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TWO BASIC TYPES OF 

CONSTRUCTED WETLANDS

ÅStormwater (SW) 

Wetlands

ÅTreatment 

Wetlands 

A Stormwater 

Wetland

at a Landfill Site

A Treatment Wetland



STORMWATER WETLANDS

ÅMay Hold Water in Some Part at All Times
ï Dry & wet ponds too
ï Marshy areas

ÅUsed to Manage Stormwater Runoff
ï Uses storage & restricted outlets to do so
ï Major purpose is to manage SW quantity

ÅSome Improvement of Stormwater Quality 
ï Although limited

ÅMay Have Aesthetic & Habitat Functions as Well



TYPICAL SW WETLAND DESIGN

Schueler, 1992



CONVENTIONAL STORMWATER 

WETLAND CONSTRAINTS

ÅRequire a Lot of Land

ÅNuisance Insects & Animals

ÅLimited/No Treatment of Some 

Pollutants
ÅMost Kinds Have Areas of Deep 

Permanent Water



CONSTRUCTED TREATMENT 

WETLANDS (CWs)

Å Human-Constructed 

Å Built Specifically to Remove 
Contaminants

Å Wide Variety of Removal 

Processes

Å Generally Not Designed to 
Fully Re-Create the Structure 
& Function of Natural 
Wetlands

Å Three Basic Kinds

ïPond Wetlands

ïFree Water Surface (FWS)

ïSub-Surface Flow (SSF)



EVOLUTION OF CW DESIGN

ÅKinds of Basins (Cells)

ïPond Ÿ FWS ŸSSF

ïSingle cell Ÿ multi-cell, multi-train

ÅMorphology

ïIrregular cells Ÿ rectilinear cells

ïHigh aspect ratios Ÿ lower aspect ratios

ÅSizing methods

ïEmpirical Ÿ reaction kinetics based

ÅEngineering Design

ïAd hoc Ÿ formal civil & chemical engineering 

methods



SUB-SURFACE FLOW (SSF) 

CONSTRUCTED WETLANDS
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Water flow may be horizontal (HSSF) or vertical (VSSF)
ITRC 2003



CONVENTIONAL CWs ARE GOOD 

AT REMOVING:

ÅBOD

ÅSuspended Solids 

ÅParticulate Heavy Metals

ÅBacteria, Viruses

ÅOil & Grease

ÅMany Lighter Organics



CONVENTIONAL CWs ARE NOT SSO 

GOOD AT REMOVING:

ÅRemoving Nutrients & Many Dissolved Ions

ïNH3: 40 ï60%, TP: 30 ï60%

ÅCoping with Highly Variable Flow Rates

ÅCoping with Very High Flow Rates

ïEspecially with low pollution concentrations or 
very high ones

ÅCleaning Up Recalcitrant Wastewaters



ENGINEERED WETLANDS (EWs)

ÅNew, Advanced Secondary, Wastewater Treatment 
Natural Systems Technology for Year-Round 
Operation

ÅBREW Project Pilot- & Demo-Scale Testing, Late 
1990s
ïIndoor Pilot-Scale (1m2) & Outdoor Demo-Scale HSSF 

Wetland Cells (25 m2)

ïTargeted ammonia and phosphorus removals

ÅAlso Treated Recalcitrant Wastewaters
ïEspecially landfill leachates

ÅSubstrate Aeration in Some Cells

ÅñEngineeredò Substrates in Some Cells

ÅSuccessful Project
ïLed to patented, proprietary technologies



ENGINEERED WETLANDS

ÅAdvanced Types of Constructed Treatment 
Wetlands

ÅMany Cells Operated as Field Scale 

(Bio)Reactors

ÅConditions Manipulated & Controlled

ÅVery Much Higher Pollutant Removals Than CWs 

or Most Mechanical WWTPs



AVERAGE CW/EW 

PERFORMANCE (% Removals)

CW EW

BOD 50 ï90%  70 ï99%+ 

TSS 60 ï95% 70 ï95%+

TKN 40 ï60% 90 - 99%

TP 30 ï60% 95 ï99%+

Soluble Organics 80 ï95%+ 95 ï99%+

Dissolved Metals 40 ï90% 90 ï99%+

Pathogens 2 ï3 log 3 ï9 log



EW SYSTEMS CAN INCORPORATE

ÅPre-Treatment

- Screens

ÅPrimary Treatment

īSedimentation ponds, oil/grit separator 

vessels, septic tanks, sand filters
ÅSecondary Treatment
īUsually one or more SSF EW cells
īCells in series, one or more trains

ÅTertiary Treatment

īEnhanced nutrient removal

īPolishing
ÅDisinfection



EW CELL OPTIONS

FWS CW CELL

AERATED
VSSF  EW 

CELL

AEROBIC 
BIOREACTOR CELL

PONDCWCELL

ANAEROBIC 
BIOCHEMICAL 
REACTOR CELL

(ANOXIC LIMESTONE 
DRAIN CELL

PEAT OR 
COMPOST 

ANAEROBIC 
CELL

AIR

OGS Vessel

SAPS With a Dosing Siphon

Blower



WHAT CAN BE TREATED IN AN 
EW SYSTEM?

Å Dissolved Metal(loid) Cations & Anions 

ïPb, Ni, Cd, Co, Cu, Zn, Mo, Cr, As

Å Other Biologically Reducable
Contaminants

ïNitrates, sulphates, chlorinated organics

Å Biologically Oxidizable Contaminants

ïAmmonia, CN, organics, PAHs, phenols

Å Chemically Precipitatable/Sorbable
Contaminants

ï P, CN



THE OPPORTUNITY

Å A Stormwater Dry Pond (SW-2) in 
the Town of Aurora, Ontario, 
Canada requires retrofit

Å Previously Proposed Retrofit Was 

Not Executed

ïConvert to Wet Pond

Å Could Pond SW-2 Be Upgraded to 
Improve Water Quality?

ïDemonstration project

ïLake Simcoe Region 
Conservation Authority 
(LSRCA) initiative

ïLake Simcoe Clean Up 
Fund (LSCUF)

SW-2 Location


