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EXECUTIVE SUMMARY 

Golder Associates Ltd. was retained to complete a dust impact assessment of the proposed Nelson 
Quarry Company extension.  To accomplish this, existing and future dust emissions from the site, 
including total suspended particulate (TSP), inhalable particulate (PM10), and respirable 
particulate (PM2.5), were calculated, then modelled using the US EPA AERMOD model. 

Emissions calculations were based on current and expected future operations for the site, and 
included all known sources of dust, including: 

• Paved and unpaved roads; 

• Aggregate extraction (blasting); 

• Aggregate processing (crushing and screening); 

• Materials handling (truck loading and unloading, conveyor transfer of aggregate during 
processing, stockpile management by front-end loaders) and material storage (stockpile 
erosion by wind); and 

• Combustion (from heating equipment and generators). 

Emissions were assigned to different areas of the facility, based on the activities occurring in each 
area.  The site was modelled using the actual hours of operation, and the dust suppression 
techniques currently in use.  Emission impacts were calculated for an area of 10 x 10 km, roughly 
centred on the site. 

The modelling results demonstrated the potential for the facility to exceed the ½-hour Point of 
Impingement (POI) concentration of 100 µg/m3 , and the proposed 1-hour guideline value of 
100 µg/m3, for TSP (both of these standards are based on visibility as the limiting factor).  Daily 
(24-hour) TSP, PM10 and PM2.5, and annual TSP were all predicted to be below the relevant 
Ambient Air Quality Criteria (AAQC).  The 24-hour and annual TSP criteria are also based on 
visibility criteria, while the PM10 and PM2.5 guidelines are based on human health effects.  The 
maximum predicted concentrations are shown in Table 0-1. 
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TABLE 0-1 MAXIMUM PREDICTED CONTAMINANT CONCENTRATIONS 
Contaminant Averaging Period Guideline 

(µg/m3) 
Limiting 

Effect 
Existing Case 

(µg/m3) 
Future Case 

(µg/m3) 
TSP ½-hour 100 Visibility 221 228 

 1-hour 100 Visibility 184 190 
 24-hour 120 Visibility 42 42 
 Annual 60 Visibility 8.1 5.5 

PM10 24-hour 50 Health 26 26 
PM2.5 24-hour 30 Health 17 17 

Notes:  
½-hour POI concentrations were determined by multiplying the predicted 1-hour concentrations by 1.2.  
Concentrations exceeding the POI or AAQC standards are shown in BOLD. 
1-hour guideline is a proposed value (MOE, 2004) 
 
Existing TSP concentrations were predic ted to exceed the ½-hour POI guideline approximately 
4.5% of the time and the proposed 1-hour guideline 2.2% of the time.  The future concentrations 
were predicted to exceed the ½-hour POI approximately 4.7% of the time, and the proposed 1-
hour guideline approximately 2.4% of the time (over 5 years). 

Onsite dust monitoring data showed that average (24-hour) TSP from the site averaged 8.4 µg/m3, 
and the maximum concentration measured was 11.1 µg/m3.  This would indicate that the 
AERMOD model may be over-predicting the impacts of dust from the site. 

As the possibility exists that short-term TSP concentrations may exceed the POI and proposed 1-
hour guidelines, Nelson is strongly recommended to continue their current dust mitigation 
practices.  The facility currently applies a great deal of dust management and mitigation in their 
operations including, but not limited to, road watering and chemical dust suppression, the use of 
covered conveyors, and partially enclosed crushers and screens, which have been taken into 
account for the modelling.  Nelson should also continue to consider any new dust mitigation 
options that present themselves, in order to reduce or eliminate any adverse impacts of dust 
emissions from this facility.  In addition, since elevated ½-hour and 1-hour TSP concentrations 
were predicted to occur most frequently in the early morning (before 8 AM), and evening hours 
(after 7 PM), Nelson should consider any additional operational changes that might reduce their 
dust emissions during those hours, in order to reduce the potential for elevated TSP 
concentrations. 
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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder Associates) was retained by Nelson Quarry Company (Nelson) to 
prepare an Air Quality Assessment for the existing and proposed future atmospheric emissions 
sources at the Burlington Quarry facility located near the intersection of #2 Side Road and 
Guelph Line in Burlington, Ontario (the Facility).  The location is provided in Figure 1-1, and a 
site map for the facility is provided in Figure 1-2. 

The existing quarry covers approximately 218.7 hectares, and is located on Escarpment Rural 
Area land zoned for mineral resource extraction, near land zoned for residential development, 
recreation, and agriculture.  These lands have been licensed for aggregate extraction and 
processing since 1953. 

Nelson will be applying for a zoning change, to add a further 80.9 hectares of land for extraction. 

To address the potential air quality issues raised by the aggregate extraction to occur on the 
Nelson extension, Golder Associates was retained in December of 2003 to prepare an air quality 
assessment of the proposed quarry operations.  This report investigates the compatibility of the 
existing and proposed operations with the nearby residences, as well as the surrounding land use, 
and includes recommendations for mitigative measures for certain operations. 

The following tasks were undertaken to assess the impact on the ambient air quality in the 
community surrounding the proposed extension: 

• Analyze the effects of dust emissions from extraction processes, on-site vehicular traffic, 
and processing operations using the AERMOD-PRIME dispersion model; 

• Compare the future air quality impact of the proposed extension operations against the 
existing local air quality, to determine the incremental impact, if any, of the operation on 
nearby residents; and 

• Prepare a report documenting the results of the study. 
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1.1 Site Description 

The existing Nelson Aggregate Co. aggregate quarry is located on the north side of No. 2 Side 
Road, just west of Guelph Line, in Burlington Ontario (see Figure 1-1).  The existing quarry is 
218.7 ha (540 acres) in size and is located on Part of Lots 1 & 2, Concession 2 & 3, in the City of 
Burlington, Regional Municipality of Halton (former Township of Nelson).  Currently, extraction 
is occurring in the southwest end of the quarry. 

The proposed Quarry Extension is located on the south side of No. 2 Side Road, just west of 
Guelph Line, in Burlington Ontario (see Figure 1-2).  The proposed extension is approximately 
82 ha (203 acres) in size and is located on Part of Lots 17 & 18, Concession 2, in the City of 
Burlington, Regional Municipality of Halton (former Township of Nelson).  The extension lands 
are divided into 6 phases which would be worked in succession with some overlap between 
phases (see Figure 1-3).  In the extension lands, extraction of aggregate is to proceed from the 
existing surface (approximately 275 m above sea level) to a depth of approximately 20 m below 
grade (255 m ASL).   

The surrounding land is multi-use, with single family residences, agricultural operations, two golf 
courses located along Cedar Springs Road both north and south of No. 2 Side Road, and the 
Mount Nemo Settlement Area.  The Mount Nemo Settlement is located to the west of the existing 
and proposed quarry and includes single family homes, businesses, a retirement home, and a new 
residential subdivision which has begun construction. 
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2.0 METEOROLOGY 

Meteorology can have an effect on both the production of pollutant emissions, and the manner in 
which the emissions are dispersed.  Some of the meteorological factors than influence air quality 
include: 

• Atmospheric stability; 

• Wind speed; 

• Wind direction; 

• Mixing height; 

• Albedo, Bowen Ratio, and surface roughness;  

• Temperature; and 

• Precipitation, relative humidity, pressure, cloud cover. 

Hourly measurements of surface wind speed, wind direction, temperature, pressure, ceiling 
height, cloud cover, and relative humidity, and upper air soundings were used to create an hourly 
meteorological data set using the US EPA AERMET meteorological processor.  Table 2-1 
provides details on the data sources and parameters used. 

TABLE 2-1 METEOROLOGICAL DATA SOURCES AND PARAMETERS 
Station Type Years Parameters 

Pearson International 
Airport, Mississauga 

Surface 1998-2002 Wind speed, wind direction, temperature 
pressure, ceiling height, cloud cover, relative 

humidity 
Burlington Piers, 

Burlington 
Surface 1998-2002 Wind speed, wind direction, temperature 

Buffalo, NY Upper Air 1998-2002 Twice daily radiosonde soundings 
 

Data from the Burlington Piers station were considered, and compared to data from Pearson 
International Airport.  It was determined that these data, while from a location very close to the 
facility, were inappropriate for use in the dispersion modelling, due to problems with the data 
(possibly due to data collection problems).  This has been discussed further in Section 2.2. 

This section describes each of the meteorological factors above, and provides an analysis of the 
specific data used for this study. 
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2.1 Atmospheric Stability 

The stability of the atmosphere is defined as its tendency to resist or enhance vertical motion in 
the boundary layer.  Three states of atmospheric stability are distinguished according to the 
vertical temperature profile or “lapse rate”: convective, neutral and stable.  Vertical dispersion of 
pollutants is greatest under convective atmospheric conditions, where the temperature decrease 
with height is greater than the adiabatic lapse rate of -0.98°C/100 m.  An air parcel, which is 
forced to rise in a convective atmosphere, will cool adiabatically, and hence remain warmer than 
the surrounding atmosphere and continue to rise.  Similarly, if the parcel is forced downwards, 
the parcel of air will continue to fall, wince it will cool faster than the atmosphere.  Convective 
conditions tend to enhance the vertical growth of the plume, causing an elevated plume to 
intersect the ground more rapidly.  Convective conditions occur when the Monin-Obukhov length 
(L) is less than -1.  Highly convective conditions are defined as zi/-L <= 10, where zi is the 
convective mixing layer height. 

In a neutral atmosphere, the temperature lapse rate is equal to the adiabatic lapse rate of 
-0.98°C/100 m, and dispersion is mechanically rather than thermally dominated.  A rising or 
descending air parcel will remain at the same level once the force causing the movement has been 
removed.  Horizontal and vertical dispersion will be of similar magnitude in neutral conditions. 

Vertical dispersion of pollutants is least effective in a stable atmosphere, when the temperature 
lapse rate is less than the adiabatic lapse rate.  An air parcel forced to rise under such conditions 
will become cooler than the surrounding air and tend to sink back to its original level, once the 
force has been removed.  This limits the vertical growth of the plume.  Light winds frequently 
accompany stable conditions, reducing the horizontal and vertical dispersion even more, and 
further increasing the air pollution potential.  Stable conditions are defined as occurring when the 
Monin-Obukhov length (L) is greater than 1. 

Figure 2-1 shows the average diurnal variation of the atmospheric stability for this location.   For 
this meteorological data set, convective conditions were found between 7 AM and 8 PM.  Stable 
conditions dominated the evening hours (8 PM to 6 AM), and neutral conditions could be found 
at any time of day. 
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FIGURE 2-1 DIURNAL VARIATION OF ATMOSPHERIC STABILITY FOR 
BURLINGTON 

 

2.2 Wind Speed and Direction 

The concentration of pollutants in the air, from a given source, will decrease with increasing wind 
speed, as a result of dilution.  The wind speed used in the air quality modelling was based on 
surface observations from Pearson International Airport.  Data from the Burlington Piers 
automated meteorological station were considered, but were not used as the data are inconsistent 
with expected readings and appear to be of poor quality (the alternating high and low frequencies 
in the wind direction frequency figure are unusual and likely to indicate a problem with the data).  
When wind speeds are high, there is generally good dispersion of gases and particulate 
throughout the atmosphere, but more potential for re-suspending surface dust (erosion) or 
blowing dust from material drop operations. 

Figure 2-2and Figure 2-3 show the wind roses for the Pearson International Airport 
meteorological station and the Burlington Piers station, respectively.  The Burlington Piers station 
(Figure 2-3) shows very clearly that the wind direction data are unrealistic. 
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FIGURE 2-2 WIND ROSE FOR PEARSON INTERNATIONAL AIRPORT, 1998-2002 
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FIGURE 2-3 WIND ROSE FOR BURLINGTON PIERS, 1998-2002 
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2.3 Mixing Height 

Another very important parameter in the dispersion of dust and gases from a source is the 
“mixing height”.  This is the vertical extent, or height, through which a plume of pollutants can be 
mixed in the atmosphere.  Heat transfer from the surface to the atmosphere generates convection 
and vertical mixing.  The mixing height represents the location of an elevated temperature 
inversion (increase in temperature with height) above a neutral or convective boundary layer.  
The base of the inversion forms a “lid” restricting dispersion.  Pollutants can build up in this 
boundary layer if there is a strong inversion, and the plume becomes contained beneath the 
inversion base.  Surface-based inversions are most common during the early morning hours, 
following radiative cooling of the Earth’s surface during clear nights.  With a higher mixing 
height, there is a larger volume of air available  within which the pollutants can mix, producing 
lower concentrations.  With a lower mixing height, the plume may become trapped close to the 
ground resulting in higher concentrations.     

The concept of mixing height is founded on the principle that heat transferred to the atmosphere 
at the earth’s surface results in convection (vigorous vertical mixing) ant the establishment of a 
dry-adiabatic lapse rate (Holzworth, 1967).  For annual and 24-hour averages, the mixing height 
does not have much effect on the modelled ground level concentrations.  For 1-hour average 
concentrations, however, mixing height can be very important.  The use of variable mixing 
heights, that are as close to the actual conditions as possible, improves the ability of the model to 
accurately predict downwind concentrations. 

Mixing height is a parameter which is calculated from the vertical temperature profile measured 
by weather balloon ascents.  The distance between stations that release weather balloons is 
approximately 300 km.  The closest upper air station to Burlington is at Buffalo, NY.  As mixing 
height is a regional parameter, local site-specific information is used in the AERMOD 
meteorological pre-processor to provide a local estimate of conditions.  Surface characteristics 
such as albedo, surface roughness and Bowen ratio, plus standard meteorological observations are 
used.  The meteorological pre-processor then calculates the Planetary Boundary Layer (PBL) 
parameters: friction velocity (u*), Monin-Obukhov length (L), convective velocity scale (w*), 
temperature scale (?*), convective boundary layer (CBL) height (zi), stable boundary layer (SBL) 
height (h), and surface heat flux (H).  These parameters are then passed to the meteoroloigcal 
interface module where vertical profiles are calculated, from similarity expressions, for wind 
speed (u), wind direction, lateral and vertical turbulent fluctuations (s v,s z), potential temperature 
gradient (d?/dz), and potential temperature (? ).   

Upper air data from Buffalo, NY, combined with the surface data described are representative of 
conditions near the proposed extension.  The surface values and the twice daily upper air 
measurements were then pre-processed using the U.S. EPA AERMET meteorological pre-
processor, to combine surface and upper air measurements into the hourly mixing heights which 
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are required by the AERMOD-PRIME model.  Minimum mixing heights were set to 50 m, due to 
the rural nature of the area surrounding the facility.  Figure 2-4 though Figure 2-7 show the 
mixing heights during periods of different stability (highly convective, moderately convective, 
neutral and stable conditions).  All data are for 1998-2002. 

During highly and moderately convective conditions (conditions with a great deal of vertical 
mixing), mixing heights can be very high, as shown in Figure 2-4 and Figure 2-5, and are 
generally highest in the summer and, in all seasons, generally increase from morning to afternoon 
(as the sun heats up the Earth).  Mixing heights during neutral and stable conditions are generally 
not as high, though they are somewhat higher in the spring than in other times of the year, and 
show a different diurnal pattern: nighttime neutral conditions bring about very low mixing heights 
(the minimum has been set to 50 m, for this work) as shown in Figure 2-6, and stable conditions 
do not occur between noon and 2 PM, and are fairly rare between 9 AM and 5 PM (Figure 2-7). 
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FIGURE 2-4 MIXING HEIGHTS DURING HIGHLY CONVECTIVE CONDITIONS 

 

FIGURE 2-5 MIXING HEIGHTS DURING MODERATELY CONVECTIVE 
CONDITIONS 
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FIGURE 2-6 MIXING HEIGHTS DURING NEUTRAL CONDITIONS  

 

FIGURE 2-7 MIXING HEIGHTS DURING STABLE CONDITIONS 
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2.4 Albedo, Bowen Ratio, and Surface Roughness 

Albedo, Bowen Ratio and surface roughness are parameters that are site-specific, and dependent 
on the land use (urban area, farmland, woodlot, forest, swamp, etc.) of the region around the 
facility to be modelled.  The albedo is the fraction of total incident radiation reflected by the 
surface back to space without absorption (US EPA 1998).  Typical values range from 0.1 for 
heavily forested areas (little solar radiation is reflected) to 0.9 for fresh snow (most radiation is 
reflected back to space).  The daytime Bowen Ratio is the ratio of the sensible heat flux (transfer 
of heat upwards from the ground due to surface heating) to the latent heat flux (energy loss at the 
ground and gain aloft, due to evaporation and condensation).  The surface roughness length is 
related to the height of obstacles to the wind flow (trees and building have a large surface 
roughness, while sand and water have a very very low surface roughness).  AERMET allows 
these surface parameters to be defined in all directions around the site being modelled.  The area 
around the Nelson quarry, is fairly uniform in  usage (rural, with few buildings, mostly cultivated 
land).  The parameters used to describe the physical site are shown in Table 2-2. 

TABLE 2-2 SITE CHARACTERISTICS USED FOR THE NELSON QUARRY 
Month Characteristics from 0 – 360° Around the Site 

 Albedo Bowen Ratio Surface Roughness 
January 0.6 1.5 0.01 
February 0.6 0.3 0.03 
March 0.14 0.3 0.03 
April 0.14 0.3 0.03 
May 0.14 0.5 0.20 
June 0.2 0.5 0.20 
July 0.2 0.5 0.20 

August 0.2 0.7 0.05 
September 0.18 0.7 0.05 
October 0.18 0.7 0.05 

November 0.18 1.5 0.01 
December 0.6 1.5 0.01 

 

2.5 Temperature 

Temperature near the surface can greatly affect the dispersion of particulate.  When it is hot, the 
surface can dry out, making particulate available to be picked up (suspended) by the wind.  Cool 
temperatures, on the other hand, enable the surface to retain moisture longer, reducing windblown 
dust.  Figure 2-8 shows the monthly temperature variations throughout the year. 
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FIGURE 2-8 MONTHLY TEMPERATURE VARIATIONS 1998-2002 

 

2.6 Precipitation, Relative Humidity, Pressure and Cloud Cover 

These meteorological factors all have an impact on the deposition of gases and particulate from 
the air.  Precipitation is the means by which wet deposition (or removal via moisture) occurs.  
This was not taken into account in this study.  The relative humidity, ambient pressure and cloud 
cover information are used to calculate the dry deposition of contaminants.  These factors were 
taken into account in this study. 
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3.0 MODELLING APPROACH 

The AERMOD dispersion model is very flexible, and allows for many different kinds of emission 
sources and other parameters that affect the results.  This section discusses the approach used in 
this modelling study. 

3.1 Terrain Effects and Receptors 

The US EPA AERMAP terrain pre-processor was used to process Ontario MOE Digital Elevation 
Model (DEM) data to produce terrain elevations for each receptor and source, and receptor hill 
height data for use with the AERMOD model.  The use of specific terrain data around the Facility 
enables more detailed, and accurate, modelling of the impacts of Facility emissions on nearby 
receptors, including the effects the Facility might have on receptors with greater or lesser 
elevation (measured above sea level) than the emission sources. 

A nested grid system was selected for the modelling.  The first receptor grid measures 
10 x 10 km, with a receptor placed every 500 m.  The second receptor grid measures 3.5 x 4 km, 
with a receptor placed every 100 m, which is a very finely-spaced grid for an area of this size, and 
has therefore been used in place of fenceline receptors.  Both grids are roughly centred on the 
Facility.  Receptors which would have fallen inside the property line of the Facility were removed 
from the modelling.  A single receptor at the location of the dust monitoring station owned and 
operated by Nelson has also been used in the modelling (this receptor is inside the fenceline). 

Figure 3-1 shows the receptors at which modelling was completed, as well as the property line of 
the Nelson Quarry.  Points shown in blue are those in the 10 x 10 km grid, points shown in red 
are part of the 3.5 x 4 km grid.  The Nelson Quarry Company property is outlined in black.  For 
reference purposes, the map has been manually overlaid on aerial photographs of the area (the 
modelling domains extend beyond the area for which aerial photographs are available), to 
demonstrate the locations of the nearby receptors and roadways. 
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FIGURE 3-1 RECEPTOR DOMAINS FOR AERMOD MODELLING 
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3.2 Source Parameters 

For the purposes of the modelling, the existing facility was divided into 4 different areas in which 
different activities occur.  Each area was then described in terms of location, size, depth below 
ground level (three of the areas on this site are lower than their surroundings, and were modelled 
as open pits), and emissions.  The source parameters were selected based on the 2003 activity 
rates and layout of the facility.  This is considered representative for the site at the time, as Nelson 
Quarry Company has no plans in place, other than the extension, to expand their activities beyond 
what they are currently doing.  The future case included the addition of emissions from Phases 
1-4 of the extension plan.   

The physical parameters used to describe the dust sources on this site are shown in Figure 3-2 and 
Table 3-1. 

The future pit, encompassing Phases 1 through 4 of the extension was selected for the modelling 
as a reasonable approximation of the overall future activities on the extension site.  For example, 
trucks hauling material from the working face to the crushing equipment would have to travel the 
length of the pit (creating more dust that would occur if the trucks travelled a shorter distance), 
and the pit is not overly large, which reduces the initial dispersion of the dust.  By Phase 6 of the 
extraction, the pit will encompass most of the extension land (greatly dispersing emissions), and 
the haul trucks will be travelling a shorter distance to the crushing equipment than they would 
during Phase 4, both of which could result in lower impacts than would be predicted for the case 
chosen here. 

The release height of emissions is the average height above ground of the emissions from each 
source.  When emissions consisted of blasting, vehicle loading/unloading, or crushing/screening, 
the release height was estimated to be 4.5 m above the ground (as those emissions occur from 
elevated sources), when emissions consisted of vehicular traffic, wind erosion or other, sources 
with lower heights, emissions were estimated to occur 3.0 m above the ground (roughly half the 
height of a typical haul truck). 
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FIGURE 3-2 EXISTING AND FUTURE SOURCE LOCATIONS 
 

 
 

TABLE 3-1 SOURCE PARAMETERS FOR AERMOD MODELLING 
 Parameter Existing Case Future Case 

Source ID Pit 1 Pit 2 Pit 3 Area 1 Pit 1 Pit 4 
Area (m2) 551670 288530 243700 N/A 551670 360000 
Average Depth (m below grade) 20 15 10 0 20 20 
Pit Volume (m3) 11,000,000 4,330,000 2,430,000 N/A 11,000,000 7,200,000 
Angle from North (°) 136 52 52 N/A 136 136 
Release Height of Emissions (m) 4.5 3.0 4.5 4.5 4.5 4.5 
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3.3 Emission Rates 

This study is concerned with dust emissions from the Burlington quarry.  Three size fractions of 
dust were considered: total suspended particulate (TSP – all dust that can become, and stay, 
airborne), inhalable particulate (PM10 – dust with aerodynamic diameter less than or equal to 10 
µm, which is small enough to be inhaled into the lungs), and respirable particulate (PM2.5 - dust 
with aerodynamic diameter less than or equal to 2.5 µm, which is small enough to be drawn into 
the alveoli inside the lungs).   

Dust-generating activities occurring at the Nelson Quarry Company site include: 

• Blasting; 

• Vehicle loading and unloading; 

• Suspension of road dust by vehicle traffic (both unpaved and paved roads); 

• Crushing and screening operations; 

• Wind erosion of stockpiles; and 

• Emissions from on-site combustion equipment. 

To model the emissions as accurately as possible, different emissions were allocated to the 
previously-mentioned locations on the site where they actually occur.  Four different locales were 
identified as being associated with different types of operations on the existing site, and a total of 
5 were used to model the future operations.  The activities occurring in each section of the facility 
are discussed in Table 3-2. 

The US EPA AP-42 Compilation of Air Pollution Emission Factors was used to calculate the 
emissions from each type of activity, based on the actual and expected operations (such as 
number of vehicles, amount of material processed, etc.) at the Nelson facility.  These activity 
factors were based on the current and estimated future activity levels expected for this site 
(equivalent to 2003 activity levels).   

Emissions calculations were based on 15.5 hour per day operations.  The activity levels used to 
calculate emission rates were those from 2003.  Other than the extension, Nelson plans to 
maintain their current extraction and processing rates in the near term.  At some point in the 
future, Nelson expects to move all processing equipment below grade.  The 2003 activity levels 
are considered to be representative of this site, both right now, and for the foreseeable future.   

 

 



August, 2004.  - 22 -   03-1115-093 

 

Golder Associates Ltd. 
 

TABLE 3-2 ACTIVITIES OCCURING IN EACH AREA ON-SITE 
Location Existing Activities Future Activities 
Pit 1 • Diesel combustion 

• Unpaved road traffic  
• Off-road vehicles (stockpiles) 
• Truck loading (front-end loader) 
• Primary, secondary, tertiary 

crushing 
• Screening 
• Wind erosion of stockpiles 
• Blasting 

• Diesel combustion 
• Unpaved road traffic  
• Off-road vehicles (stockpiles) 
• Primary, secondary, tertiary 

crushing 
• Screening 
• Wind erosion of stockpiles 

Pit 2 • Unpaved road traffic  
• Wind erosion of stockpiles 

• Unpaved road traffic  
• Wind erosion of stockpiles 

Pit 3 • Hot Mix Asphalt plant and all 
associated activities 

• Hot Mix Asphalt plant and all 
associated activities 

Area 1 • Paved road traffic  
• Unpaved road traffic  
• Conveyors 
• Off-road vehicles (stockpiles) 
• Secondary and tertiary crushing 
• Screening 
• Natural gas combustion 

• Paved road traffic  
• Unpaved road traffic  
• Conveyors 
• Off-road vehicles (stockpiles) 
• Secondary and tertiary crushing 
• Screening 
• Natural gas combustion 

Pit 4 • None • Unpaved road traffic  
• Truck loading (front-end loader) 
• Blasting 

 

Emissions were calculated for ½-hour TSP, 24-hour TSP, PM10 and PM2.5, and annual TSP.  
Modelling results are then compared with existing MOE air quality standards and criteria for 
these substances.  Table 3-3 shows the emissions calculated for the existing and future cases, on a 
g/m2/s (grams per square metre of area, per second).  The emissions from Pit 2, Pit 3 and Area 1 
are not expected to change from the existing case. 

TABLE 3-3 CALCULATED EMISSIONS RATES FOR AERMOD MODELLING 
  Existing Case Future Case 
Source ID Pit 1 Pit 2 Pit 3 Area 1 Pit 1 Pit 4 
1-hr and 24-hr Emission Rates (g/m2/s):             

TSP 3.949e-6 2.259e-6 2.643e-7 1.535e-5 3.759e-6 3.053e-6 

PM10 1.447e-6 7.790e-7 8.441e-8 4.754e-6 1.358e-6 1.002e-6 

PM2.5 5.412e-7 1.976e-7 1.843e-8 2.040e-6 5.129e-7 2.074e-7 
Annual Average Emission Rates (g/m2/s):       

TSP 3.001e-6 1.686e-6 1.705e-7 1.269e-5 2.868e-6 2.461e-6 
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The emission rates presented in Table 3-3 include all natural dust mitigation, due to rainfall and 
snow cover, as well as the dust mitigation efforts currently undertaken by Nelson Quarry 
Company, including road watering, the application of calcium chloride to the roads, and dust 
control on the crushing and screening equipment, and the conveyors.  Natural dust mitigation was 
based on 2003 meteorological data.  Nelson’s dust mitigation efforts are expected to provide 
between 40% and 70% dust reduction on roads and between 0 and 75% dust reduction from 
crushing and screening operations (all values provided by Nelson Quarry Company, personal 
communication with W.T. Palko).  These reduction values are representative of good dust 
management practices, and are achievable through the application of either water or calcium 
chloride on the roads, and the use of water spraying on the crushing and screening equipment. 
Appendix A contains the complete set of emissions calculations for the quarry, showing the 
effects of the mitigation activities at this site. 

For the ½-hour and 24-hour results, the emissions were modelled from 05:30 to 21:00 (5:30 AM 
to 9 PM), accounting for the 15.5 hour per day operating schedule at the quarry.  Annual 
emissions were varied by month, with slightly higher g/s emission rates occurring from May to 
September, to reflect the greater level of operations during that period.  ½-hour TSP 
concentrations were calculated from the predicted 1-hour concentrations (AERMOD cannot 
calculate ½-hour concentrations) by multiplying the predicted 1-hour values by 1.2 (as per MOE 
guidance). 

Sample input control file s have been provided in Appendix C, minus the receptor information, to 
demonstrate how the hourly and monthly variations were modelled.  Only a single source is 
shown in each file, to preserve space. 

3.4 Deposition Effects 

Deposition is the physical settling of particulate or gaseous contaminants on surfaces (which can 
include the ground, any physical barriers such as buildings, the leaves of trees, etc.).  Deposition 
has the effect of reducing the amount of contaminants in the air, since materials that settle out of 
the air are no longer being moved about by the wind. 

There are two kinds of deposition: wet and dry.  Wet deposition is the removal of contaminants, 
in the case of this facility – dust, via wet mechanisms, such as rain or moistened surfaces.  Dry 
deposition is simple settling of particles onto a surface.  Only dry deposition has been considered 
in this study, since the effects of rain and snow were taken into account when calculating the 
emissions.  Deposition was taken into account in two ways:  

• Emissions calculations; and 

• Dust settling after emission from the site. 
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For the emissions calculations, as has been discussed, mitigation of dust emissions was allowed 
by rainfall and snow cover.  In addition, as per the suggestion by Watson and Chow (2000), road 
dust, which is made airborne via the wheels of vehicular traffic, was reduced by 70%, to account 
for the fact that road-based emissions of dust have been found to settle out of the air very quickly 
(approximately 70% of the dust was found to deposit on the ground, or other surfaces, within 
100 m of the road).  This reduction was not applied to any other emissions sources (stockpiles, 
crushing and screening equipment, etc.), only the roads. 

Dry deposition was considered during the model run.  The speed with which particles will deposit 
is a function of the aerodynamic diameter, and the density of the material.  For the purposes of 
this study, the density of the rock dust was assumed to be 3 tonnes per cubic metre. 
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4.0 MODELLING RESULTS 

The ½ -hour, 24-hour and annual TSP, and 24-hour PM10 and PM2.5 were modelled using the 
AERMOD model (with deposition).  The maximum predicted concentrations for each averaging 
period, and each contaminant, are provided in Table 4-1.  The “Limiting Effect” listed in Table 
4-1 is the basis on which each guideline value was set.  TSP guidelines for ½-hour, 1-hour 
(proposed), 24-hour and annual were set with visibility being the primary concern (MOE 2001).  
The PM10 and PM2.5 guideline values were set with human health as the primary concern. 

TABLE 4-1 MAXIMUM PREDICTED CONTAMINANT CONCENTRATIONS 
Contaminant Averaging Period Guideline 

(µg/m3) 
Limiting 

Effect 
Existing Case 

(µg/m3) 
Future Case 

(µg/m3) 
TSP ½-hour 100 Visibility 221 228 

 1-hour 100 Visibility 184 190 
 24-hour 120 Visibility 42 42 
 Annual 60 Visibility 8.1 5.5 

PM10 24-hour 50 Health 26 26 
PM2.5 24-hour 30 Health 17 17 

Notes:  
½-hour POI concentrations were determined by multiplying the predicted 1-hour concentrations by 1.2.  
Concentrations exceeding the POI or AAQC standards are shown in BOLD. 
1-hour guideline is a proposed value (MOE, 2004) 
 
4.1 TSP Results 

Only the existing and future ½-hour and proposed 1-hour TSP Point of Impingement (POI) 
concentrations were predicted to exceed the standards at any time.  These standards were set with 
nuisance dust (which can cause reduced visibility) in mind. 
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Figure 4-1 shows the maximum predicted ½-hour concentrations of TSP for the existing 
operations at the Nelson quarry, and Figure 4-2 shows the maximum predicted ½-hour 
concentrations of TSP for the future operations.  Similarly, Figure 4-3 shows the maximum 
predicted 1-hour concentrations of TSP for the existing operations at the Nelson quarry, and 
Figure 4-4 shows the maximum predicted 1-hour concentrations of TSP for the future operations.  
These figures show the maximum predicted concentration, over the full 5-year model run, at each 
receptor location.  These are therefore not single incidents, but rather the sum of the highest 
predicted concentrations in each case. 

A statistical analysis of the predicted exceeding concentrations was completed for each of the two 
cases.  The results of this analysis are shown in Figure 4-5, for the existing ½-hour TSP, and 
Figure 4-6 for the future ½-hour TSP.  The statistical analysis indicated that there is currently a 
4.5% chance that the ½-hour TSP may exceed the POI guideline of 100 µg/m3.  Not shown in this 
figure is the statistical analysis of the predicted 1-hour TSP, which indicated a 2.2% chance of 
exceeding the proposed 1-hour standard of 100 µg/m3.  In future, there is predicted to be a 4.7% 
chance that the ½-hour TSP may exceed the POI guideline , and a 2.4% chance that the 1-hour 
TSP may exceed the proposed 1-hour standard.  In addition, Figure 4-5 and Figure 4-6 show that 
the meteorological conditions, under which exceedences of the ½-hour POI and 1-hour standard 
are most likely, occur early in the morning and in the early evening, and include low to moderate 
wind speeds (3 to 5 m/s being the most common), neutral stability, and low mixing heights.   

These analyses include any exceedences predicted at the on-site meteorological station, on the 
assumption that if concentrations are predicted to exceed at that location, which is quite close to 
the facility’s property line, it is likely that the concentration will exceed outside the fenceline as 
well. 

Figure 4-7 through Figure 4-10 show the predicted maximum 24-hour and annual (period) 
averages for TSP, for the existing and future cases.  Clearly, none of these concentrations are 
expected to exceed the relevant Ambient Air Quality Criteria (AAQC). 
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FIGURE 4-1 PREDICTED MAXIMUM ½-HOUR TSP CONCENTRATIONS FOR THE 
EXISTING CASE 
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FIGURE 4-2 PREDICTED MAXIMUM ½-HOUR TSP CONCENTRATIONS FOR THE 
FUTURE CASE 
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FIGURE 4-3 PREDICTED MAXIMUM 1-HOUR TSP CONCENTRATIONS FOR THE 
EXISTING CASE 
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FIGURE 4-4 PREDICTED MAXIMUM 1-HOUR TSP CONCENTRATIONS FOR THE 
FUTURE CASE 
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FIGURE 4-5 STATISTICAL ANALYSIS OF EXISTING PREDICTED ½-HOUR TSP 
CONCENTRATIONS 
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FIGURE 4-6 STATISTICAL ANALYSIS OF FUTURE PREDICTED ½-HOUR TSP 
CONCENTRATIONS  
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FIGURE 4-7 PREDICTED MAXIMUM 24-HOUR TSP CONCENTRATIONS FOR THE 
EXISTING CASE 
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FIGURE 4-8 PREDICTED MAXIMUM 24-HOUR TSP CONCENTRATIONS FOR THE 
FUTURE CASE 
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FIGURE 4-9 PREDICTED ANNUAL AVERAGE TSP CONCENTRATIONS FOR THE 
EXISTING CASE 
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FIGURE 4-10 PREDICTED ANNUAL AVERAGE TSP CONCENTRATIONS FOR THE 
FUTURE CASE 
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4.2 PM10 Results 

Based on the modelling described, PM10 was not predicted to exceed the 24-hour AAQC of 
50 µg/m3 at any time.  Figure 4-11 and Figure 4-12 show the maximum predicted 24-hour PM10 
at each location in the modelling domain for the existing and future cases, respectively.  The 24-
hour PM10 standard of 50 µg/m3 was set based on the potential health impacts of fine particulate 
matter, which can be a concern when inhaled into the lungs.  The predicted dust impacts from 
operations at the Nelson quarry are predicted to be significantly below the health-based standard 
for this substance. 

4.3 PM2.5 Results 

PM2.5 was also not predicted to exceed the Canadian guideline of 30 µg/m3 for 24-hours.  Figure 
4-13 and Figure 4-14 show the maximum predicted 24-hour PM2.5 concentrations at each location 
in the modelling domain for the existing and future cases, respectively.  The 24-hour PM2.5 
standard of 25 µg/m3 was set based on the potential health impacts of fine particulate matter, 
which can be a concern when inhaled into the lungs.  The predicted dust impacts from operations 
at the Nelson quarry are predicted to be significantly below the health-based standard for this 
substance. 



August, 2004.  - 38 -   03-1115-093 

 

Golder Associates Ltd. 
 

FIGURE 4-11 PREDICTED MAXIMUM 24-HOUR PM 10 CONCENTRATIONS FOR 
THE EXISTING CASE 
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FIGURE 4-12 PREDICTED MAXIMUM 24-HOUR PM 10 CONCENTRATIONS FOR 
THE FUTURE CASE 
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FIGURE 4-13 PREDICTED MAXIMUM 24-HOUR PM 2.5 CONCENTRATIONS FOR 
THE EXISTING CASE 
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FIGURE 4-14 PREDICTED MAXIMUM 24-HOUR PM 2.5 CONCENTRATIONS FOR 
THE FUTURE CASE 
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5.0 BACKGROUND AIR QUALITY 

Nelson Quarry Company owns and operates a dust monitor, located on the southeast corner of 
their site , as shown in Figure 3-1.  This monitor has been in operation since May 2003. 

For the purposes of this assessment, background dust concentrations were assumed to be those 
that were measured while the wind direction was from the north through the southwest (roughly 
0° to 225°), dust concentrations were assumed to be background – resulting from operations and 
activities other than the Nelson facility, when the winds were from the southwest through to 
north-northwest, the operations at the facility were considered to be the primary cause of the 
measured concentrations.. 

Table 5-1 summarizes the data available to date from the dust monitor, separating those dust 
concentrations that are assumed to be “from” the facility (dust concentrations include impacts 
from operations at the site), and “away” from the facility (background dust concentrations due to 
other sources in the community). 

TABLE 5-1 SUMMARY OF NELSON QUARRY COMPANY DUST MONITORING 
DATA 

Source Measured 24-hour Concentration (µg/m3) 
 Average Maximum 

All Wind Directions 8.7 33.1 
Wind Direction “From” Site 8.4 11.1 

Wind Direction “From” Background 8.7 33.1 

 

The average daily dust concentrations were not significantly different if winds were coming from 
the direction of the Nelson quarry, or from elsewhere.  The maximum 24-hour concentrations 
measured actually occurred when winds were blowing towards the Nelson site, and therefore 
background dust levels were being measured.  The existing maximum predicted 24-hour TSP 
concentration at the monitoring station location was 36.6 µg/m3 (from the Nelson operations 
alone, since emissions from other sources in the area were not modelled).  As this value is higher 
than the “From” Site measured concentration of 11.1 µg/m3, it is reasonable to assume that the 
model is over-predicting the impacts of dust from the Nelson quarry operations. 

Adding the average measured background TSP concentration of 8.4 µg/m3 to the predicted 
existing and future 24-hour TSP concentrations gives total TSP concentrations of 50.4 µg/m3 for 
both the existing and future cases.  This is well below the 24-hour AAQC of 120 µg/m3, 
indicating that impacts from the facility are unlikely to cause an adverse effect in the community.  
Background concentrations are not added to POI concentrations as those guidelines are for the 
facility alone. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

The Nelson Quarry Company operations were modelled using the US EAP AERMOD model 
(with deposition).  The existing case, based on emissions calculated by Nelson and confirmed by 
Golder, and a future case, based on emissions calculated by Golder, were modelled.  Modelling 
results were compared, where appropriate, to monitoring data being collected at the site, both to 
calibrate the model, and to provide background dust concentrations which could be added to the 
modelling results to provide total dust impacts in the area surrounding the quarry. 

Based on the modelling presented in this report, it has been determined that there is a possibility 
that the operations at the Nelson quarry, both currently, and in the future, may cause some 
exceedences of the POI guideline of 100 µg/m3 for TSP (4.5% of the time, in the existing case, 
and 4.7% of the time in the future case), and the proposed 1-hour TSP guideline of 100 µg/m3 
(2.2% of the time in the existing case and 2.4% of the time in the future case).  These guideline 
values were set with a limiting factor of visibility (not human health), and exceeding these 
guidelines indicates the possibility of nuisance dust that may reduce visibility at times.  It is also 
predicted, however, that 24-hour and annual concentrations of TSP, PM10 and PM2.5 will meet the 
relevant criteria .  The TSP guidelines for 24-hour and annual periods are also visibility standards, 
however the PM10 and PM2.5 guidelines were set with human health as the limiting factor.  
Ambient monitoring at the Nelson quarry has indicated that the AERMOD model may be over-
predicting the impacts of dust emissions from the site.   

The facility currently applies a great deal of dust management and mitigation in their operations 
including, but not limited to, road watering and chemical dust suppression, the use of covered 
conveyors, and partially enclosed crushers and screens, which have been taken into account for 
the modelling.  Nelson should continue their best practises dust suppression activities, in order to 
reduce or eliminate any adverse impacts of dust emissions from this facility.  In addition, since 
elevated ½-hour and 1-hour TSP concentrations were predicted to occur most frequently in the 
early morning, and evening hours, Nelson should consider any additional operational changes that 
might reduce their dust emissions during those hours, in order to reduce the potential for elevated 
TSP concentrations. 
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8.0 CLOSURE 

Golder prepared this report using its commercially reasonable best efforts consistent with the 
level and skill ordinarily exercised by members of the profession currently practicing under 
similar conditions.  While ensuring that the report was prepared in general conformance with 
regulatory and guideline requirements, Golder cannot guarantee that an approval for the proposed 
extension will be issued.     

Physical sampling of emission sources was not completed as part of the scope of work. 

GOLDER ASSOCIATES LTD. 
 
 
 
 
 
L. Allison Barrett, M.Sc. 
Air Quality Specialist 
 
 
 
 
 
Anthony Ciccone, Ph.D., P.Eng. 
Director Environmental and Corporate Services 
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CO STARTING                                                                                                                         
   TITLEONE  Dust Modelling - Nelson Aggregates Burlington Existing Case 
   TITLETWO  PM with dep., 98-02 Pearson data, 25Jun04 
   MODELOPT  CONC  DRYDPLT DETAILS 
   AVERTIME  1 24                                                                                                                     
   POLLUTID  TSP 
   RUNORNOT  RUN                                                                                                        
   ERRORFIL  ERRORS.OUT 
CO FINISHED                                                                                                                         
                                                                                                                                    
SO STARTING 
**           ID      TYPE      X        Y           Z 
**           ------  -----    ----     ----        ----                                                                                        
   LOCATION  PIT1    OPENPIT  589976.7  4805095.9  255.0 
 
** Openpit Source    OPEMIS    RELHT  XINIT  YINIT  PITVOL   ANGLE 
** Parameters:       ------    -----  -----  -----  ------   ----- 
   SRCPARAM  PIT1    3.949e-6   4.5   563.5  979.0  1.1038e7   136 
 
NOTE: ADDITIONAL SOURCES REMOVED 
 
** HOUR                     1    2    3    4    5    6    7    8    9    10   11   12                  
   EMISFACT  PIT1 HROFDY    0.00 0.00 0.00 0.00 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
** HOUR                     13   14   15   16   17   18   19   20   21   22   23   24   
   EMISFACT  PIT1 HROFDY    1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 
 
   PARTDIAM  PIT1   33.0  10.0  5.0    2.5     1.0 
   MASSFRAX  PIT1    0.5   0.25 0.125  0.0625  0.0625 
   PARTDENS  PIT1   5*3.0 
                                                                               
   SRCGROUP  ALL 
SO FINISHED                                                                                                                         
                                                                                                                                    
RE STARTING 
** Monitoring Station Location 
   DISCCART   590800.0  4806189.0      278.0      278.0                             
** Coarse Grid, 10 x 10 km, 500 m spacing    
   DISCCART     585000.00   4801000.00       265.75       265.75 
   DISCCART     585500.00   4801000.00       265.66       265.66 
 
NOTE: ADDITIONAL RECEPTOR POINTS REMOVED 
 
** Fine Grid, 3.5 x 4 km, 100 m spacing                                                                                                                   
   DISCCART     588500.00   4804000.00       259.66       259.66 
   DISCCART     588600.00   4804000.00       258.25       261.00 
 
NOTE: ADDITIONAL RECEPTOR POINTS REMOVED 
 
RE FINISHED 
    
ME STARTING 
   SURFFILE  tor9802.SFC   
   PROFFILE  tor9802.PFL 
   SURFDATA  58733    1998  TORONTO                                                                      
   UAIRDATA  14733    1998  BUFFALO 
   PROFBASE  173.0 
ME FINISHED                                                                                                                         
                                                                                                                                    
OU STARTING                                                                                                                         
   RECTABLE  ALLAVE  FIRST-THIRD                                                                                                          
   MAXTABLE  ALLAVE  50                                                                                                             
   PLOTFILE  1      ALL   FIRST TSP-a1.txt                                                                                                                 
   MAXIFILE  1      ALL   83.3  TSP-a1.max                                                                  
   PLOTFILE  24     ALL   FIRST TSP-a24.txt                                                                                                                 
   MAXIFILE  24     ALL   120   TSP-a24.max                                                                                                                
OU FINISHED 
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CO STARTING                                                                                                                         
   TITLEONE  Dust Modelling - Nelson Aggregates Burlington Existing Case 
   TITLETWO  PM with dep., 98-02 Pearson data, 25Jun04 
   MODELOPT  CONC  DRYDPLT DETAILS 
   AVERTIME  PERIOD                                                                                                                     
   POLLUTID  TSP 
   RUNORNOT  RUN                                                                                                                    
   ERRORFIL  ERRORS.OUT 
CO FINISHED                                                                                                                         
                                                                                                                                    
SO STARTING 
**           ID      TYPE      X        Y           Z 
**           ------  -----    ----     ----        ----                                                                                                                          
   LOCATION  PIT1    OPENPIT  589976.7  4805095.9  255.0 
                                                                                            
** Openpit Source    OPEMIS    RELHT  XINIT  YINIT  PITVOL   ANGLE 
** Parameters:       ------    -----  -----  -----  ------   ----- 
   SRCPARAM  PIT1    3.001e-6   4.5   563.5  979.0  1.1038e7  136 
 
NOTE: ADDITIONAL SOURCES REMOVED 
 
** MONTH                     1    2    3    4    5    6    7    8    9    10   11   12                  
   EMISFACT  PIT1   MONTH    0.82 0.74 0.82 0.79 1.00 0.97 1.00 1.00 0.97 0.82 0.79 0.82         
 
   PARTDIAM  PIT1   33.0  10.0  5.0    2.5     1.0 
   MASSFRAX  PIT1    0.5   0.25 0.125  0.0625  0.0625 
   PARTDENS  PIT1   5*3.0 
                                                                               
   SRCGROUP  ALL 
SO FINISHED                                                                                                                         
                                                                                                                            
RE STARTING 
** Monitoring Station Location 
   DISCCART   590800.0  4806189.0      278.0      278.0                             
** Coarse Grid, 10 x 10 km, 500 m spacing    
   DISCCART     585000.00   4801000.00       265.75       265.75 
   DISCCART     585500.00   4801000.00       265.66       265.66 
 
NOTE: ADDITIONAL RECEPTOR POINTS REMOVED 
 
** Fine Grid, 3.5 x 4 km, 100 m spacing                                                                                                                   
   DISCCART     588500.00   4804000.00       259.66       259.66 
   DISCCART     588600.00   4804000.00       258.25       261.00 
 
NOTE: ADDITIONAL RECEPTOR POINTS REMOVED 
 
RE FINISHED 
    
ME STARTING 
   SURFFILE  tor9802.SFC   
   PROFFILE  tor9802.PFL 
   SURFDATA  58733    1998  TORONTO                                                                                                       
   UAIRDATA  14733    1998  BUFFALO 
   PROFBASE  173.0 
ME FINISHED                                                                                                                         
                                                                                                                                    
OU STARTING                                                                                                                         
   RECTABLE  ALLAVE  FIRST-THIRD                                                                                                          
   MAXTABLE  ALLAVE  50                                                                                                             
   PLOTFILE  PERIOD  ALL        TSP-aan.txt                                                                                
OU FINISHED 

 
 
 




