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1.2 Project Description 

The Project is designed to be a conventional activated sludge plant with an average day flow capacity of 30 

megalitres per day (30 MLD).  The Project will accept pumped raw sewage and hauled wastewater.  As 

wastewater enters the headworks, it will pass through mechanical screens and grit chambers.  Material caught in 

the mechanical screens will be removed, cleaned, and dewatered before disposal.  Grit will also be removed and 

dewatered before being transferred to disposal bins.  The wastewater from the grit tanks will be transported to the 

primary clarifiers.  Suspended solids (sludge) will settle at the bottom of the primary clarifying tanks and be 

pumped away for processing, while the remaining effluent will flow to the aeration tanks for secondary treatment. 

In the secondary clarifiers, the waste activated sludge (WAS) will be collected and pumped to the primary 

clarifiers for co-thickening. Co-thickened WAS and raw sludge will be anaerobically digested on-site before being 

shipped off-site for disposal.  

Secondary treated effluent will flow to the chlorination/dichlorination building where sodium hypochlorite is added 

for disinfection and sodium bisulphite is added for dechlorination.  

The major liquid treatment processes will include screening and grit removal, aeration, secondary clarification, 

and effluent disinfection. 

The Project will include storage lagoons and dewatering at the Garner Road Biosolids Management Centre.  Any 

biogas generated as part of the onsite processes will be reused in the plant boilers, with excess gas sent to a 

flare.  Emissions from the pumping station, headworks and primary clarifiers effluent launders will be treated by 

two odour control units. 

Figure 2 illustrates a simplified process flow diagram of the Project.  

 

 

Figure 2: Process Flow Diagram  

As per the information provided by GM BluePlan and Golder’s experience on similar projects, the following 

sources were assumed to be part of the Project’s normal operations for the purpose of this assessment: 

 One odour control unit to control emissions from Raw Sewage Pumping (wet and dry wells); 

 One odour control unit to control emissions from Headworks and Primary Clarifiers; 

 Fugitive emissions from Anaerobic Digester Control Building; 
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The air flow surrounding the Project is predominantly from the southwest.  The closest air quality monitoring 

station is located in a suburban area of St. Catharines, primarily surrounded by residential land use.  This station 

is generally cross-wind of the Project and is anticipated to be the most representative station of the area due to 

proximity to the Project as it would be subject to similar regional emissions, however not all indicator compounds 

are monitored at this station, in particular SO2 and CO are not measured.  

The Simcoe station is also generally upwind of the Project but located at a further distance of approximately 

98 km from the Project.  Monitoring at the Simcoe Station includes a larger number of compounds, including SO2 

but CO is not measured at this Station.  The Hamilton station also measures SO2 concentrations, in addition to 

CO.  It is located closer to the Project than the Simcoe Station but in a much more urban environment surrounded 

by heavy industrial sources.  As a result, the Simcoe Station is considered to be more representative of air quality 

in the area of the Project than the Hamilton Station given its surrounding land use which is a mix of rural, 

residential and few industrial facilities.  CO is not monitored at the St. Catharines station or the Simcoe station.  

Due to decreasing trends in CO levels in the province over the past ten years (MECP, 2018a), there are few 

stations that currently monitor CO.  The closest station to the Project with monitoring data for CO is the Hamilton 

station.  

Table 3 summarizes monitoring data for the years 2014 through 2018 that were considered for this assessment.  

For analyzing monitoring data, the 90th percentile of the available monitoring data is typically considered a 

conservative estimate of background air quality (Alberta Environment, 2013).  As a result, the 90th percentile of 

the measured concentrations have been used to represent background air quality for parameters with shorter 

averaging periods (i.e., 1-hour, 8-hour, and 24-hour).  Annual background concentrations were calculated based 

on the mean of the available data.  A summary of the background air quality concentrations for all compounds is 

provided below in Table 3, below.  

Table 3: Summary of Air Quality Station Data 

Indicator 
Averaging 

Period 
Assessment 

Criteria (µg/m³) 

Concentration (µg/m³) 

St. Catharines Simcoe Hamilton 

NO2 
(a) 

1-Hour 79/400 26.33  — 

24-Hour 200 22.34  — 

Annual 22.6 12.78  — 

SO2 
(a)(c) 

10-Minute 178.2 — 4.32 — 

1-Hour 106.4 — 2.62 — 

Annual 10.5 — 1.17 — 

CO (a) 
1-Hour 15,000 — — 435.19 

8-Hour 6,000 — — 553.15 

SPM 
24-hour 120 43.33  — 

Annual 60 25.14  — 

PM10 24-hour 50 24.07  — 
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Indicator 
Averaging 

Period 
Assessment 

Criteria (µg/m³) 

Concentration (µg/m³) 

St. Catharines Simcoe Hamilton 

PM2.5 
24-hour 27 13.00 

(b)  — 

Annual 8.8 7.54 
(b)  — 

SPM 24-hour 120 43.33  — 

O3 
(a)(c) 

1-Hour 102 88.31  — 

8-Hour 118 98.61  — 

(a) Data measured in parts per billion (ppb) or parts per million (ppm), were converted to µg/m³ assuming standard temperature and pressure 
(25°C and one atmosphere of pressure). 

(b) No data was available at the St. Catharines station for 2014, hence the data for 2013, 2015-2018 was assessed instead. 

(c) Data for 2015-2019 was assessed. 

 

2.2 Summary of Existing Air Quality 

Table 4 summarizes the existing air quality in the area surrounding the Project, to be added to the dispersion 

modelling predictions as part of the air quality impacts assessment.  The 90th percentile of the 1-hour, 8-hour, and 

24-hour measurements are typically used to represent the existing air quality value when conducting an impact 

assessment and the annual average concentration is used for annual background levels (Alberta Environment 

2013).  The St. Catharines station is the only air quality monitoring station located 17 km cross-wind of the 

Project.  Due to proximity and general air flow direction, data from the St. Catharines station is considered the 

most representative of the air quality surrounding the Project, and therefore is used for indicator compounds 

monitored at that station.  Monitored SO2 data from the Simcoe station is used as it is more representative of air 

quality in the area of the Project given its similar elevation and has fewer industrial influences than the Hamilton 

Station.  The CO data from Hamilton is conservatively being used to represent existing air quality since the St. 

Catharines and Simcoe stations have historically not been used to monitor CO concentrations. 

Table 4: Summary of Background Air Quality Monitoring Data 

Indicator 
Compound 

Averaging 
Period 

Background Air 
Quality Concentration 

[µg/m³] 

Project Criteria 
[µg/m³] 

% of Project 
Criteria 

NO2 

1-hour 26.33 
79 (CAAQS) 33.3% 

400 (AAQC) 6.58% 

24-hour 22.34 200 11.2% 

Annual 12.78 22.6 56.5% 

SO2 

10-minute 4.32 178.2 2.4% 

1-hour 2.62 106.4 2.5% 

Annual 1.17 10.5 11.1% 
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Indicator 
Compound 

Averaging 
Period 

Background Air 
Quality Concentration 

[µg/m³] 

Project Criteria 
[µg/m³] 

% of Project 
Criteria 

CO 
1-Hour 435.19 15,000 3.0% 

8-Hour 553.15 6,000 9.2% 

SPM 
24-hour 43.33 120 36.1% 

Annual 25.14 60 41.9% 

PM10 24-hour 24.07 50 48.1% 

PM2.5 
24-hour 13.00 27 48.1% 

Annual 7.54 8.8 85.7% 

O3  
1-Hour 88.31 102 86.6% 

8-Hour 98.61 118 83.6% 

Notes: 
1. All values are based on 90th percentile with the exception of annual averages. 

2.  “─” no data available 
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3.0 EMISSION RATE ESTIMATES  

As described in Section 1.2, the Project is a Wastewater Treatment Plant with a capacity of 30 MLD.  Emissions 

will occur from the various water treatment processes, during combustion of the biogas and from the haul trucks 

used to transport sewage on-site and biosolids off-site.  

Emission rate estimates for each of the main sources of emission from the Project operations are provided in the 

sections below. 

3.1 Raw Sewage Pumping Station 

Emissions from the raw sewage pumping station (wet well/dry well) are controlled by an odour control unit, which 

is proposed to be similar in design to the bio-tricking filter operating at the GE Booth WWTP in Mississauga, 

Ontario.  In particular, it was assumed to have a 99% control efficiency and exhaust flow rate of up to 20,400 

m³/hour (5.67 m³/s).  

The following equation was used to estimate the emission rate of odour: 

𝐸𝑅 =  𝐸𝐹 × 𝑄 × (1 − 𝐶) 

Where: 

ER = Emission rate in Odour Units per second (OU/s) 

EF = Emission Factor (detection threshold) in Odour Units per cubic metre (OU/m³) 

Q = Flow Rate in cubic metres per second (m³/s) 

C = Control Efficiency (%) 

Odour emission rates were calculated using emission factors for pumping stations calculated as the geometric 

mean of published sampling odour sampling data from wastewater treatment plants (McGinley and McGinley, 

2008).  Emission factors are provided for both a wet well and a pump station, therefore the maximum odour 

emission factor was selected for use in this assessment and applied to the maximum exhaust flow rate for 

conservatism.  The following is a sample calculation for odour: 

        = 2245 
𝑂𝑈

𝑚3 × 5.67
𝑚3

𝑠
× (1 − 99%)        

        = 127.2 
𝑂𝑈

𝑠
 

 

H2S emissions were calculated based on an inlet concentration of 20 ppm.  The following equation was used to 

estimate the emission rate of H2S: 

𝐸𝑅 =  𝐼𝐶 ×
𝑀𝑊

24.45
 × 𝑄 × (1 − 𝐶) × 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑡𝑜 𝑔/𝑠 

Where: 

ER= Emission rate in grams per second (g/s) 

IC = Inlet Concentration in parts per million (ppm) 

MW = Molecular weight of H2S (g/mol) 

Q = Flow Rate in cubic metres per second (m³/s) 

C = Control Efficiency (%) 

24.25 is the molar volume of air in litres at 25°C 
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𝐸𝑅 = 20 𝑝𝑝𝑚 ×
34

𝑔
𝑚𝑜𝑙

24.45
× (1 − 99%) × 5.67

𝑚3

𝑠
×

1 𝑔

1000 𝑚𝑔
 

                                              = 0.0016 
𝑔

𝑠
      

 

3.2 Headworks and Primary Clarifiers 

Both the headworks and primary clarifiers effluent launders are enclosed, with emissions controlled by odour 

control system.  The odour control system will be designed to have a 99% control efficiency and exhaust flow rate 

of  up to 20,400 m³/hour (5.67 m³/s), as per the Project design .  

The following equation was used to estimate the emission rate of odour: 

𝐸𝑅 =  𝐸𝐹 × 𝑄 × (1 − 𝐶) 

Where: 

ER= Emission rate in Odour Units per second (OU/s) 

EF = Emission Factor (detection threshold) in Odour Units per cubic metre (OU/m³) 

Q = Flow Rate in cubic metres per second (m³/s) 

C = Control Efficiency (%) 

Odour emission rates were calculated using emission factors for headworks and primary treatment activities, 

calculated as the geometric mean of published sampling odour sampling data from wastewater treatment plants 

(McGinley and McGinley, 2008).  Where more than one emission factor was provided, the highest emission factor 

for the controlled activities was selected for use, in conjunction with the maximum exhaust flow rate, for 

conservatism.  The following is a sample calculation for odour: 

        = 2959 
𝑂𝑈

𝑚3 × 0.35
𝑚3

𝑠
× (1 − 99%)        

        = 10.3 
𝑂𝑈

𝑠
 

H2S emissions were calculated based on an inlet concentration of 20 ppm.  The following equation was used to 

estimate the emission rate of H2S: 

𝐸𝑅 =  𝐼𝐶 ×
𝑀𝑊

24.45
 × 𝑄 × (1 − 𝐶) × 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑡𝑜 𝑔/𝑠 

Where: 

ER = Emission rate in grams per second (g/s) 

IC = Inlet Concentration in parts per million (ppm) 

MW = Molecular weight of H2S (g/mol) 

Q = Flow Rate in cubic metres per second (m³/s) 

C = Control Efficiency (%) 

24.25 is the molar volume of air in litres at 25°C 
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= 20 𝑝𝑝𝑚 ×
34

𝑔
𝑚𝑜𝑙

24.45
× (1 − 99%) × 0.35

𝑚3

𝑠
×

1 𝑔

1000 𝑚𝑔
 

                                              = 0.0016 
𝑔

𝑠
      

3.3 Anaerobic Digester Building 

The anaerobic digestion control building contains a boiler room, heat exchanger room, electrical room, gas 

room/drip trap room and digestion pump room.  Emissions of odorous compounds occur during truck loading.  

Emissions were calculated based on a processing capacity of 500 m³/day (0.012 m3/s) of sludge, the design 

criteria for the Project.  

The following equation was used to estimate the emission rate of odour: 

𝐸𝑅 =  𝐸𝐹 × 𝑄 

Where: 

ER = Emission rate in Odour Units per second (OU/s) 

EF = Emission Factor (detection threshold) in Odour Units per cubic metre (OU/m³) 

Q = Flow Rate in cubic metres per second (m³/s) 

C = Control Efficiency (%) 

Odour emission rates were calculated using emission factors for digester vents calculated as the geometric mean 

of published sampling odour sampling data from wastewater treatment plants (McGinley and McGinley, 2008).  

The following is a sample calculation for odour: 

        = 1471 
𝑂𝑈

𝑚3 × 0.012
𝑚3

𝑠
        

        = 17.03 
𝑂𝑈

𝑠
 

H2S emissions were calculated based on an assumed concentration of 20 ppm.  The following equation was used 

to estimate the emission rate of H2S: 

𝐸𝑅 =  𝐼𝐶 ×
𝑀𝑊

24.45
 × 𝑄 × (1 − 𝐶) × 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑡𝑜 𝑔/𝑠 

Where: 

ER= Emission rate in grams per second (g/s) 

IC =  Inlet Concentration in parts per million (ppm) 

MW = Molecular weight of H2S (g/mol) 

Q = Flow Rate in cubic metres per second (m³/s) 

C =   Control Efficiency (%) 

24.25 is the molar volume of air in litres at 25°C 

= 20 𝑝𝑝𝑚 ×
34

𝑔
𝑚𝑜𝑙

24.45
× 0.01

𝑚3

𝑠
×

1 𝑔

1000 𝑚𝑔
 

                                                = 0.0003 
𝑔

𝑠
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3.4 Boilers 

Biogas generated by the Project will be used to fuel two boilers, each with a design rating of 6 MM BTU/hour 

which may also operate on natural gas.  The following equation was used to estimate the emission rates from the 

boilers: 

𝐸𝑅 =  𝐸𝐹 × 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ÷ 𝐻𝑖𝑔ℎ𝑒𝑟𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 × 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑡𝑜 𝑔/𝑠 

Where: 

ER= Emission rate in grams per second (g/s) 

EF = Emission Factor in pounds per 100,000 standard cubic feet of gas (lb/ 100,000 SCF) 

Higher Heating Value of biogas is assumed to be 690 BTU/SCF 

In the absence of emission factors for biogas combustion, published emission factors for natural gas combustion 

(US EPA, 1998) were used to calculate the emissions of all contaminants.  The following is a sample calculation 

for emissions of CO: 

= 84 
𝑙𝑏

106𝑆𝐶𝐹
× 6

𝑀𝑀𝐵𝑇𝑈

ℎ𝑟
÷ 690

𝐵𝑇𝑈

𝑆𝐶𝐹
×

1 ℎ𝑟

3600 𝑠
×

106 𝐵𝑇𝑈

𝑀𝑀𝐵𝑇𝑈
×

1000 𝑔

𝑘𝑔
×

0.4536 𝑘𝑔

𝑙𝑏
 

      = 0.092
𝑔

𝑠
 

The emission rates for SPM, SO2, and NOx were calculated using the same general equation.  Emissions of PM10 

and PM2.5 were conservatively assumed to be equivalent to SPM. 

3.5 Waste Gas Burner 

An enclosed flare will be used to combust excess biogas, up to 9500 m3 of digester gas per day, as per the 

Project design.  It was assumed that the flare would be in use for up to 12 hours per day.  

The following predictive emissions equation was used to estimate the combustion emission rates from the flare: 

ER = EF × Digester gas flow rate × Methane Content × conversion to g/s 

Where:  

ER = emission rate (g/s) 

EF = emission factor in kilograms per 100,000 dry standard cubic metres of methane (kg/dscm CH4). 

Emission factors for CO, SPM and NOx were obtained from published data for landfill gas flares (US EPA, 2008).  

The digester gas flow rate was converted to dry standard conditions based on a temperature of 35 degrees, a 

moisture content of 5% and pressure of 0.39 PSI.  The methane content of the digester gas is understood to be 

61%. 

 The following is a sample calculation for the CO emissions. 

= 737 
𝑘𝑔

106𝑑𝑠𝑚3𝐶𝐻4

× 19.1
𝑑𝑠𝑚3

ℎ𝑟
× 61% × 1000

𝑔

𝑘𝑔
×

1 ℎ𝑟

3600 𝑠
 

      = 0.0024
𝑔

𝑠
 

The emission rates for SPM and NOx were calculated using the same general equation.  Emissions of PM10 and 

PM2.5 were conservatively assumed to be equivalent to SPM. 
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The emission rate for SO2 was estimated based on the concentration of compounds containing sulphur (US EPA, 

2008) multiplied by the number of moles of sulphur in each compound.  The following is a sample calculation for 

the emission rate of reduced sulphur from the flare.  

𝐸𝑅 = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑢𝑙𝑝ℎ𝑢𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑔𝑎𝑠
𝑚³𝑆

𝑚³𝑔𝑎𝑠
× 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 

𝑚³𝑔𝑎𝑠

𝑠𝑒𝑐𝑜𝑛𝑑
× 1 

𝑚𝑜𝑙. 𝐾

8.3145 𝑚3𝑆. 𝑃𝑎
×

101325𝑃𝑎

298.15 𝐾
×

32.1 𝑔𝑆

𝑚𝑜𝑙
 

𝐸𝑅 = 38.47
𝑚³𝑆

𝑚³𝑔𝑎𝑠
× 0.219

𝑚³𝑔𝑎𝑠

𝑠
× 1 

𝑚𝑜𝑙. 𝐾

8.3145 𝑚3𝑆. 𝑃𝑎
×

101325𝑃𝑎

298.15 𝐾
×

32.1 𝑔𝑆

𝑚𝑜𝑙
 

𝐸𝑅 = 0.022
𝑔

𝑠
 

3.6 Emergency Generators 

One emergency back-up diesel generator will operate at the Project, with a power rating of 2500 kW, as per the 

Project design.  The following predictive emissions equation was used to estimate the combustion emission rates 

from the generator: 

𝐸𝑅 =  𝐸𝐹 × 𝑃𝑜𝑤𝑒𝑟 𝑅𝑎𝑡𝑖𝑛𝑔 × 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑡𝑜 𝑔/𝑠 

Where:  

ER = emission rate (g/s) 

EF = emission factor in grams per horsepower hour (g/HP-hr or g/kW-hr). 

Emission rates of CO and SPM from the generator were calculated using manufacturer’s specifications for a 

similarly sized unit.  Emissions of PM10 and PM2.5 were conservatively assumed to be equivalent to SPM.  An 

emission factor for SO2 was taken from published emission factors for diesel combustion (US EPA, 1996).  

Emission rate of NOx from the generator was calculated using the Tier 2 exhaust emission standard for engines 

rated at greater than 900 kW from the US EPA document titled “Nonroad Compression-Ignition Engines: Exhaust 

Emission Standards”.  The following is a sample calculation for the emission rate of NOx from the generator. 

= 6.4 
𝑔

𝑘𝑊 − ℎ𝑟
× 2500 𝑘𝑊 ×

1 ℎ𝑟

3600 𝑠
 

                            = 4.00
𝑔

𝑠
 

The generator is tested for approximately one hour, once per month, therefore, emissions from the generator are 

considered separately to normal operations. 

3.7 Truck Movements – Tailpipe Emissions 

Emission factors for the on-site vehicle exhaust for diesel waste trucks were obtained using the U.S. EPA 

MOVES3  emission model (US EPA 2020).  The design of the Project includes up to 10 sewage haulers per day 

transporting sewage on-site, 12 trucks per day hauling biosolids off-site and approximately 4 chemical trucks per 

month.  Truck movements are limited to 7 am to 7 pm.  The emission factors developed for the diesel waste 

trucks operated at the Project are provided in  

Table 5 below: 
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Table 5: Emission Factors for Waste Trucks Calculated Using MOVES Model 

Compound Emission Factor (g/VKT)(a) 

CO 4.05 

NOx 11.60 

SO2 0.01 

SPM 0.53 

PM10 0.53 

PM2.5 0.49 

Notes: a) VKT =vehicle kilometres travelled 

The following predictive emissions equation was used to estimate the combustion emission rates from the Waste 

Trucks: 

 𝐶𝑂 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 [
𝑔

𝑠
] =  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 × 𝑇𝑜𝑡𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑂𝑛𝑒 𝑇𝑟𝑖𝑝 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 𝐻𝑜𝑢𝑟 × 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑡𝑜 𝑔/𝑠 

The following is a sample calculation for the emission rate of CO 

= 4.05 
𝑔

𝑉𝐾𝑇
×

1 ℎ𝑟

3600 𝑠
×

0.65 𝑘𝑚

𝑡𝑟𝑖𝑝
×

3 𝑡𝑟𝑖𝑝

ℎ𝑜𝑢𝑟
 

              = 0.0022
𝑔

𝑠
 

The emission rates for SPM, PM10, PM2.5, SO2, and NOx were calculated using the same general equation.  

3.8 Truck Movements – Fugitive Dust 

Published emission factors were used to calculate the fugitive dust emissions from paved roadways (US EPA, 

2011).  The following predictive emissions equation was used to determine the fugitive dust emission factor for 

paved roads: 

 

EF = (k(sL)0.91 × (W)1.02) (1 − C) 

Where: 

EF =  particulate emission factor (having units matching the units of k), 

k =  particle size multiplier for particle size range and units of interest (see Table 6), 

sL =  road surface silt loading (g/m2) assumed to be 7.4 (as per US EPA 2011, silt loading for MSW 

landfills), 

W =  average weight (tons) of the vehicles traveling the road, and 

C = Control efficiency, i.e., reduction of fugitive dust emissions due to dust suppression activities. 
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Table 6: Particle Size Assumptions for Paved Road Dust (US EPA, 2011) 

Size Range k (g/VKT) 

SPM 3.23 

PM10 0.62 

PM2.5 0.15 

The following is a sample calculation for SPM for the predictive emission factor for a waste truck that will travel 

along the on-site roads.  The waste truck is estimated to have an average weight of 25 tons.  

EF = 3.23 × (7.4)0.91 × (25)1.02 

EF =  523.23 g/VKT 

The following is a sample calculation for the SPM emission rate for vehicles travelling along the same paved road 
segment: 

ER =
523.23 g

VKT
×

1.95 VKT

hr
×

1 hr

3600 s
  

ER = 0.29 g/s 

The emission rates of PM10 and PM2.5 were calculated as presented above.  

3.9 Summary of Emissions 

A summary of hourly emission rates from all significant sources at the Project is provided in Table 7, below. 

Table 7: Summary of Emissions by Source 

Source Contaminant Emission Rate [g/s] 

Raw Sewage Pumping Station 
(odour control unit) 

Odour (OU/s) 127.22 

H2S 0.0016 

Headworks and Primary Clarifiers 
(odour control unit) 

Odour (OU/s) 167.68 

H2S 0.0016 

Anaerobic Digester Building Odour (OU/s) 17.03 

H2S 0.0003 

Boilers NOx 0.22 

SO2 0.0013 

CO 0.18 

SPM 0.017 

PM10 0.017 

PM2.5 0.017 
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Source Contaminant Emission Rate [g/s] 

Waste Gas Burner NOx 0.0020 

SO2 0.0222 

CO 0.0024 

SPM 0.0008 

PM10 0.0008 

PM2.5 0.0008 

Emergency Generator NOx 4.00 

SO2 0.0046 

CO 0.79 

SPM 0.06 

PM10 0.06 

PM2.5 0.06 

Truck Movements – Tailpipe 
Emissions 

NOx 0.0063 

SO2 0.000003 

CO 0.0022 

SPM 0.0003 

PM10 0.0003 

PM2.5 0.0003 

Truck Movements – Fugitive dust SPM 0.288 

PM10 0.055 

PM2.5 0.013 
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4.0 DISPERSION MODELLING 

The likely environmental effects for the air quality indicators were evaluated using the AERMOD air dispersion 

model developed by the United States Environmental Protection Agency (U.S. EPA).  AERMOD is recognized by 

federal and Ontario regulators as one of the regulatory dispersion models.  

AERMOD consists of the model and two pre-processors: the AERMET meteorological pre-processor and the 

AERMAP terrain pre-processor.  The following approved dispersion model and pre-processors were used in the 

assessment: 

 AERMOD dispersion model (v. 19191); 

 AERMAP surface pre-processor (v. 18081); and 

 BPIP building downwash pre-processor (v.04274). 

AERMET was not used since pre-processed meteorological datasets were obtained from the MECP.  Dispersion 

modelling was completed considering guidance from the MECP Guide “Air Dispersion Modelling Guideline for 

Ontario” (ADMGO) dated February 2017 (MECP, 2017).  

4.1 Model Development 

The AERMOD dispersion modelling system was developed by the U.S. EPA as a replacement to the long-

standing Industrial Source Complex (ISC) model, as the model recommended by the U.S. EPA for regulatory 

applications in the United States.  This model has also been adopted in Ontario as the regulatory model 

recommended for permitting and regulatory applications (MECP, 2017).  The model is generally based on 

Gaussian plume dispersion theory (U.S. EPA 2004), but also incorporates a series of specific algorithms to reflect 

current understanding of dispersion theory (U.S. EPA 2004). 

4.1 Model Calibration 

Digital terrain data for the site and surrounding area are also required inputs to the AERMAP pre-processor and 

used to characterize how the local topography could affect the dispersion of air contaminants.  If buildings are 

present at a site, building heights are required inputs to assess building downwash using the BPIP pre-processor. 

4.2 Model Validation 

Part of the rigorous process used by the U.S. EPA prior to adopting AERMOD as a regulatory model (U.S. EPA 

2004) was a significant peer review process to confirm that the model could accurately predict ground level 

concentrations when compared to monitoring data (U.S. EPA 2003, 2004). 

4.3 Model Uncertainty and Sensitivity 

Dispersion models employ assumptions that simplify the random processes associated with atmospheric motions 

and turbulence.  While this simplification limits the model’s ability to replicate individual events, the strength of the 

model lies in the ability to predict overall values for a given set of meteorological conditions.  The process 

undertaken by the U.S. EPA ensured that the model predictions can be relied on as reasonable estimates of the 

likely concentrations.  AERMOD is based on known theory and has been proven to reliably produce repeatable 

results.  To limit the uncertainty associated with emissions input to the model, conservative assumptions were 

made where practical (see Section 4.7).  Finally, five years of publicly available meteorological data obtained from 

the MECP (MECP, 2020) are used as an input to the model so that a full range of possible meteorological 

conditions is evaluated. 
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Table 8: Reliability Summary for the AERMOD Dispersion Model 

Model Name Developer Use in 
Assessment 

Development Calibration Validation Uncertainty and 
Sensitivity 

AERMOD 
(Version 19191) 

United States 
Environmental 
Protection Agency 

Predict air quality 
concentrations and 
deposition 

AERMOD was 
developed to 
replace the 
long-standing ISC 
model as the 
model 
recommended by 
the U.S. EPA. 

 

AERMOD is based 
on Gaussian plume 
dispersion theory 
(U.S. EPA 2004) 
that has been used 
for more than 
30 years. 

 

The application of 
specific algorithms 
has been updated 
to reflect current 
understanding of 
dispersion theory 
(U.S. EPA 2004). 

Five years of 
publicly available 
meteorological 
data were obtained 
from the MECP. 

 

Digital terrain data 
for the site and 
surrounding area 
input to the model. 

AERMOD has 
been adopted by 
the U.S EPA as it 
is preferred and 
recommended 
dispersion model 
(U.S. EPA 2005).  
Prior to adoption, 
the U.S. EPA 
completed a 
rigorous review of 
the model 
performance 
(U.S. EPA 2003, 
2005). 

AERMOD is based 
on known theory 
and proven to 
reliably produce 
repeatable results. 

 

Uncertainty 
associated with 
emissions is 
managed by 
making 
conservative 
assumptions. 

 

Model predictions 
are sensitive to 
fluctuations in the 
meteorology, which 
can be managed 
by using a 
five-year data set. 

 

Five years of data 
should include the 
full range of 
possible 
meteorological 
conditions. 
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4.2 Model Inputs 

To predict ambient air concentrations using AERMOD, a series of inputs are required that parameterize the 

sources of emissions as well as their transport.  These inputs can be grouped into the categories listed below: 

 Meteorological data; 

 Terrain and receptors;  

 Building downwash; and  

 Emissions and model source configurations. 

Each of these input categories are discussed separately in the following sections. 

4.2.1 Meteorological Data 

The MECP, as well as other agencies, recommends that five years of hourly data be used in the model to cover a 

wide range of potential meteorological conditions (MECP, 2017).  In this assessment, the AERMOD model was 

run using a MECP pre-processed five-year dispersion meteorological dataset (i.e., surface and profile files), last 

updated in 2020, in accordance with paragraph 1 of s.13(1) of O.Reg.419/05.  As the Project is located in the 

West Central MECP Region – Hamilton, Niagara, Guelph, the meteorological dataset for West Central (“London”) 

Crops is used (MECP 2020).  The data set covers the period of January 1996 to December 2000.  

4.2.2 Terrain and Modelling Receptors 

Terrain elevations have the potential to influence air quality concentrations at individual receptors, therefore 

surrounding terrain data is required when using regulatory dispersion models in both simple and complex terrain 

situations (U.S. EPA 2004).  Digital terrain data is used in the AERMAP pre-processor to determine the base 

elevations of receptors, sources, and buildings.  AERMAP then searches the terrain height and location that has 

the greatest influence on dispersion for each receptor (U.S. EPA 2004).  This is referred to as the hill height scale.  

The base elevation and hill height scale produced by AERMAP are directly inserted into the AERMOD input file. 

4.2.2.1 Digital Terrain Data 

Digital terrain data was obtained from the MECP (NED GeoTIFF format) (MECP 2020).  The GeoTIFF files used 

in this assessment were cdem_dem_030L.tif and cdem_dem_030M.tif. 

4.2.2.2 Model Receptors 

Receptors were chosen based on recommendations provided in Section 7.2 of the ADMGO, which is in 

accordance with s.14 of O.Reg. 419/05.  Specifically, a nested grid, centred around the outer edges of the 

sources, was placed as follows: 

a) 20 m spacing, within an area of 200 m by 200 m; 

b) 50 m spacing, within an area surrounding the area described in (a) with a boundary at 300 m by 300 m 

outside the boundary of the area described in (a); 

c) 100 m spacing, within an area surrounding the area described in (b) with a boundary at 800 m by 800 m 

outside the boundary of the area described in (a); 
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d) 200 m spacing, within an area surrounding the area described in (c) with a boundary at 1,800 m by 1,800 m 

outside the boundary of the area described in (a); and 

e) 500 m spacing, within an area surrounding the area described in (d) with a boundary at 4,800 m by 4,800 m 

outside the boundary of the area described in (a). 

In addition to the nested receptor grid, receptors were also placed every 10 m along the property line.  The 

locations of all gridded and property line receptors are illustrated in Figure 4. 

Discrete Cartesian Receptors were also placed at nearby sensitive receptors within a 2 km radius of the Project, 

as illustrated in Figure 5. Sensitive receptors include residences, health care facilities and locations where regular 

human activities are expected to occur. 
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4.3.1 Building Downwash 

The PRIME algorithm, which is included within AERMOD, allows the effect of building wakes to be included in 

dispersion algorithms.  Building wakes affect dispersion of plumes through two mechanisms:  

 enhancing dispersion within the wake based on increased turbulence; and  

 reducing plume rise by entrainment of the plume in the wake. 

The reduced plume rise can contribute to larger ground-level concentrations as the building wake effectively 

brings the plume centreline closer to the ground.  However, the increased turbulence of the wake will increase 

dilution.  Both effects are accounted for by PRIME.  Therefore, the inclusion of building wake effects into 

dispersion calculations may result in both higher ground-level concentrations and lower concentrations at elevated 

receptors.  The parameters required by the PRIME algorithm are produced using the BPIP-PRIME building 

downwash pre-processor.  Inputs into this program include the stack location, stack height and the footprints and 

heights of the buildings that will influence dispersion.  The output data from BPIP is used in the AERMOD building 

wake effect calculations.  

4.3.2 Model Source Configurations 

4.3.2.1 Point Sources 

Point sources are typically used to represent elevated stacks or vents as well as enclosed flares (MECP, 2017).  

The input parameters for the point sources at the Project were taken from manufacturers specifications for similar 

equipment installed at the GE Booth WWTP in Mississauga, where available as the same equipment is proposed.  

The input parameters used for the point sources are provided in Table 9, below 

Table 9: Point Source Parameters 

Source 

Stack 
Height 
Above 

Grade [m] 

Stack Gas 
Exhaust 
Velocity 

[m/s] 

Stack Gas Exit 
Temperature 

[°C] 

Stack Inner 
Diameter 

[m] 
Compound 

Hourly 
Emission 
Rate [g/s] 

Raw Sewage 
Pumping 
Station 
(BIO1) 

6 20 Ambient 0.6 

Odour (OU/s) 127.22 

H2S 0.0016 

Headworks 
and Primary 
Clarifier 
(BIO2) 

6 20 Ambient 0.6 

Odour (OU/s) 127.22 

H2S 0.0016 

Boiler 1 (B1) 4.5 6.2 175 0.32 

NOx 0.11 

SO2 0.0007 

CO 0.09 

SPM 0.008 

PM10 0.008 

PM2.5 0.008 

Boiler 2 (B2) 4.5 6.2 175 0.32 

NOx 0.11 

SO2 0.0007 

CO 0.09 
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Source 

Stack 
Height 
Above 

Grade [m] 

Stack Gas 
Exhaust 
Velocity 

[m/s] 

Stack Gas Exit 
Temperature 

[°C] 

Stack Inner 
Diameter 

[m] 
Compound 

Hourly 
Emission 
Rate [g/s] 

SPM 0.008 

PM10 0.008 

PM2.5 0.008 

Waste Gas 
Burner (FLA) 

6.2 8.5 1000 1.23 

NOx 0.0020 

SO2 0.0222 

CO 0.0024 

SPM 0.0008 

PM10 0.0008 

PM2.5 0.0008 

Emergency 
Power 
Generator 
(EPG1) 

6.5 53.7 450 0.4 

NOx 4.00 

SO2 0.0046 

CO 0.79 

SPM 0.06 

PM10 0.06 

PM2.5 0.06 

 

4.3.2.2 Volume Sources 

Volume sources are used to model releases from a variety of industrial sources that cannot be classified as being 

releases from a dedicated stack or from a large, fixed area, such as truck loading bays.  Emissions from the 

Anaerobic digestion tank during truck filling were modelled as a volume source.  The volume source parameters 

used in the modelling are provided in Table 10, below.  

Table 10: Volume Source Parameters 

Source 
Release 

Height Above 
Grade [m] 

Initial Vertical 
Dimension 

[m] 

Initial Lateral 
Dimension [m] 

Compound 
Hourly 

Emission 
Rate [g/s] 

Anaerobic 
Digestion 
Building 
(ADCB) 

3 2.79 2.09 

Odour (OU/s) 17.03 

H2S 0.0003 
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The MECP has suggested that roads should be modelled as a series of individual volume sources creating a line 

that follows the road (MECP 2017).  On-site roads were modelled using this volume source approach.  The roads 

were divided into contiguous volume sources with release heights assumed to be half the plume height (plume 

height is calculated as 1.7 x vehicle height as per US EPA, 2012)).  The emission rate for the entire road segment 

was divided amongst the total volume sources for the entire segment.  The Line volume source parameters used 

in the modelling are provided in Table 11, below. 

Table 11: Line - Volume Source Parameters 

Source 

Release 
Height 
Above 

Grade [m] 

Plume 
Height [m] 

Plume Width 
[m] 

Number of 
Modelling 
Sources 

Compound 
Hourly 

Emission 
Rate [g/s] 

Truck 
Movements 

(TT) 
3.49 6.99 8.59 76 

NOx 0.0063 

SO2 0.000003 

CO 0.0022 

SPM 0.289 

PM10 0.056 

PM2.5 0.014 

 

Please refer to Figure 6 below for the dispersion modelling plan showing source locations. 
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4.4 Summary of Model Options  

The options used in the AERMOD model are summarized in Table 12. 

Table 12: Options Used in the AERMOD Model 

Modelling Parameter Description Used in Concentration 
Modelling? 

DFAULT Specifies that regulatory default options will be used. Yes, as per ADMGO 
recommendations 

CONC Specifies that concentration values will be 
calculated. 

Yes 

AVERTIME Time averaging periods calculated. 1-hr, 24-hr, Annual 

URBANOPT Allows the model to incorporate the effects of 
increased surface heating from an urban area on 
pollutant dispersion under stable atmospheric 
conditions. 

No, the Project is not located in 
an Urban Area 

URBANROUGHNESS Specifies the urban roughness length (m). No, the Project is not located in 
an Urban Area 

 

4.5 Special Modelling Considerations 

On-site truck traffic and truck loading at the anaerobic digestion building were modelled using the emission factor 

card for day of week and hour of day of operation.  Truck traffic and truck loading were assumed to occur from 7 

am to 7 pm only. 

4.6 Post Processing 

Most air quality concentration predictions are output directly from the model, however there are certain 

parameters, including averaging periods less than 1-hour and conversion of NO2 using existing regional ozone 

concentrations that require post processing.  These post processing methods are described in the following 

sections. 

4.6.1 Time Average Conversions 

The smallest time scale that AERMOD predicts is a 1-hour average value.  There are instances when criteria are 

based on different averaging times, and in these cases the following conversion factor, recommended by the 

MECP for conversion from a 1-hour averaging period to the applicable averaging period less than 1-hour could be 

used (MECP 2017).  An example is given below for converting from a 1-hour averaging period to a 1/2-hour 

averaging period: 

 

𝐹 = (
𝑡1

𝑡0
)

𝑛

 

 

 = (
60

30
)

0.28

 

 

= 1.21 
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Where:  

F = the factor to convert from the averaging period t1 output from the model (MECP assumes AERMOD 

predicts true 60-minute averages) to the desired averaging period t0 (assumed to be 30 minutes in 

the example above), and 

N = the exponent variable; in this case the MECP value of n = 0.28 is used for conversion. 

For averaging periods greater than 1-hour, the AERMOD output was used directly. 

4.6.2 Conversions of NOx to NO2 

Emissions of oxides of nitrogen (NOx) were used as inputs to the AERMOD model.  Predictions of nitrogen 

dioxide (NO2) can be calculated from modelled NOx values using the Ozone Limiting Method (OLM).  The OLM 

compares the maximum modelled NOx concentration to the background ozone concentration to assess the 

limiting factor to NO2 (Cole and Summerhays 1979).  The following equations present the methodology:  

If background [O3] >0.90 [NOx], total conversion: [NO2] = [NOx] 

If background [O3] <0.90 [NOx], NO2 is limited by O3: [NO2] = [O3] + 0.10 [NOx] 

For the air quality assessment, the background concentration of O3 used in the OLM is presented in Table 13.  

Table 13: Ozone concentrations used in OLM 

Averaging Period Concentration of O3 [µg/m3] 

1-hour 88.31 

24-hour 77.76 

 

4.7 Conservative Assumptions in Modelling Approach 

Table 14 outlines the conservative assumptions in the modelling approach which results in an assessment that is 

not likely to under-predict the air quality associated with the Project.  

Table 14: Conservative Assumptions in Modelling Approach 

Area Conservative Assumption 

Operations were modelled to be 
occurring simultaneously 

The modelling assessment includes all operations occurring 
simultaneously at maximum capacity.  This is unlikely to occur in practice.   

Longest Haul Route Lengths were 
selected 

It was assumed that on-site truck traffic drives around the anaerobic 
digestion tanks and headworks buildings.  In reality, shorter routes are 
more likely. 

 

It is assumed that the conservative emission rates, when combined with the conservative operating conditions 

and conservative dispersion modelling assumptions description herein, are not likely to under predict the modelled 

concentrations at each of the identified receptors.  
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5.0 AIR QUALITY PREDICTIONS 

To assess the overall local air quality effects of a given facility, the existing air quality must be combined with the 

maximum predicted concentrations from the proposed activities.  The resulting air quality concentrations are 

referred to as the cumulative predicted concentration, which is compared to the relevant air quality criteria.  

As discussed in Section 2.0 above, the existing air quality for this assessment was described using the 90th 

percentile of monitoring data from stations located at considerable distances from the Project as there are no local 

monitoring stations close by.  Additionally, the station data is collected in areas where there are more significant 

industrial sources of air emissions.  As a result, the concentrations representing the existing air quality are 

conservative.  In addition to this, the predicted concentrations that result from the dispersion modelling 

assessment are also conservative because they take into consideration the worst-case meteorological conditions 

occurring at the same time as maximum Project operations.  In reality, there is a very low likelihood that the worst-

case meteorology, the maximum Project operations and the conditions that result in 90th percentile of the existing 

air quality compounds occur simultaneously.  As a result, the maximum predicted cumulative concentrations 

presented in this assessment are very conservative.  

Maximum predicted concentrations at all off property receptors and at sensitive receptors are provided in 

Table 15, below.  The results are compared to the relevant air quality criteria and are shown to be below the 

relevant guidelines at all sensitive receptors.  Similarly, predicted cumulative concentrations were below the 

relevant air quality criteria at all gridded receptor locations, with the exception of 1-hour averaged nitrogen 

dioxides, which exceed the CAAQS but is below the relevant AAQC.  This exceedance occurs along the western 

property fence line only, which is not an area where regular human activity is expected to occur.  Concentrations 

at the closest residences are below both the CAAQS and AAQC. 

It is also important to note that the provincial (AAQC) and federal (CAAQS) assessment criteria that are used in 

this assessment are not regulatory limits and are frequently exceeded at various locations across Ontario due to 

weather conditions and long-range transportation.  Instead of being used for a pass or fail compliance 

assessment, these criteria are to be used as benchmarks to facilitate air quality management on a regional scale 

and provide reference desirable levels for outdoor air quality.  
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Table 15: Air Quality Predictions 

Compound 
Averaging 

Period 
Criteria 
[µg/m³] 

Existing 
Concentration 

[µg/m³] 

Sensitive Receptors* Off-site Gridded Receptors 

Maximum 
Predicted 

Concentration 
[µg/m³] 

Maximum 
Predicted 

Cumulative 
Concentration 

[µg/m³] 

% 
Criteria 

Maximum Off-
Site 

Concentration 
[µg/m³] 

Maximum 
Predicted 

Cumulative 
Concentration 

[µg/m³] 

% Criteria 

NO2 

(excluding 
emergency 
generator 
testing) 

1-Hour 
(AAQC) 

400 26.33 38.93 65.26 16% 84.91 111.24 28% 

1-Hour 
(CAAQS) 

79 26.33 29.56 55.89 71% 82.04 108.37 137% 

24-Hour 200 22.34 11.59 33.93 17% 48.81 71.15 36% 

Annual 22.6 12.78 0.72 13.50 60% 5.35 18.13 80% 

NOx 
(Including 

Emergency 
Generator 
Testing) 

½-hour 1880 — 110.71 110.71 6% 315.60 315.60 17% 

SO2 

10-min 178.2 4.32 0.28 4.60 3% 0.97 5.29 3% 

1-Hour  106.4 2.62 0.17 2.79 3% 0.59 3.21 3% 

Annual 10.5 1.17 0.01 1.18 11% 0.04 1.21 12% 

CO 
1-Hour  15,000 453.19 32.93 486.12 3% 88.56 541.75 4% 

8-Hour  6000 553.15 16.71 569.86 9% 62.45 615.60 10% 

SPM 24-Hour 120 43.33 15.21 58.54 49% 65.21 108.54 90% 

 Annual 60 25.14 0.68 25.82 43% 7.78 32.92 55% 

PM10 24-Hour 50 24.07 2.71 26.78 54% 12.95 37.02 74% 
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Compound 
Averaging 

Period 
Criteria 
[µg/m³] 

Existing 
Concentration 

[µg/m³] 

Sensitive Receptors* Off-site Gridded Receptors 

Maximum 
Predicted 

Concentration 
[µg/m³] 

Maximum 
Predicted 

Cumulative 
Concentration 

[µg/m³] 

% 
Criteria 

Maximum Off-
Site 

Concentration 
[µg/m³] 

Maximum 
Predicted 

Cumulative 
Concentration 

[µg/m³] 

% Criteria 

PM2.5 24-Hour 27 13 1.22 14.22 53% 5.07 18.07 67% 

  Annual 8.8 7.54 0.12 7.66 87% 0.58 8.12 92% 

Odour 
(OU/m³) 

10-min 1 — 0.26 0.26 26% — — — 

H2S 
10-min 13 — 2.81 2.81 22% 12.85 12.85 99% 

24-hour 7 — 0.36 0.36 5% 2.35 2.35 34% 

* As per the MECP ADMGO (MECP 2017) meteorological anomalies were removed for modelling results presented over the entire modelling grid, and not at individual sensitive receptor 

locations.  .  Sensitive receptors include residences (see figure 5).  Off-site gridded receptors include a nested grid of all locations at or beyond the property line (see figure 4). 

Odour was assessed at sensitive receptor locations only in accordance with standard practices (MECP, 2016)  

 

 

 

 



May 2022 18104462 

 

 

 
 36 

 

6.0 RECOMMENDATIONS 

The results presented in Section 5 indicate that maximum cumulative concentrations of all contaminants are 

below the relevant assessment criteria at surrounding sensitive receptors.  Mitigation controls have been included 

into the design of the Project, which include the use of biofilters to control emissions from the activities with the 

greatest potential for odorous emissions.  As the Project is not yet constructed, the inputs into the modelling have 

been prepared using published emission factors and data for similar wastewater treatment plants in Ontario.  

Once the Project is operational, it would be recommended that odour sampling is completed to verify the 

assumptions used in this assessment.  

Additional odour management (including H2S) procedures could include the following: 

 Preventative maintenance and regularly scheduled cleaning of wastewater collection systems and sumps; 

 Regular and scheduled cleaning of grease interceptors; 

 Using lower temperature process or cleaning water where possible; and, 

 monitoring and measurement of systems and air pollution control equipment to ensure optimal performance.  

Monitoring of the oxygen content of an aeration basin, for example, will serve to avoid odorous septic 

conditions. 

Addition actions that could be taken to reduce concentrations of particulate matter, including SPM, PM10, and 

PM2.5, would include sweeping or maintenance of on-site roads. 

Actions to reduce concentrations of NO2 could include selection of combustion equipment with low NOx 

guarantees and/or a review of stack parameters. 
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7.0 CONCLUSIONS 

An assessment of potential air quality impacts associated with the proposed South Niagara Falls Wastewater 

Treatment Plant was completed based on modelling of maximum emissions from the Project and the addition of 

ambient monitoring data to represent regional background air quality. 

The results of the cumulative assessment are anticipated to represent a very conservative scenario as they 

assume that the meteorological conditions which result in the worst dispersion occur at the same time that 

maximum on-site activities take place, and during a period when ambient air quality conditions are at the 90th 

percentile.  Ambient air quality conditions are typically lower 90% of the time.  The likelihood of all these factors 

occurring concurrently is low.  

Predicted concentrations were calculated at sensitive receptors (e.g. residences) located within a 2 km radius of 

the site and at a 10 km x 10 km nested grid of off-site receptors.  Overall, the results of the modelling assessment 

indicate that the predicted cumulative concentrations of all contaminants are below the relevant air quality criteria 

for all Indicator Compounds at sensitive receptors.  Similarly predicted cumulative concentrations were modelled 

to be below the relevant air quality criteria at all gridded receptor locations, with the exception of 1-hour averaged 

nitrogen dioxides, which exceed the CAAQS but are below the relevant AAQC.  This exceedance occurs along 

the western property fence line only.  Concentrations at all residences are predicted to be below both the CAAQS 

and AAQC. 

Based on the proposed WWTP site layout, recommended mitigative design approaches, and the modelling 

completed to date, the Project is not expected to significantly impact local air quality at existing residences and 

sensitive receptors.  Predicted air quality concentrations are below indicators of good air quality within the site 

boundary.  The new SNF WWTP is designed to meet the relevant air quality criteria. 
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1 Introduction 

1.1 Background 
The Regional Municipality of Niagara (Niagara Region) completed a Water and 
Wastewater Master Servicing Plan (Master Plan) in 2017 that provided a long-term 
planning strategy to address the water and wastewater system needs to the year 2041 
(GM BluePlan, 2017). The Master Plan recommended a combination of solutions for 
meeting future needs, including improving the existing sewage collection systems, and 
construction of a new wastewater treatment plant (named South Niagara Falls WWTP) 
to service growth in south Niagara Falls in two stages:  

• Stage 1: Provide a capacity of 30 megaliters per day (MLD), including approximately 
15 MLD from the existing Niagara Falls WWTP, which currently services the existing 
developed South Niagara Falls area, and approximately 15 MLD from new growth in 
that area. 

• Stage 2: Provide a capacity increase to 60 MLD to accommodate future servicing to 
full build-out capacity.  

GM BluePlan, in association with CIMA+, has been retained by the Region to complete 
the Schedule “C” Class EA study and Conceptual Design for the proposed South 
Niagara Falls WWTP (SNF WWTP). The Class EA study will present development and 
evaluation of alternative design concepts for the preferred solution including their 
associated environmental impacts and proposed mitigation measures.  

1.2 Purpose 
The purpose of this Technical Memorandum (TM) Odour Headworks Odour Control is to 
review various odour control technologies for odorous air treatment at the proposed 
SNF WWTP. 

 

  



 

 

2 Review of Odour Control Technologies 
Many different technologies have been used to treat odours at the wastewater treatment 
plants. Table 1 provides a list of technologies that have been used to address hydrogen 
sulphide (H2S) related odours at wastewater facilities. 

Table 1 Summary of Odour Control Technologies 

Method Considerations 

Chemical Addition Requires storage, handling and dosing of 
hazardous chemicals 

Chemical Scrubber 
Requires a scrubbing reactor and 
storage, handling and dosing of 
hazardous chemicals 

Biological Filter 
New systems utilize inert media with long 
life that allow naturally growing organisms 
to degrade odours. 

Carbon Filter Requires on-going frequent media 
replacement and/or regeneration 

Biological Trickling Filter/Scrubber 

Similar to chemical scrubber but uses 
naturally occurring microorganisms rather 
than chemicals for treatment.  Large 
footprint 

Photoionization  

New technology that replicates natural 
processes by using UV light to create 
hydroxyl (-OH) radicals that decompose 
chemicals in the air. 

Chemical addition (FeCl3 etc.) is only effective for inhibiting H2S production (i.e. 
upstream of long forcemains), but is not effective for treatment of H2S that has already 
formed. For this reason, it will not be included within this review. 

2.1 Chemical Scrubber 
Packed tower chemical scrubbers have been used at wastewater treatment plants for 
odor control for many years.  This is an established technology that offers flexibility for 
customization and control. Through the use of multiple stages, a chemical scrubber 
system can be optimized to remove many different odorous compounds to very low 
levels. For example, a two stage unit can be used to maximize odor removal efficiency 
while reducing chemical usage over a comparable single stage unit. Additionally, an 
acid stage can be added to remove ammonia compounds. Most chemical scrubbers 
consist of a vertical FRP tank with packing media, a sump, and recirculation pump(s).  
Chemical scrubbers operate on the principles of gas absorption and chemical oxidation.  



 

 

The two most commonly used wet scrubber designs are recirculating packed bed and 
mist. While considerably different in design and operation, their shared historical 
purpose is to collect and absorb air-borne odours into a liquid solution containing water 
and an oxidant chemical.  

The most commonly used recirculating packed bed chemical scrubber is dosed with 
sodium hydroxide (to raise pH) and sodium hypochlorite (oxidizing agent) to dissolve 
odorous gases into solution and oxidize them. The treatment solution falls through the 
packing to a sump beneath. From the sump, the treatment solution is recirculated over 
the top of the packing. Fresh solution is added to replenish depleted chemicals. This 
feed loop includes a chemical solution tank, metering pump and piping, a recirculation 
pump and associated piping and valves. 

Chemicals are added at a rate based on pH and ORP set-point controller readings to 
maintain the optimal concentration of chemical in the recirculating liquid based on the 
amount of odorous compounds present in the airstream.  

The reaction rate of a chemical scrubber is very fast, allowing scrubber empty-bed 
residence times (EBRT) of less than 2 seconds. This allows for relatively small and 
compact chemical scrubber systems compared to other odour control system types (not 
accounting for chemical storage and dosing equipment).   

Chemical demand and the associated operating cost is directly proportional to the 
concentration of H2S being treated. One of the main disadvantages of chemical 
scrubbers is the maintenance required to keep the chemical feed pumps, scrubber 
recirculation pumps, system packing, and pH and ORP probes operational and clean. 

2.2 Activated Carbon Scrubber 
Carbon (and other dry media) scrubber systems typically treat odorous air in a single or 
dual bed vertical FRP or stainless steel tank.  Air is directed through the carbon media 
bed where the odors are removed by a combination of physical and chemical 
absorption. Like chemical systems, activated carbon scrubbers can be configured to 
remove a wide range of odors including H2S and reduced organic sulphides.  Unlike 
chemical scrubbers, carbon scrubber systems are much simpler to operate and 
maintain.  When all the reaction sites of the carbon are used up, the media must be 
recharged or replaced, depending on the type of carbon.  There are many different 
types of impregnated carbons and they have different absorption capacities for H2S and 
other odorous compounds.  Depending on the type of carbon used, disposal of the 
spent carbon could also be classified as hazardous waste; although not typical in most 
municipal odour control applications.  



 

 

Headloss and air loading rate (to prevent loss of media) limit the design depth and 
throughput rate and dictate the design sizing of a carbon scrubber. Typical carbon 
scrubbers have an EBRT of around 3-5 seconds. Carbon scrubbers are used in both 
relatively high and low flowrate systems provided there are relatively low concentrations 
of odorous compounds (typically below 5 mg/l) to be removed. When high 
concentrations of odours are encountered, the carbon media must be replaced 
frequently, significantly increasing operating costs.  

2.3 Biological Odour Removal Systems 
Biological odour removal systems include technologies that use naturally occurring 
bacteria to remove H2S and reduced organic sulphides.   Biological odour removal 
systems include different configurations, including: 

• Biofilter:  Media based system similar to a carbon scrubber with humidification 
systems to maintain biological activity 

• Bio-trickling filter (BTF) system similar to a chemical scrubber, but uses naturally 
occurring microorganisms and a nutrient rich recycle stream (effluent water) to 
support biological growth.  

BTFs are becoming more popular over the last decade due to their lower level of 
required maintenance, low life cycle costs, more compact units as compared to typical 
biofilter, and eco-friendliness as compared to chemical scrubbers.  Biological odour 
control systems are also considered “green” treatment options when compared to 
carbon scrubber systems as they do not require the routine disposal and replacement of 
the spent media. One key advantage of biological treatment systems is that their 
operational costs do not increase significantly (if at all) with H2S concentration. 
Therefore, the higher the odour concentration being removed, the faster the payback of 
a biological system when compared to a chemical or activated carbon based system.  In 
systems with high airflow rates and high H2S concentration, the savings can be 
substantial when compared to other technologies. 

Advantages of biological odour removal systems compare to other technologies can be 
summarised as following: 

• More sustainable  
• Low maintenance 
• Reduced operating costs due to no need to use chemicals and/or frequent 

replacement of the media 
• Longer equipment life with proper design considerations  
• Safer operations due to elimination of chemicals handling. 



 

 

2.3.1 Biofilter 
Biofilters can be open or enclosed in-ground, custom built onsite or modular pre-
fabricated units. They typically utilize an organic media bed (woodchips and compost) or 
a proprietary synthetic media.  Air is blown up through the media bed whose depth is 
dependent on the type of media. Organic media beds are typically limited to 0.9 m of 
depth to limit headloss and compaction, while synthetic media can be much deeper. 
Organic chipwood or compost media must be replaced every 1-4 years.  Synthetic 
media allows more than double the bed depth of organic media, along with providing a 
guaranteed media life of 10 years. Due to the reduced footprint and longer media life, 
most new biofilter installations are based on synthetic media. Air needs to be humidified 
before treatment through biofilter, or biofilter needs to be irrigated in periods of dry 
weather.    

Biofilters have relatively low loading rates and require a larger area on the plant site 
when compared to the other technologies.  However, biofilters offer very good removal 
of both H2S and more difficult reduced organic sulphides.    

2.3.2 Bio-Trickling Filter 
Bio-trickling filter (BTF) units typically consist of a vertical scrubber vessel packed with 
media, although horizontal units are also available.  Air passes through a vessel 
containing wetted media where odours are absorbed in the liquid phase and treated on 
the fixed film bacteria on the media.  Effluent water is commonly added as needed to 
the recirculating liquid to maintain optimal pH and nutrients balance.  In general, a BTF 
is very effective in treating readily soluble H2S, but are less effective in treating the more 
difficult to degrade reduced organic sulphides.  This is due to the lower solubility of 
organic compounds, the longer time required to oxidize longer molecular chain 
compounds.  

In BTFs with deeper media beds, the media bed may stratify and develop and sustain 
heterotrophic bacteria in the upper layers where fresh water is introduced and more 
neutral pH is maintained, while autotrophic bacteria will develop in the lower portion. 
Therefore BTFs are capable of removing some Organic Sulphur Compounds (OSCs).  
BTFs are typically designed with Empty Bed Residence Time (EBRT), in the range of 5-
10 seconds.  A pilot BTF operated at the Preston WWTP (Cambridge, ON) 
demonstrated excellent performance at very low EBRT and provided practically 
complete removal of both H2S and Organic Sulphur Compounds. 

The ideal BTF application is a system that has relatively high H2S concentrations with 
lower concentrations of reduced organic sulphides.  BTFs have a much smaller footprint 



 

 

than traditional biofilters and typically can treat significantly more H2S before media 
replacement is required. 

2.4 Photoionization 
Photoionization (PI) utilizes ultraviolet light and a catalyst to treat odors. The process 
starts with UV treatment of the odorous air as it passes through the PI reactor chamber. 
The UV treatment creates free radicals (O- 2, OH-, O3, etc.) that begin to oxidize the 
odor causing compounds. After the UV treatment, the air passes into another chamber 
where any remaining odorous compounds are broken down by the flow of free radicals 
from the already cleansed air. The byproduct of this reaction is sulfur. The typical 
treatment assembly offers a very small footprint, unlike other approaches. The 
treatment packages can often be wall or closet mounted. Point of source treatment is 
more cost effective because only the contaminated air is treated. The system requires a 
small amount of energy to operate, saving time and resources. Additives like water or 
chemicals are not required to facilitate the treatment resulting in an environmentally 
friendly approach to odor control.  

2.5 Technologies Performance Comparison 
Table 2 summarizes the key advantages and limitations of the different odour treatment 
technologies.  

Table 2: Odour Control Technology Comparison 

Odour Control 
Technology 

Advantages Disadvantages 

Chemical Scrubber • Reliable removal of reduced 
organic sulphides under 
design loading conditions 

• Adapts quickly and 
automatically to changing 
loading conditions 

• Ability to handle high loading 
rates 

• Requires use of hazardous 
chemicals 

• High odour concentrations 
require high chemical usage 

• Maintenance intensive 

Carbon Scrubber • Simple operation with least 
required maintenance 

• Removes a wide range of 
odorous compounds 

• Preferred choice for small 
systems at remote locations 

• High odour concentrations 
will exhaust media quickly – 
frequent replacement and 
disposal of spent media 

• Susceptible to moisture, must 
be operating in a non-
condensing environment for 
optimal efficiency 



 

 

Odour Control 
Technology 

Advantages Disadvantages 

• No acclimation period 
required like with biological 
systems 

• Installation in the Region 

• Typically recommended for 
low air flows only 

Biofilter • Low life cycle cost 
• Ability to treat efficiently a 

broad range of odour 
compounds 

• Low maintenance 
• Reduced health and Safety 

risk due to elimination of the 
chemical handling 

• Installation in the Region 

• Replacement of organic 
media is labour intensive, but 
typically only every couple of 
years 

• High H2S levels will limit 
media life and reduce 
performance for reduced 
organic sulphides 

Bio-trickling Filter 
(BTF) 

• Highly efficient at H2S 
removal 

• Smaller footprint/higher 
loading rates than 
conventional biofilter 

• Significant cost savings vs. 
other technologies when 
treating high concentrations 
of H2S 

• Long media life 
• Low maintenance 
• “Green” technology 
• Reduced health and safety 

risk due to elimination of the 
chemical handling 

• Typically, not very efficient for 
reduced organic sulphides 

• Requires acclimation period 
• May require carbon scrubber 

polishing for very low odour 
threshold levels 

Photoionization • Lower operating cost 
• Low capital cost 
• Low pressure drops 
• No chemical used, low 

energy requirements 
• Low maintenance 
• Suitable for odours at WWTP 
• Reduced health and safety 

risk due to elimination of the 
chemical handling 

• Installation in the Region 
 

• Over sizing may be required 
to ensure operates efficiently 
under all flow rates to 
accommodate high ACH 

• May not achieve very low 
odour threshold values 

 

 



 

 

3 Recommended Odour Control Technology 
Based on the technology review, Bio-Trickling Filter (BTF) and Carbon Scrubber are 
considered viable technologies for the new SNF WWTP. A more through evaluation of 
the options along with the recommended odour control technology is recommended  
during detailed design.  
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