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EXECUTIVE SUMMARY 

Reach for Unbleached, on behalf of the Crofton Airshed Citizens Group, engaged RWDI AIR 

Inc. (RWDI) to provide an analysis of how air pollution is dispersed from the Crofton Pulp Mill 

throughout the surrounding area. Items of specific interest included the following: 

·  Locations of the highest ambient air concentrations and highest levels of deposition of air 

contaminants from the Crofton mill. 

·  Predicted levels of ambient air concentrations and deposition in those locations and 

frequency of elevated concentrations. Of particular interest was the modelling of short-

term events with the potential to produce high ambient concentrations. 

·  Comparison of those levels to relevant provincial or federal standards, guidelines, or 

regulations, factoring in background levels. 

·  Possible locations for most effective soil sampling and ambient air monitoring stations. 

In October 2004, Jacques Whitford conducted an assessment of the Crofton Pulp Mill (Jacques 

Whitford 2004).  This report underwent rigorous third-party review by both RWDI and SENES 

Consultants Limited (RWDI 2005, SENES 2004). For the current work, RWDI conducted a 

refined dispersion modelling assessment of emissions from the Crofton Pulp Mill, addressing the 

concerns raised by the reviewers. Modelling included point source and fugitive emissions from 

the Crofton pulp mill and was performed using standard protocols and modelling guidelines. 

To address the objectives of the study, RWDI modelled the worst-case ambient air 

concentrations of a number of pollutants for which emission rate data were available:  total 

suspended particulate matter (TSP), polychlorinated dibenzodioxins and dibenzofurans 

(PCDD/DFs), total reduced sulphur (TRS) and chlorine dioxide (ClO2).  Estimates of  particulate 

matter (PM) size fractions less than 10 microns in diameter (PM10) and less than 2.5 microns in 

diameter (PM2.5) were made based on ambient ratios of these size fractions.  In addition, 

modelling of wet and dry deposition of TSP and PCDD/DFs was performed. Deposition of TRS 

and ClO2 occur only after complex chemical transformations, so they were not modelled. 

Ambient Air Quality Criteria  

Air quality criteria established by the Canadian Council of Ministers of the Environment 

(CCME) and the BC Ministry of Environment (BC MOE) that were used in the study are listed 

in Table E-1. Since there are no federal or BC objectives for ClO2 and PCDD/DFs, Alberta and 
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Ontario ambient air quality criteria for these contaminants of concern were used and are shown 

in Table E-2.  

Table E-1: Ambient Air Quality Objectives and Standards in BC and Canada 

Contaminant Averaging 
Period 

Objectives/Standards (µg/m3) 

CCME 
Canada-wide 

Standard 

British Columbia 

Level A Level B Level C 

TSP 24-Hour n/a 150 200 260 

PM10 
24-Hour 

n/a 
50 

Annual n/a 

PM2.5 
24-Hour 30(a) 25(b) 

Annual n/a 8 

TRS 
One-Hour n/a 7 28 n/a 

24-Hour n/a 3 6 n/a 

Note: “n/a” denotes not applicable. 

(a) Based on annual 98th percentile value, averaged over three consecutive years. 

(b) Based on annual 98th percentile value. 

Table E-2: Ambient Air Quality Standards and Objectives in Alberta and Ontario 

Contaminant Averaging 
Period 

Criteria (µg/m 3) 

Alberta Ontario 

ClO2 

½-Hour n/a 85(a) 

One-Hour 28 n/a 

24-Hour n/a 30(b) 

PCDD/DFs 
½-Hour 

n/a 
15 pg TEQ/m3 

24-Hour 5 pg TEQ/m3 

Note: “n/a” denotes not applicable. 

(a) Applicable to existing facilities in the pulp and paper mill industrial sector. 

(b) To be applicable to existing facilities in the pulp and paper mill industrial sector starting February, 2013. 
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Emission Estimation 

Prior to dispersion modelling of emissions from the mill, it was first necessary to estimate the 

emission rates of each contaminant from each point source (stack) and fugitive source (if 

applicable). Emission rates were calculated from a number of information sources, including the 

mill’s air permit limits, continuous emission monitoring, emission factors, stack testing data and 

for fugitive emissions, ambient monitoring data. Table E-3 summarizes the emission rates used 

for dispersion modelling, and the footnotes identify how the emission rates were obtained. 

Table E-3: Summary of Emission Rates Used for Dispersion Modelling 

Source Emission Rate (g/s) Stack 
Height 

(m) TSP TRS PCDD/DF ClO2 

#3 Recovery Boiler 9.9(a) 0.4(a) 2.2×10-10(b) - 76.1 

#4 Recovery Boiler(1) 15.8(a) 0.6(a) 
3.8×10-10(b) 

- 
76.2 

#4 Recovery Boiler(2) 24.8(a) 0.9(a) 

Power Boiler 21.0(a) - 5.8×10-8(a) - 76.1 

Lime Kiln 2.4(a) 3.6(a) 3.4×10-11(b) - 48.6 

#3 Smelt Dissolving Tank 1.6(a) 1.8(a) - - 55.0 

#4 Smelt Dissolving Tank 1.6(a) 1.8(a) - - 76.2 

Foam Tank & A Seal Tank Vent - 0.07(a) - - 32.6 

B/K Seal Tank Vent - 0.004(a) - - 31.4 

A Brown Stock Washer Hood - 1.7(a) - - 32.9 

B/K Brown Stock Washer Hood - 1.8(a) - - 34.4 

Bleach Plant Stack A - - - 9.9(c) 51.1 

Bleach Plant Stack B - - - 9.1(c) 41.5 

Fugitive Emissions 0.30(d) 0.03(d) - - n/a 

Notes: (1) Applicable when the #3 and #4 recovery boilers are operating simultaneously 

(2) Applicable when the #3 recovery boiler is not operating 

(a) Estimated based on permitted levels 

(b) Estimated based on published emission factors 

(c) Estimated based on continuous emissions monitoring results 

(d) Estimated using a fixed-box model approach and ambient monitoring data 
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CALMET/CALPUFF Modelling 

The CALMET/CALPUFF modelling system was used to predict the effects of the emissions 

from the Crofton Pulp Mill.  CALMET is a meteorological model that develops hourly three-

dimensional meteorological fields of wind and temperature used to drive pollutant transport 

within CALPUFF.  CALPUFF is a multi-layer, multi-species, non-steady-state puff dispersion 

model.  It simulates the effects of time- and space-varying meteorological conditions on pollutant 

transport, transformation and deposition.  The use of the CALMET/CALPUFF modelling system 

is suitable for areas of complex terrain and/or areas near the coast for which land-sea interactions 

are significant.  

The CALMET model was initialized for the one-year period from January to December, 2005, 

for which a computer simulation of upper air wind fields for the region was available using the 

NCAR / Penn State Fifth-Generation Mesoscale Model (MM5). The inclusion of such prognostic 

meteorological model outputs in dispersion modelling increases the accuracy and currency of 

results. Meteorological data was also obtained from three surface stations (Crofton, Nanaimo 

Airport and Victoria Airport), two over-water stations (Halibut Bank and Pat Bay), and one 

precipitation station (North Cowichan). Terrain elevations for the 24 km by 24 km CALMET 

model domain were extracted from 1:50,000 scale Canadian Digital Elevation Data.  Baseline 

thematic mapping land use information was obtained from the Integrated Land Management 

Data Warehouse.  

Air quality data was also collected from three air quality stations in the 20 km by 20 km Crofton 

study area: Crofton Substation, Crofton South and Duncan Deykin Avenue. TRS, PM10 and 

PM2.5 data from the stations were used in calculating background levels for the study area.  

The output from the CALMET meteorological model is used as an input for the CALPUFF 

dispersion model. All technical options relating to the CALPUFF dispersion calculation were set 

according to the Guidelines for Air Quality Dispersion Modelling in BC or to the model defaults.  

These include parameters and options such as the calculation of plume dispersion coefficients, 

the plume path coefficients used for terrain adjustments, exponents for the wind speed profile, 

and wind speed categories.  

Buildings located close to stacks may influence the flow of the effluent discharged.  The effect of 

the process plant buildings on the modelled point sources was modelled using the BPIP-PRIME 

algorithm. The algorithm explicitly treats the trajectory of the plume near the building, and uses 

the position of the plume relative to the building to calculate interactions with the building wake. 
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CALPUFF modelling was used to estimate maximum TSP, TRS, ClO2 and PCDD/DF 

concentrations in the 20 km by 20 km CALPUFF model domain corresponding to the study area. 

To understand the contribution of various source types, emission sources were grouped into two 

model runs, which include a run for only point sources and a run for only fugitive sources. 

Results from both model runs were then summed to determine the combined effect of all sources. 

RWDI also modelled wet and dry deposition of TSP and PCDD/DFs in order to identify 

potential areas where soil sampling should be undertaken. Deposition modelling of TSP is 

relatively straight-forward using standard settling velocities for dry deposition and precipitation 

data and scavenging coefficients for wet deposition.  

Deposition of PCDD/DFs on a toxic equivalent (TEQ) basis is complicated by the fact that 

PCDD/DFs include many different compounds of different toxicities and different chemical 

characteristics. The various compounds exist in both gas phase and particle phase (attached to 

particulate matter), and the gas/particle proportions vary for each compound. Deposition of 

PCDD/DFs is primarily limited to the particle phase, so for the purpose of identifying potential 

sampling areas, a conservatively high value of 80% of the PCDD/DFs were assumed to exist in 

the particle phase for deposition modelling. 

Modelling Results 

The results of dispersion modelling of emissions are presented in the form of isopleth maps 

showing contours of constant concentration throughout the study area. The isopleths do not 

represent a snapshot in time; rather they represent positions of equal maximum concentrations 

that occur over the year-long period for the averaging period being considered (one-hour, 24-

hour, annual). This in effect shows the maximum downwind concentrations that may occur for 

all wind speeds and directions. The isopleth maps can be thought of a series of overlays of 

maximum plume concentrations for all wind directions. 

The isopleth maps are shown with Universal Transverse Mercator (UTM) coordinates. The UTM 

system divides the world into a series of grids and uses metres or kilometres as the unit of 

measure. It is easier to estimate distances on UTM maps than on latitude/longitude maps. The 

axis labels UTM NAD 83 Northing and Easting designate the North America Datum of 1983 

currently in use, and that the scale values are North and East of the UTM grid reference point. 

Modelling of the mill emissions showed that the air quality may be impacted frequently by TRS 

concentrations exceeding BC air quality objectives. Figure E-1 shows the frequency (in 

percentage of days of the year) of exceedances of the BC 24-hour TRS Level A objective of 3 
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µg/m3. (All figures are presented at the end of the report.  The figure also shows the location of 

the air quality monitoring stations, marked by red crosses.) In the immediate area around the 

mill, exceedances of the 24-hour TRS Level A objective are predicted to occur over 60% of the 

days of the year. In Crofton, the 24-hour Level A exceedances are predicted to occur between 

10% and 40% of the days of the year, and most of the outlying regions around Crofton are 

predicted to have exceedance frequencies above 10% of the days of the year. For the western 

side of Salt Spring Island across from the mill, the frequency of exceedance is predicted to be 2% 

to 10% of days of the year.   

Model results indicate that the study area is also occasionally impacted by ClO2 ambient 

concentrations exceeding the Alberta one-hour air quality objective of 28 µg/m3. Figure E-2 

shows that maximum ClO2 concentrations predicted for the Crofton area are over five times 

greater than the objective (>160 µg/m3).  Exceedances are predicted to occur approximately 2% 

to 4% of the time in the Crofton area, but since ClO2 breaks down very quickly when exposed to 

sunlight, most of the exceedances would occur at night. Note that the modelling for ClO2 was 

based on the maximum continuous emission monitoring data, which exceeded the permitted 

emission limits.  

Modelling of TSP emissions from the mill showed that most of the impact is from point sources 

rather than fugitive sources. Figure E-3 shows the distribution of 24-hour maximum TSP 

concentrations from all sources at the mill. The areas of highest TSP concentration are predicted 

to occur to the immediate southwest and south of the mill (>50 µg/m3). All predicted TSP 

concentrations are less than the BC Level A TSP objective of 150 µg/m3, even when the 

calculated background level of 23 µg/m3 is added to the modelled results.  

The size distribution of particulate matter emitted by the mill is not known and therefore it was 

not possible to model PM10 and PM2.5; instead the following ballpark estimate of ambient PM10 

and PM2.5 concentrations resulting from mill emissions is provided.  The background levels of 

PM10 and PM2.5 were estimated at 23 µg/m3 and 16 µg/m3 respectively, based on ambient 

monitoring data from the area. Since it is likely that the majority of the TSP emitted from the 

mill is in the PM10 size fraction and that a substantial portion of the PM10 is PM2.5, the predicted 

maximum 24-hour average concentrations for some areas may exceed the PM10 and PM2.5 air 

quality objectives of 50 µg/m3 and 25 µg/m3, respectively, when they are added to the 

background levels. Areas with a maximum predicted TSP concentration greater than 13 µg/m3 in 
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Figure E-3 would exceed the PM2.5 objective1 based on these assumptions. The immediate area 

one to two kilometres to the west and south of the mill, as well as two small areas to the south-

southeast, indicated by the 27 µg/m3 isopleths would exceed the PM10 objective2. 

There are two caveats to apply to the analysis in the preceding paragraph. The first is that there is 

very little data from the mill to support the assumption that mill TSP emissions have a size 

fraction profile similar to ambient size fractions of TSP, PM10 and PM2.5. The second caveat is 

that the method of calculating background concentrations may have resulted in the calculated 

values being higher than actual by not completely excluding the contribution of the mill. In that 

case, part of the “background” concentration would be double-counted when added to the 

predicted mill contribution. 

Modelling of ambient air concentrations of PCDD/DFs from mill emissions resulted in 

maximum predicted values that are relatively low. For the maximum half-hour averaging period, 

the Crofton area, the Tsussie Indian Reserve and Maple Mountain are predicted to have the 

greatest impact over 0.2 pg TEQ/m3. This level is 1.3% of the Ontario half-hour guideline of 15 

pg TEQ/m3. For the 24-hour maximums predicted by the modelling, Maple Mountain and the 

Tsussie Indian Reserve had the greatest impact over 0.025 pg TEQ/m3, which corresponds to 

0.5% of the Ontario 24-hour guideline of 5 pg TEQ/m3.    

Figure E-4 shows the deposition patterns for TSP from both fugitive emissions and point 

sources. In general, the area immediately outside the mill property is likely to have been affected 

by fugitive emissions, and the over-water areas to the north-northwest and the land areas to the 

south-southeast and west are likely to have been affected by point source emissions. The land 

areas within the 0.04 mg/dm2/day isopleth (shaded yellow) extend past Osborn Bay Regional 

Park up Maple Mountain, with a small area of deposition over 0.10 mg/dm2/day (shaded pink) on 

the mountain’s lower plateau. Several areas on Salt Spring Island have predicted levels of 

deposition above 0.02 mg/dm2/day, generally in areas of higher elevation or changing elevation. 

Figure E-5 shows the deposition patterns for PCDD/DFs from point source emissions. The 

deposition pattern for PCDD/DFs is generally similar to the TSP distribution except that the area 

between the mill and Maple Mountain does not receive much deposition of PCDD/DFs, even 

                                                 
1 The value of 13 µg/m3 was calculated by first subtracting the background PM2.5 level (16 µg/m3) from the 

provincial objective (25 µg/m3) and dividing the result (9 µg/m3) by 70%. 

2 The value of 27 µg/m3 was calculating by subtracting the background PM10 level (23 µg/m3) from the provincial 

objective (50 µg/m3). 
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though it receives a considerable amount of TSP deposition. This is most likely due to the lack of 

fugitive PCDD/DF emissions. The land areas in the immediate vicinity of the mill and on the 

north plateau of Maple Mountain (within the 0.10 ng/dm2/day isopleth, shaded yellow) have the 

highest predicted levels of PCDD/DF deposition. As with TSP deposition, there is a large area of 

predicted high deposition over the water to the north-northwest.  

Deposition of TRS and ClO2 was considered but not performed. Although there may be some 

deposition of sulphur oxides and chlorine salts resulting from the chemical breakdown of TRS 

and ClO2, the atmospheric transition chemistry is complex and not included in the standard 

dispersion models.  Furthermore, the modelling results would have a high degree of uncertainty. 

Soil Sampling and Ambient Monitoring 

Based on the deposition pattern for TSP (Figure E-4), there are a number of locations where soil 

sampling could be undertaken. The land areas within the 0.04 mg/dm2/day isopleths (shaded 

yellow) extending to Maple Mountain and encompassing Osborn Bay Regional Park would be 

good areas to sample. The small area of deposition over 0.10 mg/dm2/day (shaded pink) on the 

mountain’s lower plateau could provide a relatively undisturbed sampling site if it is accessible. 

On Salt Spring Island, there are two areas southeast and east-northeast of the mill that could be 

considered for sampling (within the 0.02 mg/dm2/day isopleth, shaded green), although predicted 

concentrations at these locations are lower than on Vancouver Island.  

For sampling of PCDD/DFs (Figure E-5), the land areas in the immediate vicinity of the mill and 

the same area identified for TSP sampling on the north plateau of Maple Mountain (within the 

0.10 ng/dm2/day isopleth, shaded yellow) could be considered for soil sampling. On Salt Spring 

Island, the same areas identified for TSP sampling could be sampled for PCDD/DFs, although 

the measured levels will likely be lower than on Vancouver Island. 

For ambient monitoring of TRS, based on the exceedance frequencies shown in Figure E-1, the 

best location for ambient monitoring of TRS would be southeast of the mill within the 40% 

isopleth (shaded yellow). 
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1.0 INTRODUCTION 

Reach for Unbleached, on behalf of the Crofton Airshed Citizens Group, engaged RWDI AIR 

Inc. (RWDI) to analyse how air contaminants from the Crofton Pulp Mill are dispersed 

throughout the surrounding area.  Items of specific interest included the following: 

·  Locations where the highest ambient air concentrations and soil deposition of substances 

from the Crofton mill occur. 

·  Predicted levels of ambient air concentrations and soil depositions in those locations and 

frequency of elevated concentrations. Of particular interest was the modelling of short-

term events with the potential to produce high ambient concentrations. 

·  Comparison of those levels to relevant provincial or national standards, guidelines, or 

regulations, factoring in background levels. 

·  Possible locations for most effective ambient air monitoring stations. 

In October 2004, Jacques Whitford conducted a Baseline Air Quality Modelling and Human 

Health Risk Assessment of the Norske Canada (now Catalyst Paper) Crofton Pulp Mill (Jacques 

Whitford 2004).  This report underwent rigorous third-party review by both RWDI and SENES 

Consultants Limited (RWDI 2005, SENES 2004).  

For the current work, RWDI conducted a refined dispersion modelling assessment of air 

emissions from the Crofton Pulp Mill, addressing the concerns raised by the reviewers. To 

address the objectives of the study, RWDI modelled both the worst-case one-hour and the 24-

hour average ambient air concentrations of a number of pollutants for which emission rate data 

were available, and modelled deposition of particulate matter (PM) and dioxins and furans 

throughout the study area. 

Modelling of point source and fugitive emissions from the Crofton pulp mill was performed 

using standard protocols and modelling guidelines. The contaminants modelled included total 

suspended particulate matter (TSP), polychlorinated dibenzodioxins and dibenzofurans 

(PCDD/DFs), total reduced sulphur (TRS) and chlorine dioxide (ClO2).  Further consideration 

was given to PM size fractions less than 10 microns in diameter (PM10) and less than 2.5 microns 

in diameter (PM2.5). 
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1.1 ASSESSMENT OBJECTIVES AND APPROACH 

This air quality assessment follows a standard dispersion modelling approach, based on the 

Guidelines for Air Quality Dispersion Modelling in BC, and also incorporating comments of 

third-party reviewers.  A refined level of assessment was applied to include a detailed treatment 

of atmospheric processes and to provide site-specific realism.  The main components of the 

assessment include the following: 

1. Assess baseline air quality conditions 

Baseline air quality conditions were assessed to determine the cumulative effects of the 

Crofton Pulp Mill on local air quality.  The baseline setting was assessed by reviewing 

historical ambient air quality monitoring data. 

2. Estimate emissions from the Crofton Pulp Mill 

Emissions were quantified for the major sources at the Crofton Pulp Mill.  Emissions 

from the recovery boilers, power boiler, lime kilns and bleach plant were based on the air 

permit where applicable, or estimated based on information from the Jacques Whitford 

(2004) report.  A ballpark estimate of fugitive emissions from the mill was also made. 

3. Predict effects of emissions from the Crofton Pulp Mill 

Air quality effects resulting from emissions from the Crofton Pulp Mill were assessed by 

conducting dispersion modelling to predict maximum ambient concentrations and 

deposition levels of air contaminants. Predicted concentrations were compared to 

ambient air quality criteria to assess potential incremental and cumulative effects, and 

deposition was modelled to identify potential soil sampling locations. 

1.2 STUDY AREA 

A 20 km by 20 km study area was defined for the air quality assessment.  This is the area in 

which potential air quality effects from the Crofton Pulp Mill will most likely occur.  As shown 

in Figure 1-1, the Crofton Pulp Mill is located on the east coast of Vancouver Island, 

approximately two kilometres north of the community of Crofton.  The study area encompasses 

the communities of Saltair and Chemainus to the northwest, the community of Hayward to the 

southwest, part of Kuper Island to the north, and part of Saltspring Island to the east. 

The map in Figure 1-1 is shown with Universal Transverse Mercator (UTM) coordinates. The 

UTM system divides the world into a series of grids and uses metres or kilometres as the unit of 

measure. It is easier to estimate or measure distances on UTM maps than with latitude/longitude 
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maps. The axis labels UTM NAD 83 Northing and Easting designate the North America Datum 

of 1983 currently in use, and that the scale values are North and East of the UTM grid reference 

point. 

 

Figure 1-1: Topography in Surrounding Area of Crofton Pulp Mill (Study Area Shown in 

Blue) 

1.3 AMBIENT AIR QUALITY CRITERIA  

Ambient air quality objectives are developed by environmental and health authorities to provide 

guidance for environmental protection decisions.  They are based on scientific studies that 

consider the effects of the contaminant on such receptors as humans, wildlife, vegetation, as well 

as aesthetic qualities such as visibility.  Air quality criteria established by the Canadian Council 

of Ministers of the Environment (CCME) and the BC Ministry of Environment (BC MOE) are 
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listed in Table 1-1.  BC MOE objectives are categorized into Levels A, B and C, roughly 

corresponding to the federal “maximum tolerable,” “maximum acceptable,” and “maximum 

desirable” levels. 

Particulate matter is often defined in terms of size fractions.  Particles less than 40 µm in 

diameter typically remain suspended in the air for some time.  The total amount of suspended 

particulate matter is known as TSP.  Suspended particulate matter less than 10 µm in diameter is 

termed PM10, and particulate matter less than 2.5 µm in diameter is termed PM2.5.  The PM10 

objective was established in 1995, the Canada-wide Standard for PM2.5 was established in 2000 

and the BC PM2.5 objectives were established in 2009.  The objectives for TSP and TRS were 

established before 1995. 

Table 1-1: Ambient Air Quality Objectives and Standards in BC and Canada 

Contaminant Averaging 
Period 

Objectives/Standards (µg/m3) 

CCME Canada-wide 
Standard 

British Columbia 

Level A Level B Level C 

TSP 
24-Hour 

n/a 
150 200 260 

Annual 60 70 75 

PM10 24-Hour n/a 50 

PM2.5 
24-Hour 30(a) 25(b) 

Annual n/a 8 

TRS 
One-Hour n/a 7 28 n/a 

24-Hour n/a 3 6 n/a 

Note: “n/a” denotes not applicable. 

(a) Based on annual 98th percentile value, averaged over three consecutive years. 

(b) Based on annual 98th percentile value. 

There is no ambient air quality objective for ClO2 in BC; however, there is a Work Safe BC 

occupational health and safety exposure limits for ClO2.  The eight-hour time-weighted average 

limit for ClO2 is 0.1 ppm (421 µg/m3), and the short-term exposure limit is 0.3 ppm 

(1,262 µg/m3). 

PCDD/DFs are often referred to as dioxins and furans. These include a family of compounds of 

similar structure with varying degrees of chlorination, some of which are considered to be toxic, 

causing potential impairment of the immune, nervous, endocrine and reproductive systems after 

repeated exposure.  For this reason, PCDD/DFs are often expressed in toxic equivalents (TEQ).  
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Since there are no federal or provincial objectives for ClO2 and PCDD/DFs, Alberta and Ontario 

ambient air quality criteria for these contaminants of concern are shown in Table 1-2.  Although 

these criteria are not directly applicable in BC, they are presented to provide some context for the 

predicted concentrations of these contaminants.  Alberta’s guidelines tend to be for one-hour and 

24-hour averaging periods, similar to BC, while Ontario focuses on half-hour point-of-

impingement criteria as well as 24-hour guidelines. 

Table 1-2: Ambient Air Quality Standards and Objectives in Alberta and Ontario 

Contaminant Averaging 
Period 

Criteria (µg/m 3) 

Alberta Ontario 

ClO2 

½-Hour n/a 85(a) 

One-Hour 28 n/a 

24-Hour n/a 30(b) 

PCDD/DFs 
½-Hour 

n/a 
15 pg TEQ/m3 

24-Hour 5 pg TEQ/m3 

Note: “n/a” denotes not applicable. 

(a) Applicable to existing facilities in the pulp and paper mill industrial sector. 

(b) To be applicable to existing facilities in the pulp and paper mill industrial 

sector starting February, 2013. 
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2.0 BASELINE CONDITIONS 

Existing air quality in the study area is affected by both natural emissions and human-caused 

emissions from the Crofton Pulp Mill, other industrial facilities, ferry traffic between Crofton 

and Salt Spring Island and between Chemainus and Kuper Island, as well as vehicle traffic and 

residential heating in the urban areas. Other industrial facilities in the study area include the Shell 

Bare Point Terminal, a few sawmill and wood-product facilities in the Chemainus area, and the 

BC Hydro Vancouver Island Terminal. All of these sources can contribute to particulate 

emissions in the study area. TRS emissions may be released from industrial sources such as 

refineries or from marshes and bogs. Emissions of PCDD/DFs are formed from combustion 

sources in the presence of chlorine and may be released from diesel trucks, waste burning, wood 

burning, etc. 

In order to assess cumulative air quality impacts from the Crofton Pulp Mill, background 

concentrations are used to represent the contribution from all natural and human-caused sources 

in the area except the Crofton Pulp Mill itself.  Background concentrations can be determined by 

reviewing historical ambient air quality monitoring data in the vicinity of the study area.  The 

closest air quality monitoring stations are located at Crofton Substation, Crofton South and 

Duncan Deykin Avenue as shown in Figure 2-1. Hourly PM2.5 concentrations from Crofton 

South and hourly PM10 and TRS concentrations from Crofton Substation are available from the 

BC MOE for the period February to December, 2005.  Hourly PM10 concentrations from Duncan 

Deykin Avenue are available for the period January to December, 2005.   

To determine the background concentrations in the study area without the influence of the 

Crofton Pulp Mill, RWDI used the standard method of excluding from the dataset station data for 

hours when winds were blowing from the mill toward the monitoring stations (see Section 4.1.9). 

The 98th percentile one-hour and 24-hour concentrations from the final dataset were used to 

represent the background PM10, PM2.5 and TRS concentrations for the entire study area. The 

average of all the observed concentrations in the final dataset was used to represent the annual 

average background. Since TSP monitoring data are not available, the background TSP 

concentration was assumed to be equal to the background PM10 concentration. 

There are no historical ambient air quality monitoring data available for PCDD/DFs in BC.  A 

literature review was conducted to determine representative background concentrations for the 

study area.  Alberta Environmental Protection (now Alberta Environment) conducted a special 

air quality monitoring survey in northwestern Alberta in 1997 (AEP 1997). 
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Figure 2-1: Location of Air Quality Monitoring Stat ions in the Study Area 

During this survey, stationary monitoring of PCDD/DFs was conducted in the communities of 

Kinuso, Swan Hills and Fort Assiniboine.  The survey also included monitoring at the Swan 

Hills Treatment Centre but observations from this station were not included in the determination 

of background concentrations for this assessment due to the local effects of emissions from the 

facility.  The location of the other monitoring stations in rural communities makes the results of 

this monitoring survey more representative of background concentrations in the vicinity of the 

Crofton Pulp Mill than other studies typically conducted in urban and/or industrial areas.  The 
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maximum observed concentrations at Kinuso, Swan Hills and Fort Assiniboine, based on 24-

hour to 48-hour samples, were averaged to obtain a representative 24-hour background 

concentration of PCDD/DFs in the study area.  The half-hour background concentration is 

estimated as three times the 24-hour background concentration.  The Ontario Ministry of 

Environment (2005) recommends the factor of three for converting 24-hour average 

concentrations to half-hour averages. 

The background concentrations calculated for this air quality assessment are summarized in 

Table 2-1 and are compared with the strictest objective for each parameter.  Due to the lack of 

information found for ClO2, no background concentration was calculated.  Background levels of 

ClO2 in the study area are expected to be low because there are no other known sources of ClO2 

in the study area, such as textile mills, food processing facilities and drinking water treatment 

plants. The method of calculating background concentrations for TRS and particulate matter may 

not have eliminated the entire influence of the Crofton mill, due to the assumptions inherent in 

the method. Air monitored at station locations when the stations are not downwind of the mill 

may still have been impacted by the mill due to stagnant conditions, wind shifts or diurnal wind 

patterns. As a result the calculated background concentrations may be higher than the actual 

background from natural and human-caused sources other than the Crofton mill. 

Table 2-1: Comparison of Background Concentrations with Strictest Objectives 

Parameter and 
Averaging Period 

Background 
Concentration 

Strictest 
Objective 

Percentage of  
Objective 

½-hour PCDD/DFs 0.06 pg TEQ/m3 15 pg TEQ/m3 4% 

1-hour TRS 5.7 µg/m3 7 µg/m3 81% 

24-hour PM2.5 16 µg/m3 25 µg/m3 64% 

24-hour PM10 23 µg/m3 50 µg/m3 46% 

24-hour TSP 23 µg/m3 150 µg/m3 15% 

24-hour TRS 3.6 µg/m3 3 µg/m3 120% 

24-hour PCDD/DFs 0.02 pg TEQ/m3 5 pg TEQ/m3 4% 

Annual PM2.5 5.2 µg/m3 8 µg/m3 65% 

Annual PM10, TSP 12 µg/m3 n/a n/a 
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3.0 SOURCE CHARACTERIZATION 

The Crofton Pulp Mill is an integrated pulp and paper mill with one kraft pulp line, one thermo-

mechanical pulp line and three paper machines.  Figure 3-1 provides a plot plan showing the 

relative locations of the on-site structures and the major emission sources. 

Emissions of the air contaminants of concern from the major sources at the Crofton Pulp Mill 

were quantified and subsequently simulated using a dispersion model.  Also required for 

dispersion modelling are stack parameters including stack height and diameter, exit velocity and 

exit temperature.  The following sub-sections describe the methodology used to quantify the 

emissions and stack parameters, and present the resulting set of input parameters used for the 

modelling. 

Fugitive emissions may occur from numerous sources at the Crofton Pulp Mill, including the 

aeration ponds and hog fuel piles.  These emissions, due to their nature, are not measured in 

routine stack sampling surveys, and were not estimated by Jacques Whitford.  Since information 

was not available to estimate fugitive emissions from individual sources, fugitive emissions were 

estimated and modelled collectively, as discussed in Section 3.2. 

3.1 EMISSION RATES FROM MAJOR SOURCES 

Emission rates from the recovery boilers, power boiler3, lime kilns and bleach plant at the 

Crofton Pulp Mill were estimated based on a combination of emission limits, emission factors 

and emission data.  As per the Guidelines for Air Quality Dispersion Modelling in BC, approved 

emission limits are the preferred data source for modelling emissions from existing facilities.  

However, emission limits are not available for all sources for all pollutants.  In cases where there 

are no permitted emission limits, emissions were estimated using published emission factors.  

Furthermore, continuous emission monitoring system (CEMS) data show that ClO2 emissions 

from the bleach plant often exceed the permitted emission limits.  The ClO2 emission rates used 

for dispersion modelling were therefore based on CEMS data obtained from reports submitted to 

the Ministry of Environment.  This was done to assess the worst-case air quality impacts from 

the Crofton Pulp Mill. 

 

                                                 
3 Note that the #5 power boiler is no longer operating and therefore is not included in this modelling assessment.  

Only the #4 power boiler is included. 
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Figure 3-1: Plot Plan of Crofton Pulp Mill Showing Structures and Major Emission Sources 
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3.1.1 Emission Limits 

Crofton Pulp Mill operations are subject to conditions stipulated by air permit PA-01902.  These 

conditions include maximum allowable exhaust flow rates and maximum allowable contaminant 

concentrations for a number of emission sources at the Crofton Pulp Mill, as summarized in 

Table 3-1.  Also shown in the table are the equivalent emission rates based on the maximum 

allowable exhaust flow rates and contaminant concentrations.  For the lime kiln, smelt dissolving 

tanks and miscellaneous TRS sources, permitted emission limits are based on the throughput of 

unbleached pulp product.  A total kraft pulp throughput of 1,387 t/d was assumed for this 

assessment, based on a maximum throughput of 1,361 t/d in 2003 (Jacques Whitford 2004) 

prorated to a combined annual pulp and paper production of 2.3 Mt observed in 2006.  Combined 

emissions from the two smelt dissolving tanks and from the miscellaneous TRS sources were 

apportioned to the individual sources using the same fractions as used by Jacques Whitford 

(2004). 

3.1.2 Emission Factors 

In the absence of emission limits, emission rates can be estimated by applying emission factors.  

The general equation for emissions estimation using this approach is as follows: 

E = EF × A × (1 – ER/100) 

where E represents emissions, EF represents an emission factor, A represents an activity rate, 

and ER represents the overall emission reduction efficiency.  Emission factors attempt to relate 

the quantity of a pollutant released with an activity associated with that release, and are generally 

based on the population average of all available source testing data.  For instance, emissions 

from natural gas combustion in boilers and turbines are directly related to the amount of natural 

gas burned; thus, emission factors are expressed as the mass of a pollutant released (such as CO) 

per unit of natural gas burned (e.g., gram pollutant per kilogram fuel).  For this assessment, 

emission factors for PCDD/DFs were taken from a compilation prepared for Environment 

Canada (Paprican 2002). 
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Table 3-1: Air Permit Conditions for Crofton Pulp M ill 

Emission Source Maximum 
Allowable 

Exhaust Flow 
Rate (m3/min)  (1) 

Contaminant Averaging 
Period 

Maximum 
Allowable 

Concentration 
(mg/m3) 

Equivalent 
Emission 
Rate (g/s) 

#3 Recovery Boiler 4,400 
TSP(2) - 135 9.9 

TRS Daily 5 0.4 

#4 Recovery Boiler(3) 7,000 
TSP(2) - 135 15.8 

TRS Daily 5 0.6 

#4 Recovery Boiler(4) 9,000 
TSP(2) - 165 24.8 

TRS Daily 6 0.9 

Power Boiler 7,000 
TSP(5) 

- 180 21.0 

Quarterly(6) 165 19.3 

PCDD/DF - 500 pg TEQ/m3 5.8×10-8 

Lime Kiln 
950 TSP(7) - 150 2.4 

TRS - 0.225 kg/ADUt(8) 3.6 

#3 & #4 Recovery 

Boiler Smelt 

Dissolving Tanks 5,570 

TSP - 0.2 kg/ADUt(8) 3.2 

TRS - 0.225 kg/ADUt(8) 3.6 

Miscellaneous TRS 
Sources(9) 

TRS - 0.225 kg/ADUt(8) 3.6 

Bleach Plant 3,500 ClO2 - 10 ppm 2.5 

Notes: (1) Flow rates are expressed at standard conditions of 293.15 K, 101.325 kPa, 0% H2O 

(2) Corrected to a flue gas concentration of 6% oxygen by volume 

(3) Applicable when the #3 and #4 recovery boilers are operating simultaneously 

(4) Applicable when the #3 recovery boiler is not operating 

(5) Corrected to a flue gas concentration of 12% carbon dioxide by volume 

(6) Based on a rolling average of the previous four quarters 

(7) Corrected to a flue gas concentration of 10% oxygen by volume 

(8) Refers to air-dry tonne of unbleached pulp product where the weight is corrected to reflect 10% water and 90% fibre 

(9) Includes the A seal tank vent, B seal tank vent, A brown stock washer hood, B/K brown stock washer hood, and foam tank 

3.1.3 Continuous Emissions Monitoring 

As specified in PA-01902, the bleach plant stacks are equipped with a CEMS that measures ClO2 

concentrations in the exhaust gas.  The hourly and daily maximum observed concentrations in 

the first quarter of 2008 were obtained from compliance monitoring reports submitted to the BC 

Ministry of Environment.  The maximum observed hourly ClO2 concentration for each of the 

stacks was used for this assessment, along with the permitted flow rate, split 54% / 46% between 
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the two stacks as per the Jacques Whitford report, to obtain the worst-case emission rate for 

dispersion modelling. 

3.2 FUGITIVE EMISSIONS 

Fugitive emissions from sources such as aeration ponds, hog fuel piles, mill tanks and buildings, 

and process venting are difficult to quantify due to their intermittent or transient nature and also 

due to the complexity of the factors that can influence emissions. For example, fugitive 

emissions from aeration ponds can depend on the pollutant concentrations dissolved or 

suspended in the water, the depth and surface area of the pond, the residence time of water in the 

pond, the number of aerators normally working, and aerator characteristics such as impeller 

diameter and horsepower. Much of this detailed information was unavailable for this study.   

Due to this lack of information, fugitive emission rates of PM and TRS used for dispersion 

modelling were conservatively estimated based on a fixed-box model that allows one to back 

calculate an emission rate from an observed concentration (Reible, 1998).  The model assumes 

the sources are enclosed in a box with dimensions W, L and H, with L parallel to the wind 

direction.  It also assumes the atmospheric turbulence produces complete and total mixing of 

pollutants up to the mixing height H and no mixing above this height.  The turbulence is strong 

enough that the pollutant concentration is uniform in the whole volume of air within the box.  

This assumption is contrary to what is observed in nature but allows simplification of the 

mathematics.  The velocity of the wind is assumed to be spatially constant, independent of 

location and elevation above ground.  No pollutant leaves or enters through the top of the box, 

nor through the sides that are parallel to the wind direction.  In addition, the pollutant is assumed 

to be long-lived in the atmosphere such that the destruction rate is zero. Based on these 

assumptions, one can relate the observed concentration with emission rate using the following 

equation: 

    
uWH

Q
bc +=   

where  c = observed concentration (g/m3) 

 b = background concentration (g/m3) 

 Q = emission rate (g/s) 

u = wind speed (m/s)  

W = cross-wind dimension of the box (m) 

 H = mixing height (m) 



0920068A September 28, 2009 

   
  Page 14 
 

This equation was applied to estimate the hourly emission rate from the mill based on PM10 and 

TRS concentrations observed at the Crofton Substation monitoring station for hours when the 

wind was expected to be blowing directly from the mill to the station.  The emissions are 

assumed to be generated in a 300 m by 400 m area at the core of the plant, with a projected 

cross-wind dimension of approximately 500 m with respect to the Crofton Substation monitoring 

station, as shown in Figure 3-2.  It was conservatively assumed that there were no other upstream 

background sources, and that pollutants were well-mixed up to a height of 10 m. 

The emission rates estimated using this approach would include both ground-level fugitive 

emissions as well as elevated stack emissions at the mill.  However, during neutral and stable 

atmospheric conditions, vertical mixing of elevated stack emissions are not expected to be 

sufficient in causing noticeable effects at the Crofton Substation monitoring station, located only 

200 to 400 m away.  Observations at the Crofton Substation are only expected to be affected by 

elevated stack emissions at the mill during unstable atmospheric conditions when areas of rising 

and sinking air causes plumes to loop and hit the ground closer to the stack.  Based on CALMET 

predicted meteorological conditions at the Crofton pulp mill (see Section 4.1.9), it is expected 

that winds would be blowing from the mill towards the monitoring station during such unstable 

atmospheric conditions about eight percent of the time.  Thus the 90th percentile hourly emission 

rates were selected to represent the fugitive emission rates from the mill, resulting in a fugitive 

TSP emission rate of 0.30 g/s and a fugitive TRS emission rate of 0.03 g/s. 

Fugitive PCDD/DF and ClO2 emissions were not estimated since fugitive PCDD/DF and ClO2 

sources were not expected to exist in the Crofton plant. 
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Figure 3-2: Assumed Area Source of Fugitive Emissions of TSP and TRS 

3.3 STACK PARAMETERS  

All stack parameters for the major emission sources at the Crofton Pulp Mill were obtained from 

the Jacques Whitford report (2004).  The Crofton Pulp Mill emission rates and stack parameters 

used for dispersion modelling are summarized in Table 3-2. 
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Table 3-2: Summary of Stack Parameters and Emission Rates for Crofton Pulp Mill used for Dispersion Modelling 

Source Emission Rate (g/s) Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(K) TSP TRS PCDD/DF ClO2 

#3 Recovery Boiler 9.9(a) 0.4(a) 2.2×10-10(b) - 76.1 3.1 15.5 487 

#4 Recovery Boiler(1) 15.8(a) 0.6(a) 
3.8×10-10(b) 

- 
76.2 4.3 9.5 441 

#4 Recovery Boiler(2) 24.8(a) 0.9(a) 

Power Boiler 21.0(a) - 5.8×10-8(a) - 76.1 3.4 18.0 472 

Lime Kiln 2.4(a) 3.6(a) 3.4×10-11(b) - 48.6 1.7 11.8 528 

#3 Smelt Dissolving Tank 1.6(a) 1.8(a) - - 55.0 1.5 5.6 345 

#4 Smelt Dissolving Tank 1.6(a) 1.8(a) - - 76.2 1.8 3.4 353 

Foam Tank & A Seal Tank Vent - 0.07(a) - - 32.6 0.3 6.0 293 

B/K Seal Tank Vent - 0.004(a) - - 31.4 0.4 0.1 293 

A Brown Stock Washer Hood - 1.7(a) - - 32.9 1.5 6.2 293 

B/K Brown Stock Washer Hood - 1.8(a) - - 34.4 1.1 11.7 293 

Bleach Plant Stack A - - - 9.9(c) 51.1 1.8 7.8 324 

Bleach Plant Stack B - - - 9.1(c) 41.5 1.6 12.9 333 

Fugitive Emissions 0.30(d) 0.03(d) 6.7×10-10(a)  N/A N/A N/A N/A 

Notes: (1) Applicable when the #3 and #4 recovery boilers are operating simultaneously 

(2) Applicable when the #3 recovery boiler is not operating 

(a) Estimated based on permitted levels 

(b) Estimated based on published emission factors 

(c) Estimated based on continuous emissions monitoring results 

(d) Estimated using a fixed-box model approach and ambient monitoring data 
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4.0 DISPERSION MODELLING 

The CALMET/CALPUFF modelling system was used to predict the effects of the emissions 

from the Crofton Pulp Mill.  CALMET is a meteorological model that develops hourly three-

dimensional meteorological fields of wind and temperature used to drive pollutant transport 

within CALPUFF.  CALPUFF is a multi-layer, multi-species, non-steady-state puff dispersion 

model.  It simulates the effects of time- and space-varying meteorological conditions on pollutant 

transport, transformation and deposition.  The use of the CALMET/CALPUFF modelling system 

is suitable for areas of complex terrain and/or areas near the coast for which land-sea interactions 

are significant.  This was also the model used by Jacques Whitford (2004) and the third-party 

reviewers agreed with the use of this model. 

4.1 CALMET 

Dispersion modelling was applied using the full 3-D CALMET mode because it has the ability to 

assimilate multiple meteorological stations and to simulate the changes in mixing height and 

boundary layer mechanics that result from the variable land use and terrain in the study area. 

4.1.1 Model Period 

CALMET was initialized for the one-year period from January to December, 2005.  This 

represents the year for which a computer simulation of upper air wind fields for the region was 

previously conducted for Metro Vancouver using the NCAR / Penn State Fifth-Generation 

Mesoscale Model (MM5).  The inclusion of such prognostic meteorological model outputs in 

dispersion modelling increases the accuracy and currency of results. 

4.1.2 Model Domain 

The CALMET model domain was chosen to be a 24 km by 24 km square centred at the Crofton 

Pulp Mill.  This CALMET model domain encompasses the 20 km by 20 km study area and 

allows for two kilometres of assimilated meteorology on all sides that could influence dispersion 

at the edge of the study area.  Domain resolution was set at 250 m, giving 96 cells in each 

horizontal direction.  In the vertical direction, 10 layers were chosen, with the top of each layer 

set as 20, 40, 80, 160, 300, 600, 1000, 1500, 2200 and 3000 m above ground level. 
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4.1.3 Surface Meteorology 

A total of three surface stations were used in the CALMET model (Figure 4-1): 

·  Crofton surface station operated by Catalyst Paper, 

·  Nanaimo Airport surface station operated by Environment Canada, and 

·  Victoria International Airport surface station operated by Environment Canada. 

As noted by Jacques Whitford, there appears to have been problems with the wind sensor at the 

Crofton surface station in 2000 and 2001, causing reported wind data to show very different 

patterns than previous years.  Wind patterns for the model period were analysed and observed to 

be realistic and similar to the five-year period from 1995 to 1999.  The problems with the wind 

sensor were therefore assumed to have been corrected. 

Some of the surface stations used by Jacques Whitford were not employed in this air quality 

assessment.  With the exception of the Duncan surface station which was decommissioned in 

2001, all other stations were located more than 30 km away from the Crofton Pulp Mill.  Since 

CALMET performs distance-weighted averages of surface meteorological data, the inclusion of 

these surface stations would have little effect on CALMET-predicted meteorological conditions 

in the study area.  The Nanaimo and Victoria Airport surface stations were included for 

necessary cloud cover data. 

4.1.4 Overwater Meteorology 

Two overwater meteorological stations were included in the CALMET model to provide air/sea 

temperature differences used to calculate meteorological variables overwater.  As shown in 

Figure 4-1, the Pat Bay station is located in the Saanich Inlet close to the Victoria International 

Airport and is considered more representative of the study area than the Halibut Bank station, 

which is located in the Strait of Georgia.  Therefore, where available, CALMET was initialized 

with data from the representative Pat Bay station, filling in with data from Halibut Bank as 

necessary.  For the few hours where data were missing from both stations, data from the Pat Bay 

station were interpolated and used in CALMET. 
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Figure 4-1: Location of Surface, Overwater and Precipitation Stations (Study Area Shown 

in Green) 

4.1.5 Precipitation 

Observations of hourly precipitation are required for modelling wet deposition processes.  

Stations measuring hourly rates of total precipitation are sparse and there were no stations 

operating in 2005 that would be representative of precipitation patterns in the study area.  One 
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station recorded hourly rainfall in the study area, located at North Cowichan, as shown in Figure 

4-1.  Observations of snowfall were not available and were not included in CALMET.  Since the 

climate of Vancouver Island is relatively mild, it is expected that the rainfall data would be 

sufficient to estimate wet deposition patterns in the study area.  The error associated with not 

having snowfall observations should be small. 

4.1.6 Upper Air Meteorology 

It was recommended during RWDI’s review of the Jacques Whitford report (2004) that upper air 

data from the Port Hardy and Quillayute stations be included in the CALMET modelling.  Since 

that review, it has become standard practice to use prognostic meteorological model outputs in 

place of upper air data.  In accordance with standard practice, upper air data were not used in this 

air quality assessment. 

4.1.7 Terrain Elevation and Land Use Characteristics 

Terrain elevations for the CALMET model domain were extracted from 1:50,000 scale Canadian 

Digital Elevation Data.  Baseline thematic mapping land use information was obtained from the 

Integrated Land Management Data Warehouse.  As shown in Figure 4-2, land use varies within 

the CALMET model domain, with agricultural and forest land being the most dominant. 

4.1.8 Model Options and User Switches 

In general, the diagnostic model options were chosen in accordance with the Guidelines for Air 

Quality Dispersion Modelling in BC and other CALMET studies performed with similar 

meteorological data.  User switch settings are included in Appendix A.  Features of note include: 

·  The model was initialized using MM5 prognostic meteorological model output at a four-

kilometre resolution. 

·  Surface observations were extrapolated upward.  This was done using the option to 

invoke Monin-Obukhov similarity theory and is included because in areas of complex 

terrain, such as within a valley, winds at lower levels will be more affected by valley 

geometry and will therefore be more accurately represented by the surface station within 

the valley than by prognostic outputs that may not fully resolve valley effects.  This 

option was not used by Jacques Whitford (2004). 
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Figure 4-2: Terrain Elevations and Land Use Characteristics in the CALMET Model 

Domain 

During RWDI’s review of the Jacques Whitford report, it was recommended that kinematic 

effects be included to make use of all available features in CALMET.  Since the review, 

however, studies have shown that this option can lead to unrealistic results.  Therefore, kinematic 

effects were not included in this assessment as per the Guidelines for Air Quality Dispersion 

Modelling in BC. 

4.1.9 Results 

The CALMET model simulation was assessed by reviewing various model outputs and, where 

possible, comparing to observations.  These outputs include surface wind roses for various 

locations, CALMET derived stabilities and mixing heights, and domain wind vector plots under 

various stability and flow regimes. 
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At the location of the Crofton Pulp Mill, winds are predicted by CALMET to be predominantly 

from the south and south-southeast, following the shoreline topography, as shown by the 

frequency distribution in Figure 4-3.  The distribution is shown in a “wind rose” format, which is 

essentially a bar chart in a polar format.  The direction of the bar indicates the direction from 

which the wind is blowing, the colour indicates the wind speed class and the length of the bar 

indicates the frequency of occurrence. 

 

Figure 4-3: Wind Rose at Crofton Pulp Mill Based on CALMET Output 

The PG stability class scheme represents six levels of turbulence that can occur in the 

atmosphere.  PG classes A, B and C are referred to as “unstable” and represent day-time periods 

when atmospheric turbulence is enhanced due to solar heating.  PG classes E and F are referred 

to as “stable” and represent night-time periods when turbulence is suppressed due to surface 

cooling.  PG class D (referred to as neutral) represents day- or night-time periods that are either 
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overcast or characterized by high wind speed, mechanically-dominated conditions.  Figure 4-4 

shows the PG stability class frequency distribution as predicted by CALMET at the Crofton Pulp 

Mill.  PG classes D and F are the most frequently expected. 
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Figure 4-4: PG Stability Class Frequency Distribution Based on CALMET Output 

CALMET-derived wind vectors follow the expected terrain flows under various stability and 

flow regimes.  Winds in the CALMET model domain, as illustrated in Figure 4-5, tend to flow 

onshore from the Stuart Channel, and up the elevated terrain on Vancouver Island and Saltspring 

Island during unstable daytime conditions.  Conversely, winds tend to flow down slope, offshore 

and into the Stuart Channel during stable night-time conditions.  Under neutral conditions, the 

characteristic high winds create a more uniform field with less noticeable terrain effects. 

The wind flow regimes shown in Figure 4-5 are presented to demonstrate that the CALMET 

model results appear to be reasonable and to illustrate wind regimes during typical unstable, 

neutral and stable stability conditions.  These figures represent only one hour each of the 

8,760 hours in the model period.  They do not represent annual average conditions. 

CALMET-derived monthly precipitation patterns at the Crofton pulp mill are illustrated in 

Figure 4-6.  The greatest amount of precipitation is expected to occur during the winter months 

from December to March.  Thus, wet deposition in the study area will likely be most significant 

during these months. 
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 PG Class B (Unstable – Daytime) PG Class D (Neutral – Overcast) PG Class F (Stable – Night-time) 

 September 3, 2005 at 10:00 November 28, 2005 at 18:00 January 20, 2005 at 23:00 

  Arrow lengths give relative wind speed from 0 to 12 m/s 

Figure 4-5: CALMET Surface Vector Wind Fields during Typical Unstable, Neutral and Stable Conditions 
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Figure 4-6: Monthly Precipitation at the Crofton Pulp Mill Based on CALMET Output 

4.2 CALPUFF 

Refined dispersion modelling was conducted to assess potential air quality effects using the 

USEPA approved CALPUFF model.  Modelling was used to estimate maximum TSP, TRS, 

ClO2 and PCDD/DF concentrations in the Crofton study area.  To understand the contribution of 

various source types, emission sources were grouped into two model runs, which include a run 

for only point sources and a run for only fugitive sources.  Results from both model runs were 

then summed to determine the combined effect of all sources. 

4.2.1 Model Domain 

The CALPUFF model domain was the 20 km by 20 km study area shown in Figure 1-1.  This 

area is contained within the CALMET model domain boundaries and represents the area in 

which potential air quality effects from the Crofton Pulp Mill are likely to occur.  The UTM 

coordinates (in metres) of the domain vertices are given in Table 4-1.  NAD 83 Grid Zone 10 

refers to the North America Datum (1983) UTM grid zone in which Crofton is located. 
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Table 4-1: Coordinates of CALPUFF Model Domain (All Coordinates are for NAD 83 Grid 

Zone 10) 

Domain Vertex UTM Easting (m) UTM Northing (m) 

Southwest 442,510 5,404,080 

Northwest 462,510 5,404,080 

Southeast 462,510 5,424,080 

Northeast 442,510 5,424,080 

 

4.2.2 Receptor Grids 

A Cartesian grid of discrete receptors contained within the CALPUFF model boundaries was 

applied with the following receptor spacing: 

• 50-m spacing within 1 km from the centre of the facility; 

• 250-m spacing within 4 km from the centre of the facility; 

• 500-m spacing within 8 km from the centre of the facility; 

• 1000-m spacing in the remainder of the 20 km by 20 km CALPUFF study area. 

Receptor locations are shown in Figure 4-7.  Receptors were set at ground level.  In general, 

pollutant concentrations within the permitted boundary are a concern from an occupational 

health perspective rather than an environmental perspective.  Receptors placed within the 

permitted boundary are generally removed from the dispersion model assessment.  However, 

since determining fenceline concentrations was not an objective of this study, this step was not 

undertaken.  

4.2.3 Compounds Modelled 

The following compounds were included in all model runs: TSP, TRS, ClO2 and PCDD/DFs.  

Since TSP size characterization information was unavailable for most sources, it was not 

possible to model PM10 or PM2.5.  The modelling included wet and dry deposition of TSP and 

PCDD/DFs, but not TRS and ClO2, since any deposition of these species is the result of 

transformation to other compounds.  
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Figure 4-7: Receptor Locations (Red Crosses) for Modelling at Crofton 

4.2.4 Technical Dispersion Options 

All technical options relating to the CALPUFF dispersion calculation were set according to the 

Guidelines for Air Quality Dispersion Modelling in BC or to the model defaults.  These include 

parameters and options such as the calculation of plume dispersion coefficients, the plume path 

coefficients used for terrain adjustments, exponents for the wind speed profile, and wind speed 

categories.  A list of the technical options is provided in Appendix A. 
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4.2.5 Building Effects 

Buildings located close to stacks may influence the flow of the effluent discharged.  The effect of 

the process plant buildings on the modelled point sources was modelled using the BPIP-PRIME 

(Building Profile Input Program Plume RIse Model Enhancement) algorithm.  The algorithm 

explicitly treats the trajectory of the plume near the building, and uses the position of the plume 

relative to the building to calculate interactions with the building wake.  Building dimensions 

were obtained from the Jacques Whitford report (2004). 

4.2.6 Wet and Dry Deposition 

Wet and dry deposition of TSP, PCDD/DFs, TRS and ClO2 were considered for this assessment. 

For TSP, wet and dry deposition were enabled in the CALPUFF model for both point and 

fugitive dust sources to predict dustfall deposition in the study area and to more accurately 

estimate the concentrations of suspended particulate.  Wet deposition was modelled using 

CALPUFF default wet deposition scavenging coefficients for TSP and precipitation data from 

North Cowichan in the CALMET model (see Section 4.1.5).  For dry deposition of TSP, a bulk 

deposition velocity of 1.67 cm/s was used (Tombach 2005). 

The same scavenging coefficients and modelling were applied for wet and dry deposition of 

particle-phase PCDD/DFs, which is particulate matter with PCDD/DFs bound to it. The literature 

suggests that there is a negligible amount of wet or dry deposition of the gas-phase portion of 

total PCDD/DF emissions, so in effect the amount of PCDD/DF deposition will be due to the wet 

and dry deposition of particle-phase PCDD/DFs (Zhang et. al. 2009). 

The proportion of PCDD/DFs in the gas phase versus the particle phase was researched and a 

fairly wide range of values was found in the literature.  Particle-phase fractions ranged from 7% 

to 98% for ambient sampling in Nagoya, Japan depending on the congener and season, which 

appears to mirror the profile for combustion sources (Kadowaki 2005).  Particle-phase fractions 

for samples taken from a waste incinerator ranged from 14% to 100%, depending on the 

congener and the exhaust temperature (Yokohama et. al. 2008).  Due to the wide range of values 

found in the literature, three different ratios of particle phase to gas phase were modelled to 

provide a sensitivity analysis of the PCDD/DF deposition and ambient air concentrations.  The 

three ratios of particle phase to gas phase used in the modelling were 80/20, 50/50 and 20/80 

(expressed as percentages).  
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The potential for deposition of chlorine dioxide and TRS compounds was also investigated.  The 

literature is quite consistent in reporting that chlorine dioxide is a transient chemical in the 

atmosphere that reacts quickly in the presence of sunlight to form other compounds (Agency for 

Toxic Substances and Disease Registry, 2004).  Chlorine may be formed as a degradation 

product but it is also reactive and short-lived.  Deposition of chlorine dioxide or chlorine 

therefore does not occur, but chlorine-containing compounds such as chlorides, chlorites and 

chlorates may be deposited.  Detailed information to model the chemical transformation of 

chlorine dioxide and subsequent deposition of chlorine-containing compounds was not found in 

the literature and therefore was not considered in this assessment. 

TRS (primarily hydrogen sulphide) undergoes transformation to sulphur oxides as a result of 

atmospheric chemistry, but this is a relatively slow process compared to the reaction of chlorine 

dioxide.  As a result, the TRS will likely be transported beyond the study area before conversion 

to sulphur oxides occurs. There was no information in the literature to suggest that TRS 

undergoes deposition to any extent, so TRS deposition was not modelled. 

4.2.7 Model Output Interpretation 

Maximum concentrations of the four modelled compounds were predicted for each point source 

and fugitive source model run at each receptor. Plots showing pollutant concentration contours 

(isopleths) were then produced. Post-processing techniques were employed to combine the point 

source and fugitive source results to compare to ambient air quality objectives. 

4.3 DISPERSION MODELLING RESULTS 

The results of dispersion modelling of emissions from the Crofton mill are presented in the form 

of isopleth maps showing contours of constant concentration throughout the study area.  The 

isopleths do not represent a snapshot in time; rather they represent positions of equal maximum 

concentrations that occur over the year-long period for the averaging period used (one-hour, 24-

hour, annual).  This in effect shows the maximum downwind concentrations that will occur for 

all wind speeds and directions.  The isopleth maps can be thought of a series of overlays of 

maximum plume concentrations for all wind directions. 

For better resolution of map details, the figures are presented in larger format and for ease of 

access are grouped together at the end of the report. 
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4.3.1 TSP Modelling Results 

Figure 4-8 shows the maximum 24-hour average TSP concentrations from all sources at the 

Crofton mill.  To understand the individual contribution of point and fugitive sources to 

maximum predicted concentrations, Figures 4-9 and 4-10 show the maximum 24-hour average 

concentrations from point sources and fugitive sources, respectively. 

In Figure 4-9, the point sources are shown to contribute at a considerable distance from the 

Crofton mill while the fugitive sources of TSP (Figure 4-10) contribute primarily to the local 

area around the mill. The combined results in Figure 4-8 show maximum predicted 24-hour 

average concentrations of at least 5 µg/m3 over large parts of the study area, and concentrations 

of at least 13 µg/m3 extending about 6 to 7 km to the south-southeast and north-northwest. In the 

immediate vicinity of the mill, concentrations greater than 50 µg/m3 are predicted. These 

predicted concentrations are less than the BC Level A air quality objective of 150 µg/m3 for TSP, 

even when the calculated background level of 23 µg/m3 is added to the modelled results.  

As discussed previously, the size distribution of particulate matter emitted by the mill is not 

known and therefore it was not possible to model PM10 and PM2.5; the following ballpark 

estimate of ambient PM10 and PM2.5 concentrations resulting from mill emissions is provided.  

The background levels of PM10 and PM2.5 were estimated at 23 µg/m3 and 16 µg/m3 respectively, 

based on ambient monitoring data from the area. Since it is likely that the majority of the TSP 

emitted from the mill is in the PM10 size fraction and that a substantial portion of the PM10 is 

PM2.5, the predicted maximum 24-hour average PM concentrations for some areas may exceed 

the PM10 and PM2.5 air quality objectives of 50 µg/m3 and 25 µg/m3, respectively, when they are 

added to the background levels. If we assume that the mill TSP has a similar ratio of PM10 to 

PM2.5 as the ambient air (i.e., 23:16 or 70% of PM10 is PM2.5), then any areas in Figure 4-8 with a 

maximum predicted TSP concentration greater than 13 µg/m3 would exceed the PM2.5 objective4.  

Similarly, the immediate area one to two kilometres surrounding the mill, as well as two small 

areas to the south-southeast, indicated by the 27 µg/m3 isopleths5 in Figure 4-8, would exceed the 

PM10 objective. 

                                                 
4 The value of 13 µg/m3 was calculated by first subtracting the background PM2.5 level (16 µg/m3) from the 

provincial objective (25 µg/m3) and dividing the result (9 µg/m3) by 70%. 

5 The value of 27 µg/m3 was calculating by subtracting the background PM10 level (23 µg/m3) from the provincial 

objective (50 µg/m3). 
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There are two caveats to apply to the ballpark estimate presented in the preceding paragraph.  

The first is that there is very little data from the mill to support the assumption that mill TSP 

emissions have a size fraction profile similar to ambient size fractions of TSP, PM10 and PM2.5. 

The second caveat is that the method of calculating TSP background concentrations may have 

resulted in the calculated values being higher than actual by not completely excluding the 

contribution of the mill. In that case, part of the “background” concentration would be double-

counted when added to the predicted mill contribution. 

Annual average TSP concentrations are illustrated in Figure 4-11, which shows that except for 

the area immediately surrounding the mill the annual average TSP concentration is less than 4 

µg/m3, which is well below the BC Level A objective equal to 60 µg/m3.  However, if we 

assume that the mill TSP emissions have a similar PM10 to PM2.5 ratio as the background 

concentrations, the area within the 4 µg/m3 isopleth would exceed the annual PM2.5 objective6 of 

8 µg/m3. 

Deposition of TSP was modelled, with the results reported in mg/dm2/day, where dm2 refers to 

square decimetres (i.e., 10 cm by 10 cm). Isopleths of the maximum predicted deposition levels 

over a 30-day period are shown in Figure 4-12. The highest TSP deposition levels are predicted 

in areas close to the mill (as a result of fugitive TSP emitted just above the ground) as well as an 

area about four kilometres south-southeast of the mill on the slope of Maple Mountain (as a 

result of point source TSP). Table 4-2 shows the equivalent weight of TSP deposition 

corresponding to the isopleth values in more common units. For comparison purposes, a standard 

aspirin tablet weighs 325 mg. 

Table 4-2: Deposition Equivalence of Isopleth Concentrations 

Isopleth Concentration Unit 
(mg/dm2/day) 

Equivalent Deposition on 1 m2 over 30 days 
(mg) 

0.01 30 

0.02 60 

0.04 120 

0.10 300 

 

                                                 
6 The value of 4 µg/m3 was calculated by first subtracting the annual background PM2.5 level (5.2 µg/m3) from the 

provincial objective (8 µg/m3) and dividing the result (2.8 µg/m3) by 70%. 
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4.3.2 PCDD/DF Modelling Results 

Since it was assumed that fugitive emissions of PCDD/DFs would be minimal, modelling of 

PCDD/DF emissions was performed only for point sources. Isopleth concentration plots of 

PCDD/DF TEQs are shown in Figures 4-13 and 4-14, which show the maximum predicted half-

hour and 24-hour average concentrations, respectively, in pg TEQ/m3 for the 20:80 split between 

particle-phase and gas-phase PCDD/DFs. These plots show the worst-case PCDD/DF 

concentrations because the 50:50 and 80:20 particle-phase to gas-phase ratios will result in more 

particle-phase deposition and, hence, lower ambient concentrations. 

The PCDD/DF modelling results resemble the TSP results but there are some differences due to 

the different emission rates from the various stacks. In general, for the half-hour averaging 

period, the highest concentrations are predicted to occur to the northwest, southwest and 

southeast of the mill. For the 24-hour averaging period, the highest concentrations are predicted 

to occur immediately south and southwest of mill and also to the north, about 1.5 km to the 

northwest and about three kilometres to the south-southeast. 

There were no exceedances of the Ontario PCDD/DF TEQ objectives (15 pg/m3 TEQ for half-

hour; 5 pg/m3 TEQ for 24-hour) in any part of the study area, even when the assumed 

background level was included. 

Isopleths of maximum predicted PCDD/DF deposition over a 30-day period for the point source 

modelling of an 80% and 20% split between the particle- and gas-phase components are shown 

in Figure 4-15.  By considering the greatest fraction of expected particle-phase PCDD/DFs, the 

worst-case expected deposition is shown.  The PCDD/DF deposition isopleths resemble the TSP 

deposition isopleths but there are some differences due to the different emission rates from the 

various stacks.  Highest deposition levels are predicted in the vicinity of the mill, as well as 

about 4 km to the south-southeast. 

4.3.3 TRS Modelling Results 

Modelling of TRS concentrations in the study area was performed in the same manner as for 

TSP. Figure 4-16 shows the maximum predicted one-hour average concentrations in µg/m3. The 

purple isopleth represents the BC one-hour Level B TRS objective of 28 µg/m3, indicating that 

the area inside the isopleth is predicted to have exceedances of the Level B objective.  The 

absence of a red isopleth, representing the BC one-hour Level A TRS objective of 7 µg/m3, 

indicates that exceedances of the Level A objective are predicted throughout the entire study 
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area. An analysis of the frequency of the Level A exceedances was performed and the results are 

displayed in Figure 4-17. The isopleths show the percentage of hours in a year when the 7 µg/m3 

BC one-hour Level A objective is predicted to be exceeded.  Close to the mill, the Level A 

objective is exceeded for 20% of hours of the year. For the area extending past Crofton to 

Osborn Bay Regional Park, the Level A objective is exceeded for 10% of hours of the year. 

The one-hour TRS objective approximates the odour detection threshold for TRS. Since odour 

detection thresholds are defined as the level at which 50% of the population can detect an odour, 

and since the Level A objective is set above the range of the TRS odour detection threshold, this 

means that near the mill at least 50% of residents may be able to detect TRS odours for 20% of 

hours of the year. For residents on the western side of Salt Spring Island, the frequency of half 

the population detecting TRS odours is predicted to be up to 2% of hours of the year. 

Figure 4-18 displays the maximum predicted 24-hour average TRS concentrations. For the 24-

hour results, the red isopleth indicates the boundary for exceedances of the 24-hour BC Level A 

objective of 3 µg/m3, and the purple isopleth indicates the boundary for exceedances of the 24-

hour BC Level B objective of 6 µg/m3.   Large areas of exceedance are predicted.  Figure 4-19 

displays the frequency, in percentages of days of the year, when the 3 µg/m3 BC 24-hour Level 

A objective is predicted to be exceeded. Close to the mill, exceedances of the 24-hour TRS Level 

A objective are predicted to occur over 60% of the days of the year. In Crofton, the 24-hour 

Level A exceedances are predicted to occur between 10% and 40% of the days of the year, and 

most of the outlying regions around Crofton are predicted to have exceedance frequencies 

greater than 10% of the days of the year (following the 10% isopleth in Figure 4-19). 

It should be noted that the TRS exceedances are based on modelling using the permit levels for 

point-source TRS emissions combined with estimated fugitive TRS emissions. When the mill is 

operating below its permitted level there would likely be fewer exceedances. However, it should 

also be noted that the isopleth maps and exceedance analysis do not include background TRS. 

Since the background levels were analysed to be fairly high relative to the TRS objectives (the 

24-hour average background was 120% of the Level A objective), it was felt that the results 

would be better differentiated for the purposes of this study without adding high background 

levels. As well, the mill’s contribution to the background level may not have been completely 

excluded using the standard method for calculating background levels, as discussed in Section 

2.0. 
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4.3.4 ClO2 Modelling Results 

Since it was assumed that fugitive emissions of ClO2 would be minimal, modelling of ClO2 

emissions was performed only for the point sources. Figures 4-20 and 4-21 show the maximum 

predicted one-hour average ClO2 concentration isopleths and the frequency of exceedances of the 

Alberta one-hour objective for ClO2, equal to 28 µg/m3. Most of the study area has predicted 

maximum concentrations in excess of the Alberta one-hour objective, shown as the red 28 µg/m3 

isopleth in Figure 4-20. The highest over-land concentrations (>160 µg/m3) are predicted to 

occur out to two kilometres from the mill, extending north to the Shoal Islands and south to 

Crofton. While the one-hour concentrations are predicted to be over five times higher than the 

Alberta objective, their predicted frequency of occurrence is not as extreme, occurring less than 

8% of the hours of the year near populated areas. Actual frequencies of exceedance may be 

considerably less, and would occur during the night, since ClO2 decomposes in direct sunlight 

and chemical reactions were not considered in the dispersion modelling.   

Figures 4-22 and 4-23 show the maximum predicted 24-hour average ClO2 isopleths and the 

frequency of exceedances of the Ontario 24-hour objective of 30 µg/m3.  Exceedances of the 

Ontario objective are indicated by the red isopleth.  As was the case for the one-hour averages, 

the predicted frequency of exceedances is relatively low, at less than 1% of the days of the year 

near populated areas (Figure 4-23).  

Note that the modelling of ClO2 was based on measured maximum emission concentrations and 

permitted flow rates since the concentrations measured by the CEMS were often above the 

permit limit. This may have tended to overestimate the maximum predicted 24-hour average 

concentrations, but in any case there is a lower predicted frequency of exceedance for the 24-

hour results. 
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5.0  LIMITATIONS AND UNCERTAINTY 

By definition, air quality models can only approximate atmospheric processes. Many 

assumptions and simplifications are required to describe real phenomena in mathematical 

equations.  Model uncertainties can result from: 

·  Simplifications and accuracy limitations related to source data; 

·  Simplifications of model physics to replicate the random nature of atmospheric 

dispersion processes. 

Models are reasonable and reliable in estimating the maximum concentrations occurring on an 

average basis.  That is, the maximum predicted concentration that may occur at some time 

somewhere within the model domain, as opposed to the exact concentration at a point at a given 

time, will usually be within the ±10% to ±40% range (US EPA, 2003) of the observed maximum 

concentration.  Typically, a model is viewed as replicating dispersion processes if it can predict 

within a factor of two, and if it can replicate the temporal and meteorological variations 

associated with monitoring data.  Model predictions at a specific site and for a specific hour, 

however, may correlate poorly with the associated observations due to the above-indicated 

uncertainties.  For example, an uncertainty of 5° to 10° in the measured wind direction can result 

in concentration errors of 20% to 70% for an individual event (US EPA, 2003). 

The emission estimates used as model inputs also contain uncertainties and assumptions that are 

made with the intention of representing reality. For example, using permit levels to calculate 

emission rates likely overestimates emissions the majority of the time when emissions are in 

compliance, but will underestimate emissions on the occasions when compliance is not being 

achieved due to process upsets, equipment malfunction or other factors.  

Other factors in the estimation of emissions, such as the methods and assumptions used, cause 

varying degrees of uncertainty. Point sources emission rates generally have a higher degree of 

certainty than fugitive sources, since they can be measured on a periodic or continuous basis. 

The fugitive emission estimation for this study involved a number of assumptions that 

necessarily results in greater uncertainty for those results. For that reason, the point source and 

fugitive source modelling results were presented separately as well as in combination. 
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6.0 SUMMARY AND CONCLUSIONS 

Modelling of TSP, PCDD/DF, TRS and ClO2 emissions from the Crofton pulp mill was 

performed using standard protocols and modelling guidelines. The primary objectives of the 

study were to identify locations where soil sampling could be undertaken with the highest 

likelihood of obtaining useful information, and to identify areas that are likely to be most 

affected in terms of air quality. 

There are a number of locations where sampling could be performed. In general, the area 

immediately outside the mill property is likely to have been affected by fugitive emissions, and 

areas to the south-southeast and west are likely to have been affected by point source emissions. 

As well, on Salt Spring Island there are several areas generally southeast and east of the mill that 

could be considered for sampling, although they are predicted to have lower levels than on 

Vancouver Island.  

The deposition pattern for TSP shown in Figure 4-12 can be used to identify potential soil 

sampling locations. The land areas within the 0.04 mg/dm2/day isopleths (shaded yellow) 

extending to Crofton Lake and Maple Mountain would be good areas to sample. The small area 

of deposition over 0.10 mg/dm2/day (shaded pink) on the mountain’s lower plateau could 

provide a relatively undisturbed sampling site if it is accessible. On Salt Spring Island, there are 

two areas within the 0.02 mg/dm2/day isopleth (shaded green) that could be considered for 

sampling.  

For sampling of PCDD/DFs, Figure 4-15 shows that the land areas in the immediate vicinity of 

the mill and the same area on the north plateau of Maple Mountain (within the 0.10 ng/dm2/day 

isopleth, shaded yellow) could be considered for soil sampling. On Salt Spring Island, the same 

areas identified for TSP sampling could be sampled for PCDD/DFs, although the levels will 

likely be lower than on Vancouver Island. 

For ambient monitoring of TRS, based on the predicted exceedance frequencies shown in Figure 

4-19, the best locations for ambient monitoring of TRS would be southeast of the mill within the 

60% isopleth (shaded pink).  

Modelling of the mill emissions showed that the air quality is frequently impacted by TRS 

concentrations exceeding BC air quality objectives. In the immediate area around the mill, 

exceedances of the 24-hour TRS Level A objective are predicted to occur for over 60% of the 

days of the year. In Crofton, the 24-hour Level A exceedances are predicted to comprise between 



0920068A September 28, 2009 

   
  Page 37 
 

10% and 40% of the days of the year, and most of the outlying regions around Crofton are 

predicted to have exceedance frequencies greater than 10% of the days of the year. For the 

western side of Salt Spring Island across from the mill, the frequency of exceedance is predicted 

to be 2% to 10% of days of the year.   

Model results indicate that the study area may be impacted occasionally by ClO2 ambient 

concentrations exceeding the Alberta one-hour air quality objective of 28 µg/m3. Maximum 

levels predicted for the Crofton area are over five times higher than the objective (>160 µg/m3), 

and exceedances occur approximately 1% to 4% of the time in the Crofton area. Since ClO2 

breaks down very quickly when exposed to sunlight, most of the exceedances would occur at 

night. Note that the modelling for ClO2 was based on the maximum continuous emission 

monitoring data, which exceeded the permitted emission limits.  

Modelling of TSP emissions from the mill showed that most of the impact is from point sources 

rather than fugitive sources. Maximum predicted concentrations are less than the 150 µg/m3 BC 

Level A TSP objective, even when the calculated background level of 23 µg/m3 is added to the 

modelled results.  

Modelling of ambient air concentrations of PCDD/DFs from mill emissions resulted in 

maximum predicted values that are relatively low. For the half-hour and 24-hour averaging 

periods, the maximum concentrations of PCDD/DFs were predicted in the Crofton area, at the 

Tsussie Indian Reserve and on Maple Mountain, at levels approximately 1.3% of the Ontario 

half-hour guideline and 0.5% of the Ontario 24-hour guideline.    
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APPENDIX A 

CALMET/CALPUFF MODEL SWITCH SETTINGS 
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Table A-1: CALMET Model Switch Settings 

PARAMETER DEFAULT PROJECT COMMENTS 

IWFCOD 1 1 Diagnostic wind module used 

IFRADJ 1 1 Froude number adjustment effects computed 

IKINE 0 0 Kinematic effects not computed 

IOBR 0 0 No adjustment to vertical velocity profile at top of model 
domain 

ISLOPE 1 1 Slope flow effects computed 

IEXTRP -4 -4 Similarity Theory used except layer 1 data at upper air stations 
ignored 

ICALM 0 0 No calms observed at Crofton during model period 

BIAS 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0 

0, 0, 0, 0, 0, 0, 
0, 0, 0, 0 

Not used since there are no upper air stations 

RMIN2 4 -1 Used to ensure extrapolation of all surface stations for IEXTRP 
= -4 

IPROG 0 1 MM5 prognostic meteorological fields used as initial guess field 

LVARY F T Closest station used if no stations are within RMAX 

RMAX1 n/a 40 Large distance specified to include Nanaimo and Victoria 
Airport surface stations and to minimize local effects to ensure 
smoothness over model domain 

RMAX2 n/a 100 No upper air stations used 

RMAX3 n/a 50 Large distance specified to include both Pat Bay and Halibut 
Bank stations.  CALMET will select closest station to use. 

RMIN 0.1 0.1 Small value used as recommended 

TERRAD n/a 6 Stuart Channel identified as main terrain feature of influence.  
This value of TERRAD also reflects distance between peaks on 
Vancouver Island. 

R1 n/a 1 Local effects minimized 

R2 n/a 10 No upper air stations used 

RPROG n/a 0 Not used since IPROG = 14 

DIVLIM 5×10-6 5×10-6 Not used since IKINE = 0 

NITER 50 50 Not used since IKINE = 0 

NSMTH 2, 4, 4, 4, 4, 4, 
4, 4, 4, 4 

2, 4, 4, 4, 4, 4, 
4, 4, 4, 4 

Default number of passes in the smoothing procedure 

NINTR2 99 99 All stations can be used 

CRITFN 1 1 Default critical Froude number used 

ALPHA 0.1 0.1 Not used since IKINE = 0 

FEXTR2 0 0 Not used since IEXTRP = -4 

NBAR 0 0 Barriers not used 

XBAR, YBAR, 
XEBAR, YEBAR 

0, 0, 0, 0 0, 0, 0, 0 Not used since NBAR = 0 
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Table A-1: CALMET Model Switch Settings, cont. 

PARAMETER DEFAULT PROJECT COMMENTS 

IDIOPT1 0 0 Surface temperatures computed internally  

ISURFT n/a 4 Diagnostic module surface temperatures based on Michel station 

IDIOPT2 0 0 Lapse rate computed internally 

IUPT n/a 1 No upper air stations used 

ZUPT 200 200 Lapse rate computed for default depth 

IDIOPT3 0 0 Domain-averaged wind components computed internally 

IUPWND -1 -1 No upper air stations used 

ZUPWND 1, 1000 1, 1000 Default used 
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Table A-2: CALPUFF Model Switch Settings 

PARAMETER DEFAULT PROJECT COMMENTS 

MGAUSS 1 1 Gaussian distribution used in near field 

MCTADJ 3 3 Partial plume path terrain adjustment 

MCTSG 0 0 Scale-scale complex terrain not modelled 

MSLUG 0 0 Near-field puffs not modelled as elongated 

MTRANS 1 1 Transitional plume rise modelled 

MTIP 1 1 Stack tip downwash used 

MBDW 1 2 PRIME method building downwash used 

MSHEAR 0 0 Vertical wind shear not modelled 

MSPLIT 0 0 Puffs are not split 

MCHEM 1 0 Chemical transformation not modelled 

MAQCHEM 0 0 Aqueous phase transformation not modelled 

MWET 1 1 Wet removal modelled 

MDRY 1 1 Dry deposition modelled 

MDISP 3 2 Near-field dispersion coefficients internally calculated from sigma-v, 
sigma-w using micrometeorological variables 

MTURBVW 3 3 Use both s v and sw from PROFILE.DAT to compute s y and sz (n/a) 

MDISP2 3 2 This variable is not used for MDISP = 2 

MROUGH 0 0 PG  s y and sz not adjusted for roughness 

MPARTL 1 1 No partial plume penetration of elevated inversion 

MTINV 0 0 Strength of temperature inversion computed from default gradients 

MPDF 0 1 PDF used for dispersion under convective conditions as 
recommended for MDISP = 2 

MSGTIBL 0 0 Sub-grid TIBL module not used for shoreline 

MBCON 0 0 Boundary concentration conditions not modelled 

MFOG 0 0 Do not configure for FOG model output 

MREG 1 0 Do not test options specified to see if they conform to regulatory 
values 

 

 


