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6 Visibility 

6.1 Introduction 
The visibility assessment addresses the interaction between upgrader operations and 
visibility. The visibility assessment addresses the requirements of the TOTAL Upgrader 
Terms of Reference (ToR) issued by Alberta Environment to TOTAL (AENV 2007). 

6.2 Setting 
The TOTAL Upgrader Project (the upgrader) is located in Strathcona County in 
Alberta’s Industrial Heartland. The upgrader site is 4 km northeast of Fort Saskatchewan, 
Alberta, and 40 km northeast of Edmonton. The Industrial Heartland includes a number 
of petroleum, petrochemical and chemical industrial facilities. Under normal operating 
conditions, process equipment and stacks associated with these will be visible from a 
distance. Combustion flames from flare stacks may also be periodically seen under 
maintenance or upset conditions. Condensation of combustion products from stacks and 
cooling tower plumes will be visible under low temperature conditions. These visibility 
aspects occur for all the larger industrial facilities in the Heartland area. 

6.3 Assessment Focus 
At the TOTAL site, most process stacks are 35 to 65 m tall. The thermal oxidizer stack is 
107 m and the two flare stacks are 80 and 116 m tall. The shorter 13-cell forced draft 
cooling tower is 20 m tall. The locations of the process stacks, the flare stacks and the 
cooling tower are shown in the site plot plan that is provided in Figure 3A-3 located in 
Appendix 3A. While emissions (or plumes) from these stacks and the cooling tower will 
not be visible under normal conditions, exceptions include the following: 

• Small flames might be visible at the flare stack tips because of the flare pilot or when 
small, unwanted volumes of waste gas are discharged to the flare system. Under these 
conditions, the flame lengths would typically be a few metres. 

• Larger flames at the flare tips will occur when large volumes of gas are directed to 
the flare under upset or emergency conditions. Although these cases tend to occur 
infrequently and are of limited duration, the flame length can be several tens of 
metres. 

• Under low-temperature conditions, the water vapour in the stack plumes will 
condense to form visible plumes. Though these plumes will be visible at large 
distances, they will not result in ground-level visibility restrictions. 

• Under low-temperature conditions, the water vapour in the cooling tower plumes will 
also condense to form visible plumes. If low-temperature conditions occur in 
conjunction with wind speeds greater than 3 m/s (10 km/h), these plumes can result 
in ground-level visibility restrictions. 



TOTAL Upgrader Project  Volume 2: Environmental Impact Assessment
Section 6: Visibility  Draft 2
 

December 2007  TOTAL E&P Canada Ltd.
Page 6-2  
 

This assessment focuses on evaluating visibility conditions due to condensation of water 
vapour plumes as these plumes represent the largest visible presence associated with the 
upgrader. The assessment, for this reason, does not evaluate the effect of physical 
structures and flaring on visibility. The evaluation includes the potential for ground-level 
visibility restrictions.  

For key issues for visibility, see Table 6.3-1. The table confirms the focus is on the 
condensation plumes associated with operations. During construction, however, there 
could be potential for windblown dust to result in visibility restrictions (for mitigation 
measures associated with reducing the occurrence of windblown dust, see Section 3: 
Air.). Given the transient nature of these emissions, they were not evaluated with respect 
to potential visibility restrictions. 

Table 6.3-1 Key Issues for Visibility 
Project 
Stage Key Issue 

Terms of 
Reference Relevance to Project 

Operations Visibility changes 
resulting from 
emissions. 

Alberta Environment
ToR 
Section 5.1.2[A] a) 

Under low-temperature conditions, water vapour 
emissions will condense to form visible plumes, 
and can create or add to fog on roads. 

6.4 Study Area 
The visibility study area is based on proximity of adjacent public roads, as one focus of 
the assessment is to determine visibility restrictions along roadways near the upgrader. 
These include: 

• north–south oriented Range Road 220, 750 m west of the cooling tower 
• southwest–northeast oriented Highway 15, 900 m southwest of the cooling tower 
• north–south oriented Range Road 214, 2500 m east of the cooling tower 

A 20 km x 20 km study area centered on the upgrader was finally selected to delineate a 
modelling airshed. 

6.5 Methods 

6.5.1 Effects Characterization 
Effects characterization was not done for visibility as the consequences of changes in 
visibility are most meaningfully characterized by comparison with published values. 

6.5.2 General Approach 
Water vapour emissions from the upgrader were estimated (see Section 3, Appendix 3A) 
for each stack and the cooling tower. Dispersion models were applied to determine 
typical plume heights and the occurrence of ground-based visibility restrictions (i.e., fog). 
For estimates of the water vapour emissions from these sources, see Appendix 3A. 

The CALPUFF model was also used to predict the occurrence of visible plumes due to 
upgrader water vapour emissions. Specifically, the model was used to predict the liquid 
water concentration in the ambient air accounting for the relative humidity of the air. 
Positive liquid water contents were interpreted as producing a visible plume (fog) if the 
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visible plume impinged on the ground. Visible plume heights and the periods when they 
could occur were determined. 

The model was also used to predict the extents and frequencies of fog formation due to 
the cooling tower emissions. Periods when the relative humidity was greater than 98% 
were excluded from the simulation as fog is likely to occur naturally under these 
conditions. The model simulation therefore predicts incremental visibility and fog events 
due to upgrader emissions. For a description of the CALPUFF model, see Section 3: Air, 
Appendix 3D. 

The CALPUFF model was applied with one year (2002) of hourly meteorological data to 
represent all seasons and times of day. For a description of the meteorological data used 
for the assessment, see Section 3: Air, Appendix 3C. 

6.6 Baseline Conditions 
To identify the frequency of natural fog events in the region, visibility restriction 
information was reviewed for Edmonton Namao, Edmonton International and Edmonton 
City Centre airports, the three main airports in the region. 

The following summarizes fogging statistics for two periods, 1941 to 1970 (in days) and 
1971 to 2000 (in hours). These indicate that visibility is most frequently limited during 
the period from November to March. 

The following statistics are for the period 1941 to 1970, showing the number of days 
when fog reduced visibility to less than 1 km at each of the airports (Hemmerick 1971): 
• Edmonton Namao 25.1 days per year 
• Edmonton International 21.5 days per year 
• Edmonton City Centre 19.5 days per year 

For the period 1971 to 2000, the visibility was reduced to less than 1 km at each of these 
airports as follows: 
• Edmonton Namao 94 hours per year 
• Edmonton International 67 hours per year 
• Edmonton City Centre 36 hours per year 

The comparison of the hourly and daily values indicates the following average fog 
persistence on days when fog does occur: 
• Edmonton Namao 3.7 hours per day 
• Edmonton International 3.1 hours per day 
• Edmonton City Centre 1.8 hours per day 

Charlton and Park (1984) observed fog events caused by petrochemical plants in the 
Edmonton area over four winters. They found restrictions to visibility when temperatures 
fell below -25 °C and that area-wide ice fog formed at temperatures below -35°C. At 
Edmonton Namao Airport, temperatures less than -35°C occur about 1.5% of the time in 
January and about 0.1% of the time in December (Environment Canada 1983a). At 
Edmonton International Airport, temperatures less than -35°C occur about 3.5% of the 
time in January and about 0.5% of the time in December (Environment Canada 1983b). 

In 2002, the frequencies of temperatures less than -25°C were 56 hours in January and 46 
hours in March. February was much warmer than normal, whereas March was colder 
than normal and was the coldest month in 2002. The model, therefore, likely 
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underestimates visible plumes and fogging in February and overestimates visible plumes 
and fogging in March. 

Based on the airport with the highest fogging frequencies, the observations indicate that 
fog can occur about 25 days per year, and that the average persistence on a fog day is 3.7 
hours per day. Area-wide ice fog could occur up to 3.5% of the time in January. Visibility 
is most frequently limited during the November to March period. 

6.7 Effects Management – Project Design and 
Mitigation Measures 

There are no mitigation measures to preclude the occurrence of elevated visible plumes 
from the cooling towers or from the combustion sources under low-temperature periods. 
While energy efficiency will reduce fuel consumption and decrease the associated water 
vapour emissions, there will still be sufficient water vapour emissions to produce 
elevated visible plumes. 

TOTAL has elected to use one 13-cell forced draft cooling tower similar to those used by 
other industrial facilities in the region. These towers use the principle of evaporation for 
cooling. While non-evaporative heat exchangers with minimal vapour production could 
provide some cooling capacity, these exchangers increase energy consumption and noise 
levels. For a discussion of these tradeoffs, see Volume 1, Section 3. 

6.8 Project Residual Effects 

6.8.1 Stack and Cooling Tower Plumes 
For the frequencies of the plume heights predicted by the CALPUFF model for all hours 
of the day, see Figure 6.8-1. For the corresponding frequencies for daytime hours only, 
see Figure 6.8-2. The model predictions indicate that: 

• when all hours of the day are considered (see Figure 6.8-1), the most frequent visible 
plume heights are less than 75 m or between 100 and 250 m. Visible plumes are least 
frequent during the summer and most frequent during the winter. 

• when only daytime hours are considered (see Figure 6.8-2), the most frequent visible 
plume heights are in the 150 to 250 m range. Visible plumes are least frequent during 
the summer and most frequent during the winter. 

The CALPUFF predictions indicate that the most frequent visible plume heights range 
from 150 to 250 m. While plumes from adjacent stacks in a single facility can merge, 
plumes from stacks with several tens of metres separation are less likely to visually 
merge, and plumes from dissimilar sources (e.g., stacks and cooling towers) are also less 
likely to merge. 
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Figure 6.8-1 Predicted Frequencies of Visible Plume Heights Due to Project 
Stack and Cooling Tower Emissions (All Hours of the Day) 

 

Figure 6.8-2 Predicted Frequencies of Visible Plume Heights Due to Stack and 
Cooling Tower Emissions (Daytime Hours) 
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6.8.2 Roadways 
The highest frequencies of occurrence are predicted near the cooling tower, decreasing 
with increasing distance from the tower, and with the rate of decrease depending on wind 
direction. 

The model predictions indicate a potential for fogging of up to 28 hours per year along 
Range Road 220, 33 hours per year along Highway 15, and 16 hours per year along 
Range Road 214. These predicted values include fog events of all intensities and do not 
differentiate between light, moderate or heavy fog. 

Figure 6.8-3 indicates that visibility will be restricted most frequently during winter. The 
main fogging frequency occurs during January and March, which is based on 2002 
meteorological data when these were the two coldest months of the year. The figure also 
indicates no fogging in December or February, which in 2002 were warmer than normal. 
The time-of-year predictions, which are specific to a particular month, are not expected to 
be representative of long-term average conditions. The predictions do show, however, 
that the occurrence of fogging is associated with low-temperature conditions, and these 
conditions tend to occur during the winter months. 

 

 

Figure 6.8-3 Predicted Fog Occurrence Correlated With Time of Year 
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6.9 Cumulative Effects 

6.9.1 Stack and Cooling Tower Plumes 
All industrial facilities in the region with large combustion and cooling tower sources 
will produce visible plumes under low-temperature conditions. The Fort Hills Sturgeon 
Upgrader assessment (Fort Hills 2006) indicated visible plume heights similar to what is 
predicted for the TOTAL Upgrader. The Sturgeon Upgrader assessment used the same 
analytical approach as used for this assessment. 

Given the separation distances between the respective facilities, individual facility 
plumes will likely be distinct and not merge with plumes from adjacent facilities. For 
facilities that are near each other, plumes from the adjacent facilities might merge several 
hundred metres above the ground when the plumes are just below the mixing height. 

6.9.2 Roadways 
A number of existing and proposed facilities are and will be serviced by forced draft 
cooling towers that have the potential to produce ground-level fogging that could result in 
fogging of nearby roadways under low-temperature conditions. As the cooling tower 
plumes are relatively narrow, overlap of plumes from adjacent facilities is unlikely to 
contribute to the intensity of a fog event at a given location. The presence of nearby 
multiple cooling tower fog plumes, however, could result in multiple plumes along a road 
segment. 

The Sturgeon Upgrader assessment (Fort Hills 2006) indicated visibility restrictions 
along an adjacent roadway (Highway 63) similar to what is predicted for the 
TOTAL Upgrader. The Scotford Upgrader 2 (S2) assessment (Shell 2007) indicated a 
potential for visible plumes to impinge on nearby roadways 2% (~15 hours) of the time in 
January. The S2 assessment was based on an Ontario Ministry of the Environment 
screening approach, which is different from the approach used for Fort Hills and TOTAL. 

When temperatures are less than -35°C, ice fog from industrial and urban (i.e., heating 
and traffic) sources can lead to widespread visibility restrictions. The intensity of the 
visibility restriction would be enhanced near the emission sources. If the ice fog were 
occurring under low wind speeds, then cooling tower plumes would likely be elevated 
and not contribute to widespread visibility restrictions. 

6.10 Climate Change 
As discussed in Section 3.8.9, the overall warming over the last 50 years is because 
recent winters have been warmer than those in earlier years. If this trend continues, there 
will be less frequent occurrences of visible plumes and fogging due to combustion and 
cooling tower emission sources. 

Increased ambient temperatures might adversely affect the design cooling capacity of 
cooling towers proposed for the upgrader. As discussed in Section 3.7.9, this could result 
in the need for additional cooling tower cells, which in turn would increase the cooling 
water make-up requirements. 
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6.11 Prediction Confidence 
The heights of the visible plumes provided are reasonable. The predicted time of year 
when visibility restrictions could occur is reasonable. The predicted frequencies of the 
visible plume heights and the predicted frequency of fog occurring along adjacent roads 
are less certain because of the limited documentation provided with the CALPUFF model 
and the lack of confirming field study comparisons. For confidence ratings, see 
Table 6.11-1. 

Table 6.11-1 Prediction Confidence for Visibility 
Prediction Criteria Confidence Ranking1 

Quality of Baseline Low 
Confidence in Analysis Moderate 
Confidence in effectiveness of mitigation Not applicable 

NOTE: 
1Scale: high, moderate or low 

6.12 Management and Monitoring 
TOTAL plans to monitor this situation relative to their emissions to confirm the need for 
mitigation. 
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