent undergoes before it enters Perch Creek, and subsequently Lake Huron o
3l Treated leachate effluent in the storage lagoon or the acration lagoon can be drscharged -1 .
' v1a a sedlmentatron pond to the wetland from March thrOugh November as stated 1n- g0

The: ‘maximum water depth in the wetland basm is between 0. 5 and L 0 m -Orice

_Creek The estrmated rmmmum drstance that the efﬂuent must travel from the sedrmen-.- .
tation- pond to’ Perch Creek is 800.m. Flow. of efﬂuent from the lagoons is regulated to_|:
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: Eustern Tempemle Wetlund Reglon Mumupul Applltuhon .

‘_,,Stoke, Quebec o ‘ o I
' WetlandTreatmentSystem o ' L

The Mumcrpahty of Stoke completed a constructed wetland in the Fall of 1993 to treat 1 .

- the efﬂuent from an exrstrng septrc system after carrymg out-a’ prehmmary feasrbrhty |

study-of the wetland technology , - :
- The. subsurface flow Wetland treatment system consists of four 18 m long by ‘

1135 m- wrde cells; plarited with: reeds (Phragmites- sp.).- It services a populauon of |
- | 130, people ata desrgn flow rate of 41 m3/day and is operated year-round '

Thls is the first system of its.kind to be: rmplemented in Quebec for the treatment of

" munrcrpal wastewater The wetland system is presently the focus, of a research pro;ect
' that wrll evaluate the performance of the system over a- pertod of three years B

‘ "Allunm Boreul Wellund Reglon Industnul Appht(mon |

R 'New Hamum, Prince Edward Island

Cavendtsh Farms, Bzologzcal Wastewater Tredtment o

One of the most complex and modern brologrcal wastewater treatment plants in North '

B _ Amerlca was- completcd in' the Fall of 1993 at New ‘Annan, near. Summersrde, Prmce

24 ]

Edward Island. ‘The complex treats wastewater from the’ Cavendrsh Farms potato pro -

cessing plant Wthh operates around the clock seven days a week all year The: plant h

produces french fnes and frozen peas in- season.: : . »
The' artlﬁeral wetland is adjacent to the treatment plant and is used to further pohsh' :

" the wastewater treatment plant effluent. The complex is operated by the company and- '.

treats all of the wastewater from the processing plant. The ‘polished, drslnfected éffluent -

from. the advanced actrvated shudge. system issenttoa 1. 6 ha detentron pond that has a’|
.two-day detentton time. The efﬂuent ean be assessed at the detention.pond and if it |
- "doesn t'meet the standards set for it, can be returned to the broreactor for further treat-
ment. If ‘the effluent is sattsfactory, it proceeds to an arttﬁcral wetland and ﬁnally to

Malpeque Bay. ‘ . . .
“The wetland was seeded naturally wrth local emergent aquatrc vegetatron such as »

| cattarls rushes, ‘and’ reeds ‘The plants are’ both submerged and bank rooted. The wet- e ;

land covers 1. 6 haand is. desrgned wrth three cells: operated in series. The ‘wetlind cells”
were constructed using ‘earthen. berms and constructron followed exrstmg contours )
using a balanced -cut-and-fill techmque Overﬂow weirt structures connect the cells. |

"enabhng effluent levet control in each cell It is antrcrpated that €ach cell wrll be, drained

annually’ to perrmt harvesttng of vegetatton growth By harvestmg the plants some of' S

' 'the nutrients removed from the wastewater wrll be rémoved from the system. )
‘The effluent from thé new wastewater treatment plant is’ of excellent qualrty prior I

1o drscharge to the Wetland The plant unmedrately upoen startup, met ‘or exceeded all |
' provincial and federal requrrements since startup, efﬂuent ammoma has been consrs A
. "_.tently below two ppm and five- day btochemrcal oxygen demand (BODS) has remamed -
- under 10 ppm. Chemical oxygen demand. (COD) removals have been 99: percent plus.

. Suspended solids are averaging about 10 mg/L. These. removals are bemg realrzed before':, o
. the efﬂuent reaches the wetland where further treatment lS expected : '




_Nuhonul Dlstnbuhon

"~ An mtensrve survey was carrred out: by

CH2M HILL Engmeenng Lid; of Waterloo " »
- Ontario-in’ early: 1994 to determrne the
_ locations- of wetlands used for stormwa-"

ter and wastewater treatment in Canada

1n Ottawa

- The frequenCy of Wetlands for waste— -
o water and stormwater treatment in. -

the Temperate"an'd‘ Boreal Wetland

. ' Regions defined by the National Wetlands.

B performance

U Cthie future Thrs is partrcularly true of the o
"."'Lrstowel Ontano pro;ect where exten-n C
" sive monrtonng was camed out Itis very'
_.'Aevrdent that. since the :
. 'mstallatron ‘of . the
.+ “failed” systems ‘of- the wustewuter
-~ late 1970s and- _early
- "fFrgure 1 shows the location of each of 67.
‘. sites that were 1dentrﬁed in-this survey Gt
, ‘has smce been; dlscovered that more sites
o exist).-A. _copy’ of the: questronnarre that . "
\was sent to each of the wetland authori- - -
" 7o ties managmg these srtes is provrded in .
h ,'_Appendrx C. Data on additional sites.is -
.+ invited. New reports can. be filled out and’
. imarled in_ for inclusion in future updates
" “of the database that ‘has been developed ' ‘
- for the Secretatiat to. the. North American - -
i Wetland Conservatron Councﬂ (Canada) -

1980s; wetland design

crlterla have under- u“d S'Ormwuter

‘gone consrderable

changes and ‘have
evolved” ,t_o. -ensure Treutme“'
. much more reliable -

. wastewater '»an'd wetlunds
- stormwater treatment

- Provmtlul und
8 Termonul Summunes

ThlS sectron grves a summary of the use el
. .+ of wetlands for wastewater and stormwa- ':

/. Canada, as seen in Table 4, is, highest in" . ‘»'ter treatment in.all Canadian . provinces. - ..
.. Over 100 contacts. were made with® ©

kno.wledgeable sourcesac_tryely, involved v

Workmg Group (1986). The High Boreal R

”Wetland Regron whmh stretches into the‘

_ :eentral part ‘of the. Yukon and Northwest:
Terr1tor1es (NW’I') has at least ten’ wet:-

e - show, ‘and:short summers with short
R _.“-growrng seasons ‘The status and locatron
" of each of the wetlands is sumrnanzed in _'

: Table 5.

Of the 67 wetlands 1dent1f1ed 67% -
are full-scale’ operatrng systems 9% are
L prlot installations, 18% are designed and
- ‘approved srtes and 6% are prlot- or. full .
scale systems that have, “failed.” A select-
" ed number of- these. prolects are featured i

L e “‘Fazled’ systems have provzded wetlcmd
. ‘,.lands for wastewater treatment thit are_:-. N

.operatrng on a seasonal basis, or have‘,
o 'been approved by the regulatory authori- - k
" ties: The climate in this region is typified .
by long wmters hrgh accumulatrons of-,-" L

deszgners cmd researcbers wzth valuable

data, experzence and knowledge

in wetland treatment 1ssues Thrs y1elded e
. “descrlptrons of a total. of 51 operating e
wetland treatment systems four that had _
‘been tested and abandoned, and 12 sys+ S
'tems that ‘were approved for mstallatronf-_ﬁ'- ’
“in 1994 In general those contacts with. " -
the most wetland experrence and famrl-- ’ :
iarity wrth the literature, were the most o

v - supportrve of. the technology
~ in this section: It is nnportant to note thatl T _ _

“the “failed” systéms are provrdmg to wet:

© . land. desrgners and ‘researchers valuable R s

o .data experrence and knowledge that” -
e 'wrll help to develop better desrgn data for a
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- Low Arctic-

- Low Subarctic

S Intermountam

-.Tuh|e4 | | '_
Treatment Wetlands in Canada by Wetland Reglon* o

WETLAND REGION ~ NO. OF EXISTING EXISTING TESTED AND PROPOSED ~ WETLAND
SITES FULL-SCALE PILOT-SCALE ABANDONED POTENTIAL

* High Arctic .
Mid Arctic

oo'o"o"{
T E=

Subtotal

© Subarctic . .
High Subarctic .

. Atlantlc Subarctic 1
" Subtotal

Temperate _ S , S IR BT
_Eastern Temperate| ~ 20 (- & .| 20 N DT R .
" Pacific Temperate | 8 L6 I o
 Sebtotal . 28] 4 | T 4 [ a1 | 9. -

[\
NEE:

‘Boreal . "~
High Boreal
© Mid Boreal

Low Boreal -
-Atlantic Boreal . | -
.. .Subtotal

ERET R

kL AV R

Qo

- Mountain 1
- Coastal Mountain |-
.~ Interior Mountam
Rocky Mountain |
* Eastern Mountain ~
" Subtotel

‘ 't-.-*":?' = 'o‘r-i:f L

. Pralr'le l : Y I I TSR SRR REERN T
Continental Prairie|- - 10 - |-~ 8 .. | ... 1 ERRET IR S S . ; &
' Subtoiol oo s 8 [y T |

Oceam?c.i _ R T A '
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' Location and Status of T reatment Wetlands ‘ S
WETLAND

S NUMBER

LOCATION

REGION

APPLICATION

FULL-
SCALE

PILOT-
SCALE

DESIGNED!

1 oid CljoyV

SH

. Municipal,' Lagoon.

Destruction Bay = -

B

~ Municipal, Lagoon .|

. ,Hames]unctxon e

. Municipal; Lagoon .. |

Crestv1ew

" Municipal, Lagoon - - |

- Faro - -

Munijcipal, Lagoon

{ Ross River '

BH

_‘Municipal, Lagoon

(RS ENIVE FN IS INT Y

Teslm

. Municipal, Lagoon™ '

: Nortbwest Temtori "s_, o

T- Hay Rlver

B

: -Municipal; Tagoon

L Pme Pomt o

" BH .

S Brmsh Columbia

' Municipal, L‘agodn :

E Mumcnpal Lagoon -

West Moberly . °
‘Portage

‘Municipal, Lagoon L

Stellaquo

_ Municipal, Lagoon

Coal Creek. - - -

, -Industnal Fish Hatchery .

(two sites) -

14 .

|- Resewall Creek .

| Industrial, Fish' Hatchery

15

Pinecrest Estates ~ - |

| Municipal, Wastewater -

Treatment Plant

' Secondary Effluent: *

"".:1'6 '

“:Richmond .

_Landﬁll, Leachate

17

Burnaby

“-Stormwater, Rural

Frances Garden.

- Mumc1pal Wastewater - | -

Treatment Plant .

‘Secondary Effiuent -

E . 19 _

Throup Road "

Mumelpal Wastewater
Tréatment Plant -
A Secondary Effluent .

200

: .Fish_trap' Cre'ek

T 1P

. Stormwater, Urban - -

o

‘Chilliwack "

" :’Industrial, Oil " ."-

{Ilb'erta R

R _22“ ’

Fort McMurray’

T

. _'Industx_‘ial-,ii()ilpv:. o

23

St. Paul - =

TTBM

Municipal, S¢hool

Stettler

T PC -

" Farm, Stofmwat’er )

T

' FrankLake '

- PC. -

] Industnal Meat Packer N

Mumc1pal ‘Lagoon

26

_ _Stirling' A

T pC

,Mumapal, .Lagoo'n‘ o

27



- Table 5 {continved) = ¢
‘ lqaafian and Siains, Qf Z'neaimént Wetlands | e T o .
NUMBER LOCATION WETLAND APPLICATION FULL-  PILOT-  DESIGNED'

REGION SCALE  SCALE

. ' Saskatchewan R ,
27 | Meadowlake | BM | Municipal, Tagoon | ¥
28 | Saskatoon | PC_| _ Stormwater, Urban R B
29 . | Aberdeen’ - PC | Munici'pal., Lagoon " -* -] E
30 | Humbelt .~ .| .- PC. . [ Municipal, Lagoon | . -| - * .-

- 31 . Shaunavon ' . |~ .PC' " | Municipal, Lagoon - | *. | . _

: ';;'.3,2 ' Regina- N "P,C‘ 1 Stormwater, Urban. : | - *

33 ‘Estevan . . | ,BC |, Municipal, Lagoon - | *

R o Manitoba R P R
. 34 I'Oak Hammock [ PC |  Municipal, Lagoon T T R
SRR ',,Ontamo . ' o : ' ) I '
T35 Cobalt.~ -~ S BL :'A _ ._Mun-icipai, Lagéon T ] *
. 36 || Listowel - . e ] BL " _MLjﬁicipal,'_I.agQOn' R ': *
37 | Fullerton Townsh1p - 'BL- | - Fatm, Manure Runoff - [ * [ .
_ 38 | Samia” - - ' TE ' |  landfil; Leachate | *
-~ 39" | lambton. - . .. | . TE’ | Stormwater, Industrial BCRE
_ 40 | Esex- | TE .| Farm ManureRunoff . | * | . |.
o :4L. | Hamiton . | " TE . [ Farm,Manure Runoff | . - o R
" 42| Niagarzonthelake | .TE |. Municipal, lagoon | . |+ |
43 | Mississauga © | . TE . | Stormwater, Upan . | *= | . _
44 Eaét,York | TE.- | Stormwater; Urban . R N
. 45 | NorthYork = {:-  TE |- Stormwater,Utban. [ - [ =+ | - %
46 | Scarborough | "TE. | Stormwater, Utban - |- . |. . | . .
. 47 . Port Perry =~ - | TE o Muﬁicipal) La’ng‘_I]v' ) ¥ R
48 | Stornington - | #TE | landfill, Leachate N
49 | Rideau Townshxp . " TE * | Farm, Manure Runoff =~ | -~ * T i "
50 ‘|Kapata. - . TE.- | Stormwater, Utban | - | - [ *  °
S ,-»‘Quech_ ; D o .
: ::.'51 ‘ A'La'c_Sim‘ovn o T BL MumCIpal Smgle _ S
4 oo ooy Family Dwelling | ¢
52 [TacSimon _ . | BL_ . | Municipal SepticTank | ° |- | .
53 | Carillon- - | TE | Manicipal, SéptiéTan'k R T e
54 | Mirabel . . .- TE. | "Municipal, Septic-Tank- [~ * = [ [ ¥
55 . | Riviere Beaudctte © TE ~ | .-Municipal, Septic Tank - | - ) R " N
~ 56 | Tle Ste. Héléne | TE" |': Recreational Beach- | * |~ | B
. . 57." | Montreal (Blosphcre) ~ TE | Municipal, Septic Tank | * -
.58 Stoke “ - | - :TE " | Municipal, Septic Tank B




: 59 : AGrand Samt Esprlt : ' TE Mumcxpal Lagoon

Tuble 5 (conhnued)
Locatzon and Status of Treatment Wetlands : T e
B NUMBER LOCATION WETLAND APPLICATION FULL-

REGION SCALE

.- 60- :| Fontages -~ . . .| - SL. .. Municipal, Lagoon ' B
© 61 {l.Sathchaen o b BLY Murqual, Zoo, Lagoon: | * -
+ 62| SaintHenri de Taillon |. . "BL . | Municipal,Lagoon |

63 ¢ SamtV1anney R -" " BA - '| - Municipal, Lagoon. " | * -

V ‘New Brunswick

TR [Moncton . - | BA | Mumcnpal, Tagoon | T
L :.APrinceEdwardIsland : R
65 .| New Hannan ~ ]~ BA"." Jindustrial, Potato Processor o

oo S oo T | Secondary Effluent; T

A Nova S_Cotvia'-f_ ,

astewater Treatment Plant] . -

% T RiverHebert . | BA | MliniCipal Lagoon

"-\6,7:":_1; “Hwy. 101 Landﬁll I BA Landﬁll Lcachate

2 System has been deszgned and approved by the regulatmg authorttzes Constmctzon to begm when weatber permtts S

Legend/Notes

Wetland Regions BA Alflantic Boreal
o 'BH High Boreal
e BL- Low Boreal
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- BM Mid Boreal L
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» PC- Continental Prazrie L
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TE - Eastern Temperate

TP Paczﬂc Temperate

o ':‘)lppliEﬂ_gtiqn_s:‘

E Munzczpal Treated (Prtmary/Secondary) Mumczpal Wastewater :
Lagoon- anary/Secondary Lagoon | Treament G‘acultative or Aerated) S

. ‘,Indusmal Vi reated Industrzal ‘Wastéewater. o :
"Otl - Treated Wastewater from the Oil Ina'ustry -
“Fish Hatchery Treated Fish Hatcbery Wastewater S

'
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“during the summer, and

Yukon

Outside of the capital, Whitehorse (popu-
lation 21 000), the communities range in
size from 80 to approximately 1 600 resi-
dents. Most Yukon communities are situ-
ated in river valleys or beside lakes.

During the past decade, there has been a

concerted effort made by the Yukon and

“ federal governments, municipalities, and

the Territorial Water Board to upgrade
and construct high standard sewage treat-
ment facilities in the majority of Yukon
communities. This has been accom-
plished despite limited funding, necessi-
tating the-investigation and utilization of
cost-effective and innovative treatment
technologies, including wetland treat-
ment. Seven communities (see Table 5)
are currently using natural or constructed
wetlands in conjunction with pretreat-

- ment in facultative lagoons to meet their

wastewater treatment needs (Grainger
and Yaworsky 1992). Some of these wet-
lands were constructed in the mid-1960s
and continue to operate. Most wetlands
receive seasonal discharge between the
months of June and September. A wet-
land feasibility study has been carried out
for the City of Whitehorse
(Klohn Leonoff Yukon
Consulting Engineers Ltd.
and NovaTec Consultants
Inc. 1991).

Several challenges for
wastewater treatment using
wetlands in northern com- .
munities include permafrost
(damage to berms), low pre-
cipitation, extreme tempera-
tures, 24 hours of sunshine

24 hours of darkness during
the winter that can lead to
septic conditions. .-

Nortbwest Territories

The wetland search that was carried out

revealed that at least two systems are

operating in the Northwest Territories at -
_ Hay River and Pine Point. Both are natural

wetland systems receiving municipal
wastewater treatment lagoon effluent on
a seasonal basis.

British Columbia

Full-scale or pilot-scale wetlands 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 mihing
wastewater and stormwater treatment,
phosphorus removal from creeks enter-
irig several lakes, leachate control (includ-
ing leachate control from wood waste
material used in highway construction in
soils having poor load bearing character-
istics), fish hatchery wastewater treat-

- ment (at least two systems have been
installed), and municipal wastewater .

treatment including two systems that
have been installed on aboriginal lands.

Wastewater wetland with constructed islands at Frank Lake, Alberta.

Photo: J. Brunen



, Wastewater Wetland research 1nf'
' ‘.'Brtttsh Columbra has taken place for '
.some tlme and there are several very -
' knowledgeable contractors workmg wrth ; L
' ".}mthe provmce

- Alberta

The provrncral regulatory authormes in
Alberta view the use of - wetlands for -~
| stormwater and wastewater treatment as
L re_latryely. newand.untned te_chnology L
~ -that 'requires further study. The City of -
‘, Calgary has setup a ‘task force sanctioned B
by Alberta Environment to investigate the
: feasrbrhty of usmg Wetlands for stormwa- ) i
ter treatment Numerous potentral snes.
,‘have been 1dent1ﬁed and it is antrqpated |
that of the €ight to ten sites to-be chosen,
- two, sntes will be hlghly monitored. A-pro-
- gram called “Wetlands for Tomorrow”-

" has been established in an effort to

enhance wetlands, create’ habltat store o
Cirrigation’ water and treat sewage At. -
- ‘least ﬁve wetland wastewater treatmeént.

-SltCS are now in operatton (see Table'5). ..

Currently, lagoon and’ wastewater‘. :
treatment plant efﬂuents are requ1red to 3' B
.. meet the by-law. ob]ectlves prior to drs-_"
" charge to the wetlands. Therefore, the *

. Wetlands are not consrdered to be an inte-

gral part of the wastewater treatment sys- -~
"' tem.- There is no requrred momtonng of

- the drscharge of the wetlands because the

‘_ dxscharge from Wetlands 1s not regulated '
__Wetlands have been used in several pﬂOt-'

: and full-scale apphcanons mcludmg the

: treatment of oﬂ-contammated water and .
"clay water suspensrons (fme tatls) .
_ Wetlands -are, bemg consrdered for treat- .

. ing feedlot stormwater runoff

E Saskatchewan

Constructed wetlands have been mstalled
in-at - ‘least seven. commu_nmes in

- -Saskatchewan (see Table 5) over the last’

decade followmg fea51b1hty studres that

showed promrse for the wetland* technol-i .

ogy. In many cases, the wetland treat-. L
~'ment capabxlxty has béen 1nconc1uswe o
: due 10.a lack of momtonng data The

—

» ‘An mterpretzve centre has been opened

tbat will descrzbe tbe wastewater '
treatment aspect of tbe wetland at o
_ Oak Hammock Marsh Mnnttoba. , - o s

_ Saskatchewan Research Council in
Saskatoon is carrying out a pilot siudy. - o
_"w1th 1.20.m by 40 m wetland for phos-- _
: phorus and: blue-green algae removal ‘ e
-“The Town of Humbolt wetland is an R

example ofa demonstranon wetland sys-

. tem that, apparently did ‘not meet expec-, - -
. tations. It was comrmssnoned in 1979 and :
operated for several years. lt recexved a -
. seasonal dlscharge from a wastewater. .
o lagoon After complenon of the experi- -
mental perlod the- system was aban- -
a doned One opinion that was offeréd bya.. *
;town resrdent was that the wetland was
g con51dered to be unsuitable for the flow
. rate and for the climate: However, the |
data from the’ system were revxewed and L S
- -were found to-be comparable to those for ..
. "similar systems that were operating well. L o
~.The town may: have had hlgher expecta- :
- tions - than what was reasonable for thlS
_ ’.type of system v ' -
The Town of Estevan wetland‘ ,
was constructed and is .owned by .
. Saskatchewan Power to treat thie town’s B
: secondary Iagoon efﬂuent The dtscharge .
s ‘used for makeup water for the power
: plant after BOD and TSS reducnon

'-,ZMamtoba

,Th'e, Prame Farm Rehabrlltatron
Adm1mstrat10n (PFRA) 1nd1cated that
: most of the wastewater treatment 1n _

".":.3'1 -



Manitoba is provided by lagoon develop-
ments. During the course of preparing
this document, only one wastewater wet-
land for wastewater treatment was
found. Ducks Unlimited 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 federal phosphorus removal 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 wetland treatment system,
which has been in operation since 1993,
is located on several hectares of land
beside the marsh. Observation decks
have been built 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 installed by the end of 1994 for agri-
cultural applications across the province
focusing, in particular, on stockyard
runoff. Five of these are currently opera-
tional. The intent of this program is to
provide a closed loop system 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 disposal of the polished
effluent and irrigation of any excess. This
reduces the likelihood of a requirement
for a Certificate of Approval for surface
water discharge. The wetland systems
will be established in differing climatic

Education is a primary focus of the Oak Hammock
Marsh Conservation Centre at Stonewall, Manitoba.
The 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 southwestern Ontario, a sewage
treatment plant outfall 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
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 fall must be accounted for in

Photo: C. Rubec, Environment Canada



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

Several pilot operations are being or
have been monitored including
Storrington Landfill (north of Kingston)
for the treatment of leachate, Niagara-on-
the-Lake for tertiary treatment of sec-
ondary lagoon effluent, and Listowel for
the treatment of p‘rimary 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. Wetlands awaiting con-
struction after gaining approval from the
regulatory authorities include a stormwa-
ter wetland designed for the City of
Kanata. Numerous wetland projects are
in the predesign or the design phase and
are under review by 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

will be an educational exhibit with appro-
priate signage explaining the wetland
processes. Several more full-scale systems
are operating in the Lac Simon-
Papineauville area treating wastewater
from single family homes, a hotel, and a
golf course clubhouse.

New 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 firm that had designed similar
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 wetland. Therefore, the
few wetlands in operation to date are
being 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
high strength wastewater at
a zoo. Several of these sys-
tems incorporate a vertical
flow percolation unit prior
to-discharge to the wetland.
Water quality improvement
of a recreational swimming
facility in Montreal is carried
out using a constructed wet- -
land. The system treating
the wastewater from the
Biosphere on ile Ste-Hélene

Constructed wetland site, Quebec.

Photo: Les consultants RSA
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and. stormwater treatment was carried -
‘out.by the Eastern Canada Soil and Water
Conservatron Centre to gain-a. better
understandmg of the treatment processesr.
'and potentral applreauons _ .
' ‘The" Canadtan \Vrldhfe Servxce of .
- Envu-onment Canada in Sackville has indi-
cated that constructed wetlands should”
. be vrewed as-a technology that may be. -
A apphcable to small commumty waste:
- water concerns. for tertrary treatment but
~not for metals or toxics removal.
Indrvrduals within the province’ s regula-
- tory authorities are mterested in. the use.
. of Wetlands for wastewater and stormwa- .
' ter treatment but are not. wrllmg to- give
" blanket approval endorsmg their use.
They are willing: to consider wetland.
jvapplicanons ona case-byfase basrs
Other areas” of interest in thlS‘

"-:provmce are: a trickling filter preceding a
-, wetland; treating petroleum industry

wastewater; the use of peat’ systems for

- wastewater treatment in stmall’ communi-
ties; landfill leachate treatment; and con-
" verting formet- cranherry production

. "Tareas into constructed wetlands because"'

. the earthwork is already in place

‘Nova Scotz'a .

34
7. manure storage facilities at darry farms. A_v,
- . lrterature review of” wetlands for  waste-

water and stormwater treatment has been.
. carried out by the Department of. -

) Envu'onment

N _The Nova Scotra Department of the
" Environment considers development of
wastewater wetlands to be a ‘medium to
" high priority in the province. A workshop L
. ~'was held in Truro Nova Scoua in August -
1994 with' emphasis on the. treatment of -
' - although no wetlands are currently
" - being. used for. wastewater treatment it
'Newfoundland, wetlands and. peat'sys:
.tems show potential for future apphcanon -

milkhouse washwater-afid runoff 'fronl

Wastewater treatment wetlands are

'berng actively explored in Nova Scotia. .
Ducks Unlimited Canada is undertakmg
" the final de51gn of a Wetland treatment' L
. system The Canadian Wildlife Service is
* awaiting approval to construct 2 wetland

to treat secondary lagoon efﬂuent A geo-

: thermal greenhouse system for the year- ‘

round productron of wetland plants for et

constructed wetlands -is belng consid-

- ered.-As many as 29 communities- may
_ require further Wastewater trcatment
‘where constructed wastewater wetlands
could be: con51dered ' '

Prz'nce Edward Island

In 1993, the Cavendrsh Farms potato pro— 5

'vcessmg plant began using a natural wet- |
. land to- provide tertiary, treatment for an -
B already high quality effluent. They rely on

populating-the Wetland by natural means
with native vegetatton ’ ’

The Prmce Edward Islan.d Fxsh and“ ,",.'

erdhfe Division recently completed a

" wetland inventory for the province. No .
B wetlands for wastewater or stormwater’

2 Atreatment were 1dent1ﬁed although some
~‘of. the waste stabilization ponds in the -
province: are becomrng -wetlands as a:{

result of unchecked Wetland growth 1n'

o the ponds.. CeE
' The Prince Edward Island Depart- Cor
: ment of Environment has had- meetmgs '

with the Canadian Wildlife Servrce and

N Ducks Unlrmtted Canada regardmg con- .

’structed wetlands for tertiaty wastewater, . .
*.treatment. The Envrronrnental Protectron ,
E Servrce indicated that a new landfill srte is

- usmg a natural wetland for treatment

B 'Newfoundland and labrador
- The Newfoundland and Labrador Samtary

Engineering Division indicated that,

- The Atlanne Coastal Action Program;

' '»”-.at Humber Arm, noted that 28 outfalls-,: ,
from - the coastal ‘communities of a
:~Newfoundland are dtscharged to the
.ocean untreated. Several inlind commum '
ties have some form of wastewater treat- .
vment and somie homes have: -septic’ tanks. . -

" "The issue of wastewiter treatment is
"‘hrgh on the prrorrty lrst for actron by. o

tms provmce




- ‘water. treatment ‘now- exists in-Canada:

These systems include use and enhance~' -

‘ment of a parrow group of natural wet-

. lands.as well-as Construction of surface

" Aﬂow subsurface flow and ﬂoatmg aquatic’

_ plant Wet]and systems Across Canada, .
wastewater and stormwater tréatment
: _vowetland systems are in place: or-under ‘

8 .development in- ‘at’least 67 locanons -

~ spanning all our provinces and temtones

. These systems afe belng applled to .-
mun1c1pal and 1ndustr1al wastewater
" and farm; agricultural, and ‘municipal ‘.-

.* stormwatet runoff. Potential apphcatlons N

for airports,. parks, 1solated communities,

- .are also dlscussed

\ ms survey of Canadlan agenc1es .
v_,and Jurlsdlctlons involved in : ]
“management of wastewater-'?
_ and stormwater treatment sys- -
‘-.' tems xnd1cates that 51gmf1cant mterest' :
;- and acceptance of the range of wetland -

: technology for ‘wastewater. and storm- -

The potentlal nnpacts of wastewater
and stormwater treatment. Wetlands on’ '
_blota are examlned It is felt that rnost

o envnronmental concerns
“or risks 1de_nt1ﬁed 1o’ date .

can' be .Adealtl with COIICIUSiOIIS

through ‘effective project:
design and use of current

-and evolvmg technology Only 6% of the,

systems developed to date in Canada

‘spec1ﬁcally systems desxgned in the late .
1970s, and early 1980s, are: deemed to

: have “falled” However ‘these systems" -
-+ have proven to be nnportant models pro-
V1d1ng vital information televant'to =
- improved design of more recent"syst‘ems, L
- in our. northern clnnate The remaining .
94% of these sntes are success storjies so . - »
- 4far Continued improvements in technolo- "
gy and research will likely enhance the - .
value of wastcwater and stormwater "
' .j'co_nstructed wetlands te_c_hnology o
. pulp and paper’ facmtles and othet areas" : o L

- : Bakke R 1994 Integrated treatmient
. parks in large- scale decentralized manage—f

" _ment of drainage. basms In Proceedings <
"4th International Gonference on
.Wetland Systems for Water Pollutzon :
__Control Guangzhou, Chma November ‘

1 994
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0vervnew of DeSIgn Cmenu

a estrmated " Cost,

h Wetland desrgn requrres careful consrder—,
. ation of wetland type,-configuration, size,
' water source, soils, and _v_ege_tatron ‘
. Wetland design methods and criteria are’
contmually bemg nnproved The wetland "~
desrgner should review references and -
- - obtain reviews of all design and construc- .
- tion plans prior to proceeding with con- .
© struction. Wetland désign. references can’ :
be found ih the “Addmonal Readmg” sec-

tlon of the main text:

Type

v' The type of- constructed wetland system' '
) desrred may depend upon the, feasrbrlrty .

of using natural wetlands for- treatment,

treatment performance requlrements '
o and. avallabrlrty of
B requn'ed land area among ‘other srte-spe-'
cific conditions. No general consensus‘; ;

B .‘-_exrsts on' the’ advantages -of surface flow

vArea S

' wetlands over subsurface ﬂow wetlands-

(Water P_oll_utron Control Federatro_n

. farea should be based .

. for "the' ‘pollutant -
“parameter of con- -
... cern with the lowest

- pollutant removal.
' eff1c1ency Wetland
. -aréa requirements to " . v
.. achieve target pollutant concentratrons in

the ‘effluent are available in Water_' EE
o Pollutlon Control: Federatlon (1990) Reed ...
et al. (1988) and. Kadlec and. Knrght (m S
'preparatron) T '

. Ministgy . “of .

ment s"ysteniS will-vary as a function -

_.of the: volume-and quality of 1nfluent
- to be treated desrred wetland efﬂuent
quahty, ‘and. allow- '
- able hydraulrc load-

mg rate.
Total wetland

upon pubhshed or:
emplrlcal pollutan
mass removal data

N Natuml Wetland Treatment Systems A" -
“maximum- hydrauhc loadmg rate. of1to2 " N 3
- ‘em/d-and a minimum size. reqmrement of s
 1990), but subsurface flow wetlands. - o
may be desrred where land is lrmlted or',
' too expensrve R

5-10 ha/lOOO m3/d have been recom-

r"mended by the Water Pollutron Control' oo
Federatxon (1990) S

- 'Constmcted Sufface Flow Wetlund A'v.' L
A - -+ maximum hydraullc loadmg rate of 2. 5 to’ "’

_Because wetland constructlon is mherent-'-"
. ly land-rntenswe the total area requrred’l
for: wetland construcuon may be the sin-
R gle most unportant parameter for wetland ]
. feasrblhty, partrcularly in. urban areas’ o
- - where land'is limited and- expensrve .
Srzmg cnterra descnbed below should be»‘ .
used durmg conceptual and- ﬁnal desrgns :
't assist in determining project feasibility.
Natural and’ constiucted wetlands *
have been’ used. for removal of pollutants -
-from domestic, industrial, and. non-point -
_ ‘source wastewaters. The area required by
. either: type of wetland to meet the specif-
ic desrgn objecttves depends ona wide
- range of factors.- Total area requrred for _
natural and constructed wetland treat-

.5 cm/d and a fhinimum size requirement,
" of 34 ha/1000 m3/d have béen recom- -

- mended by the Water Pollution Control;’ -
; A*Federatron (1990) S

.'Subsurface Fiow' Wetland A maxrmum'.. S

hydrauhc loading rate; of 6 to'8 cm/d and

S al mmunum size reqmrement of 1.2 t0 1.7

‘ ,ha/1000 m3/d have been recommended
by the Water: Pollutron Control.";
"Federatron (1990) L

"St'o.rm'u.)ate‘r Wetland : The. Ont'ario‘

' Envu:onment and- o

"Metropolntan Toronto and Regron' :

. Conservation’ Authority (1992)- recom- -
mended that stormwater wetland arca be R

Append|x A
‘Methods to Desngn
and Construct
Wetlund Systems



. "determmed as’ ﬁve percent of the water—v L
* shed area. Schueler (1992) indicated that-
-oa smaller wetland area. of one percent of
E the total watershed area was consrdered.. '
:acceptable for wetlands w1th deep zones

and longer hydraulrc resrdence trmes

. Nalrn (1992)

a 'Conﬁguratwn

T ,‘Constructed wetlands are typrcally.
o desrgned as smgle- or multiple-cell com-
1 partments. 1n series. or parallel to allow
- erlStl‘lbuthﬂ of flows, marntenance of
‘plant communrtres and flexrbrlrty ofg"
‘ . ’_operatron (Water Pollutron Control |
. Federation 1990): Multlple input points . -
"allow for more complete mixing of efflu:
U ent wrthm the wetland.(Water' Pollutron—b"
' Control Federatlon 1990). An aspect"‘
- ':5(length wrdth) ratlo of at least 21, a grad-
‘ual wetland. slope on ‘the order of 0.05 "
: 'percent and deep zones. oriented perpen-'f

‘drcular to the wetland ﬂow provrde even
- drstrrbutron of the wetland ﬂow o

' - Water Source and Management

- tions from precrprtatron By desrgn
" inflow to. stormwater treatment wetlands- o

these water sources needs to grven care-v S o

-ful consrderatron in desrgn Examples of

'desrgn gurdance for treatment Wetland R

..»'hydrology can be.found in Kadlec and L

", Knight Gn preparatron), Water Pollution’ ..

: _"Control Federatron (1990), and Schueler: el

_ ' (1992) :

Aczd Mme Dramage Wetland Amencan_ L

‘criteria for sizing wetland systems for the .

- . passive treatment of acid mine dramage
* have. been summarrzed by Hedm and

" face flow wetlands 80-120 kg/ha/d for
subsurface ﬂow wetlands and 4 kg/ha/d» .

fot natural wetlands (Water Pollution. - - " ..
g Control Federatron 1990) Recomrnended'. c
- maximum total’ mtrogen loadmg rates’ are .
60 kg/ha/d for surface flow and subsur-
"i'face flow wetlands and 3 kg/ha/d for nat-
4‘.vural wetland treatment systems: ST
. Water distribution and collectron T
*“structures should be simple to maintain, .
-operate, and. replace ‘Pipes should be
slighitly oversized. Trash racks or. other -

- suitable barriefs should be erected before e
'fprpes to prevent cloggmg '

" will be domrnated by ‘runoff. The wide . -

. varlabrlrty 1n the quantrty and trmmg of S

Shallow wetland watér. depths marn—f
-taln drssolved oxygen concentrationis suf-
, jfrcrent to-support. mtrrfrcatron For = o
4optrmum performance .experience sug— o "
“gests - that maxrmum water depth for a.
C ";surface flow wetland is. 50 cm (Water s
: Pollutron Control Federatron 1990)
. Subsurface flow wetland water levels are‘__
8 _desrgned to be below the- ground surface
- Natural’ wetland witer. depths may vary
over a wrder range ‘than’ surface flow wet-" .- i
lands, but are most effective-if they do "~
‘not exceed 50 cm. Mmrmum hydrauhc' )
retentron time for surface flow. and sub'y . ,‘:
.'surface ﬂow wetlands of 5-10 days and. -
14- days for’ natural treatment wetlands‘
-,.;are typrcal R : '
- A minimum of prrmary treatment in » Lo
' surface flow and subsurface flow wetlands‘f O
B (Water Pollunon Control Federatron 1990) ‘
‘and secondary with nitrification and phos-’;.
. 'phorus reductron will” provrde the, neces- -
e sary pretreatment prror to drscharge to
‘natural wetland treatment systems. B
" Maximum BOD loading rates of 100-“ o

. SRS ; 110, kg/ha/d are. recommended for sur-
- Predrctabrhty of water source avaﬂabxhty,v" '

" quahty and management is important to

: -marntam de51gn hydroperrods to assure

. 'long- term viabiljty of wetlands, and to '
.- artain pollutant removal performance o
.. teria in constructed wetlands. Water

", depth, hydraulic residence time, and inlet -

+ distribution and ‘outlet structures are cr1t1-_

- cally | important engrneerrng consrdera- -

' 'trons The ma;orlty of flow 1nto '

_ ’constructed wetlands desrgned for treat- S
7 ment of wastewater will-be efﬂuent with -

R :seasonal and typrcally smaliér; contnbu— N



.,Soils , v
- Soils should be suxted to support wetland
" vegetation and to support the desxred o
_ hydrology of. the wetland. Soils for con- -
" structed wetlands should include sal-
‘ f'vaged ‘wetland or upland topsorl to
. facilitate' the establishment of ‘wetland c
: ‘vegetatlon Topsoﬂ use in constructed
wetlands should be consrdered as an -
' option, but is not necessary as long as the'

exposed sonls are capable of supportrng

" the planted. vegetatron Berms should be

constructed from stable materlals and

: protected by erosron control maternals :

- . and methods

' Vegetatz'on :

Wetland vegetatlon should be selected
. for their‘tolerance of inundation and oxy- .

gen~poor freduced env1ronments

. _ Desirable characteristics mclude toler-
"ance of prolonged inundation, 10w oxy-

. gen concentrations in the water and soils,
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" and rapid dense growth to shade surface, .
7. waters and reduce algal. productron _
' Planting stock originating from the' '
project reglon wrll mcrease survrval ,
. potenttal ' ‘ )
‘ 4 Plantmg centres may range from _

0. 65- 1.0m for constructed wetlands.
Vegetatlve d1versrty in the wetlands K

" 'should be’ encouraged through the use of o

: -topsorl as’'mulch where feasrble and addl-" oo

) tional species plantmgs Constructed» E
s wetlands planted w1th dense Vegetatlon' "

nant removal Hrgh plant dlver51ty is’ opt1-'
- . mal for ancrllary beneﬁts .

Plantmg rooted stock is one of sever-

: al alternatwes for: wetland estabhshment..;: ’
- and it is the most expensive. Recruitment . .
) from natural"'seedbanks “or broadcast ‘.
, 'seedmg, are cheaper alternatlves but have' o
: 'a time penalty for estabhshment .

- feusnbnhty Anulysns und Desngn

n‘The techmcal regulatory and economrc '
 feasibility of a- wetland constructlon pro
© ject should be thoroughly 'evaluated'prior
to proceedlng to final design and con-'

-struction. ‘It is 1mportant that ‘the . -
-landowner or proponent understand that -
. wetland technology is still in a develop
©-ing phase and that it is not possrble to.

predict wetland perfotmance with high.

precision. It is equally important that the =~ -

de51gner 1dent1fy and take into consrdera-

tion existing: and ‘known potentlal' e
constraifits to successful wetland conr
.'.structton and operatlon m order to. pre- . -
-vide. reasonablé assurance ‘that pro;ect -

ob;ectrves will be met. The following sec- -

“tion’ outlmes the basrc steps and mforma-'

) ,tron needs of a wetland constructton
feasibility analysis. It is assumed that the :

. goals and objectives of the project’ have N
_been: clearly identified and agreed to by -
- the landowner or proponent desxgner o
8 and concemed regulatory staff, if applicable. = ‘

‘ Sz'te SeIection Crzterta

N .Selectron ‘of an appropnate locatron for" o

'wetland constructlon should be based
“_,upon an analysrs ‘of 1denttﬁed altemattve‘»-_' -
R locatrons and the extent that they satrsfy'j .
- stated, siting requu-ements or criteria.

- Criteria for locatmg a wetland will

e vary dependmg upon whether a wétland
s being. constructed to replace or restore
~lost ecologrcal functions, enhance exist- - o
" ing wetland’ functrons or constructecl or.
.enhanced to’ provrde a new ecologlcal. .
. function, as-in'a.constructed-or natural : -
“wetland’ treatment system. Guldelmes' »
proposed here.are intended for siting .

constructed wetland treatment systems

B



Possrble wetland srte selectron

crrterra may mclude the followmg

e 5Prox1m1ty to desrred locatlon

e Avarlabrhty of sufﬁcrent connguous o

o .'area. :

. Avallabrhty of surtable long-term
' -wetland water source

. . Favourable srte hydrogeology

. Acceptable site geotechmcal
- constraints. o :

. ‘Presence of exrstmg or potentlal
hmrtrng land use, natural wetlands
: protected specres hlstorrcal or
archaeologrcal resources on of ..
_, ad]acent to site. S

JREPY Potentral ease and cost of acqursrtron '

‘_of ownershrp rights, easement or -
.. 'other controllmg interest.

- Ease of access for constructxon aﬁd
mamtenance

e Avaxlablhty of. sufﬁcrent constructron .

matenals and labour resources. )

Proxzmzty Th1s crrterlon wrll vary
- depending upon the type ‘of wetland. to..

beé constructed. Wetlands desrgned for N

- stormwater treatment may neéd to. be

vation .in order to maxirize- “gravity ﬂow
. Natiural and constructed Wetland treat-
e 'ment systems .may_ need 10 be. desrgned
: .'on or ad]acent to. the locatlon of the pol—
ution source in order to mrnxmrze land
_-and’ pumprng costs; and to- control or
' hmrt pubhc dccgss. - ’

o

Lzmztmg Land Uses and Otber Sztmg

: Constmmts Human land use may con- -

strain the surtabrl_rty of a ‘wetland conl

. struction location. Care should be taken
- “to locate the ‘wetland in areas with com- . :

o patrble zoning and other land uses in full "
recognrtron of the. wetland desrgn goals 4
. The presence of natural wetlands pro- ..

“tected species habrtats ‘and: hxstoncal or

»archaeologrcal reésources on.or adjacent ’

© 'to the site may’ pose addmonal srgmﬁ- :
'cant desrgn constramts Co

" located atan appropnate topographrc ele- o

Area: Total area' requirements'Will vary

- with wetland - goals but in general suffi- -

" cient contrguous area should be avarlable .
~ to allow the-wetland to be constructed at T o,

»"Access Each site sh0uld be evaluated for-
‘existing and potentlal case of access for .

' constructron -and future mamtenance S
. Local land use regulations should be. con-' )

 sulted to identify possrble constramts to .°

T constructron and mamtenance trafﬁc ’

oné locatron to. mrmrmze ‘construction, -
peratnon and ‘maintenance . costs.

- Prehmmary estrmates of the requrred area :
may be determmed for the site selectron i}

‘ phase’ as’ descrrbed below under
'”:“Conceptual Desrgn ' :

Wetland Water Source " Constructed
o wetland vrabrlrty will be determmed by .-
the contmued avarlabxhty of wastewater e
: efﬂuent '

o Hydrogeology Srte hydrogeology should_‘ o
be - favourable. for wetland constructron" _
: Excessrvely drained sonls may not be suit-"
L able for wetland constructron wrthout the
f1nstallatron of an aqurtard of clay or other -
-,materrals of low hydrauhc conductrvrty
_ Shallow. depths to the surface of bedrock -
: A;may also constraln wetland excavatron

S Geotecbmcal Constmmts W’etland berm«_\ .
- and substrate materials should be suitable - R
for wetland constructron and not lead to
excessrve erosion; sedrment loss, or -
- potential for farlure under normal desrgn .
:extremes :

s Owher.ébzﬁ and La'nd Cost:: Sites not cur- -

- rently under the ownership of the project - .
owner wrll ‘néed to be assessed for ease. . ‘

L 'of acqulsmon of ownershxp nghts ease~
ment, or- other controllmg 1nterest‘
--f-_Because wetlands are land-mtenswe Tand _
costs will: srgnrﬁcantly affect the total -
’ pro;ect cost : :



: -__.Materzals Avarlabrlrty of sufﬁcrent con-;
" struction materials and labour resources :
should beé: evaluated Wlthln a reglonal' L
context to minimize pro;ect cost and 't6 -
. '_'Amamtam standards of quality for materi- . B
© - als. The availability of skilled contractors, ~
‘. plant nurseries, and acceptable wetland
' ‘construction . materrals should ‘be

assessed

ment Wetland and to predrct the’ surtabxll

ity of a candidate. site -for’ ‘wastewater <
- treatment usmg constructed or natural '
s _Wetlands : 3

-“,.'Data Collection Kl ‘ -
o Sufﬁcrent data should be collected from‘ T
© . each proposed constructron 51te(s) toi S
respond to the mformatxon needs of site- -
selection critéria, and- to evaluate the - '
' potentlal for successful Wetland permtt-
. tmg, constructron and operatron :
Informatlon categorres yreldrng useful"-, v
mformatron for site selectron wetland ";
- desrgn and constructron mclude '

¥ . '«-Geography '

- 'Location o
_ - Temperature = -
L Topography
-Cover Type _
- Site Land Use Zonmg,
"~ and Ownershrp " .
-.Adjacent Site Land Use, Zorung,
. and Ownershrp L ‘

e . Geology
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- Aqurfers
'L Aquitards’
- Soils -

, ““Table A'1 is desrgned to be ﬁlled m to :
: descnbe the candrdate Wastewater treat-

e Hydrology'

-+~ Precipitation o

e Watershed and Surface Drarnage
. Surface Waters .

- Soil Hydraulrc Conductlvrty

R _Pan Evaporation .

; w Witer. Quahty

Do Physrcal Chemical Parameters
- Brologrcal Parameters

e Wetlands

Drstnbutron and Junsdrctron
Type Funct1on and Quahty

- '." erdhfe

: Habltat Type and Functron T
“‘Federal and Provmce Protected
. Species ‘

e Hrstoncal and Archaeologrcal SltCS

-vSite Selectzon . _
: The site selectron process should result m;v

a locatlon that provrdes the greatest prob-

kabrlrty that. the ‘wetland will cost-effec- ‘
tively. achreve the mtended design -goals:
-Costs should mclude long term opera:- '
~ tions and mamtenance costs as Well as -
. 1nrt1al land and constructron costs ' .
* The site selection process for con- :

structed Wetlands should emphas1ze 1dena

tification and selection of a locatron that -
o provrdes the greatest potentlal for perfor- .
mance.- towards achrevmg water qualrty' _'
."unprovement goals it the lowest cost of
initial construction and long-te_rr_n opera- °
tion and maintenance. ‘Selection:of a suit- -
able site for construction of a natural.. .

wetland treatment system will be strongly -

o limited by the type and locatron of exist- = e
: -'j_mg srte Wetlands - RS



o Prov1nce/Temtory

. Permeabxhty

| -.'A Tubl.é--A';]": Desc ip'iidﬁ'in:Cd"'d,idﬂfé W@Sf?Whtéi Treaiment Weland -

Potential Wetland Location Site Data

’ 'VSne Name
» --vCountry

" City/Community: : B S s AT Pbpr@latibh': '

‘_WastewaterSource Mumczpal T e

© . escribe) ¢ . Industrial: ___-"

B ‘Other:_._ -

- Other ant1<:1pated Wetland Uses: nature study._
i N other (dcscrlbe)

_ bunting_" aquaculture__

" ‘ _Wastewater Pretreatment

AStormwater WatershedArea UL et Umts —

o . % Imperwous (roofs parkmg lots etc) I .
De&gn Flow IR : SN U_hitsj
- Site-Substrate Material (e. g sand clay, muck sandy clay, clayey sand etc. ) S

.. __Vegetatlon Cover ”[ype _ R LY SO EE RS
' ‘Land Area Available: . .- e i Units
_Proximity. to Water/Wastewater Source Lo e R

-~ site Land Use e ‘ e i Zdning RN - S Owheiship"
" Adjacent Site Land Use: - i Zoning SRS Ownersbzp

- ;Bresenee of: ' Exzstmg or Potentzal Limiting Land Use:____ Natuml Wetlands
: S - Protected Speczes sttomcal or Arcbaeologzcal Resources On or Near Szte
Aquers Aquztards L

: ;Slte Topography
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" TDS (ing/Ly:

'-.’pH

' T$S Gng/Ly:

- . TableA] (coni.i'nuéd)‘t{‘ R

Wastewater Treatmenl Plant/Stormwater Discharge Monitoring Daia

'Operatmg Season (menths) » : RN S R VL
" Period of Record:Start. (Year) L o T 1 End (Year)
YearsmSerwce h SR S IR _‘ -
AverageFlow: .. - L. o e 0w T Unitsie
BODg(mg/Ly: . _ - . L ' S
" 1TSS (mg/L):

" A,'Turbldlty e e R i"Unz'ts."

. NO -N+N0 -N (mg/L)
Total Nltrogen (mg/L)
TKN (mg/L); . :
- :"‘Orgamc Nxtrogen (mg/L)

..-..TotalP(mg/vL)v v

"Filtered P (mg/L):

Dissolved Oxygen (mg/L) . » .
_ Redox Potential: SR e Units

Sulphate/Sulphldc (mg/L) ' L e
~ Conductivity: - B L Units:
 Alkalinity (m/Ly:_ I

A Temperamre (degC)
“Chloride (g/L: | - RN
Metals is): Lo T Units
. . . ‘ _ . - Units:_ '
Pesticides/Herbicides: ___- 1 .0 o o Units_
. Organigs (list): -~ S P '. e s __Units:. ]
Units: _

. ’Fecal Cohform (col/lOO ml)
- E. coli. (col/lO() mb): _ - .
s _(Others can be added to comments sectxon)

Wetland Sysl,em Outflow Permit Lintits (A copy of the permil would be satisfactory)

“Dlssolved Oxygen (mg/L)

- BODj (mg/L)

CNH N Gng/Ly: &=
Total Nitrogen (mg/L)
: Total P (mg/L)

.. Fecal Cohform (col/100 ml) :
o _Permltted Flow (per day, week month year) SRR . - .
- Permit Duration: annual _ séasonal_. .~ montbly-__  otber (describe) _._
. -PermmmgAgcncy e R g

e



- First Name

| '[uble Al "(éonﬁnued-)‘l_,} o

Contact Details

’ 'Last Name

" .. Role: Operator___ Eng De;z’gnysﬁtdy " Research G_Debelopmenf - PerfonnanceMomtonng ’
Organization: e - e e s e
 Address. -

. Phoné No.:
. "Fax No.i_

Climatic Factors

P Verage Number of Frost Free Days » - o
'_"-_Average Annual Temperature S i L Units:_
j"_yAverage WlnterTemperature e '{ ‘ . Units
~ 'Annual Snowfall: "~ S B R '_Uni:ts." -
"'-‘.‘,AnnualRamfall s R S SV '».' - Uniits: "

© Annual Precxpltatlon FRERDAE ’ - ' R '__th'ts.'
"Elevatlon S IR N S e Units

Conments




Conceptual Desrgn

U Itis rmportant to' note that successful' '

wetland design is an 1terat1ve process

that requrres the techmcal rnput of biolo-.".
- gists, engmeers construction contrac-’ "
'tors resource regulatory staff, and the R
* project owners or proponents A concep

o -tual design should: be prepared during

e »Conceptual area requu‘ements for natural ‘

" the site- selectron process with’ avarlable'
: mformatron in order to achreve the great-
~est realrsm in site selectron ‘Key concep-
tual design elements include an -
' ‘approximate determrnatron of wetland
) :area hydrologic requrrements abrlrty to )
s ‘meet pérformance ob]ectrves and cost. of
land and construction, These are drs-'- '
cussed below by wetland type, with ref- o
erence to. the types of avarlable -

srte—specrﬁc mformatron

Area

and. constructed wetland treatment _Sys-

“tems: should be conservatrvely deter- .
. ‘mined as a functron of hydrauhc loading
rate, pollutant loading rate, and perfor-.
-,mance ob;ectrves from publrshed or.
. experrmentally-determmed design crite- -
‘ ria, as.descrlbe_d in the_sectron _entxtled_
“Establishment of -Constructed Waste-
B water Treatment Wetlands.” .
Types of information that will be ~
. 'needed to detérmine this criterion for the
‘ ,Conceptual Desrgn Phase include the -~

- average. influent water quahty and ﬂow;
' rate, effluent water quahty ob;ectrves and
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ﬂow limitations; and receiving ‘water

“quality and’ hydrauhc capacrty Results’ of
" more detailed pollutant mass balances are .

required during the Final Desrgn ‘Phase to

- _determrne which pollutant will require’

the most area to achreve the wetland

. water quahty ob;ectrves o

-Hydrology

Caréful- consrderatron must be grven to

‘the- hydrology of the wetland treatment
- system. Meetrng regulatory constramts'

without overdesrgn is important for thrs‘ B
land-intensive technology This means.
careful consrderatron ‘of the seasonal

‘effects of evapotransprratron and precrpr-:, A
_ tation as well as the’ potentral seasonalrty o

of drscharge A . _
Water balances m wetland treatment -

'. systems for wastewater are - cnttcal ‘when "

site soil permeabrhty is potentially great"
enough for mﬁltratron to be a srgmﬁcant

hydrologxc output from the wetland or

groundwater quality concern. A reliable’
and. controllable hydrauhc loadrng rate s’

. one of the critical .concéptual hydrologrc '
i desrgn crrtena for constructed wetlands. -
- for wastewater treatment Stormwater

wetland treatment systems ‘experience

‘less controllable and less relrable'
_‘ 'hydraulrc loadmg ‘ "

v Wetkmd Per;formance Ob]ectwes

Most natural of constructed wetland_

- treatment systems . will be desrgned to" E

- remove as much-of a. partxcular nutrient -
or suite of pollutants from wastewater as_~
~ pOSSible Performance' objectives in the’

form of mass removal rates ‘should be’
establrshed early in the Conceptual

Desrgn process to gurde wetland srzrng L o

and conﬁguratron

. CostEstzmates e ' .
: Conceptual estrmates should be prepared‘
- for land costs based upon local real estate.'-_ »
' "apprarsals (1f necessary), earthwork costs
i based upon approximate cut and fill vol-
‘ -Aumes plantmg costs based upon the
o 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 mamtenance costs.



;“_"A | Regululory Feusnb|||ty And Permmlng

Regulatory Feasibzhty

' 'Regulatorjy ]urzsdzctzon Determmatzon

A master list of regulatory agency ]unsdrc-- i
tions should be prepared and specrfrc' ,
'mformatlon needs and desrgn constramts '

' -1dent1ﬁed

g correspondenCe should be. requested that

" 'verrfres toptcs covered and conclusrons o

drawn from each meetmg

"-‘vFatal Flaw Analyszs Fatal flaws in the i

' wetland desrgn or constructron possrbly

resultrng from regulatory restrrctrons' -
. should be 1dent1f1ed ‘through: meetrngs E
wrth regulatory agency staff and cntrcal

- review of conceptual desrgn

- Permztting Requirements "

' ‘Provmcral temtonal and munrcrpal con-
straints and requrrements ‘on Wetland
constructron should be- thoroughly mves-
trgated pnor to begmnmg ﬁnal desrgn .

g Fmal Deszgn

o Fmal design should essentrally be a much' i
o more detailed presentatron “of the accept-
_ ed-conceptual design, in conformance'f

with such comprehensrve gurdance as

. Soil Conservation Service (1992)- and ol
.',HfWater Pollutjion Control Federatlonf-"

(1990) ‘with special consrderatlon grven_ ‘
"\to cold clrmate operatron if applrcable '

; ' ,Detarl on- earthwork calculatrons

o hydrauhc characterrstrcs slopes depths :

" and possible site constramts should be. . -

» "developed into a. detarled constructron,

" -package.. Emphasrs on .detail. should be,‘ S

" placed on hydrauhc structures and overall o

P _simplification- of operation and mainte: "

" 7 'nance requtr_eme_nts_. Regulatory confirma:. -

tron of desrgn detarls should be sought-‘,-
~ prior to completion of the final design. A -
- senior review should be Conducted of thef. t
. complete desrgn LR :

- COnstrugﬁon‘Munngemem dnd Mbnitoring SN

‘ '.:Construction Plans and o . .

o ‘ o . Speciﬁcatzons I
A‘Meetmgs Meetmgs should be held wrth‘ -

iregulatory agency staff prror to permit

submittal to. confirm. jurisdiction and per-.
mrt mformatron requirements. Return .

'Wetland constructron plans and specrﬁca— e
tions should be suffrcrently detarled for R
 bidding: purposes engmeermg and ‘bio- L
: logrcal review, and- verrfrcatron of
. bunlt” conditions (Garbrsch 1990)

N :General Wetland constructron plans, .
o ‘should mclude a table of contents, a = s
"detalled locatron map, a sheet key index, -
" anda table of quantities. Individual ; sheets
should mclude a compass arrow scale .
) bar, date of preparatron and a record of»
" reviewers and revision dates_ A

. ‘Aerml ‘Photography: (If available, ‘con- |
' structron plans should include current e
" aerial photographs at a scale sufﬁcrent to'f'-_ }
' completely show the outline. of.the pro- -

]CC[ WOl‘k area 01‘1 OIlC or more 1mages

.Locations of key: landmarks water: bodres'— o
7. and dramage patterm, wetlands and- other_ ERREE
' restricted or protected. areas (ie. endan—'. )

- gered or threatened species) should be -

- .mdrcated Larger scale aerial photographs .

mdy ‘be used as a background for the -

' detailed plan set if mterpretrve clarrty is

- ,not sacrrﬁced - '

’-Scale A scale of 1cm= 10 m of larger 1s o
, recommended (Garbrsch 1990) ' '

. ;T opogmphy Wetland constructron plans
" should be overlard ona topographrc map

of exrstmg srte elevation ‘contours: A

1025 m contour interval is recommended co
" as a mrmmum contour interval.
'Benchmark locatron and elevatrons _
o should ‘be clearly mdrcated (Garbrsch IR
11990)
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6

: Cross Sectzons Typrcal Cross secttons of B
all earthwork should be prepared to scale.. -

. clearly 1nd1cat1ng all .design elevatlons B
v 'slopes and d1mensrons ‘The number of -’
.. Cross séctions. should be suff1c1ent to-

1dent1fy typrcal and atyplcal condlt_lons,_

Geotecbmcal Informatzon Locatlons of" .
test bonngs and soil pltS should be 1dent1-._

" fied within the ‘plan-set so that they may
bc relocated 1f desired. Soil proﬁle ilus-.

trations should be 1dent1ﬁed and present-’ B
‘ed within the plan set and should include -
. lenformanon on soil chroma proﬁle eleva-;,'
'tlons and observed water elevatnons 8

: Wetland Boundarzes Wetland bound- )
»farles should be clearly and accurately
' identified .on the-site topographxc map,-
: negonated 1f necessary, with the regula- K

toryr agenc1es ’ '

» Hydrblbgy‘ ‘Plans‘should indicate éxist- -
e _mg and expected water levels: and 1dentx--
oy ad)acent water b0d1es to: establlsh'-l'
*_major surface dramage patterns at the
.constructlon_ site. All elevanons should be
- miade relative to- the standard geodetic
. datum; or an clevation convérsion should - ’
. be supplied. Site hydrological data should .
include seasonal lugh and average water’ -
elevations determined’ from’ vegetative
indicators, soil mdrcators or hydrologlcal- L
o fmomtonng data for existing wetlands, if.
Cany, and at- ad)acent upland sites. |
Suff1c1ent 1nformat10n should‘be develx._
oped to d_eternnne s_easonal elevations of
receiving watess, If necessary and feasic” :
- ble, provision should- be.made on a, site-. -
specific basis to divert water temporanly~ :
to the wetland-and constructmg tempo—-
rary or permanent structures to provrde T
: mundatlon C

Plantmg Speczfzcatzons Construcnon

plans should mdlcate zones or areas {0 bé. .

planted A plantmg list should bc - pre-

pared for each wetland - zone: that L

* includes quantities,’ elevanon ranges and . .

' acceptable conditions. Special consxdera—~ S
tions or’ req\nrements should be noted and _—
'descnbed in sifficient_detail. ‘These ‘may - . - .
mclude fernhzer specifications, pre plant--.. .-

_fé'mg condxtxonmg, ‘geographic constraints '

S on plant sources pcrforma.ncc and 1rnga- )

. tion requlrements (Garblsch 1990) Plants -

K should be planted at mtervals sufﬁc1ently

dense to assure rapld growth of vegetanve o

~ cover. Only plants native to the wetland R

B reglon should be used '

- Vegetation Maintenancé Construction
- plans should require. control of exotic of -

nuxsance plants within the wetland dur- -

* -ing and after.construction. Detalls on con- .
- trol methods: should be provided for =
expectcd nutsance specxes Control of
‘, ."herblvory by ammals may be: requiredand;
“should be ant1c1pated in the construction :
“and monitoring phases. Provxsrons should
‘-be made for 1rrlganon dunng construc- . .

tion w1th avanlable water sources or efﬂu- '

L ent for constructed wctlands

Land Use: L'ocation’s'of rcstricted areas,‘?' .
structures Utlllty lmes or other’ 1nfra-r

structure ‘within or adjacent to the. con-:

structlon area should be 1nd1cated

_Spec1al constructlon restnctrons or con-':
. _,tractor coordmatton requtrements should
'be mdxcated SR ;

_'Eroszon and Sedzment Control

Construct1on plans should indicate the o

" location, quantities,. and ‘maintenance of , -

,acceptable and appropriate sedlment con- -

- trol methods P0551ble sedlment bamers

- _f_mclude staked- haybales geotextile silt- 3

screens, sod, and plant seedmg Bamers
" should ‘be placed at the- constructron'A

o penphery and within the wetland in such-

©. a manner as to.minimize Sedlantatlon .
, and erosion of wetland berms or edges .



e :Gmdmg Plcm A gradmg plan should be-~ .’
" included with the plan set that tdennﬁes X
. :the; locatton elevations,. and dlmensmns '

AR .‘of pro;ect -earthwork.. The plans should
: mclude suff1c1ent mformatlon on radit,

. turning points, and baseline offsets for.
‘the contractor to accurately locate and.
- ‘build the wetland. Plans should spec1fy_?
~ soil quahty reqmrements soil'sources and .
' .dtsposal areas, and means of transporttng_i
-soil. Gradmg specrflcattons should 1nd1-b'._ ‘

.' “cate ‘the allowable tolerance in wetland - -
. grade:elevation. Constructed: ‘wetlands
_reqmre strict adherence to; wetland grade T

e spedyicanons .

C gule source.

.-Contractor Selectzon C’n‘tema N

o 'Contractor selection critefia. should: ‘
* - include the following. minimum require- . -

: ments Contractors should be ablé to. .
demonstrate _prior successful wetland;

constructton expenence Contractor staff

should include a person with a back-, -
«}ground in wetland creatxon/restoratton'-' '
design with practtcal Wetland construc- it
" tion’ expenence The. contractor or con-.:
" 'tractor s insurer should be able to ‘secure
- a, performance bond equal to the cost of
' _constructton plantlng, and a: penod of
L mamtenance and momtonng N

o VConstructz'on Management o i

. The contractor should be thhng to meet. '
* with the pro;ect Owner. or representattve -
_ ~on a routme basis during the ‘course of.
" the pro)ect to discuss status and review-

Mamtemmce During Construction

’_Nutsance and €xotic plants should be -
controlled durtng wetland gradmg and .’

”"plantmg Trash and htter should be pre-- ; T

‘ ~vented from accumulatmg in the wetland.
’,Wetland vcgetatton should be 1rr1gated or

L kept watered as needed dunng the initial - "

. dry season of the ﬁrst year if not mundat- o

“ed 0 design depths Water control struc- .

- uires and culverts should be kept free of

: debns and soﬂ and repatred if broken

“Time Zero” Report and

Fmal Record Drawmgs

: R . e “Ast Built” drawings: should be prepared--
_ _:Szte Prepamtzon Construcnon plansa ’
-+ should include. removmg the top 0.5 mof. ‘
"substrate from the project. sxte and stock—i :
* . piling of that matertal to-us€ as cover for
‘ thesite to provxde a seed bank or propa—‘-‘ ,

and certified by the earthwork contractor

"_or general contractor pnor to’ mstallatton '
~of planting matertals and submltted for__'
_ approval and acceptance by the project

_‘»engtneer Final. “as built” drawxngs should - :
" be’ prepared at the conclusion of con- _"1 g

: 'structton that verify de51gn elevatlons '
- water depths and elevat1ons and extent'.'
wof planttng Zones. These should be ‘sub-
-mitted with a. “Time Zero” Report at the -~
completlon of the prolect which would':‘".

mclude descnpttons of the ma;or wetland

plant ¢ommiunities, densnttes specres and .
' photographs’ taken at 4, sufﬁc1ent number L
-of stations to- adequately cover the pro— o
o ]ect (Erwm 1991) K
-Original mylar or other medta should o
- be annotited- and prints certified.by a .
licensed surveyor.. Variations from design, .
and their. rattonale should be noted on'_ '
the plans '

project problems and soluttons The con-'_

" . tractor should provide- pro;ect status
TEpOrts. on schedule durmg the course of .

. the pro]ect
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‘ .Post;Cohstmctioh Moniioring N
. In southem Canada, it is antrcrpated that‘._
. approxrmately two years will be required -
to fully develop the vegetatlon cover and-
litter layer During thrs period it is critical. .
- that the wetland desrgner stay mvolved in -
- the momtonng process to aid in assessmg— -

the progress of the system. |

. “Construction and permitting docu—_:'
ment,s.s_hould,mclude a-detailed descrip- . -
tion of the- pOst-c‘onstruction‘ ‘monitoring .

, 'requlred to ‘measure .and evalyate
. whether a wetland has attained its intend-

. ed goals ‘Sampling. méthods; frequency,
* and monitoring station. locatrons should-

) be descrlbed in sufﬁcrent detail to pemnt _
momtormg to' be conducted by qualified. . -
* individuals unfannhar with the project.
~* Monitoring’ plans should include descnp .
';-,'trons of. methods and goals of collectmgr—v ;

. data on water levels and plant species
' cover and drversrty Photographs of the'_"- :

E wetlands ‘should be taken at fixed loca- .

. tions as part of the post constructron‘

momtormg process S

_Mom‘toring Opuons

Additional data that may . be collected wm
'depend upon the goal of wetland con-
structlon Perlodrc biological surveys of
' vertebrate and mvertebrate commumtxes _
may. be performed to’ document wrldhfef
habitat and ecological productwrty in the
jwetland Water quality sampling . may be
" performed to document pollutant assimi- -
 lation, organic- matter production and
-‘.export and sedlment re¢tention.. Flood
; ,retennon and groundwater recharge func- .
_ tions may be documented by mstallatron
“of momtonng wells, and water stage and,
. rainfal recorders Specrahzed input - .
" from brologrsts hydrologists, hydrogeolo--
'glsts and engmeers should be sought_ :

before designing and- 1mplementmg any

' momtormg

- Per;formance Criterza . .

Wetland performance after constructron ‘

should be determined by comparison of ..
K measured wetland ‘conditions at selected

tlme 1ntervals ‘against specific crxterra

Criteria to be measured should reﬂect
) pro;ect goals For example, specific crite-. ,
: ‘ria for a. treatment wetland might include -
_target efﬂuent concentrations and-expect-

ed pollutant removal efﬁcxency, ‘as wellas -

other iridications of wetland condition,
.Such as perceit cover by planted and vol-
: unteer plant specres '

R Wetland Mamtenance .

Correctlve action should be taken if mon- . -

- itoring | mdrcates that performance criteria
" are-not, being met, or if other mdlcatlons o

are found that the wetland is not func- | -

.tlomng as desrgned Wetlands perfor- :
mance can. be adversely affected by - L
inundation less than or greater than S
* required by deslgn Flow, tesidence tlme, e
B pollutant removal efﬁcrency, and comph-,
- ance w1th wetland discharge standards
* may be adversely affected Wetland vege--
- tation may be adversely affected: Possrble'

solutions may. include changing the vol-

© ume, guality or tunmg of water dehvenes R
to the wetland, the invert elevations of . .~ h
-;fwater control structures the wetland : -
; grade ClCVﬂthn and the species of vege—
tation. to be planted Correctrve actlons o
should be coordmated with permrttmg '
: agenc:es i : . :



- his;calculat_ion'sheet is desigﬂned'_to:ﬁro‘\iide the poteritial user
- with'a rough estimate of the Jand area required for a free water ppe“ Ix

3 surface (surface ﬂow) constructed wetland’ excluswe of the -

A area required for the berms: It is. mtended as an aid in ‘deter- w I d S

. ~m1n1ng whether sufﬁc1ent land area is avarlable to handle the wastewater - et un Iz “‘g
Sor stormwater ﬂow Final deslgn should be carried out by a Wetland

expert to- ensure optlmal performance of the system for meetmg dlS- E ' t f

'i.v'v-charge Cntcna .- :4- s S TS S S Imu e or

e Wustewuier

- Hydrautic oading (Fow) Fucllmes DeS| n

- -'Desrgn Flow (Q)—-- - m3/d o L 5' . g

‘ Desxgn Surface Area Requrrement— 3, 5 ha/ 1000 m3/d

= _- Approxnnate Land Area Requlred 3 5 ha/ 1000 m3/d X_ - m3/d (Q)
‘=_. ... ‘hawetland
(excludmg area requzred for berms)

. ,,;»Nutﬁeni:Loadiﬁg' B L e e

Inﬁﬁéhi .Concentratio‘n‘ mg/L;Ci.':" . e -
Wedandlower Limit, mg/; Gl . 005 200 500 "

Desrred Efﬂuent Concentrat1on mg/L Ce—' __ N ___ S __

" Fractiori Remammg or Lumt Fractron F= o ___ .

o (the greater of F Ce/C1 or F—Cl/Cl) ' ‘ 4 B T

.'44"Areal Rate Constant m/yr k_v. Ny 10 15 : - 35 R
,bRequrred Wetland Area ‘ha; A— . r____ e ____ - __ i

o where A = (o 0365xQ/k)xln(1/F)

o "The esnmated wetland area thh the greatest value based on hydrauhc and nutnent
=-"load1ngs should be used as the first cut at determmmg the’ potentral for’ mcorporatmg
'wetland technology mto the wastewater treatment system desxgn

Stormwuter |

: Watershed Area (A) = - " -ha . g '

o RS S e L N —cublcmetres —

Ly hax 05_ - hawetland . . L .mg/L = milligrams'per fitre
ST -: ‘ - ST e L C . TP -totalphosphorus

e s S " TN - =total nitrogen

Table A 1 w1ll provxde to the consultant crmcal mformatlon needed to nge a more accu— ~TSS .= total suspended solids':

" rate estimate of the land ‘area requlrement and help determirie other factors mcludmg "BOD = biochemical oxygen
. , : " d d:
further pretreatment that may be necessary and the need for a lmer cman



»‘_Dmdb.u?sej for .(gnddiuh Wetlands for Wastevater and Slq rmwat'_er_Tre'd_tmem |

Appendlx C

__Yes No Ptease mdzcate zf a publzcatzon or paper bas been wrztten ‘on .

L ' * the wetland.. e o : \
__Yes _ i" No Please mdzcate if you will senda copy of tbe pnblzcutzon or paper Du'u Sheet
SRR (If ’No please provzdea reference in.the space below ) .' ;
e o e for Survey
©o Tide: ST R S _ — S -
e ——————— | Canudlun

Year: _

Lo Poterl’ial Welttd]. | tion Site ala I | I Wus'ewu'er

seName o :l‘und StormquJ
1
|
|

_ System Name: .
Country::

 rimeeemay T *f-‘Treatmeni

’ ‘Clty/Commumty . : . i R . Population: _
" Wastewater Source Munmpal S R S N ST
e WEHCIHdS
C T Otber e - B TR
: Other Wetland Uses nature study bun_zing% ' d(;uacnlture___;
o other (dCSCl‘ibC) e S ' S

Wastewater Pretreatment . .
’ Stormwater . WatershedArea - L Units.'_.'
: ‘ o %Imperwous (roofs parkmg Iots etc. ) o : : L
© “Wetland Hydrologlc Type __Free Water Smface - Wetland System Status: - Fmal Deszgn o
‘ - Vegetated Submerged Bed Sl pilot Study
' Hybrzd SRR LT ,‘.,_Fullsvc,ale L
Other (descnbe) L : AR . R o
) . . Unknown S
- _.System Ongm constructed : natural_‘_‘*_" other. (desedbe). . o .
System Area: .. . . e T Uniits:
Design Flow: .~ S N RPN Units:
. NumberofCells: . "~ ' o0 o
 CellArear: -~ o o e L Units
- Cell Vegetated 'Iype L 'Mar._sb’ S '___F_O.'re'st :

L Swrub - o . Floating Aquatic
___O.ﬁenwater.e' __Hybrzd
__Otherescribe___ .. G

o e — Unknown_ -
" Dominant Plant Species: - . U ¢ L
o CellLe:igth L s - i Unifs .
CeltWidth: T . . o Unitsi
. Cell Depth (average) SR . Range;g':.,' v'Um'ts; :
"'-CellBottomSIOpe(%) IR R o
i Substrate Material (e. g sand clay, muck sandy clay, clayey sand etc)

Capital Cost: - - SRS
. _Annual Operatmg/Mamtenance Cost: -




g "Duf_qb_use for -(dnddiun‘.Wéildnds}for_ WuSﬁgWuti;r_uhd_StGrdeter- ;Tr,-;edtmén"f.(cpﬁﬁ,_ritjed) Ch

Wetland Monitoring Data

"Operatmg Season (months) M L e e e
_'Penod of Record: - Smrt (Year) - . End(Year)__:_
'YearsmSerwce o T e T .
' 'I“Average Flow; - . f:', o In L T Quks L Unitstl
. BODS(mg/y.: . Imi_ i . Oumkl N
TSS(mg/L) L e s out
‘ TDS(mg/L) Y L o T N L
»}..'Turbldxty o ;m;{- : o - _Out: .~ - - - ‘ Umts .
' ,;NO -N+NQ -N (‘rng/L_): I i o Out_
‘ ',To'taJNitr'oge'n(mg/L): o Qub
CTKN (gL B Out__
- . Organic Nxtrogen (mg/L) i . Out
T Total P (mg/L): - In o . Out.l -
) FxlteredP(mg/L) e e s o
' Dissolved Oxygen (mg/Ly: Tn: o - . - "~ . Out: R
"Redox Potential: . Im__ . Out_. . .. Units_
 Sulphate/Sulphide (mg/Ly: IS . Out: S L
" “Conductivity: . i~ L Out_.n - Unitsii
-{_:Alkahmty(mg/L) o O L T
Temperature (degC) In RSy o 7 S
""-Chlonde(mg/L) In i ouwell '
PCSthldCS/HCI'blCldCS. In _ - Out L. Umts -
. Organics (list): . - R o Out - IR “v‘Um"ts':_‘
_ - : o OQug o Units
j..-FecalCohform(col/lOOml)Inj" W Qub R
" E.coli(col/100mb: " L B Out: .

T (Others can be added to com.ments secuon) '

Wetland System Oul}/low Permil Limits (A copy of the permit would be satisfactory)

f -Dlssolved Oxygen (mg/L)
COpHi -,
- BODg (mg/L)
TS (mg/L)
. NH;N (mg/L)
" Total Nitrogen (mg/L)
" Total P (mg/L):" 3
" Fecal Cohform (coly 100 ml)
. -';Perrmtted Flow (per- day, week month year) » HERIP S S, .
. Pernut Duranon annual . seasonal monthly__' “other (describe) __
* Permitting Agency: ' - e




- Last Name: _

L Average Number of Frost Free Days:

Average AnnualTemperature R SR L Unts:

. Average Winter Temperature: . - 0 . Unitss
©_Annual Snowfall:____ .- o o o0 T - Units _
*  Ahnual Rainfall:. _ Lt e R Units

"' Annual Precipitation: _-___ v Units

, _"l"h‘oneNo.'E‘
- Fax No.:: -

Database for Conadian W_e_lldntls for WuSléwutér_uﬁd'StOrlﬁwate‘r_ Treatment {continued) .~

Contact Details

First Name

"-Role: Operator ', Eng Deszgn/Study " % rlééseareb:f&f Devel. ___ 'v.Pe_'_?fom-mhce Mbnitqdng' .
A Organization:_ R e
" Address: -

Climatic Faclors

Otber — Please provide tbef()llowing information

'A 1. A map showmg the wetland locatron in proxnmty to the nearest large crty

2. Coples of photographs (mcludmg negatlves) and/or shdes of the wetland under constructlon _
and/or operation that might be used in pubhcatrons or presentatrons Please mdrcate who T
-took the photo. "~ : : L : - ,

- _lThlS matenal may not. be retumed therefore do not send ongmals
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Comments
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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 Waterfow] 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 Courtwood Crescent, Ottawa, Ontario K2C 2BS






