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In order to continue the analysis of our file, we submit to you the responses to the questions and 
comments received by email on March 21, 2023, for your analysis. 

QUESTIONS/COMMENTS AND RESPONSES 

 

The promoter mentions that the official resolutions from the Northern Village of Aupaluk 
authorizing FCNQ Petro to proceed with the expansion work have been received. 

QC-1 – The promoter must provide these resolutions. 

RESPONSE:   

The authorization request process is always done in parallel with the request for exemption. As 
mentioned in the exemption request document, we have received the verbal authorizations. 
Since submitting our request, we have only received the Aupaluk Landholding Corporation 
resolution which is attached as an appendix, we are still waiting for the Municipality's resolution, 
upon receipt of this, it will be sent to you in an addendum.  

See appendix 1 – Aupaluk Landholding Corporation resolution 

 

The identified lifespan for the new tanks that will be installed is 15 years.  

QC-2 – Considering that the current tanks that will be preserved have been in place since 1988, 
and in the interest of sustainability of the infrastructure, the promoter must explain why the lifespan 
of the new tanks is only 15 years and specify whether there is a possibility that they are in service 
for an extended period. 

RESPONSE:   

In the introduction to the document submitted in support of the request for exemption, it is 
mentioned that the required storage volumes were calculated over a period of 15 years. This 
mention of the calculation period has no link with the lifespan of a tank. 

For information, given the low rate of corrosion encountered in the Far North and the stability of 
the soil, all tanks have a lifespan exceeding 50 years. 

QC-3 – Considering its involvement with the company Les Énergies Tarquti, which aims to 
develop renewable energies in Nunavik, the promoter must further justify the reason for its project 
in the medium and long term by taking into account the possibility of developing renewable 
energies in Aupaluk. The promoter must also present projections of increased hydrocarbon needs 
for the northern village of Aupaluk for the next 20 years. 

RESPONSE:  
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The project submitted in this application concerns an increase in diesel storage. Since the 
population of Nunavik is increasing rapidly (the population roughly doubles every twenty years), 
this results in a substantial increase in energy consumption. 

 The main energy consumers in Aupaluk are Hydro-Québec, the KMHB, the Kativik School Board 
and other institutional organizations. 

These customers provide services to this growing population and increase the consumption of 
petroleum products at a rate greater than that of population growth. For example, the recent 
construction of a new hospital by the Ministry of Health creates additional demand with a 
substantial effect on per capita consumption. 

The same goes for housing. The homes, most of which are state property, are overcrowded. If 
the occupancy rate were reduced to an acceptable rate, we would see an even greater increase 
in hydrocarbon consumption than that noted. 

Since the only source of energy remains hydrocarbons, the need for storage becomes essential. 

As for Tarquti, the company is working on a multitude of green energy production projects; 
however, these initiatives are at the feasibility and demonstration stage. The logistical and field 
constraints are such that their deployment will only take place in the medium term at best. 

Tank farm expansion projects are generally planned for a longer period than the 15-year period 
considered in the Aupaluk project. The expectation generated by this era of energy transition led 
FCNQ to choose 15 years as the design period. This choice demonstrates in some way the 
anticipation and importance given to the emergence of new sources of green energy and the need 
to reduce dependence on petroleum products. 

The following graph shows the years on the abscissa and on the ordinate, the amount of diesel 
sold to Aupaluk. We can note a linear increase in consumption of around 3.5%. In contrast to the 
population variation (of the order of 2%), the increase in energy needs appears significant and is 
typical of Nunavik communities. 
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QC-4 – The promoter must identify sensitive elements of the environment that could be affected 
during an accident, in such a way that the consequences could be significant or increased (e.g. 
residences, schools, daycares, hospitals, natural sites of particular interest, etc.). 

RESPONSE:  

Elements of technological accidents were analyzed as part of the Salluit impact study. It was 
determined that the consequences of such a disaster, fire and explosion, were limited to a radius 
of 100 m from the tank walls. There are no sensitive elements within a 100 m radius of the tank 
walls. 

Spill incidents are covered by the requirements of the Quebec construction code. A major spill 
would be contained in the waterproof retention basin required by regulation. 

 
 
The new 35,214-liter compartmentalized diesel and gasoline tank No. 11, included in 
drawings AU001 and AU003 of Appendix 5 – Plans, is not presented in the report submitted 
by the proponent. 

QC-5 – The promoter must provide details concerning tank no. 11 in relation to construction 
standards and the planned work.  

RESPONSE:  

Tank no.11 is shown on the plans, it is part of a gas station. The design standards of the existing 
tank farm ensured that the gas station could be supplied directly from the stored volumes of the 
tank farm. Today's regulations require an intermediate tank. Tank no. 11 is this 
compartmentalized intermediate tank that can store gasoline and diesel. 

Such a tank has been part of the renovation projects since the modification of the regulations 
relating to petroleum equipment in 2007. 

The vapors produced when filling this tank are evaluated in the modeling. 

The detail produced in the construction plans: 
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QC-6 – The promoter must present the security measures planned as part of the project, in 
particular with regard to access limitations to the installations, security systems and prevention 
measures (e.g. monitoring systems, emergency stop , fire fighting, automatic fire extinguishers, 
presence of emergency generators, leak detectors, high level alarms, retention basin, safety 
distance, etc.) in addition to taking stock of past accidents (since approximately five years) for 
current installations and for other similar projects. 

RESPONSE:  

As with all construction work in Quebec and in compliance with current regulations, a notice of 
construction site opening and a prevention program are prepared and registered with the 
CNESST. The program is distributed to subcontractors and awareness sessions are given before 
the opening of the site and at the opening of the site and when new workers arrive at the site. 

The site coordinator ensures that the program is applied to all work; he sees that work 
authorizations are completed and documented as the work progresses. Daily awareness 
reminders are given and when necessary, safety warnings are given throughout the work. 
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The prevention program incorporates all aspects of the renovation of a tank farm, including in 
particular, elements relating to handling and work near petroleum products. A significant part of 
the content of the program comes from the contractor specializing in petroleum work. 

The work will take place inside the land dedicated to the tank farm. Outside of working hours, the 
site is closed and access is prohibited in the same way as during normal tank farm operations. 
Access to valves, pumps, controls or tanks is within the fenced area. All operable elements are 
padlocked during the work. 

Over the past five years, the FCNQ has not reported any work accidents or spills during renovation 
work on its facilities. 

 

QC-7 – The promoter must clarify its intentions regarding the submission of its emergency 
measures plan (EMP) and commit to transmitting it to the northern village of Aupaluk and the 
Kativik Regional Administration. 

RESPONSE:  

The emergency measures plan is currently shared with the civil security department of the Kativik 
Regional Administration. The role of civil security is to promote the importance of emergency 
preparedness within communities and to support related activities. Currently, the emergency 
measure plan is not directly shared with the municipality since this is already shared with the KRG 
civil security. Before the start of the project, FCNQ undertakes to share the emergency plan with 
the municipality. 

Each year, practical exercises are organized for employees and local responders to ensure 
adequate preparation for a spill. These exercises include a theoretical exercise (incident 
management) and a practical exercise with the ship. There was an incident management exercise 
at Aupaluk in spring 2022 and an equipment deployment exercise in summer 2023. 

 

Certain operations, notably filling tanks and cleaning them, are likely to generate 
emissions of atmospheric contaminants. Thus, passive emissions could occur. 

QC-8 – Considering the presence of residences nearby (less than one kilometer) and the fact 
that several petroleum compounds are covered by a standard or criterion, the promoter must 
submit atmospheric dispersion modeling in order to demonstrate compliance with the standards 
and criteria of quality of the atmosphere. To do this, the requirements set out in Appendix H of 
the Clean Air Regulation (RAA) must be respected. To ensure the validity of the approach, it is 
recommended that the promoter submit a modeling estimate to the Ministry of the Environment, 
the Fight against Climate Change, Wildlife and Parks (MELCCFP) before carrying out modeling. 

RESPONSE:  

 
A modeling estimate was prepared by the firm Tétra Tech and commented on by the Ministry. 

See appendix 2 – Atmospheric Dispersion Modeling Study – Aupaluk Tank Farm  
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The Clean Air Regulation (RAA) defines requirements relating to certain types of tanks 
(sections 44 and 45), in particular storage tanks for volatile organic compounds (VOCs) 
having a certain vapor pressure at the conditions of storage. The RAA also defines 
atmospheric quality standards (article 197). 
 
QC-9 – The promoter must demonstrate that it will comply with the requirements of sections 44 
and 45, based on the vapor pressure data of the products stored in tank No. 1 (existing) as well 
as tanks No. 9 and No. 10 (projected). It must also demonstrate that contaminant emissions from 
product storage activities in tanks No. 1, 2, 9 and 10 (e.g. transemptying) comply with the limits 
prescribed in Appendix K of the RAA. This demonstration could be carried out by modeling 
atmospheric emissions (article 197 of the RAA) or by any other valid method. 

RESPONSE:  

Only tanks containing gasoline are subject to sections 44 and 45. These are tank no. 2 with a 
capacity of 333,500 L and tank no. 11, compartmentalized, containing a volume of 23,100 L of 
gasoline. 

Tank no. 2 is subject to sections 44 and 45 while the gasoline part of tank no. 11 is only subject 
to section 44. 

As for emissions under article 197, a quote has been submitted for this purpose and a modeling 
report has been produced. 

 

See appendix 2 – Atmospheric Dispersion Modeling Study – Aupaluk Tank Farm 

 

 

QC-10 – The promoter must demonstrate that he will comply with section 44 of the RAA, namely 
the use of submerged filling lines in the gasoline tank, for tank no. 2. To this end, the promoter 
must demonstrate, with proof support (e.g. plans and specifications, photographs) that the filling 
pipes will be submerged or that they are if this provision is already in place. 

RESPONSE:  

 
The pipe is submerged as with all tank farms in Nunavik. 
 
Oil industry standards dictate that filling must be done from the bottom. 
 
The regulations regarding petroleum products (Chapter VIII of the Quebec Construction Code) 
read as follows: 

 
8.129. A fill pipe installed on a tank that is to store motor fuel must extend to not more than 
200 mm from the bottom of the tank and be fixed in such a way as to minimize vibration. O.C. 220-

2007, s. 1; O.C. 87-2018, s. 48. 
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The detail produced in the construction plans is such that: 

 
Gasoline from the ship is introduced into the tank 200 mm from the floor. 
 
The height of 200 mm corresponds approximately to the dead volume of the tank, i.e. the portion 
which cannot be withdrawn. Thus when filling the tank the top of the elbow will be just submerged 
when the tank has been emptied until the loss of suction (which is not desirable in the Nordic 
context since such a situation would correspond to a stock shortage). 
 
In addition, the filling procedure requires a gradual increase in flow rate for safe operation. 
 
Article 8.129 is part of the inspection protocol leading to obtaining the operating permit from the 
RBQ. The existing tank farm is under permit. 
 
See answer to question number 5 for details of submerged filling of tank no. 11. 
 
 

QC-11 – Although the promoter plans to fill tank trucks from the bottom in order to reduce the 
risk of spills, it is strongly recommended that the promoter install spill prevention devices on all 
tank trucks, regardless of the petroleum products involved, in order to minimize the risk of spills. 

RESPONSE:  

The system used for filling the tanks is a so-called “bottom” system. This system is equipped with 
an automatic filling stop to avoid overflows. The “top” system is maintained for reasons of security 
of supply. Therefore, in the event of a system failure from below, it is possible to fill tanks with this 
emergency system. 

The top system is simpler and less prone to breakage. It is also equipped with security features. 
It can only be used with the operator present at the filling port. 

The filling systems comply with current construction and safety code regulations. 
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QC-12 – As a reminder, in the event of a fortuitous discovery of contaminated soil, the promoter 
must present for authorization the decontamination and rehabilitation project for the site if he 
wishes to treat the soil in situ. 

RESPONSE:  

The commitment has already been made in the request for exemption. 

New construction does not require mass excavation. Therefore, FCNQ Petro does not anticipate 
encountering contaminated soil during the basin expansion work. 

However, if contaminated soils were encountered, they would be treated in accordance with the 
Intervention Guide – Soil Protection and Rehabilitation of Contaminated Land. of the Ministry of 
the Environment and the Fight against Climate Change or the regulations applicable at the time 
of the work. 

 

 

QC-13 – It was noted that the promoter in his report did not address the impacts of climate 
change. In addition to the risk of avalanches, described as non-existent, the promoter must 
demonstrate that he has taken into account all the risks and potential impacts of climate change, 
both on his project, but also on the integration environment, and this, for the entire lifespan of the 
planned infrastructure. To this end, the promoter can consult the Guide for project initiators: 

Climate change and environmental assessment as well as the report Regional climate portrait in 

reference and future climate to support impact analysis and adaptation to climate change in the 

Eeyou lstchee Baie-James territory, northern Abitibi-Témiscamingue and Nunavik. 

RESPONSE:  

We have reviewed the two references mentioned in QC-13. It appears that few elements relating 
to the risks linked to climate change would apply in the case of the Aupaluk tank farm. 

Among the risks mentioned, we include the risks linked to the thawing of permafrost, the risks 
linked to ice and the risks linked to winds (the risks linked to the thawing of permafrost are dealt 
with in QC-15). 

We also verified, in a brief literature search, the risks linked specifically to tank farms. Among the 
10 Canadian provinces and 3 territories, only Nova Scotia has published information relating to 
the protection of tank farms in the context of climate change 
(https://novascotia.ca/nse/water/docs/CC_petrol_storage_aboveground.pdf). In addition, a few 
dozen articles consulted mainly focus on the effect of hurricanes and floods on these installations. 
However, we did not come across any article specifically relating to installations in the Arctic or 
northern areas. 

The risk of flooding or extreme tidal effects or erosion does not seem problematic to us given the 
elevation of the tank farm (the tank farm is at an elevation of 21m). 
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Two Ouranos reports (http://www.bv.transports.gouv.qc.ca/mono/1256974.pdf and 
https://mffp.gouv.qc.ca/documents/forets/entreprises/Portrait_climatique_regional_Nunavik.pdf), 
mention that the strength of the winds, although little documented, shows a downward trend, by 
2040. The frequency of high winds could however increase. 

Petroleum product tanks, both new and existing tanks, are designed according to the API 650 
standard. This American standard provides conservative wind loads to take into account all 
conditions encountered on American territory. Alternatively, the design engineer can use the local 
loads provided for in the National Building Code. Winds therefore do not represent a risk in this 
context since they are adequately evaluated by the standard and the studies do not foresee any 
major change in the loads to be considered. 

Regarding the risks linked to ice. Ice does not constitute a significant risk; adjustments are made 
to protect the various instruments on the ground against falling ice. The vents are lined to prevent 
problems with ice blocking. 

Water management in the containment basin represents a problem somewhat increased by an 
increase in precipitation in liquid form. The answer to this problem mainly involves regular 
emptying of the pool. A procedure is in place to ensure the quality of the water discharged and 
the frequency of discharges. 

The issue of permafrost is addressed in question 15. 

Table 1 summarizes mitigation measures due to climate change. 

See appendix 3 – Table 1 

 

 

QC-14 – The promoter must identify the components of the project likely to be affected by each 
hazard and identify the possible consequences of each hazard for the project and its environment 
of integration. If relevant, the promoter must also propose climate change adaptation measures 
appropriate to the design of its project and/or the maintenance of infrastructure. 

RESPONSE:  

See appendix 3 – Table 1 

 

 

QC-15 – The promoter must take into account the risks linked to the thawing of permafrost, 
which could compromise the stability of the infrastructure. The promoter must briefly assess these 
risks by first examining the stability of the existing infrastructure on the tank farm site and providing 
the results of this examination. To this end, he can refer to the report Geotechnical 
characterization and improved mapping of permafrost in the northern communities of Nunavik: 
Aupaluk. This report suggests that the current tank farm site is located on thawing-stable deposits 
and suggests that the risks to infrastructure associated with thawing permafrost are low. However, 
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given the importance of the infrastructure, its essential nature for the northern village and the 
impacts of a failure, it is important to take the necessary precautions to ensure its future stability. 
Depending on the summary examination that it will carry out and its conclusions, the promoter 
may choose, if necessary, to call on an expert to carry out a geotechnical analysis and obtain 
recommendations to ensure the stability of the infrastructure according to present conditions at 
the project site. 

RESPONSE:  

The Sacré-Davey firm carries out the construction plans for the Aupaluk tank farm. The engineers 
and technicians who prepare these plans and specifications have extensive experience in the 
construction of tank farms in the Arctic. Denis Thibodeau, the engineer in charge, has carried out, 
over the last thirty-five years, a large number of projects in the Arctic in zones of continuous and 
discontinuous permafrost. He has also carried out several thermal modeling studies, notably for 
the Dalton Highway in Alaska and for the installation of a thermosiphon at the Canadian Royalties 
mine. He knows the geotechnical conditions of Aupaluk well, having carried out the drinking water 
supply project there in the early 1990s. The project involved drilling and surveying all along the 
raw water supply line, crossing the village from one end to the other. He worked on the last 
renovation of the tank farm in the early 2000s. 

The Aupaluk tank farm is built on a sand and gravel deposit. The latest inspections for the 2023 
and 2021 permit renewal show stable tanks. 

Each of the vertical tanks is connected to the supply/withdrawal piping. At each connection of this 
piping to the tank, a flexible joint is installed. 

The deformation of the joint makes it possible to evaluate the settlement. When we compare the 
photos (see below), the deformation of the joint is similar between 2023 and 2019. Furthermore, 
the deformation observed in the two photos is considered acceptable, as it is low. It is due to the 
different loading regime between the tank and the piping.  
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Diesel tank Spring 2019 
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Diesel tank Spring 2023 

 

 

Unlike certain buildings, the problems of settlement of petroleum tanks due to thawing of 
permafrost have not been observed in Nunavik. The stability of tanks is mainly due to the 
particular thermal regime of petroleum product tanks. Thus, the tanks are filled in the hot season 
with products that are transported by tanker ship. The temperature of the product therefore 
approaches that of the Arctic Ocean. The temperature of the product stored in this way decreases 
as winter progresses. It is therefore not uncommon to encounter ice at the bottom of the tanks 
during cleaning in July. 

Thus, petroleum product tanks, unlike buildings, transfer little or no heat to the underlying ground. 
The active zone of petroleum tank farms is therefore shallower than the surrounding area. The 
effects of thawing permafrost are thus delayed compared to other structures in the village. 

Another important aspect of the location of the tank farm in Aupaluk is that there are two vehicle 
maintenance garages very close to the tank farm, a few hundred meters away. The floors of these 
garages are built directly on the ground. Such a construction approach is normally problematic in 
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areas of thawing-sensitive permafrost. A slab on ground will necessarily cause permafrost to 
thaw. 

Inspection of both buildings in spring 2023 showed no signs of subsidence or cracking of the slab. 
This therefore means that the thawing of the ground does not cause subsidence and that it is a 
deposit of soil without a lens of ice. 

The stability of the tank farm therefore appears to be ensured by the fact that a petroleum tank 
farm does not heat the underlying soil very much and that, in addition, this soil remains stable 
when it thaws. 

 

 

The washing and filling operations of the tanks, as well as more generally, the use of 
hydrocarbons on the site, will generate greenhouse gas (GHG) emissions. 

QC-16 – The promoter must present a quantification of the greenhouse gas emissions that will 
be emitted as part of the project. To do this, the proponent is invited to consult the Guide to 
Quantifying Greenhouse Gas Emissions in which the detailed approach is presented (Appendix 
A); including the sources of GHG emissions to take into consideration and the formulas for 
proposed calculation. 

RESPONSE:  

As requested in the preliminary information form, in article 6, the sources were identified in the 
exemption request document. 

Here are the sources identified: 

 Maritime transport of materials and equipment Montreal/Aupaluk round trip; 

 Air Transport of labor to Aupaluk; 

 Production of crushed stone; 

 Generator for temporary power during work ; 

 Vehicles for transporting labor between the camp and the tank farm; 

 Civil works – Mechanical excavator, loader and compactor roller; 

 Mechanical work and tank cleaning - Diesel compressor for degassing, welding 

machine and Diecie (Forklift); 

 Erection work of new tank – Crane, generator. 

 

Regarding the quantification of greenhouse gas emissions that will be emitted as part of the 
project, we used the following formula; 

Greenhouse gas emissions = ∑ (Quantity of fuel consumed x Emission factor)  
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The emission factors used are: 

 

 

A quantification was made from this data, we calculated the total emissions for the project and we 
arrived at 41.38 tCO2e. 

See details in the tables below. 
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Parametre Value/Quantity Unit

GHG emission factor for heavy fuel oil 

vessels 0.003188 tCO2e/litre heavy oil

Average fuel consumption 23 MT/day

Travel days between Ste-Catherine and 

Aupaluk (round trip) 48 days

Number of trips 1

Associated GHG emissions 3.52 tCO2e

Parametre Value/Quantity Unit

Quantity of diesel consumed 550 litres

GHG emission factor diesel 0.002729 tCO2e/litre diesel

Associated GHG emissions 1.50 tCO2e

Parametre Value/Quantity Unit

KM between quarry and construction site 3 km

KM round trip 6 km

GHG emission factor diesel 0.002729 tCO2e/litre diesel

Diesel consumption each round trip 1.92 litres

Number of round trips 210

Associated GHG emissions 1.10 tCO2e

Parametre Value/Quantity Unit

Diesel generator (elect.) 100 kw 600 litres diesel

Diesel GHG emission factor (fixed) 0.002663 tCO2e/litre diesel

Associated GHG emissions 1.60 tCO2e

Parametre Value/Quantity Unit

Mechanical excavator 1000 litres diesel

Loader 1000 litres diesel

Compactor roller 50 litres diesel

2 Vehicles 800 litres gasoline

9 plane tickets 18810 km

GHG emission factor diesel 0.002729 tCO2e/litre diesel

GHG emission factor gasoline 0.002317 tCO2e/litre gasoline

GHG emission factor Jet-A1 0.000145 tCO2e/km-passenger

Associated GHG emissions  diesel 5.59445 tCO2e

Associated GHG emissions  gasoline 1.8536 tCO2e

Associated GHG emissions Jet-A1 2.72745 tCO2e

Total associated GHG emissions 10.18 tCO2e

GHGs associated with crushed production

Maritime transport of materials and equipment from Montreal/Aupaluk (round trip)

Land transport of crushed stone to the site

Temporary power during work with generator

Lot 1 & 2 - Civil works
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Parametre Value/Quantity Unit

1 Diesel compressor for degassing 200 litres diesel

2 Welding machines 1800 litres diesel

Diecie 1120 litres diesel

Vehicles 280 litres gasoline

7 plane tickets 14630 km

GHG emission factor diesel 0.002729 tCO2e/litre diesel

GHG emission factor gasoline 0.002317 tCO2e/litre gasoline

GHG emission factor Jet-A1 0.000145 tCO2e/km-passenger

Associated GHG emissions  diesel 8.51448 tCO2e

Associated GHG emissions  gasoline 0.64876 tCO2e

Associated GHG emissions Jet-A1 2.12135 tCO2e

Total associated GHG emissions 11.28 tCO2e

Parametre Value/Quantity Unit

Vehicles 230 litres gasoline

GHG emission factor gasoline 0.002317 tCO2e/litre gasoline

5 plane tickets 10450 tickets

GHG emission factor Jet-A1 0.000145 tCO2e/km-passenger

Associated GHG emissions  gasoline 0.53291 tCO2e

Associated GHG emissions Jet-A1 1.51525 tCO2e

Total associated GHG emissions 2.05 tCO2e

Parametre Value/Quantity Unit

80 ton crane 830 litres diesel

2 generators 1300 litres diesel

2 vehicles 600 litres gasoline

10 plane tickets 20900 km

GHG emission factor (crane) 0.002729 tCO2e/litre diesel

GHG emission factor (generator) 0.0026663 tCO2e/litre diesel

GHG emission factor  (vehicles) 0.002317 tCO2e/litre gasoline

GHG emission factor Jet-A1 0.000145 tCO2e/km-passenger

Associated GHG emissions  diesel 5.73126 tCO2e

Associated GHG emissions  gasoline 1.3902 tCO2e

Associated GHG emissions Jet-A1 3.0305 tCO2e

Total associated GHG emissions 10.15 tCO2e

Total for the project: 41.38 tCO2e

Lot 5 - Electricity and Controls

Lot 7 - Erection of new tanks and modifications of existing tanks

Lot 4 - Mechanics and transfer and tank cleaning
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1 INTRODUCTION 

Tetra Tech QI Inc. (hereinafter referred to as Tetra Tech) was mandated by FCNQ Petro to carry out an atmospheric 
dispersion study of the current and planned activities of an oil depot located in Aupaluk, a northern Nunavik village of 
the Kativik regional administration located in the Nord-du-Québec administrative region in Quebec. The Oil Depot is 
essential for this remote region to meet the need for fossil fuels for its day-to-day operations as this is the only energy 
source available. Note that Tetra Tech has already collaborated with FCNQ Petro for a modeling project for a similar 
site in Salluit which was evaluated by experts from the Ministry of the Environment, the Fight against Climate Change, 
Wildlife and Parks (MELCCFP). 

This atmospheric dispersion study (Study) is part of a request for an exemption from the MELCCFP from the 
Fédération des Coopératives du Nouveau-Québec - Petroleum Service (FCNQ Petro) for its installation located at 
latitude 59°18 '24.49"N and longitude 69°36'7.17"W. FCNQ Petro wishes to increase in the storage capacity of its 
Aupaluk petroleum product distribution park. 

The project aims to expand the oil depot to increase the hydrocarbon storage capacity from 2,196.9 m³ 
(2,196,900 liters) to approximately 4,360 m³ (4,360,000 liters). The following works are planned: 

• Expansion of the current retention basin to contain and construct two new diesel tanks; 

• Addition of a 35,214 L diesel/gasoline compartmentalized tank to serve a service station; 

• Redevelopment of the maneuvering area; and 

• Construction of a new distribution island. 

Following these modifications, FCNQ Petro must carry out and submit an atmospheric dispersion modeling study in 
accordance with the methodology recommended by the MELCCFP. Note that particular attention was paid to the 
emissions of specific volatile organic compounds (VOCs) associated with the filling operations of all products which 
cause the highest emission rates for all ingredients. An Expert Opinion from the Department of Atmospheric Quality 
was sent to FCNQ Petro following submission of the modeling estimate for the project and requested modifications to 
the rate calculations and the criteria for certain ingredients in gasoline and diesel. All modification requests and the 
use of criteria have been applied in this Study. 

1.1 Scope of Work 

Tetra Tech was commissioned to conduct the atmospheric dispersion study under Article 197 of the Environment 
Quality Act’s Clean Air Regulation. The objective of this study consists of verifying compliance with the threshold 
values mentioned in Appendix K of the Clean Air Regulation, and listed in the MELCCFP’s reference document titled 
Normes et criterès québécois de qualité de l’atmosphère (Quebec atmospheric quality standards and criteria) even 
though they are not subjected to regulation. 

1.2 Reference Documents 

Tetra Tech reviewed the documents listed below: 

• Detailed project plans; 
• Fuel safety data sheets; 
• Gouvernement du Québec. Clean Air Regulation, Environment Quality Act (chapter Q-2, r. 4,1). Updated 

on January 1, 2023; 
• MELCCFP. 2023. Normes et critères québécois de qualité de l’atmosphère (Quebec atmospheric quality 

standards and criteria), version 8; 
• MDDEP. 2005. Guide de la modélisation de la dispersion atmosphérique or GMDA (atmospheric dispersion 

modeling guide).  
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1.3 Description of Activities  

FCNQ Petro carries out activities that can emit pollutants into the atmosphere during storage throughout the year and 
occasional fillings on various Aupaluk tanks. The calculations of emissions rates and atmospheric dispersion modeling 
are specifically tailored to account for activities that unfold within a single year. This includes fugitive emissions 
resulting from storage activities during one whole year, as well as the transshipment of products between storage 
tanks and compartmentalized tanks at service stations or into tank trucks, depending on the situation. Additionally, 
emissions arising from the annual filling of tanks by a ship are included in the modeling calculations. This ship-based 
tank filling operation occurs from the beginning of July to mid-October. Note that transfer and transshipment activities 
cannot take place simultaneously since a rest period is necessary following the filling of the storage tanks. These 
activities are, in the case of filling and transshipment, the most significant in terms of the operational impact, they are 
of shorter duration and can occur during normal operations and must be analyzed for compounds having standards, 
criteria or Preliminary Risk Assessment (SEPR) thresholds for periods of up to one year. Thus, the worst scenarios 
for all periods to be modeled are covered and are calculated at maximum operating conditions. 

It should be noted that cleaning of the tanks at the facilities (once every 10 years) is not considered in this study and 
more information on the standard operating procedures for these activities is available in Section 3 dealing with 
emission sources. 

2 DISPERSION MODEL 

This section reviews the different aspects of the Level 2 dispersion model. 

The output files for estimating annual emission rates calculated by the TANKS 4.09d model are attached as Appendix 
D and the calculation sheet of instantaneous emission rates and total annual balances prepared for this study is 
attached as Appendix E. 

Note that all recommendations stipulated in the opinion of the MELCCFP experts following the submission of the 
modeling estimate were applied. 

2.1 AERMOD Model and Options 

Compliance of limit values was assessed using the most recent version of the Environmental Protection Agency (EPA) 
Regulatory Model AERMOD. All default options of the model were selected. The designated modeling approach was 
based on the use of the AERMET weather diagnostics software (version 22112) and the AERMOD dispersion model 
(version 22112). Both software packages are recommended by the MELCCFP (Guide de modélisation, MDDEP 2005, 
Section 8.2.3). 

Tetra Tech employs Lakes Environmental™ software interface to carry out modeling and to follow all the hypotheses 
retained by the MELCCFP modeling guide. The mathematical model integrates the topography of the site, the 
characteristics of the emitting sources, meteorological data taken from a meteorological tour near the site, as well as 
the wind wash effects caused by the buildings. 

The project site is located in a rural area. In a 3 km radius, less than 50% of the land use is of the dense (more than 
750 residents per km2) industrial, commercial, and residential types. A low-density residential area is located near the 
site. 

2.1.1 Description of the AERMOD Model 

The AERMOD model allows second-level studies (MDDEP 2005). This type of study is required when one of the 
conditions below applies: 

• Project located in an industrial area; 
• Presence of multiple emission sources; 
• Simulated and ambient concentrations (background noise) equal to or higher than 80% of the applicable norm; 
• Site located near a water body; or 
• Sources emitting toxic or dangerous pollutants. 
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The AERMOD software is a gaussian dispersion model that calculates gas compounds or particles from discrete 
sources, surface sources, or high-volume sources in urban or rural areas. The software’s features and capabilities are 
as follows: 

• Hourly weather data; 
• Identification of the mechanical height or convective mixing based on temperature, wind, and turbulence profiles; 
• Distribution of probabilities adapting to atmospheric stability conditions; 
• Use of ground surface characteristics, such as ruggedness, albedo and Bowen ratio; 
• Points-calculation grid (receptor and sensitive receptor grid); and 
• Incorporation of adjustment terms to take physicochemical properties that could affect the behaviour of some 

components. 
AERMOD uses hourly weather data to estimate particle or gas loads in the ambient air at various points-calculation 
points for various periods of time (hourly, 8 hour, 24 hours and annual basis, and time ranges). The Building Profile 
Input Program (BPIP PRIME) module is also integrated in AERMOD to take the wash effect (turbulence caused by 
the presence of buildings) into account. This feature is especially useful when structures will likely modify the wind 
stream as they are located near the discrete emission sources. 

2.1.2 Estimation of Concentrations for a Period Under One Hour 

Although the dispersion model’s time step is one hour, the standards and criteria for some contaminants have been 
defined for shorter time periods. When such threshold values are established, Appendix H of the Clean Air Regulation 
requires the use of the formula below to estimate the concentration for the desired period based on the modeled hourly 
concentration: 

C(T) = Cmax h*0.97T-0.25 

Where: 

T = The time period expressed in hours. 

Cmax h  = Maximum hourly concentration modeled. 

This formula was used in this Study to estimate some contaminant loads during the 4-minute and 15-minute periods 
and to make a comparison with the related standards. 
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2.2 Modeling Domain and Applicable Limit 

The study area extends over a distance of 10 km x 10 km centered on the centroid of the site (Latitude 59.306833°, 
Longitude -69.601964°). It thus covers a sufficient area to include all inhabited areas which are likely to be exposed 
to atmospheric emissions emitted by the site's activities.  

 

Figure  presents an aerial view of the area under study. 

 
Figure 1:  Aerial View of The Study Area (10 km x 10 km) 

 
After an analysis of the City of Aupaluk map presented on Figure 1, it appears that the site is located in an industrial 
zone and that the property limit of the installations is entirely included in the industrial zone. However, please note that 
the Aupaluk City map does not show the new section dedicated to the future tanks. Thus, the applicable area in the 
City map has been extended to include these new tanks and equipment and the City map must be modified to 
represent this modification.  
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Figure 1:  Aupaluk City Map  
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Article 202 of the Environment Quality Act’s Clean Air Regulation states: 

« For the purposes of sections 75, 77, 91, 92, 97 and 153 and Title IV, the concentration of contaminants must 
be calculated for a point off the limits of the property occupied by the source of contamination and off a sector 
zoned for industrial purposes or in a buffer zone adjacent to such a sector, as established by the competent 
municipal authorities. If the territory thus zoned includes one or more permanent residences, the contaminant 
concentration must also be calculated for a point within the property limits of each of those residences ».  

Concentrations in ambient air are therefore, evaluated outside the boundaries of the industrial area, as illustrated on 
Figure 2. 

 
Figure 2:  Boundaries of the Industrial Area 
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2.3 Building Effects 

The plume’s downwash was calculated due to the proximity of some discrete emission sources to various high 
structures. The sources are located on these structures. To make the calculation, the Building Profile Input Program 
(BPIP) feature was used to identify the effects of these structures. The results were incorporated in the AERMOD 
model which makes the corrections required to estimate the contaminant concentrations in the ambient air using the 
PRIME module. 

To calculate the plume’s downwash, the site’s projected infrastructures were modeled. The geographic coordinates, 
the elevation of the structures and the position of the emission sources were identified based on the technical plans 
provided by FCNQ Petro and Google Earth. Figure 3 shows the modeled structures, and Table 1 presents its 
characteristics.  

 
Figure 3:  Modeled Buildings 
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Table 1: List of Buildings 

MOD ID Description Height Diameter Width Length Elevation Vs. 
Sea Level UTM Coordinates 

[m] [m] [m] [m] [m] East [m] North [m] 
RES_1 Tank #1 - Diesel 9.75 14.63 - - 25.0 465,725 6,574,361 
RES_2 Tank #2 - Gasoline 7.32 7.62 - - 

24.0 
465,712 6,574,371 

RES_9 Tank #9 - Diesel 9.75 15.50 - - 465,730 6,574,388 
RES_10 Tank #10 - Diesel 9.75 9.00 - - 26.0 465,742 6,574,377 
RES_11 Tank #11 - Diesel 2.80 - 2.6 8.0 20.0 465,692 6,574,376 
BLD_1 Operator Station 3.95 - 2.9 6.0 20.8 465,688 6,574,357 
BLD_2 Electric Room 3.95 - 2.9 9.5 20.8 465,695 6,574,352 
BLD_3 Pumping Station 3.30 - 2.5 12.2 20.8 465,707 6,574,344 
BLD_4 Mechanical Warehouse 2.85 - 2.5 6.1 21.6 465,717 6,574,337 
BLD_5 Environmental Warehouse 3.35 - 2.5 6.1 22.0 465,730 6,574,336 

 

2.4 Receptors 

The calculation points (receptors) have been divided into three categories: 

• Receptor grid; 
• Receptors within the application boundaries; and 
• Discrete sensitive receptors.  

The elevations of the receptors were established by taking the topography of the land into consideration (see 
Section 2.6) using the AERMAP preprocessor. 

2.4.1 Receptor Grid 

The receptor grid includes a total of 3,352 calculation points. The density of this receptor grid generates enough 
modeled values to ensure the representativeness of the estimated contaminant loads (spatial distribution) in the 
ambient air. Figure 4 shows the receptor grid. 

The receptor grid is meshed as follows: 

• 50 meters spacing for distance from the site under 1,000 m; 
• 100 meters spacing for distance from the site under 2,000 m; and 
• 500 meters spacing for distance from the site under 5,000 m. 

2.4.2 Receptors at the Application’s Boundary 

The zoning plan specifying the demarcated areas has been reviewed. The FCNQ Petro site is part of one of the 
industrial zones in the area. 

As specified in Section 202 of the Règlement sur l’assainissement de l’atmosphère (RAA), the concentration of 
contaminants must be calculated based on a point that is located outside the boundaries of the property occupied by 
the source of contamination as well as outside any sector zoned for industrial purposes and any buffer zone adjacent 
to such a sector, as established by the municipal authorities. The comparison with the standards is therefore, made 
according to the maximum concentration modeled from the industrial zone, as well as the receptor grid, which was 
built outside, as well as at the limit of the latter. 
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In order to meet the MELCCFP’s requirements, a sequence of point receptors, spaced 20 m apart, was placed along 
the defined application limit. A total of 146 receivers were thus added, including the receivers used to trace the 
industrial zone. The receptors on the application boundary are shown on Figure 4. 

Figure 4:  Receptor Grid 
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2.4.3 Discrete Sensitive Receptors 

A total of six sensitive point receptors, identified by the symbol Δ, have been added in a targeted manner to cover 
more critical receptors (hospitals, early childhood centers, schools, residences for the elderly, local community service 
centers, daycares, private residences, etc.). Figure 5 shows the location of the different sensitive point receptors 
selected. Table 2 presents the location as well as the description of the sensitive receptors identified within the study 
area. 

 
Figure 5:  Location of Sensitive Receptors 
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Table 2:  Discrete Sensitive Receptors 

MOD ID Description 
UTM Coordinates 19N 

Elevation 
Vs. Sea Level 

East (m) North (m) (m) 
Res 1 Residence 465,550 6,574,227 15.58 
Coop Coop 465,649 6,574,039 28.48 
Hotel Hotel 465,571 6,574,017 18.93 
Infirm Nursing station 465,530 6,573,913 14.62 
Ecole School 465,571 6,573,797 19.09 
Eglise Church 465,464 6,573,848 7.07 

 

2.4.4 Application Domain Receptors 

The receptors of the application domain include those in the grid (Section 2.4.1), those outside of the application 
boundaries, those located on said boundaries (Section 2.4.2), and the sensitive receptors (Section 2.4.3). The other 
receptors, (i.e., those of the grid inside the application boundaries), were not taken into consideration to assess the 
compliance of the modeled contaminant loads in terms of quality standards and criteria. In total, 3,504 receptors are 
considered in the modeling domain. 

2.5 Meteorological Data 

The meteorological data used for modeling with the AERMOD program (version 22112) were prepared using the 
AERMET module (version 22112) from the U.S. EPA. Lakes Environmental has put the meteorological data in a pre-
processed format ready to be integrated into the AERMOD model (*.pfl and *.sfc files). The AERMET module allows 
you to create an hourly weather file format compatible with the execution of the AERMOD program by combining 
weather data with land use characterization. 

The closest representative weather station to the study site is Aupaluk Airport (YPJ), located approximately 1 km from 
the site. However, a review of Environment and Climate Change Canada data available at Aupaluk airport shows that 
there would be too much missing data to produce a dataset of sufficient quality for modeling. The other available 
stations are not representative with regard to local effects influencing atmospheric dispersion, because they are 
located too far away and therefore, present a different geographical portrait than that of the study site. Meteorological 
data from Weather Research and Forecast (WRF) were therefore, used. 

2.5.1 Surface and Upper Air Data 

The WRF model was used to provide a meteorological data sample equivalent to the observations. The WRF model 
uses re-analysis results to create a descending spatial-dynamic scale to mimic weather conditions on a small scale, 
i.e., 4 km (for this study), taking into account the topography of the land and surface characteristics at a high horizontal 
resolution. The WRF model outputs weather fields, such as temperature, wind, and relative humidity, for surface and 
various vertical levels. 

2.5.2 Surface Meteorological Data 

The surface meteorological parameters used in this study are as follows: 

• Wind speed and direction; 
• Temperature; 
• Dew point; 
• Relative humidity; and 
• Surface pressure. 
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These parameters were extracted from WRF prognostic data at grid points 465,721 m W, 6,574,392 m N UTM 19 
(59.307 N 69.602 W) for the period 2018 to 2022 inclusive. The hourly meteorological data was provided by Lakes 
Environmental in a format compatible with the AERMET module. 

2.5.3 Net Radiation Data and Cloud Cover 

The turbulence parameters of the planetary boundary layer were calculated by the AERMET module from the net 
radiation under convective planetary boundary layer conditions (generally in daytime) and the cloud cover under stable 
planetary boundary layer conditions (generally at night) (US EPA 2004). 

In the context of this study, the hourly net radiation and cloud cover data came from WRF. Lakes Environmental 
extracted the data at the grid point nearest to the site. 

2.5.4 Upper Air Data 

Lakes Environmental extracted the WRF model’s air data output at the same grid point as the surface data and 
reformatted it using the US EPA’s Mesoscale Model Interface (MMIF) tool, v3.3, creating a radiosonde FSL file 
compatible with the AERMET module. The altitude meteorological variables considered for modeling were the 
elevation from the ground, atmospheric pressure, and temperature. 

2.5.5 Terrain Classification and Land Use 

The AERMET module uses three input parameters linked with soil characteristics: roughness, the Bowen ratio, and 
the albedo. The latter is the proportion of the incident light or radiation that is reflected by the ground, whereas the 
Bowen ratio measures the humidity available for evaporation. Roughness relates to the variation of surface elevation 
and the unevenness of the landform on a small scale. 

The AERMOD implementation guide (US EPA August 2015) recommends: 

• The assessment of the roughness is based on a geometric mean weighed by the inverse of the distance for a 
zone with a 1 km radius around the measuring site. This zone is delineated in several sectors, the width of which 
is never under 30 degrees. Roughness therefore varies from one sector to the other to take the variations of the 
land cover into consideration. 

• The Bowen ratio and albedo are assessed in a square with 10-kilometer sides, centered on the meteorological 
data measuring site. An arithmetic mean is used for the albedo, whereas an unweighted geometric mean (separate 
from direction or distance) is used for the Bowen ratio. 

For each season and type of cover, roughness, albedo, and Bowen ratio values come from the AERSURFACE guide 
(US EPA January 2013). 

Surface characteristics are therefore, around the meteorological data’s point of extraction. Table 3 lists the values 
estimated by Lakes Environmental for the various parameters.  

Table 3:  Land Use Parameters Around the Surface Data Grid Point 

Month Albedo Bowen Ratio Roughness 
1 0.8 6.54 0.01 
2 0.8 5.39 0.01 
3 0.8 3.67 0.01 
4 0.77 2.29 0.037 
5 0.5 2.19 0.06 
6 0.17 5.71 0.06 
7 0.13 4.93 0.06 
8 0.13 4.63 0.06 
9 0.14 3.11 0.06 

10 0.27 2.13 0.032 
11 0.74 3.61 0.01 
12 0.8 5.67 0.01 
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2.5.6 AERMET Configuration  

All the default parameters of the AERMET model were used. The ADJ_U* option of the AERMET model was activated 
and it was integrated for this study. This option adjusts the surface friction speed (u*) for light wind under stable 
conditions. 

2.5.7 Meteorological Sample 

In accordance with the requirements of the MELCCFP in the context of Level 2 atmospheric dispersion modeling 
(MDDEP 2005), a weather sample covering the most recent five years representative of the region was considered. 
In that context, the meteorological years 2018 to 2022 were selected and deemed recent enough.  

 shows the wind rose of the selected weather sample. Dominant winds blow mainly from the southwest. The average 
wind speed is 4.47 m/s (16 km/h), and the average percentage of light wind (<0.5 m/s) is 0.65%. Figure 7 presents 
the direction of the wind in relation to the village. Figure 8 presents the wind roses for the four months during which 
the ship can unload the products to the storage tanks, and this for the five years of modeling.   

Finally, it is important to mention that topography is not taken into consideration by the AERMET meteorological model 
and that the meteorological parameters are considered identical at all points inside the modeling domain. 

 

 

 

Figure 6:  Wind Rose Over Five Years 
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Figure 7:  Wind Direction Relative to the Village 
  

Oil depot 
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Figure 8:  Wind Rose for the Five Years of Modeling from July to October 
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2.6 Topography 

The study area extends over a distance of 10 km by 10 km centered on the site. It thus covers a sufficient area to 
include all inhabited areas which are likely to be exposed to atmospheric emissions emitted by the operations of the 
project installations. 

The topography of the terrain can affect atmospheric dispersion. Although the terrain is relatively flat, the unevenness 
of the terrain in the study area is more than 10 m and must therefore, be incorporated into the model. Topographic 
data constitutes the input for the AERMAP preprocessor which is integrated into the AERMOD View interface. The 
terrain elevation of each receptor in the study area is automatically determined by AERMAP. The average land 
elevation, estimated by AERMAP for buildings and emission sources, is approximately 24.0 meters. 

The Digital Elevation Model of Canada (DEM) is derived from the Digital Elevation Data of Canada (DECD) made 
available by Natural Resources Canada at a scale of 1:50,000 for a resolution of 15 arc minutes (~23 meters). The 
height reference system is the Canadian Height Reference System of 1928 (CGVD28). This data was converted to a 
UTM WGS84 (18N) projection and imported into the AERMOD View interface for use in AERMAP. The topography of 
the study region is presented on Figure 9.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9:  Topography of the Study Area 
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3 EMISSION SOURCES 

3.1 Activities Releasing Contaminants in the Atmosphere 

Plans of current and future facilities including a plan view (Plan: 211-001856-00-M002A-2-C), a profile view 
(Plan: 6940-C-004), and technical drawings of a tank truck are attached as Appendix A. 

Atmospheric emissions of contaminants are likely to occur at several points on the site from the vents of the storage 
tanks, the compartmentalized tank of the service station and a tank truck. After analysis of the plan and the activities 
carried out on the site, it was considered that atmospheric emissions could occur for all tanks during these operations: 

• Loading of tanks by the tank (displacement of air saturated with VOCs); 
• Transfer of products to the compartmentalized tank of the service station (displacement of air saturated with 

VOCs); 
• Loading a tank truck with diesel only (displacement of VOC-saturated air); and 
• Storage of products in storage tanks and the compartmentalized tank for a full year (fugitive emissions). 

Details on the operating parameters of these activities are available in Section 4 of the emission rate calculations. The 
other activities excluded from the study are presented below. 

3.1.1 Periodic Tank Cleaning 

Periodic tank cleaning is a common task taking place on a regular basis which release amounts of contaminants 
smaller than during tank filling, carried out via a pumping station transferring the products at higher rates. FCNQ Petro 
implemented a procedure for the cleaning of the petroleum tanks. It is described below. 

As the tanks are integrated to the repository’s maintenance program, they are cleaned periodically. The volume of 
sludge removed from the tanks is therefore small. The sludge consists of the petroleum product remaining at the 
bottom of the tank and eventually metallic residues. 

Each tank is cleaned in the repository’s enclosure, after the stored product is transferred to another tank. The removed 
sludge is placed in “Wrangler WW3”-type bins for that very purpose or in metal barrels with removable covers provided 
by FCNQ Petro. These barrels which comply with the regulation on the transportation of hazardous waste are then 
sent by ship to Montreal where they will be disposed of at an authorized site. 

Before cleaning takes place, the product’s material safety data sheets are reviewed to comply with the Workplace 
Hazardous Materials Information System (WHMIS). All the required fire protection material must be anticipated and 
installed to ensure quick use. Before work begins, the tank and all the equipment required are grounded and the 
pipeline connected to the tank is disconnected and isolated. 

Each tank is inspected before any refill. 

During cleaning, the contractor must ensure constant supervision by a foreman or qualified technician and qualified 
rescue workers must be in attendance. The contractor also provides qualified labour to execute the work and must 
make sure that they know and understand the safety procedures, the working methods, the risks inherent to tank 
cleaning in confined spaces, and the rescue techniques. 

The contractor provides all the personal protective equipment to ensure the health and safety of all the workers. 
In addition, they must make sure that the testing material is calibrated correctly, including gas detectors. The latter 
must monitor vapours continuously and be equipped with an alarm audible inside the tank. 

The flammable sources are controlled and restricted to a minimum. Adequate ventilation is implemented and access 
to the tanks is permitted only when all safety conditions are met. 

All these measures are reassessed at the beginning of every workday and after each work interruption. 

Although vapour emissions during maintenance work or modifications are deemed minor in the life of such facilities, 
the actions listed below are taken, nevertheless. 
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Planning takes place several months in advance to minimize the volumes to be transferred. This planning may relate 
to various elements of inventory management, (e.g., product procurement) the year before cleaning may be reduced 
to minimize the volume of product during the year when cleaning is to take place or procurement may take place twice 
during the shipping season. 

During the year when cleaning is scheduled, the filling of client tanks will take place just before the transfers. 

Cloudy and cold days are favored for transfers. Such operations are avoided during hot days and when the sun is at 
its highest. 

At the end of the transfer, the tank is left to settle before degassing and ventilation begins to favor the condensation 
of vapours.  

3.2 Modeled Contaminants 

Table 4 summarizes the contaminants listed in the material safety data sheets of the three products stored at the site, 
namely gasoline and diesel, targeted for modeling. All components of the product were modeled, except for butane 
which is specifically excluded from the MELCCFP’s list of standards and criteria. 

Table 4:  Modeled Contaminants 

Product CAS Number Norm or 
Criteria 

Mass Fraction 
Maximum According to DS 

Gasoline Diesel 
Gasoline (Gasoline (>C3)) 86290-81-5 Criteria 1 100%  
Toluene 108-88-3 Norm 25% 1% 
Xylene 1330-20-7 Norm 20% 1% 
Butane 106-97-8 Excluded 20%  
Octane 111-65-9 Criteria 18% 2% 
2-methylbutane 78-78-4 Criteria 15%  
Ethanol 64-17-5 Norm 10%  
Heptane 142-82-5 Criteria 5%  
n-Hexane 110-54-3 Norm 5%  
1,2,4-trimethylbenzene 95-63-6 Criteria 5%  
Ethylbenzene 100-41-4 Norm 4% 1% 
Cyclohexane 110-82-7 Criteria 3%  
Benzene 71-43-2 Norm 1.50%  
Diesel fuels 68334-30-5 Criteria 1  100% 
Diesel fuel C9-C18 branched and linear alkanes 1159170-26-6 Criteria 1  30% 
Nonane 111-84-2 Criteria  3% 

Total   231.50% 138.00% 
Note 1: According to the expert opinion of the Atmospheric Quality Department received 
following the modeling estimate.  

The sum of the mass fractions exceeds 100% 
since the material safety data sheets indicate the 
maximum possible concentration in the product. 

3.3 Limit Values and Initial Concentrations 

The guide to Quebec standards and criteria for atmospheric quality specifies that the standards and criteria were 
designed for the evaluation of air quality measurements and for the study of projects generating emissions of 
atmospheric contaminants which are submitted for authorization to the MELCCFP. 

The compounds emitted into the atmosphere by the installations under study are mentioned in the atmospheric quality 
standards and criteria (Version 8 2023). They represent the limit concentrations according to the periods 4 minutes, 
15 minutes, 1 hour, 8 hours, 24 hours and 1 year in ambient air for a contaminant established at a negligible or 
acceptable risk level. These concentrations are based on concentrations without harmful effects on health. The four 
main types are: effects by direct exposure, by indirect exposure, nuisances, and ecotoxicological effects. 

The concentrations from modeling with AERMOD must be added to the initial concentrations, which is to say the 
ambient levels of each contaminant already present in the modeled region. These concentrations are then compared 
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to the limit values for the different periods. These average values must be respected outside the limits set by the 
regulation. 

The MELCCFP has established initial “background noise” concentrations so that they are very conservative 
(equivalent to high-density industrial or urban environments). For example, 20 μg/m3 is used for total fine particles 
(PM2.5). However, for some less dense areas, it may be appropriate to use a more representative background noise. 

The limit values and initial concentrations of contaminants modeled according to the periods concerned are presented 
in the table in Appendix B. These values are taken from the latest available version of the MELCCFP Quebec 
Atmosphere Quality Standards and Criteria (2023) document. 

All substances which have the same mode of action and whose concentrations must be added are considered 
according to the indications in Table 2 of the standards and criteria1. 

3.4 Regional Sources 

Based on the information available in the National Pollutant Release Inventory (NPRI), none of the sources releasing 
contaminants cited in this study is located within a 5 km radius of the oil depot. 

3.5 Discharge Point Characteristics 

Nine potential emission sources have been identified and are located on the site's storage tanks, on a 
compartmentalized tank supplying a service station and a diesel loading dock for tank trucks. All atmospheric 
emissions of VOC vapors are directed towards these different sources during loading operations and for annual fugitive 
losses. As a result, the emission rates and volume flow rates (point sources) applicable for the different tanks are 
divided by the number of sources present on the latter varying between 1 and 2 vents. The physical characteristics of 
the different discharge points are presented in Table 5 and  

Table 6. Their location is illustrated on Figure 11. 

It is important to specify that ten emission sources had initially been presented to the MELCCFP in the modeling 
estimate, however following the operator's desire to reduce the impacts of the transfer of gasoline from the storage 
tank # 2 (R_2) towards transhipment tank #11 (R_11) and to not modify the current situation of gasoline activities, the 
vent of tank #11 (R_11_EV_ESS) will be connected to tank #2 which supplies it with essence. In this way, the vapors 
caused by the gradual filling of tank #11 by tank #2 will be redirected towards the latter and the vapors will take the 
place of the volume of liquid displaced, thus creating a closed loop. Only the emissions from breathing losses from 
tank #11 evaluated with the US EPA model are added to those from tank #2, but these remain negligible as we can 
see in the following section dealing with emission rates. 

The gooseneck sources shown on Figure 10 which are located on certain tanks must be modeled as volumetric. To 
do this, the parameters for each of these sources were determined as follows: 

• The height of the volume source corresponds to the height of the building (tank), to which we add half the distance 
separating the outlet of the swan neck from the roof; 

• The lateral dimension corresponds to the dimension of the swan neck (side of a square with the same surface 
area as that of the swan neck); and 

• The σy is calculated as the lateral dimension divided by a factor of 4.3 while the σz is calculated as the height of 
the building divided by a factor of 2.15.  

 

 

1 https://www.environnement.gouv.qc.ca/air/criteres/index.htm 

https://www.environnement.gouv.qc.ca/air/criteres/index.htm
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Figure 10:  Gooseneck-type Vent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11:  Discharge Point Locations      
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Table 5:  Vertical Type Point Source 

Modeling ID Corresponding 
Tank Description 

Central 
Coordinates 

(UTM) 

Elevation 
Vs. 

Sea Level 

Height 
Vs. 

Ground 
Diameter Output 

Temperature 

Current 
Rate per 

Releasing 
Vent 

Output 
Speed Source 

Type * 
East [m] North [m] [m] [m] [m] [K] m3/s [m/s] 

R_2_EV Tank #2 - 
Gasoline 

Pressure vent 
(pressure-vacuum) 

±0.03 psi 
465,712 6,574,379 24.0 7.62 0.20 Ambient 0.021 0.66 Vertical 

R_11_EV_ESS Tank #11 - 
Gasoline 

Vent connected to 
tank #2 

closed loop 
N/A 

R_11_EV_DI Tank #11 - 
Diesel Straight vents 465,692 6,574,384 20.0 3.50 0.05 Ambient 0.006 3.23 Vertical 

Note: * Vertical, Horizontal, or Capped 
 

Table 6:  Volume Source 

Modeling 
ID 

Corresponding 
Tank Description 

Central Coordinates 
(UTM) 

Elevation 
Vs. 

Sea Level 

Height 
Vs. 

Ground 1  
Lateral 

Dimension 2 σy 3 σz 4 

East [m] North [m] [m] [m] [m] [m] [m] 
R_1_EV1 

Tank #1 - Diesel 

Gooseneck vents 
tanks 1, 9 and 10 

465,722 6,574,373 
25.0 

10.05 

0.09 0.021 4.53 
R_1_EV2 465,723 6,574,360 0.18 0.041 4.53 

R_9_EV1 
Tank #9 - Diesel 

465,727 6,574,400 
24.0 

0.18 0.041 4.53 

R_9_EV2 465,728 6,574,387 0.18 0.041 4.53 

R_10_EV1 
Tank #10 - Diesel 

465,745 6,574,382 
26.0 

0.18 0.041 4.53 

R_10_EV2 465,739 6,574,378 0.18 0.041 4.53 

CAM_EV_DI Tank truck - Filling 2-inch gooseneck vent 465,707 6,574,353 24.0 2.46 0.04 0.010 1.36 

Notes: 
1: The height of the volume source corresponds to the height of the building (tank or truck), to which we add half the distance separating the outlet of the swan neck 

from the roof. 
2: The lateral dimension corresponds to the dimension of the swan neck (side of a square with the same surface area as that of the swan neck). 
3: The σy is calculated as the lateral dimension divided by a factor of 4.3 while the σz is calculated as the height of the building divided by a factor of 2.15. 
4: The σz is calculated as the height of the building divided by a factor of 2.15. 
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4 EMISSION FACTORS AND EMISSION RATES 

4.1 Product Composition 

The petroleum products transferred and stored in the tanks contain several substances subjected to limit thresholds 
established by the MELCCFP. Product composition was identified based on information from material safety data 
sheets (included in Appendix C). 

In several cases, the material safety data sheet indicates a range of concentrations for each substance (e.g., between 
0% and 25% for toluene content in gasoline). The maximum concentration of each substance in the product was 
retained for this study. The total maximum concentrations exceed 100%. The mass fraction of each substance was 
adjusted in the model to obtain a total of 100 %. 

4.2 Atmospheric Emissions of Contaminants 

The storage tanks release VOCs into the atmosphere in two ways: 

• Through tank breathing, i.e., vapours released by vents at varying rates depending on environmental conditions 
(temperature, sunlight, atmospheric pressure, etc.); 

• During tank filling, the vapour space (volume inside the tank saturated with product vapour) is pushed out and 
released into the atmosphere at the same rate that the liquid product fills the tank. 

Diesel tank truck loading operations are responsible for atmospheric emissions of VOCs, according to this 
phenomenon: 

• When filling a tank truck, it is estimated that the vapor space (internal volume of the tank, saturated with product 
vapors) is expelled towards the atmosphere, at the same rate as that of transfer of the liquid product. Note that 
annual fugitive emissions are not considered for this source which moves following its filling. 

Annual VOC emissions via tank breathing were estimated using a model commonly used in industry, namely the 
TANKS model, version 4.09d 2 (U.S. EPA 2005).  

Instantaneous emissions occurring during tank filling were calculated using a spreadsheet created by Tetra Tech.  

4.2.1 Annual Emissions from Tank Breathing 

The TANKS 4.09d model was used to identify the annual fugitive emissions (pounds/year), i.e., from tank breathing, 
for each substance in the stored products.  

The maximum and minimum daily temperatures, the average wind speeds, the insolation factors (detailed monthly), 
the atmospheric pressure, and the average annual temperature were identified for the project site. Lakes 
Environmental (WRF model, 2018-2022) provided the meteorological data. 

Tank characteristics were provided by the client (Table 5 and Table 6). The composition of the products were entered 
into the model as described in Section 4.1. In addition, the maximum annual filling volumes for all the products were 
entered and considered for each tank based on the rates calculated in Section 4.2.2. 

The input parameters in the TANKS model, as well as the simulation results (annual emissions per tank and per 
contaminant in pounds/year) are documented in Appendix D. 

The annual emission rates for each tank in pounds/year were then converted into g/s for use in AERMOD. 

 

2 https://www3.epa.gov/ttnchie1/software/tanks/  

https://www3.epa.gov/ttnchie1/software/tanks/
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4.2.2 Instantaneous Emissions During Tank Filling or Tank Truck Filling 

When a product is stored in a tank, a balance is established between the product’s liquid state and its vapour state. 
This is a dynamic balance that depends on temperature and the composition of the project (nature and concentration 
of the substances). 

When a tank is almost empty, all the space inside is filled with air saturated with VOC vapours. The scenario created 
to simulate instantaneous contaminant emissions during filling consists of the emissions in the atmosphere from a 
volume of air saturated with VOCs that is equal to the volume of product transferred to the tank. The emission rate 
(m³/hour) is identical to the transfer rate.  

Based on the characteristics of each substance (concentration in the product, vapour pressure, molar mass), Raoult’s 
law was applied to calculate a partial vapour pressure in the tank’s vapour space. The density and composition of the 
VOC vapours released in the atmosphere could then be calculated. Based on the known volume and transfer rate 
during tank filling, an emission rate in g/s was identified for each substance in the products. 

It is to be noted that a temperature of 10°C was used to calculate the emissions from tank filling. This is the maximum 
temperature possible for products transferred from ship to tank. This temperature is higher than the ambient 
temperature at the project site. 

Calculation example for toluene content in gasoline: 

• Volume to be transferred = 265,0 m³; 
• Transfer rate = 75 m³/h; 
• Duration of transfer = 3.5 h; 
• Ideal gas constant:  R = 8.314 J/mol. K; 
• Mass fraction = 25.0 %; 
• Molar fraction = 21.9 %; 
• Vapour pressure at 10°C = 0.25 psi; 
• Partial pressure = 21.9 % x 0.25 psi = 0.055 psi = 0.377 kPa; 
• Emission during filling = 0.377 kPa x 265 m³ x 1,000 l/m³/8.314 J/mol. K/283.15 °K x 92.14 g/mol = 3,910 g; and 
• Emission rate = 3,910 g/3.5 h/3,600 s/h = 0.308 g/s. 

Product storage during an entire year and tank filling once a year, from the beginning of July to the end of October, 
were considered for the calculation of the emission rates and modeling. Operation hours are from Monday to Sunday, 
24 hours. The model was configured to consider tank filling hours. Storage was excluded from the modeling of 
contaminants in the atmosphere because emissions released as a result of this activity are very small compared to 
that of tank filling. Emissions from tank breathing throughout the year are small, with a ratio of 1/100 versus filling 
rates. The maximum and overestimated results were compared with the standards, criteria or thresholds with a ratio 
of 1/100, and exceedance is not expected. 

As part of this study, two filling scenarios with projected tanks and an optional scenario with a floating roof on the fuel 
tank are considered. Table 7 presents the different modeled scenarios and tanks parameters. The scenarios are 
carried out one at a time since the filling of the tanks is also done one at a time. The gasoline scenario presents only 
one possible tank.  

As for the diesel scenario, there can be three tanks on site, however, only tank #9 was considered as it represents 
the worst case for the diesel filling scenario due to its proximity to the property line and the fact that it is the tank that 
will receive the most diesel when filling. According to these scenarios, all the worst cases for all products are 
considered, continuously for the period of the year when filling operations can take place. 

Finally, a final scenario with a floating roof on the gas tank only will be evaluated. The addition of a floating roof on 
this tank reduces the emission rates of this source by 93.41% according to a study by the operator.  
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Table 7:  Different Atmospheric Modeling Scenarios 
Scenario Tank Modeling ID 

Filling the fuel tank with and without floating roof Tank #2 R_2_EV 

Filling the diesel tank Tank #9 
R_9_EV1 & 
R_9_EV2 

Filling the storage tanks gas station tank Tank #11 R_11_EV_DI 
Filling a tank truck with diesel Tank truck CAM_EV_DI 

Tables 8, 9, and 10 present the parameters used to calculate the emission rates. Filling takes place at a constant 
temperature of 283.15 K (Maximum temperature observed according to climatic normals). Filling times for gasoline 
and diesel are 3.5 and 20.0 hours, respectively. The filling time is calculated based on the tank volume and the transfer 
rate (constant which depends on the scenario). These parameters are the maximums that can be had during a year. 

Remember that the gray cells in Table 10 are no longer to be considered in the dispersion, because the emission 
source for gasoline from tank #11 no longer releases into the atmosphere. The information is for reference.  

Table 8:  General Settings for Calculations of Emission Rates When Filling 

Parameter Unit Value Note 
Ideal gas constant R J/mol. K 8.314 

Max Tank 
Temperature 

°C 10 
°F 50 
°K 283.15 

 

Table 9:  Tank Parameters for Filling Emission Rate Calculations 

Parameter Unit 
Tanks Storage 

Tank #1 Tank #2 Tank #9 Tank #10 
Fuel - Diesel Gasoline Diesel Diesel 
Tank Capacity m³ 1,600 333.5 1,816 620 
Annual volume transferred m³/an 1,600 265 1,800 620 
Transfer rate m³/h 90 75 90 90 
Transfer duration h/an 17.8 3.5 20.0 6.9 
Number of emission points 
into the atmosphere 

- 2 1 2 2 
- Gooseneck vents Valve with straight vent Gooseneck vents Gooseneck vents 

 

Table 10:  Compartmented Tank and Tank Parameters for Transshipment Emission Rate 
Calculations 

Parameter Unit 
Tank #11 

Tank truck 
Tank #11 Gasoline Tank #11 Diesel 

Fuel  Gasoline Diesel Diesel 
Tank Capacity m³ 23.101 11.691 18.000 
Annual volume transferred m³/an 265.0 73.3 1 362.1 
Transfer rate m³/h 9.0 22.8 48.0 
Duration of a filling h 2.57 0.51 0.38 
Annual transfer duration h/an 29.4 3.2 28.4 
Number of emission points 
into the atmosphere 

- 0 1 1 
- Directed towards Tank #2 in closed loop Straight vent Gooseneck vents 
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Detailed calculations of emission rates are presented in Appendix E. All parameters used in the calculations are 
documented. 

The calculated instantaneous emission rates correspond to the emission of saturated vapors during transfer to a Tank. 
The daily rates correspond to these same transfer emissions, weighted over 24 hours by considering the actual 
duration of filling.  

5 MODELING RESULTS 

The atmospheric dispersion modeling results allowed the assessment of the maximum contaminant loads under study 
in the ambient air for periods of 1 hour, 8 hours, 24 hours and of the average annual concentration. The contaminant 
dispersion results are provided in the form of concentration isolines in Appendix F. The 50 highest concentrations for 
periods of 1 hour, 8 hours, 24 hours and one year are listed in table form in Appendix G. 

5.1  AERMOD Model and Source Types 

The AERMOD model was designed to be conservative and overestimates contaminant concentrations. 
This characteristic of the AERMOD software is well documented in technical literature. Fugitive emissions, modeled 
as volume and/or capped vertical sources, are especially overestimated by AERMOD due to the absence of ascending 
speed. Under the current modeling conditions for this project, in which the number of volume sources is high, the 
maximum concentrations were obtained in a light wind condition (approximately 1 m/s). 

Analyzing the results in light wind further was essential because the acceptability of the project was at stake. 
The maximum values obtained with 99th percentile values are presented below to show the considerable difference 
between values under overestimated conditions. 

5.2 Comprehensive Results and 99th Percentile 

The following tables present the values for all products transferred to the site and the 99th percentile values for 
compounds that showed exceedances. According to FCNQ Petro's operating procedures for filling Tanks, this 1% of 
the highest values represents a possibility of approximately 29 hours (4 months*30 days*24 hours*1%). As the total 
filling times of the Tanks are 17.8, 3.5, 20 and 6.9 hours for a total of 48 hours out of the 2,880 hours (1.7% of the 
time) of the four months possible for these operations, the probabilities of unloading during an hour showing 
unfavorable metrological conditions are even lower. Let us also remember that the possible 48 hours of unloading 
from the ship to the Tanks represent 0.5% of the time annually. Regarding transshipments between the storage tanks 
and the compartmentalized tank of the service station or in a tank truck, these show lower emission rates due to their 
lower transfer rates and can be carried out at any time during the year, when the operator decides. Thus, these 
activities can be controlled and carried out at convenient times to minimize the impact. 

According to Table 12, diesel transfers always meet all associated standards and criteria. Standards have been 
exceeded in the transfer of Gasoline for toluene, xylene, isopentane, ethanol, n-heptane, n-hexane, ethylbenzene, 
cyclohexane, benzene, and gasoline (>C3). Gasoline transfer results are shown in Table 13 and Table 14 for sensitive 
receptors. For this reason, mitigation options depending on wind speed and direction are considered in Section 6. 

In summary, Table 11 shows exceedances of the thresholds (standards and criteria) for the transfer of Gasoline, 
values meeting or near the 99th percentile thresholds at the property line and meeting the 99th percentile thresholds at 
the receptors sensitive. There is no excess for diesel transfer. 
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Table 11:  Respect of Thresholds for the Transfer of Gasoline 

Contaminant CAS Norm or Criteria 
Application Limit Sensitive Receptors 

At all times 99th centile At all times 99th centile 
Toluene 108-88-3 Norm         
Xylene (o,m,p) 1330-20-7 Norm (see note)         
Octane 111-65-9 Criteria (see note) ✓ ✓ ✓ ✓ 
Isopentane 78-78-4 Criteria (see note)       ✓ 
Ethanol 64-17-5 Norm       ✓ 
n-Heptane 142-82-5 Criteria   ✓ ✓ ✓ 
n-Hexane 110-54-3 Norm   ✓ ✓ ✓ 
1,2,4-Trimethylbenzene 95-63-6 Criteria (see note) ✓ ✓ ✓ ✓ 
Ethylbenzene 100-41-4 Norm   ✓ ✓ ✓ 
Cyclohexane 110-82-7 Criteria   ✓ ✓ ✓ 
Benzene 71-43-2 Norm     ✓ ✓ 
Gasoline (>C3) 86290-81-5 Criteria         

 

Table 12:  Diesel Transfer Results 

Contaminant CAS Norm or 
Criteria 

Results [µg/m³] 
Results: Percentage of Limit 

Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Toluene 108-88-3 Norm 184.1 96.4 - - 74.0% - - - 

Xylene (o,m,p) 1330-20-7 Norm  
(see note) 51.5 27.0 - 0.067 57.6% - - 40.3% 

Octane 111-65-9 Criteria  
(see note) - 92.6 - 0.226 - 2.6% - 0.06% 

Ethylbenzene 100-41-4 Norm 58.9 30.9 - 0.034 26.9% - - 1.5% 
Diesel Fuel C9-C18 
Branched and Linear 
Alkanes 

1159170-26-9 Criteria 275.2 144.2 - 0.068 - 13.7% - - 

Nonane 111-84-2 Criteria 110.4 57.9 - 0.071 1.4% - - 0.0% 
Diesel fuels 68334-30-5 Criteria - 480.6 - 0.361 - 48.1% - 9.02% 
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Table 13:  Gasoline Transfer Results 

Contaminant CAS Norm or Criteria 
Results [µg/m³] 

Results: Percentage of Limit Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Toluene 108-88-3 Norm 19,030.2 9,968.9 - - 3,215.0% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 4,262.8 2,233.0 - 0.067 1,260.8% - - 40.3% 
Butane 106-97-8 NA - - - - - - - - 
Octane 111-65-9 Criteria (see note) - 3,445.3 - 0.226 - 98.4% - 0.1% 
Isopentane 78-78-4 Criteria (see note) 372,687.6 195,231.7 - 6.936 9,813.1% - - 6.6% 
Ethanol 64-17-5 Norm 14,615.2 7,656.1 - - 4,298.6% - - - 
n-Heptane 142-82-5 Criteria 7,155.4 3,748.3 - - 263.3% - - - 
n-Hexane 110-54-3 Norm 23,140.7 12,122.2 - 0.324 439.3% - - 2.4% 
1,2,4-Trimethylbenzene 95-63-6 Criteria (see note) 152.2 79.8 - 0.002 49.5% - - 20.0% 
Ethylbenzene 100-41-4 Norm 974.3 510.4 - 0.034 150.6% - - 1.5% 
Cyclohexane 110-82-7 Criteria 8,677.8 4,545.8 - - 607.5% - - - 
Benzene 71-43-2 Norm - - 18.9 - - - 218.8% - 
Gasoline (>C3) 86290-81-5 Criteria 1,351,176.6 707,811.4 - - 180,156.9% - - - 

Results at the 99th percentile of ambient concentrations 
Toluene 108-88-3 Norm 1,655.8 867.4 -  319.3% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 370.9 194.3 -  148.8% - - - 
Isopentane 78-78-4 Criteria (see note) 32,428.0 16,987.4 -  858.9% - - - 
Ethanol 64-17-5 Norm 1,271.7 666.2 -  374.0% - - - 
n-Heptane 142-82-5 Criteria 622.6 326.1 -  24.9% - - - 
n-Hexane 110-54-3 Norm 2,013.5 1,054.8 -  40.6% - - - 
Ethylbenzene 100-41-4 Norm 84.8 44.4   30.4%    
Cyclohexane 110-82-7 Criteria 755.1 395.5 -  55.4% - - - 
Benzene 71-43-2 Norm - - 13.2  - - 162.3% - 

Gasoline (>C3) 86290-81-5 Criteria 117,567.6 61,587.6 -   15,675.7% - - - 
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Table 14:  Gasoline Transfer Results at Sensitive Receptor Residence 1 

Contaminant CAS Norm or Criteria 
Results [µg/m³] 

Results: Percentage of Limit Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Toluene 108-88-3 Norm 1,703.1 892.2 - - 327.2% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 381.5 199.8 - 8.00E-03 151.9% - - 40.0% 
Octane 111-65-9 Criteria (see note) - 308.3 - 3.42E-02 - 8.8% - 0.0% 
Isopentane 78-78-4 Criteria (see note) 33,353.3 17,472.1 - 4.81E-01 883.2% - - 4.0% 
Ethanol 64-17-5 Norm 1,308.0 685.2 - - 384.7% - - - 
n-Heptane 142-82-5 Criteria 640.4 335.5 - - 25.6% - - - 
n-Hexane 110-54-3 Norm 2,071.0 1,084.9 - 2.26E-02 41.7% - - 2.2% 
1,2,4-Trimethylbenzene 95-63-6 Criteria (see note) 13.6 7.1 - 1.46E-04 26.0% - - 20.0% 
Ethylbenzene 100-41-4 Norm 87.2 45.7 - 6.28E-03 30.7% - - 1.5% 
Cyclohexane 110-82-7 Criteria 776.6 406.8 - - 56.9% - - - 
Benzene 71-43-2 Norm - - 2.2 - - - 52.2% - 
Gasoline (>C3) 86290-81-5 Criteria 120,922.2 63,344.9 - - 16,123.0% - - - 

Results at the 99th percentile of ambient concentrations 
Toluene 108-88-3 Norm 111.3 58.3 -  61.9% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 24.9 13.1 -  50.0% - - - 
Isopentane 78-78-4 Criteria (see note) 2,178.8 1,141.4 -  62.9% - - - 
Ethanol 64-17-5 Norm 85.4 44.8 -  25.1% - - - 
Gasoline (>C3) 86290-81-5 Criteria 7,899.2 4,138.0 -  1,053.2% - - - 
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5.3 Concentration Contour Curves Analysis 

The hourly concentration contour curves generated by the model show the maximum modeled concentrations for all 
receptors individually, for all hours of the modeled period. The Results obtained therefore do not necessarily occur at 
the same times across the entire meteorological dataset. Curves that connect points of the same concentrations are 
drawn with the Results, thus forming what are called concentration or iso-concentration isoline curves. To obtain 
concentration contour curves over periods greater than one hour, the rolling averages of the hourly concentrations for 
the calculation points are estimated for the modeled period, and the maximums retained are used to draw the curves. 
Finally, the annual curves are produced based on the averages of all Hourly Results for the years separately and the 
corresponding maxima over the entire modeling domain are plotted. Concentration contour maps are a visual tool for 
assessing the extent and effectiveness of atmospheric dispersion from emission sources individually or in groups. 

Figure 12 presents the concentration contour curves over the hourly period with a cut-off of the hourly limit value 
minus the background adjusted proportionally according to the adjustment factor over 4 minutes for toluene and Figure 
13 shows the concentration contour curves over the 24-hour period for benzene. Curves for toluene, isopentane and 
benzene are available in Appendix F. 

Figure 12:  Concentration Isolines for Toluene Over the Hourly Period 
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Figure 13:  Concentration Isolines for Benzene Over the 24-Hour Period 
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6 MITIGATION MEASURES AND REVISED RESULTS 

As noted in Section 5.2, Modeling Results indicate exceedance of standards for toluene, xylene, isopentane, ethanol, 
n-heptane, n-hexane, ethylbenzene, cyclohexane, benzene, and gasoline (>C3). Exceeding standards also impacts 
sensitive receptors. These exceedances of norms only occur during the transfer of Gasoline. For this reason, mitigation 
measures are only proposed for the transfer of Gasoline. 

6.1 Proposed Mitigation Measures 

The Results show that exceedances of the norms at sensitive receptors occur when the wind speed is less than 3 m/s 
and in the direction of the sensitive receptors. To avoid these exceedances of the norm, the parameters of the 
AERMOD model have been modified. The transfer of the Gasoline will now be carried out if the wind speed is greater 
than 3 m/s with winds coming from the South, East and West. Figure 7 shows the direction of the prevailing winds 
relative to the village. Unloading for Gasoline should be carried out with such wind speed and/or if possible, considering 
the wind direction. According to the wind rose, winds towards the village and/or below 3 m/s are uncommon. The 
weather data to be taken into consideration during the transfer of the Gasoline will come from the Weather Network 
and the ship's weather station. 

6.2 Revision of the Atmospheric Dispersion 

The atmospheric dispersion with AERMOD was taken up considering that the transfer of Gasoline takes place provided 
that the wind speed is greater than 3 m/s (Variable Emissions – By Wind Speed). Table 15 presents the exceedances 
of the thresholds for toluene, xylene, isopentane, ethanol, benzene, and gasoline (>C3) beyond the property limit. 
Sensitive receptor results comply with the standard except for toluene, isopentane, ethanol and gasoline (>C3). The 
AERMOD model options do not allow you to select a transfer condition for a given wind direction. If we consider that 
the transfer of Gasoline occurs if the wind is not in the direction of the sensitive receptors and greater than 3 m/s, the 
thresholds would probably be respected at the sensitive receptors except for isopentane and gasoline (> C3). 

It should also be noted that some Results show exceedances of standards outside the property line, however these 
occur nearby and in uninhabited areas. Table 16 shows that there are no thresholds exceeded at the 99th percentile 
for sensitive receptors, except for gasoline (>C3). The results of the dispersion of toluene, isopentane and benzene 
with these mitigation measures are available as concentration contour maps in Appendix F. 

Finally, in order to put the values obtained in context, Appendix C presenting the Gasoline safety data sheet shows 
the workplace exposure limits (TLV-TWA and TLV-STEL) of different Canadian provinces and American. The 
concentrations in ppm or mg/m3 of the limits that can be observed, instead of the µg/m3 of the modeling, show that 
despite high concentrations in the modeling, the latter are always much lower than the suggested limits. 

6.3 Attenuated Complete Results and 99th Percentile 

Attenuated Gasoline transfer results at the 99th percentile for compounds that showed exceedances in Section 5.2 are 
presented in Table 15 and Table 16 for sensitive receptors. Only gasoline (>C3) presents exceedances at the 99th 
percentile for the sensitive receptor “Residence 1”.  

 

 

https://www.meteomedia.com/ca/meteo/quebec/salluit?wx_auto_reload=
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Table 15:  Attenuated Results for Gasoline Transfer 

Contaminant CAS Norm or Criteria 
Results [µg/m³] 

Results: Percentage of Limit Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Toluene 108-88-3 Norm 1,596.9 836.5 - - 309.5% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 357.7 187.4 - 0.067 145.1% - - 40.3% 
Butane 106-97-8 NA - - - - - - - - 
Octane 111-65-9 Criteria (see note) - 289.1 - 0.226 - 8.3% - 0.1% 
Isopentane 78-78-4 Criteria (see note) 31,273.2 16,382.4 - 6.936 828.5% - - 6.6% 
Ethanol 64-17-5 Norm 1,226.4 642.4 - - 360.7% - - - 
n-Heptane 142-82-5 Criteria 600.4 314.5 - - 24.1% - - - 
n-Hexane 110-54-3 Norm 1,941.8 1,017.2 - 0.324 39.3% - - 2.4% 
1,2,4-Trimethylbenzene 95-63-6 Criteria (see note) 12.8 6.7 - 0.002 25.9% - - 20.0% 
Ethylbenzene 100-41-4 Norm 81.8 42.8 - 0.034 30.0% - - 1.5% 
Cyclohexane 110-82-7 Criteria 728.2 381.5 - - 53.5% - - - 
Benzene 71-43-2 Norm - - 9.1 - - - 121.0% - 
Gasoline (>C3) 86290-81-5 Criteria 113,380.8 59,394.3 - - 15,117.4% - - - 

Results at the 99th percentile of ambient concentrations 
Toluene 108-88-3 Norm 808.2 423.4 - - 178.0% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 181.0 94.8 - - 94.6% - - - 
Isopentane 78-78-4 Criteria (see note) 15,828.5 8,291.7 - - 422.1% - - - 
Ethanol 64-17-5 Norm 620.7 325.2 - - 182.6% - - - 
Gasoline (>C3) 86290-81-5 Criteria 57,386.2 30,061.7 - - 7,651.5% - - - 
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Table 16:  Attenuated Results for Gasoline Transfer at Sensitive Receptor Residence 1 

Contaminant CAS Norm or Criteria 
Results (µg/m³) 

Results: Percentage of Limit Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Toluene 108-88-3 Norm 524.1 274.6 - - 130.7% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 117.4 61.5 - 8.00E-03 76.4% - - 40.0% 
Butane 111-65-9 Criteria (see note) - 94.9 - 3.42E-02 - 2.7% - 0.0% 
Octane 78-78-4 Criteria (see note) 10,264.4 5,377.0 - 4.81E-01 275.6% - - 4.0% 
Isopentane 64-17-5 Norm 402.5 210.9 - - 118.4% - - - 
Ethanol 142-82-5 Criteria 197.1 103.2 - - 9.4% - - - 
n-Heptane 110-54-3 Norm 637.3 333.9 - 2.26E-02 14.7% - - 2.2% 
n-Hexane 95-63-6 Criteria (see note) 4.2 2.2 - 1.46E-04 24.4% - - 20.0% 
1,2,4-Trimethylbenzene 100-41-4 Norm 26.8 14.1 - 6.28E-03 22.5% - - 1.5% 
Ethylbenzene 110-82-7 Criteria 239.0 125.2 - - 19.4% - - - 
Cyclohexane 71-43-2 Norm - - 1.2 - - - 41.6% - 
Benzene 86290-81-5 Criteria 37,213.5 19,494.2 - - 4,961.8% - - - 

Results at the 99th percentile of ambient concentrations 
Toluene 108-88-3 Norm 48.9 25.6 - - 51.5% - - - 
Xylene (o,m,p) 1330-20-7 Norm (see note) 10.9 5.7 - - 46.0% - - - 
Isopentane 78-78-4 Criteria (see note) 957.1 501.4 - - 30.7% - - - 
Ethanol 64-17-5 Norm 37.5 19.7 - - 11.0% - - - 
Gasoline (>C3) 86290-81-5 Criteria 3,469.8 1,817.6 - - 462.6% - - - 
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6.4 Concentration Contour Curves Analysis of Attenuated Results 

Figure 14 shows the concentration contours over the 4-minute period for toluene and Figure 15 shows the 
concentration contours over the 24-hour period for benzene. Curves for attenuated toluene, isopentane and benzene 
are available in Appendix F. 

 

Figure 14:  Concentration Isolines for Attenuated Toluene Over the Hourly Period 
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Figure 15:  Concentration Isolines for Attenuated Benzene Over the 24-Hour Period 

 
The proposed mitigation measures significantly reduce the maximum ambient concentrations of problematic 
contaminants: toluene, xylene, isopentane, ethanol, n-heptane, n-hexane, ethylbenzene, cyclohexane, benzene, and 
gasoline (>C3) beyond the industrial limit. Only an excess for gasoline (>C3) is observed at sensitive receptors at the 
99th percentile as presented in Table 16.  

6.5 Other Possible Mitigation Measures 
Unlike fixed roof tanks, floating roof tanks have an internal roof that rests on the surface of the stored liquid. The 
floating roof rises and falls with the liquid level, reducing the empty space above the liquid. Floating roof tanks have 
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several environmental advantages compared to fixed roof tanks. Their design reduces harmful vapor emissions by 
limiting the evaporation of volatile compounds, thus improving air quality. Additionally, they minimize the risk of spills 
and explosions by reducing the formation of flammable vapors, thereby enhancing environmental safety. 

Thus, the installation of floating roof tanks would allow reductions of approximately 93.41% in maximum concentrations 
in the ambient air. The following tables present the Modeled Results of problematic contaminants with Floating Roof 
Tanks for scenarios with and without mitigation (wind speed and direction). 

It should be noted that the Gasoline ingredient (>C3) with the new ambient air criteria requested for the project analysis 
shows values above the limit with and without attenuation for wind speed with a floating roof. In order to assess the 
real dangerousness of the ingredient which is in itself the combination of all the other ingredients, we analyzed the 
product safety data sheet provided by the manufacturer. The sheet shows for the ingredient Gasoline (>C3) a short-
term exposure limit (STEL) of 500 ppm and a time-weighted exposure limit value (TLV-TWA) of 300 ppm. Assuming 
a molar mass of 110 g/mol and using the law conversion from ppm to mg/m3 for an ideal gas at reference parameters 
we obtain 1,349.7 mg/m3 and 2,249.5 mg/m3. 

By comparing the values obtained for all scenarios with mitigation measures, it appears that the values are well below 
these limit values. Note that the other exposure limit values in the safety data sheets are clearly respected for the 
other ingredients. Finally, considering that the highest emission rates will occur for a maximum of 3.5 hours per year 
during the filling of the Gasoline Tank, we can claim that emissions will at least respect the limits imposed by 
occupational safety organizations. 

Table 17:  Results for Transferring Gasoline with a Floating Roof Tank 

Contaminant CAS Norm or 
Criteria 

Results [µg/m³] Results: Percentage of Limit Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Toluene 108-88-3 Norm 1,254.1 657.0 -  252.3% - - - 

Xylene (o.m.p) 1330-20-7 Norm  
(see note) 280.9 147.2 - 0.067 123.1% - - 40.3% 

Isopentane 78-78-4 Criteria 
(see note) 24,560.1 12,865.8 - 6.936 651.8% - - 6.6% 

Ethanol 64-17-5 Norm 963.1 504.5 -  283.3% - - - 
Gasoline (>C3) 86290-81-5 Criteria 89,042.5 46,644.8 -  11,872.3% - - - 

Results at the 99th percentile of ambient concentrations 
Gasoline (>C3) 86290-81-5 Criteria 7,747.7 4,058.6 -  1,033.0% - - - 

Maximum concentrations observed at sensitive receptors (Residence 1) 
Gasoline (>C3) 86290-81-5 Criteria 7,968.8 4,174.4 - - 1,062.5% - - - 

Results at the 99th percentile of ambient concentrations 
Gasoline (>C3) 86290-81-5 Criteria 520.6 272.7 -  69.4% - - - 
 

Table 18:  Results for Attenuated Fuel Transfer (Wind > 3m/S) with a Floating Roof Tank 

Contaminant CAS Norm or 
Criteria 

Results [µg/m³] Results: Percentage of Limit Value 
(including initial concentration) 

4 min 1h 24h 1 an 4 min 1h 24h 1 an 
Gasoline (>C3) 86290-81-5 Criteria 7,471.8 3,914.1 -   996.2% - - - 

Results at the 99th percentile of ambient concentrations 
Gasoline (>C3) 86290-81-5 Criteria 3,781.8 1,981.1 -   504.2% - - - 

Maximum concentrations observed at sensitive receptors (Residence 1) 
Gasoline (>C3) 86290-81-5 Criteria 2,452.4 1,284.7 -   327.0% - - - 

Results at the 99th percentile of ambient concentrations 
Gasoline (>C3) 86290-81-5 Criteria 228.7 119.8 -   30.5% - - - 
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7 CONCLUSION 

Atmospheric dispersion modeling made it possible to assess the ambient air quality in the vicinity for its installation 
located at latitude 59°18'24.49"N and longitude 69°36'7.17"W of FCNQ Petro. The fuel distributor wishes to increase 
its storage capacity at its Aupaluk petroleum product distribution park. Atmospheric modeling with AERMOD considers 
all site transfer activities. Diesel and Gasoline transfer scenarios are considered in atmospheric dispersion modeling. 

Atmospheric dispersion modeling has revealed that several limit values for standards and criteria are not respected in 
the worst case under certain very specific and infrequent conditions due to the low number of hours of operations 
which can cause exceedances. 

The results of the study also show that all standards are respected for the transfer of diesel. Atmospheric dispersion 
modeling has highlighted air quality issues associated with the transfer of Gasoline for the standards and criteria of 
toluene, xylene, isopentane, ethanol, n- heptane, n-hexane, ethylbenzene, cyclohexane, benzene and gasoline (>C3). 
Exceedances of standards and criteria are observable outside the property boundary and at the location of sensitive 
receptors, for these contaminants in the case of the transfer of Gasoline. 

Following the analysis of the results, mitigation measures can be proposed to reduce the impact of Gasoline transfer 
activities on ambient air quality and respect the limit concentrations of ingredients having a standard: 

• Transfer of the Gasoline provided that a weak wind (<3 m/s) does not blow from the site towards the residences. 
The wind should not come from the north since the sensitive receptors are located to the south of the site. 

These measures make it possible to significantly lower the maximum ambient concentrations of problematic 
contaminants. There are exceedances of the thresholds for toluene, xylene, isopentane, ethanol, benzene and 
gasoline (>C3) beyond the property limit and only one exceedance for gasoline (>C3) to sensitive receptors. 

The proposed mitigation measures make it possible to meet the limit values for sensitive receptors at the 99th 
percentile, with the exception of gasoline (>C3). The limit value of gasoline (>C3) would be respected at the location 
of sensitive receptors only in the scenario of a floating roof with attenuation at the 99th percentile as presented in Table 
18. 

Despite these recommendations, it must however be remembered that the current situation which has remained 
unchanged since 2007 for Gasoline management activities will in no way be impacted by the project for diesel, 
because only sources of emissions for diesel are added. 

Finally, it is our opinion that the very low probability of obtaining exceedances at sensitive receptors, taking into 
account the short periods of exposure and operation, as well as the exposure limits in the workplace must be taken 
into account in the interpretation of the Results in order to determine the real risk of periodic filling operations.  
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APPENDIX A - FACILITY PLAN 
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APPENDIX B - LIMIT VALUES AND INITIAL CONCENTRATIONS 

  



Tetra Tech QI inc, 715-46960TTA
2023-11-07 Aupaluk

Limit values and initial concentrations of contaminants

Limit Value [µg/m³] Initial Concentration [µg/m³]
4min 1h 24h 1 y 4min 1h 24h 1 y

Toluene 108-88-3 Norm 600 260
Xylene (o,m,p) 1330-20-7 Norm (see note) 350 20 150 8 Additivity

Octane 111-65-9 Criteria (see note) 3,500 350 0 0 Additivity
Isopentane 78-78-4 Criteria (see note) 3,800 240 210 9 See Table 2 (additional criterion over 1 year only),

Ethanol 64-17-5 Norm 340 0
n-Heptane 142-82-5 Criteria 2,740 60
n-Hexane 110-54-3 Norm 5,300 140 140 3

1,2,4-TrimEthylbenzene 95-63-6 Criteria (see note) 590 15 140 3 Additivity
Ethylbenzene 100-41-4 Norm 740 200 140 3
Cyclohexane 110-82-7 Criteria 1,435 40

Benzene 71-43-2 Norm 10 3
Diesel Fuels 68334-30-5 Criteria 1,000 4 0 0

Diesel Fuel C9-C18 Alkane - branched and linear 1159170-26-9 Criteria 0 1,052 0 0 0
Nonane 111-84-2 Criteria 11,500 442 45 0

Gasoline (>C3) 86290-81-5 Criteria 750 0
Butane 106-97-8 NA No modeling required for this substance,

Norm ou CriteriaContaminant CAS Notes
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APPENDIX C - PRODUCT COMPOSITION 

  



Tetra Tech QI inc. 715‐46960TTA
2023‐10‐31 Aupaluk

Composition of stored petroleum products

Gasoline Diesel

Essence (Gasoline (>C3)) 86290‐81‐5 SEPR 100%
Toluene 108‐88‐3 Norm 25% 1%
Xylene 1330‐20‐7 Norm 20% 1%
Butane 106‐97‐8 Excluded 20%
Octane 111‐65‐9 Criteria 18% 2%
2‐methylbutane (Isopentane) 78‐78‐4 Criteria 15%
Ethanol 64‐17‐5 Norm 10%
Heptane 142‐82‐5 Criteria 5%
n‐Hexane 110‐54‐3 Norm 5%
1,2,4‐trimethylbenzene 95‐63‐6 Criteria 5%
Ethylbenzene 100‐41‐4 Norm 4% 1%
Cyclohexane 110‐82‐7 Criteria 3%
Benzene 71‐43‐2 Norm 1.5%
Diesel fuels 68334‐30‐5 SEPR 100%
Diesel fuel C9‐C18 branched and linear alkanes 1159170‐26‐6 N/A 30%
Nonane 111‐84‐2 Criteria 3%
Total 231.5% 138.0%

The sum of the mass fractions exceeds 
100% since the DS indicates the maximum 
concentration possible in the product

Maximum Mass Fraction According to 
DSProduct CAS

Type of Limit 
Value
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"231?H123482 CV MNK [HPVRCKZPDVa N++/7/, 3==-;3*1/=/01 90 MCVZiC NVZPJDPKDV]90 =-;/430> V/ JNK
2*3,/ ?:=3,> CV MNK [C MDVZNMZ N@CM )N JCNh F:9 7/. 45/?/9_G a C07/?/, 3==-;3*1/=/01
1:9. 7/. ?L1/=/01. 4:01*=30-.> i304/, 7* +/*9 < 7c/*9> C0 4*. ;c3,,31*13:0 491*0-/ a [/=*0;/, 90
*?3. =-;34*7]M:0.971/, 90 =-;/430> CV MNK [cPVUN)NZPDV a Z,*0.+:,1/, 7* +/,.:00/ <
7c/_1-,3/9, /1 7* =*301/03, ;*0. 90/ +:.313:0 :j /77/ +/91 4:02:,1*E7/=/01 ,/.+3,/,> CV MNK
;c/_+:.313:0 +,:9?-/ :9 .9.+/41-/ a [/=*0;/, 90 *?3. =-;34*7]M:0.971/, 90 =-;/430> N++/7/,
90 MCVZiC NVZPJDPKDV]90 =-;/430 /0 4*. ;/ =*7*3./> C07/?/, 7/. ?L1/=/01. 4:01*=30-. /1
7/. 7*?/, *?*01 ,-91373.*13:0> C0 4*. ;c304/0;3/ a 91373./, 90 *6/01 ;c/_130413:0 *++,:+,3-> i/49/3773,
7/ +,:;931 ,-+*0;9>

*386K7E1 Z/03, *9 2,*3.> K1:4k/, ;*0. 90 /0;,:31 E3/0 ?/0137-> Q*301/03, 7/ ,-43+3/01 2/,=- ;/ =*03g,/
-1*045/> R*,;/, .:9. 47/2>

);4<4273482 O73=30/, 7/ 4:01/09],-43+3/01 4:02:,=-=/01 < 7* ,-67/=/01*13:0
7:4*7/],-63:0*7/]0*13:0*7/]301/,0*13:0*7/>

@>3?19 072E1?9 N9490F/G 4:009F/G>
,12914E21<1239
9>::;C<12374?19

N9490/>

S/ #8<:8943482F4258?<73482 9>? ;19 42E?C041239
*>=9372619
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6O4<4P>1
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#829343>7239 (><C?8
0D12?1E493?1<123 #@*

T

M\47:5/_*0/ ""!'#%'X ! ' S

^/0Ag0/ X"'WS'% ! ' ">(

)H/../04/ /.1 90 =-7*06/ 4:=+7/_/ ;H5\;,:4*,E9,/. 3..9. ;/ +79.3/9,. +,:4-;-. 453=389/.
=-7*06-. ./7:0 7/. .+-43234*13:0. .1*0;*,;. ;9 +,:;931>

,1<7?P>19 9>? ;7 68<:8943482

U/ L?1<41?9 98429
Z,*0.+:,1/, 7* ?3413=/ < 7H/_1-,3/9, /1 7* =*301/03, *9 ,/+:. ;*0. 90/ +:.313:0 :j /77/ +/91
4:02:,1*E7/=/01 ,/.+3,/,> N++/7/, 90 MCVZiC NVZPJDPKDV :9 90 =-;/430 /0 4*. ;/ =*7*3./>

"2O7;73482

C07/?/, 3==-;3*1/=/01 1:9. 7/. ?L1/=/01. 4:01*=30-.> i304/, 7* +/*9 < 7H/*9]./ ;:945/,> C0 4*.
;c3,,31*13:0 491*0-/ a [/=*0;/, 90 *?3. =-;34*7]M:0.971/, 90 =-;/430> )*?/, 7/. ?L1/=/01.
4:01*=30-. *?*01 ,-91373.*13:0>

#823763 7H16 ;7 :17>

i304/, 3==-;3*1/=/01 7/. \/9_ *E:0;*==/01 < 7H/*9 +/0;*01 *9 =:30. "( =3091/.> C07/?/, 7/.
7/01377/. ;/ 4:01*41 .3 7* ?3413=/ /0 +:,1/ /1 .3 /77/. +/9?/01 L1,/ 2*437/=/01 /07/?-/.> M:0.971/, 90
=-;/430 .3 90/ 3,,31*13:0 ./ ;-?/7:++/ /1 +/,.3.1/>

#823763 7H16 ;19 A1>Q

N++/7/, 3==-;3*1/=/01 90 =-;/430 :9 90 4/01,/ *013+:3.:0> i304/, 7* E:945/> V/ +*. 2*3,/
?:=3,> C0 4*. ;/ ?:=3../=/01I 6*,;/, 7* 1L1/ E*../ +:9, -?31/, 90/ +-0-1,*13:0 ;9 4:01/09 ;/
7H/.1:=*4 ;*0. 7/. +:9=:0.>

"2E193482

)H*.+3,*13:0 +/91 +,:?:89/, 90 :/;g=/ +97=:0*3,/ /1 90/ +0/9=:031/> J/91 +,:?:89/,
.:=0:7/04/ /1 ;/. ?/,136/.> Q*9_ ;/ 1L1/> V*9.-/I ?:=3../=/01.> )/ 4:01*41 ;3,/41 *?/4 7/. \/9_
+/91 4*9./, 90/ 3,,31*13:0 1/=+:,*3,/> P,,31*13:0 ;/ 7* +/*9> J/91 +,:?:89/, ;/. ,:96/9,. /1 ;/.
;:97/9,.>

*A<:3V<19 13 155139 ;19 :;>9
4<:8?37239W P>D4;9 984123 74E>9
8> ?137?0C9

[:00/, ;/. .:30. 6-0-,*9_ /1 1,*31/, /0 2:0413:0 ;/. .\=+1m=/.> ^,d79,/. 15/,=389/. a i304/,
3==-;3*1/=/01 *?/4 ;/ 7c/*9> Z:91 /0 ,30n*01I ,/13,/, 7/. ?L1/=/01. 893 0/ 4:77/01 +*. < 7* A:0/
1:945-/> N++/7/, 90/ *=E97*04/> M:01309/, < ,304/, +/0;*01 7/ 1,*0.+:,1 ?/,. 7c5m+31*7> R*,;/, 7*
?3413=/ /0 :E./,?*13:0> )/. .\=+1m=/. +/9?/01 L1,/ ,/1*,;-.>

R123482 01 ;7 2C619943C 0D>21
:?491 12 6O7?E1 <C0467;1
4<<C04731 8> 0D>2 3?7431<123
9:C647;W 94 2C619974?1

C07/?/, 3==-;3*1/=/01 1:9. 7/. ?L1/=/01. 4:01*=30-.> CV MNK ;c/_+:.313:0 +,:9?-/ :9
.9.+/41-/ a [/=*0;/, 90 *?3. =-;34*7]M:0.971/, 90 =-;/430> C0 4*. ;/ =*7*3./I ;/=*0;/, 90
*?3. =-;34*7 F=:01,/, 7H-1389/11/ ;9 +,:;931 7:,.89/ +:..3E7/G> Kc*..9,/, 89/ 7/ +/,.:00/7 =-;34*7
/.1 *?/,13 ;9 F;/.G +,:;931.F.G /0 4*9./ /1 89c37 +,/0; ;/. =/.9,/. +:9, ./ +,:1-6/,> J,-./01/,
4/11/ 2345/ ;/ ;:00-/. ;/ .-49,31- *9 =-;/430 1,*31*01> )*?/, 7/. ?L1/=/01. 4:01*=30-. *?*01
,-91373.*13:0>

"258?<734829 EC2C?7;19

X/ R19>?19 Y :?120?1 12 679 0B42612041
C*9 +97?-,3.-/> ^,:9377*,; ;H/*9> Q:9../> J:9;,/ 453=389/> [3:_\;/ ;/ 4*,E:0/ FMD%G>@E1239 1Q342631>?9 7::?8:?4C9
V/ +*. 91373./, 90 B/1 ;c/*9 4:04/01,-I 4*, 37 +:9,,*31 ;3.+/,./, /1 +,:+*6/, 7/ 2/9>@E1239 1Q342631>?9

427::?8:?4C9
)/. ?*+/9,. +/9?/01 4*9./, 90 2/9 < 3027*==*13:0 30.1*01*0-/> )/. ?*+/9,. +/9?/01 ./ ;-+7*4/,
7/ 7:06 ;/. .9,2*4/. B9.89H< 90/ .:9,4/ ;c360313:0 ;3.1*01/ /1 +,:?:89/, 90 ,/1:9, ;/ 27*==/>
K/0.3E7/ < 90/ ;-45*,6/ .1*1389/>

&72E1?9 9:C6454P>19 0>
:?80>43 072E1?1>Q

J:,1/, ;/. ?L1/=/01. ;/ +,:1/413:0 4:=+7/1.I \ 4:=+,3. 90 4*.89/I 90 *++*,/37 ,/.+3,*1:3,/
*91:0:=/ < +,/..3:0 +:.313?/ :9 < ;/=*0;/ ;/ +,/..3:0I ;/. ?L1/=/01. ;/ +,:1/413:0 /1 90
=*.89/ ;/ +,:1/413:0>

)P>4:1<1239 01 :?83163482
9:C647>Q 13 :?C67>34829
9:C647;19 :8>? ;19 :8<:41?9

J:,1/, ;/. ?L1/=/01. ;/ +,:1/413:0 4:=+7/1.I \ 4:=+,3. 90 4*.89/I 90 *++*,/37 ,/.+3,*1:3,/
*91:0:=/ < +,/..3:0 +:.313?/ :9 < ;/=*0;/ ;/ +,/..3:0I ;/. ?L1/=/01. ;/ +,:1/413:0 /1 90
=*.89/ ;/ +,:1/413:0> HKH-7:360/, 3==-;3*1/=/01 .3 7/ .3227/=/01 -=3. +*, 7/. ;3.+:.3132. ;/
.-49,31- *96=/01/ :9 /0 4*. ;/ ;-4:7:,*13:0 ;/. ,-./,?:3,. 4*9.-/ +*, 90 304/0;3/> M:=E*11,/
7H304/0;3/ ;/+93. 90/ ;3.1*04/ =*_3=*7/ :9 91373./, ;/. .9++:,1. < 19\*9_ *91:0:=/. :9 ;/.
4*0:0. < /*9> C7:360/, 7/. 4:01/0/9,. ;9 73/9 ;/ 7H304/0;3/ .3 ?:9. +:9?/A 7/ 2*3,/ .*0. ,3.89/> C0
4*. ;c304/0;3/I ,/2,:3;3, 7/. 431/,0/. *?/4 90/ +97?-,3.*13:0 ;c/*9> i/2,:3;3, 7/. ,-43+3/01. /_+:.-.
*9_ 27*==/. *?/4 ;/ 7H/*9 /1 4:01309/, =L=/ 90/ 2:3. 7/ 2/9 -1/301> [*0. 7/ 4*. ;H90 304/0;3/ 1,g.
3=+:,1*01I 91373./, ;/. 7*04/. .9, *22d1 1-7-4:==*0;-/. :9 ;/. 4*0:0. < /*9o .3 4H/.1 3=+:..3E7/I
89311/, 7* A:0/ /1 7*3../, 7/ 2/9 E,d7/,> )/. ?*+/9,. +/9?/01 2:,=/, ;/. =-7*06/. /_+7:.32. *?/4
7H*3,I =L=/ < 7* 1/=+-,*19,/ *=E3*01/> O?31/, 7H*449=97*13:0 ;/ ?*+/9,. /1 6*A < ;/.
4:04/01,*13:0. /_+7:.3?/.> C0 4*. ;/ ;-?/,./=/01I 4/,1*30. ;/ 4/. +,:;931. +/9?/01 .c-?*+:,/,
/0 7*3..*01 90 ,-.3;9 3027*==*E7/> h0 ,93../77/=/01 ;H/*9 +/91 093,/ < 7H/0?3,:00/=/01> K/7:0 7/.
E/.:30.I 91373./, 90/ =:9../ 4:=+*13E7/ +:9, =303=3./, 7* 2:,=*13:0 ;/ ?*+/9,.>

)P>4:1<123F04?1634H19 01 ;>331
6823?1 ;19 426120419

C0 4*. ;c304/0;3/ /1]:9 ;c/_+7:.3:0I 0/ +*. ,/.+3,/, 7/. 29=-/.> h1373./, 90/ +97?-,3.*13:0 ;c/*9
+:9, ,/2,:3;3, 7/. ,-43+3/01. 2/,=-.>

RC3O8019 :7?346>;4Z?19
0D4231?H123482

C../04/ .*0. +7:=E K[K M*0*;*
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[/ R19>?19 Y :?120?1 12 679 01 0CH1?91<123 766401231;
Z/03, < 7H-4*,1 7/ +/,.:00/7 0:0 ,/893.> i/.1/, 7/ ?/01 ;*0. 7/ ;:.> Z/03, < 7H-4*,1 ;/. A:0/.
E*../.> @/0137/, 7/. /.+*4/. 47:. *?*01 ;H\ /01,/,> V/ +*. 1:945/, 7/. ,-43+3/01. /0;:==*6-. :9
7/ +,:;931 ;-?/,.- < =:30. ;/ +:,1/, ;/. ?L1/=/01. ;/ +,:1/413:0 *++,:+,3-.> M:0.971/, 7* K/413:0
# ;/ 7* p[K +:9, 7H-893+/=/01 ;/ +,:1/413:0 30;3?3;9/77/> )/. *91:,31-. 7:4*7/. ;:3?/01 L1,/ *?3.-/.
./7:0 7/. /_36/04/. ,-67/=/01*3,/. *++734*E7/.>

L?C67>34829 4204H40>1;;19W
CP>4:1<1239 01 :?83163482 13
<19>?19 0B>?E1261

O)PQPVCi 1:91/. 7/. .:9,4/. ;H3027*==*13:0 F+*. ;/ 436*,/11/.I ;/ 1:,45/.I ;c-1304/77/. :9 ;/
27*==/. ;*0. 7/ ?:3.30*6/ 3==-;3*1G> O1/30;,/ 1:91/. 7/. 27*==/. < +,:_3=31-> Z/03, 7/. =*13g,/.
4:=E9.13E7/. FE:3.I +*+3/,I 5937/I /14>G < 7H-4*,1 ;9 +,:;931 ;-?/,.->

[-?/,./=/01. 3=+:,1*01. a N,,L1/, 7H-4:97/=/01 ;/ 7* .9E.1*04/I .3 4/7* +/91 ./ 2*3,/ .*0. ,3.89/>
C0;369/, 7/ =*1-,3*9 ;-?/,.-I 7:,.89/ 4/7* /.1 +:..3E7/>

[-?/,./=/01. +/9 3=+:,1*01. a h1373./, 90 =*1-,3*9 0:0 4:=E9.13E7/ 4:==/ 7* ?/,=349731/I 7/
.*E7/ :9 7* 1/,,/ +:9, *E.:,E/, 7/ +,:;931 /1 7/ =/11,/ ;*0. 90 ,-43+3/01 +:9, -73=30*13:0 971-,3/9,/>
i/4:9?,3, ;H90/ 2/9377/ ;/ +7*.1389/ +:9, /=+L45/, 7* ;3.+/,.3:0> i/49/3773, 7/ +,:;931 ,-+*0;9>
N+,g. *?:3, ,-49+-,- 7/ +,:;931I ,304/, 7* A:0/ < 7H/*9> C=+L45/, 7/ +,:;931 ;/ +-0-1,/, ;*0. 7/.
-6:91.> V/ +*. 7*3../, 7/ +,:;931 4:01*=30/, 7/ .\.1g=/ ;c/*9_ .:91/,,*30/.> V/11:\/, 7* .9,2*4/ <
2:0; +:9, -73=30/, 7* 4:01*=30*13:0 ,-.3;9/77/> C..9\/, *?/4 90/ =*13g,/ *E.:,E*01/ F+*, /_>I
13..9I 7*30*6/G>

V/ B*=*3. ,-301,:;93,/ 7/ +,:;931 ,-+*0;9 ;*0. .:0 ,-43+3/01 ;H:,3630/ /0 ?9/ ;H90/ ,-91373.*13:0>
C=+L45/, ;/ +-0-1,/, ;*0. 7/. ?:3/. ;H/*9I 7/. -6:91.I 7/. .:9.'.:7.I 7/. /.+*4/. ,-;931. N,,L1/,
7* 2931/ .3 4/7* +/91 ./ 2*3,/ .*0. ,3.89/> M/11/ .9E.1*04/ +:779/ 7H/*9> P7 2*91 7H/=+L45/, ;/
4:01*=30/, 7/ .:7 :9 ;/ +-0-1,/, ;*0. 7/. -6:d1.I 7/. .\.1g=/. ;/ ;,*30*6/. /1 7/. +7*0. ;H/*9>
C0;369/, 7/ =*1-,3*9 ;-?/,.-I 7:,.89/ 4/7* /.1 +:..3E7/> O73=30/, 1:91/. 7/. .:9,4/. ;H360313:0 F+*.
;/ 436*,/11/.I ;/ 1:,45/.I ;c-1304/77/. :9 ;/ 27*==/. ;*0. 7* A:0/ 3==-;3*1/G> NE.:,E/, 7/
;-?/,./=/01 *?/4 ;/ 7* ?/,=349731/ :9 90 *91,/ =*1-,3*9 30/,1/I /1 7/ +7*4/, /0.931/ ;*0. 90
4:01/0*01 +:9, ;-45/1. 453=389/.> V/11:\/, 7* .9,2*4/ < 2:0; +:9, -73=30/, 7* 4:01*=30*13:0
,-.3;9/77/> V/ ;:31 +*. L1,/ ,/B/1- ;*0. 7c/0?3,:00/=/01> V/ +*. 7*3../, 7/ +,:;931 4:01*=30/, 7/
.\.1g=/ ;c/*9_ .:91/,,*30/.> C=+L45/, 7/ +,:;931 ;/ +-0-1,/, ;*0. 7/. -6:91.>

RC3O8019 13 <73C?47>Q :8>? ;1
6825421<123 13 ;1 21338A7E1

)c/../04/ +/91 4:01/03, ;/. =-7*06/. :_\6-0-. F-15*0:7I /14>G .:79E7/. ;*0. 7c/*9 /1I +*,
4:0.-89/01I ;/. +,-4*913:0. ;:3?/01 L1,/ +,3./. +:9, +,:1-6/, 7/. .:9,4/. ;c/*9_ ;/ .9,2*4/ /1
.:91/,,*30/. ;c90/ 4:01*=30*13:0> K3 7c30.1*77*13:0 :9 7c/_+7:31*13:0 +:..g;/ 90 q+7*0 ;c9,6/04/
+:9, 7/ +-1,:7/ :9 ;/. .9E.1*04/. ;*06/,/9./.rI *413?/, ./. +,:4-;9,/.> i/.1/, 4:01,/ 7/ ?/01 /1
< 7c-4*,1 ;9 ;-?/,./=/01> J:,1/, 7c-893+/=/01 ;/ +,:1/413:0 *++,:+,3-I \ 4:=+,3. 90/ +,:1/413:0
,/.+3,*1:3,/ ./7:0 7/. 43,4:0.1*04/.> V/ +*. +-0-1,/, :9 ,/.1/, ;*0. 90/ A:0/ < =:30. 89/ 7*
.9,?/377*04/ 30;389/ 89c:0 +93../ 7/ 2*3,/ .*0. ;*06/,> P.:7/, 7* A:0/ ;*06/,/9./ /1 ,/.1,/30;,/
7c/01,-/ < 7c-893+/ ;/ ./4:9,.> C_1,L=/=/01 3027*==*E7/> i-?3./, 7/. =/.9,/. ;/ 7911/ 4:01,/ 7/.
304/0;3/.I K/413:0 (I *?*01 ;/ +,:4-;/, *9 0/11:\*6/> Z/03, 1:91/. 7/. .:9,4/. ;c*779=*6/
F27*==/.I 436*,/11/.I 1:,45/.I /14>G /1 .9,2*4/. 45*9;/. < 7c-4*,1 ;c90/ -=3..3:0 :9 ;c90 ,/B/1>
M:01/03, 1:91 ;-?/,./=/01 ;*0. 7* +79. +/131/ A:0/ +:..3E7/> i-49+-,/, *91*01 ;9 +,:;931 89/
+:..3E7/ F+*, /_>I /0 *.+3,*01 7/ +,:;931G> N,,L1/, 90/ 2931/ .3 4/7* +/91 L1,/ 2*31 .*0. ;*06/,> h1373./,
;/ 7c/*9 +97?-,3.-/ +:9, ;3.+/,./, 7/. ?*+/9,.> K/7:0 7/. E/.:30.I 91373./, 90/ =:9../ 4:=+*13E7/
+:9, =303=3./, 7* 2:,=*13:0 ;/ ?*+/9,.> )/ +,:;931 ;-?/,.- ;:31 L1,/ *E.:,E- < 7c*3;/ ;c90
*E.:,E*01 *++,:+,3-I +:9, /0.931/ L1,/ =*03+97- 4:02:,=-=/01 < 7* ,-67/=/01*13:0
/0?3,:00/=/01*7/> C=+L45/, 7/ +,:;931 ;-?/,.- ;/ +-0-1,/, ;*0. ;/. -6:91.I ;/. 4:77/41/9,.
;c/*9_ +79?3*7/.I ;c*91,/. .\.1g=/. ;/ 1,*31/=/01 :9 ;/ ;,*30*6/ 0:0 *91:,3.-. /1 ;/. ?:3/.
0*?36*E7/. 0*19,/77/.> M:==90389/, *?/4 7/. ./,?34/. ;/ +,:1/413:0 4:01,/ 7/. 304/0;3/.I *30.3
89/ 7/. *6/04/. 2-;-,*7/.I +,:?3043*7/. /1 7:4*7/. *++,:+,3-/.> K3 90 ;-?/,./=/01 89/74:089/ ./
,/0; B9.89c< ;/. /*9_ 0*?36*E7/.I 7* A:0/ 4:01369s :9 7/. ,3?*6/. *11/0*01.I 4:==90389/, *?/4 7/
M/01,/ 0*13:0*7 ;c302:,=*13:0 *9 " #!! W%W'##!%> J:9, 7/. ;-?/,./=/01. .9, 7/. *91:,:91/. :9 7/.
45/=30. ;/ 2/,I 4:==90389/, *?/4 MUCQZiCM *9 " #!! W%W'&S!!>

L?C67>34829 ?1;734H19 Y
;D12H4?8221<123

C../04/ .*0. +7:=E K[K M*0*;*
&"""%! @/,.3:0 0`a !W [*1/ ;/ ,-?3.3:0a "#'b*0?3/,'%!"# [*1/ ;c-=3..3:0 a "#'N:d1'%!"$ W ] "$



\/ R72>3123482 13 9386K7E1
O73=30/, 7/. .:9,4/. ;c3027*==*13:0> O?31/, 1:91 4/ 893 +,:;931 ;/. -1304/77/.> Q/11,/ < 7* =*../]<
7* 1/,,/ 7/ 4:01/0*01 /1 7c-893+/=/01> M/. +,-4*913:0. ./97/. +/9?/01 0/ +*. L1,/ .9223.*01/. +:9,
-73=30/, 7c-7/41,3431- .1*1389/>
J:,1/, 90 -893+/=/01 ;/ +,:1/413:0 30;3?3;9/77/> V/ +*. ,/.+3,/, 7/.
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Tetra Tech QI inc. 715‐46960TTA
2023‐10‐31 Aupaluk

Product parameters
Parameter Unit Gasoline Diesel
Liquid category ‐
Single or multiple contaminant ‐ Multiple
Speciation option ‐ Partial
Average surface temperature °F 27.28 Weather conditions at the site
Maximum surface temperature °F 21.00
Minimum surface temperature °F 33.54
Average product temperature °F 24.52
Vapor pressure psia 3.2 0.012
Minimum vapor pressure psia 2.8 0.01
Maximum steam pressure psia 3.7 0.014
Molar mass of liquid g/mol 86.78 153 TANKS database (U.S. EPA)
Molar mass of vapors g/mol 73.18 130 TANKS database (U.S. EPA)

Characteristics of vertical storage tanks for flammable products
Unit Value

Tank
‐ Tank #1 Tank #2 Tank #9 Tank #10

Tank #11 
GASOLINE

Tank #11 DIESEL

Product Diesel Essence Diesel Diesel Gasoline Diesel
Type ‐ VFRT (Vertical fixed roof) Horizontal Tank

Height m 9.75 7.32 9.75 9.75
Length m 5.03 2.55
Diameter m 14.63 7.62 15.50 9.00 2.42 2.42
Ability l 1,600,000 333,500 1,816,000 620,000 23,101 11,691
Annual fillings ‐ 1.0 0.8 1.0 1.0 11.5 136.9
Annual flow l/an 1,600,000 265,000 1,800,000 620,000 265,000 1,600,000
Shell height ft 32.0 24.0 32.0 32.0
Shell length ft 16.5 8.4
Shell diam ft 48.0 25.0 50.9 29.5 7.9 7.9
Max liquid height ft 31.3 23.5 31.3 31.3 7.5 7.5
Avg liquid height ft 15.7 11.8 15.7 15.7
Working volume gal 422,675 88,101 479,736 163,787 6,103 3,088
Turnovers per year ‐ 1.0 0.8 1.0 1.0 11.5 136.9
Net throughput gal/yr 422,675 70,006 475,510 163,787 70,006 422,675
Is tank heated? No/Yes No
Shell color/shade ‐ Grey/Light
Shell condition ‐ Good
Color/Shade ‐ Grey/Light
Condition ‐ Good
Kind ‐ Cone N/A
Height ft 3 N/A
Vacuum Setting psig ‐0.03
Pressure Setting psig 0.03

Petroleum distillates

Parameter

Dimensions (metric)

Dimensions

Shell Characteristics

Roof Characteristics

Breather Vent Settings



Tetra Tech QI inc. 715‐46960TTA
2023‐10‐31 Aupaluk

TANKS modeling results: annual emissions from tank breathing (“Breathing Losses”)
Parameter CAS Unit

é
Results

Tank #1 Tank #2 Tank #9 Tank #10
Tank #11 
Gasoline

Tank #11 Diesel

Diesel Essence Diesel Diesel Gasoline Diesel
Toluene 108‐88‐3 g/an 7,824 14,134 8,800 2,880 1,647 36
Xylene 1330‐20‐7 g/an 1,855 2,681 2,087 685 308 9
Butane 106‐97‐8 g/an 1,307,534 176,316
Octane 111‐65‐9 g/an 12,419 7,997 13,966 4,577 1,084 64
2‐methylbutane 78‐78‐4 g/an 455,584 61,122
Ethanol 64‐17‐5 g/an 10,138 1,166
Heptane 142‐82‐5 g/an 5,552 653
n‐Hexane 110‐54‐3 g/an 19,677 2,350
1,2,4‐trimethylbenzene 95‐63‐6 g/an 127 14
Ethylbenzene 100‐41‐4 g/an 2,250 644 2,531 830 73 9
Cyclohexane 110‐82‐7 g/an 7,257 862
Benzene 71‐43‐2 g/an 3,266 386
Diesel Fuels 68334‐30‐5 g/an 35,326 39,721 13,014
Diesel Fuel C9‐C18 Alkane branched and linear 1159170‐26‐6 g/an 4,599 5,171 1,692 23
Nonane 111‐84‐2 g/an 8,645 9,720 3,184 45
Total g/an 72,920 1,834,677 81,996 26,862 245,983 381
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Tetra Tech QI inc. 715‐46960TTA
2023‐11‐07 Aupaluk

Annual emission rates (addition of "Breathing Losses" emissions from TANKS and emissions due to pumping)
Parameter CAS Unit Results

Tank #1 Tank #2 Tank #9 Tank #10 Tank truck

Diesel Essence Diesel Diesel Gasoline Diesel Diesel

Toluène 108‐88‐3 g/s 3,05E‐04 5,72E‐04 3,43E‐04 1,13E‐04 1,76E‐04 1,06E‐05 4,86E‐05
Xylène 1330‐20‐7 g/s 7,48E‐05 1,13E‐04 8,42E‐05 2,79E‐05 3,76E‐05 2,94E‐06 1,36E‐05
Butane 106‐97‐8 g/s 0 5,00E‐02 0 0 1,42E‐02 0 0
Octane 111‐65‐9 g/s 4,49E‐04 2,97E‐04 5,05E‐04 1,66E‐04 7,73E‐05 1,11E‐05 4,67E‐05
2‐méthylbutane 78‐78‐4 g/s 0 1,69E‐02 0 0 4,37E‐03 0 0
Éthanol 64‐17‐5 g/s 0 4,17E‐04 0 0 1,32E‐04 0 0
Heptane 142‐82‐5 g/s 0 2,23E‐04 0 0 6,74E‐05 0 0
n‐Hexane 110‐54‐3 g/s 0 7,75E‐04 0 0 2,26E‐04 0 0
1,2,4‐triméthylbenzène 95‐63‐6 g/s 0 5,02E‐06 0 0 1,43E‐06 0 0
Éthylbenzène 100‐41‐4 g/s 8,96E‐05 2,68E‐05 1,01E‐04 3,34E‐05 8,66E‐06 3,32E‐06 1,56E‐05
Cyclohexane 110‐82‐7 g/s 0 2,87E‐04 0 0 8,40E‐05 0 0
Benzène 71‐43‐2 g/s 0 1,31E‐04 0 0 3,94E‐05 0 0
Carburants diesel 68334‐30‐5 g/s 1,40E‐03 0 1,58E‐03 5,23E‐04 0 4,72E‐05 2,42E‐04
Carburant diesel C9‐C18 alcanes ramifiés et linéaires 1159170‐26‐6 g/s 2,31E‐04 0 2,60E‐04 8,68E‐05 0 1,49E‐05 7,27E‐05
Nonane 111‐84‐2 g/s 3,08E‐04 0 3,47E‐04 1,14E‐04 0 7,12E‐06 2,92E‐05
Total 2,86E‐03 6,98E‐02 3,22E‐03 1,07E‐03 1,94E‐02 9,71E‐05 4,69E‐04

Réservoir

Product

Tank #11



Tetra Tech QI inc. 715‐46960TTA
2023‐11‐07 Aupaluk

Parameters for calculation of emission rates
Parameters Unit Value Note

Ideal gas constant R J/mol.K 8,314 PV=nRT
°C 10 Where:
°F 50 P equals pressure (in kPa)
°K 283,15 V equals volume (in L)

n equals the gas quantity (en mol)
R represents the ideal gas constant (en kPa⋅L/mol⋅K)

Tank parameters when filling gasoline T equals absolute temperature (en K)

Tank #1 Tank #2 Tank #9 Tank #10

Product Diesel Essence Diesel Diesel
Tank Capacity m³ 1 600 333,5 1 816 620

Transferred Volume m³/an 1 600 265 1 800 620
Transfer Rate m³/h 90 75 90 90

Transfer Duration h/an 17,8 3,5 20,0 6,9
‐ 2 1 2 2
‐ Gooseneck PVSV Gooseneck Gooseneck

Emission rate of contaminants when filling gasoline in Tank #2 1 h / 1 3,5 h / 24 3,5 h / 8760

Emission rate per 
source

Emission rate per 
source

Emission rate per source

R_2_EV1 R_2_EV1 R_2_EV1
g/g mol/mol g/mol mol/g psi psi g g/s g/s g/s g/s g/s g/s g/s

Essence 86290‐81‐5 100% 100% 80,75 0,01238 4,44 4,44 278 119 2,19E+01 2,19E+01 2,19E+01 3,22E+00 3,22E+00 3,01E‐02 3,01E‐02
Toluène 108‐88‐3 25% 21,9% 92,14 0,00271 0,25 0,055 3 917 3,08E‐01 3,08E‐01 3,08E‐01 4,53E‐02 4,53E‐02 5,72E‐04 5,72E‐04
Xylène 1330‐20‐7 20% 15,2% 106,16 0,00188 0,07 0,011 877 6,90E‐02 6,90E‐02 6,90E‐02 1,02E‐02 1,02E‐02 1,13E‐04 1,13E‐04
Butane 106‐97‐8 20% 27,8% 58,12 0,00344 21,60 6,002 270 748 2,13E+01 2,13E+01 2,13E+01 3,13E+00 3,13E+00 5,00E‐02 5,00E‐02
Octane 111‐65‐9 18% 12,7% 114,23 0,00158 0,12 0,015 1 354 1,06E‐01 1,06E‐01 1,06E‐01 1,57E‐02 1,57E‐02 2,97E‐04 2,97E‐04

2‐méthylbutane 78‐78‐4 15% 16,8% 72,15 0,00208 8,16 1,37 76 712 6,03E+00 6,03E+00 6,03E+00 8,88E‐01 8,88E‐01 1,69E‐02 1,69E‐02
Éthanol 64‐17‐5 10% 17,5% 46,06 0,00217 0,48 0,084 3 008 2,37E‐01 2,37E‐01 2,37E‐01 3,48E‐02 3,48E‐02 4,17E‐04 4,17E‐04
Heptane 142‐82‐5 5% 4,0% 100,20 0,00050 0,47 0,019 1 473 1,16E‐01 1,16E‐01 1,16E‐01 1,70E‐02 1,70E‐02 2,23E‐04 2,23E‐04
n‐Hexane 110‐54‐3 5% 4,7% 86,18 0,00058 1,52 0,071 4 763 3,74E‐01 3,74E‐01 3,74E‐01 5,51E‐02 5,51E‐02 7,75E‐04 7,75E‐04

1,2,4‐triméthylbenzène 95‐63‐6 5% 3,4% 120,19 0,00042 0,01 0,0003 31 2,46E‐03 2,46E‐03 2,46E‐03 3,63E‐04 3,63E‐04 5,02E‐06 5,02E‐06
Éthylbenzène 100‐41‐4 4% 3,0% 106,17 0,00038 0,08 0,002 201 1,58E‐02 1,58E‐02 1,58E‐02 2,32E‐03 2,32E‐03 2,68E‐05 2,68E‐05
Cyclohexane 110‐82‐7 3% 2,9% 84,16 0,00036 0,95 0,027 1 786 1,40E‐01 1,40E‐01 1,40E‐01 2,07E‐02 2,07E‐02 2,87E‐04 2,87E‐04

Benzène 71‐43‐2 1,5% 1,6% 78,12 0,00019 0,91 0,014 855 6,73E‐02 6,73E‐02 6,73E‐02 9,90E‐03 9,90E‐03 1,31E‐04 1,31E‐04
Total 231,5% 231,5% 80,75 0,01238 5,23 12,11 643 846 5,06E+01 5,06E+01 5,06E+01 7,45E+00 7,45E+00 9,99E‐02 9,99E‐02

Emission rate of contaminants when filling diesel in Tank #1 1 h / 1 17,8 h / 24 17,8 h / 8760

Emission rate per 
source

Emission rate per 
source

Emission rate per source

R_1_EV1 R_1_EV2 R_1_EV1 R_1_EV2 R_1_EV1 R_1_EV2
g/g mol/mol g/mol mol/g psi psi g g/s g/s g/s g/s g/s g/s g/s g/s g/s

Carburants diesel 68334‐30‐5 100% 100% 153,81 0,00650 0,012 0,012 8 981 1,40E‐01 1,40E‐01 7,02E‐02 7,02E‐02 1,04E‐01 5,20E‐02 5,20E‐02 1,46E‐03 7,29E‐04 7,29E‐04
Toluène 108‐88‐3 1% 1,7% 92,14 0,00011 0,25 0,004 1 802 2,82E‐02 2,82E‐02 1,41E‐02 1,41E‐02 2,09E‐02 1,04E‐02 1,04E‐02 3,05E‐04 1,53E‐04 1,53E‐04
Xylène 1330‐20‐7 1% 1,4% 106,16 0,00009 0,07 0,001 505 7,88E‐03 7,88E‐03 3,94E‐03 3,94E‐03 5,84E‐03 2,92E‐03 2,92E‐03 7,48E‐05 3,74E‐05 3,74E‐05
Octane 111‐65‐9 2% 2,7% 114,23 0,00018 0,12 0,003 1 730 2,70E‐02 2,70E‐02 1,35E‐02 1,35E‐02 2,00E‐02 1,00E‐02 1,00E‐02 4,49E‐04 2,24E‐04 2,24E‐04

Éthylbenzène 100‐41‐4 1% 1,4% 106,17 0,00009 0,08 0,001 577 9,01E‐03 9,01E‐03 4,50E‐03 4,50E‐03 6,67E‐03 3,34E‐03 3,34E‐03 8,96E‐05 4,48E‐05 4,48E‐05
Carburant diesel C9‐C18 alcanes ramifiés et linéaires 1159170‐26‐6 30% 27,1% 170,00 0,00176 0,012 0,003 2 694 4,21E‐02 4,21E‐02 2,10E‐02 2,10E‐02 3,12E‐02 1,56E‐02 1,56E‐02 2,31E‐04 1,16E‐04 1,16E‐04

Nonane 111‐84‐2 3% 3,6% 128,25 0,00023 0,05 0,002 1 081 1,69E‐02 1,69E‐02 8,45E‐03 8,45E‐03 1,25E‐02 6,26E‐03 6,26E‐03 3,08E‐04 1,54E‐04 1,54E‐04
Total 138% 138% 153,81 0,00897 0,020 0,027 17 369 2,71E‐01 2,71E‐01 1,36E‐01 1,36E‐01 2,01E‐01 1,01E‐01 1,01E‐01 2,92E‐03 1,46E‐03 1,46E‐03

Emission rate of contaminants when filling diesel in Tank #9 1 h / 1 20,0 h / 24 20,0 h / 8760

Emission rate per 
source

Emission rate per 
source

Emission rate per source

R_9_EV1 R_9_EV2 R_9_EV1 R_9_EV2 R_9_EV1 R_9_EV2
g/g mol/mol g/mol mol/g psi psi g g/s g/s g/s g/s g/s g/s g/s

Carburants diesel 68334‐30‐5 100% 100% 153,81 0,00650 0,012 0,012 10 103 1,40E‐01 1,40E‐01 7,02E‐02 7,02E‐02 1,17E‐01 5,85E‐02 5,85E‐02 1,64E‐03 8,20E‐04 8,20E‐04
Toluène 108‐88‐3 1% 1,7% 92,14 0,00011 0,25 0,004 2 027 2,82E‐02 2,82E‐02 1,41E‐02 1,41E‐02 2,35E‐02 1,17E‐02 1,17E‐02 3,43E‐04 1,72E‐04 1,72E‐04
Xylène 1330‐20‐7 1% 1,4% 106,16 0,00009 0,07 0,001 568 7,88E‐03 7,88E‐03 3,94E‐03 3,94E‐03 6,57E‐03 3,28E‐03 3,28E‐03 8,42E‐05 4,21E‐05 4,21E‐05
Octane 111‐65‐9 2% 2,7% 114,23 0,00018 0,12 0,003 1 946 2,70E‐02 2,70E‐02 1,35E‐02 1,35E‐02 2,25E‐02 1,13E‐02 1,13E‐02 5,05E‐04 2,52E‐04 2,52E‐04

Éthylbenzène 100‐41‐4 1% 1,4% 106,17 0,00009 0,08 0,001 649 9,01E‐03 9,01E‐03 4,50E‐03 4,50E‐03 7,51E‐03 3,75E‐03 3,75E‐03 1,01E‐04 5,04E‐05 5,04E‐05
Carburant diesel C9‐C18 alcanes ramifiés et linéaires 1159170‐26‐6 30% 27,1% 170,00 0,00176 0,012 0,003 3 031 4,21E‐02 4,21E‐02 2,10E‐02 2,10E‐02 3,51E‐02 1,75E‐02 1,75E‐02 2,60E‐04 1,30E‐04 1,30E‐04

Nonane 111‐84‐2 3% 3,6% 128,25 0,00023 0,05 0,002 1 216 1,69E‐02 1,69E‐02 8,45E‐03 8,45E‐03 1,41E‐02 7,04E‐03 7,04E‐03 3,47E‐04 1,73E‐04 1,73E‐04
Total 138% 138% 153,81 0,00897 0,020 0,027 19 540 2,71E‐01 2,71E‐01 1,36E‐01 1,36E‐01 2,26E‐01 1,13E‐01 1,13E‐01 3,28E‐03 1,64E‐03 1,64E‐03

Emission rate of contaminants when filling diesel in Tank #10 1 h / 1 6,9 h / 24 6,9 h / 8760

Emission rate per 
source

Emission rate per 
source

Emission rate per source

R_10_EV1 R_10_EV2 R_10_EV1 R_10_EV2 R_10_EV1 R_10_EV2
g/g mol/mol g/mol mol/g psi psi g g/s g/s g/s g/s g/s g/s g/s

Carburants diesel 68334‐30‐5 100% 100% 153,81 0,00650 0,012 0,012 3 480 1,40E‐01 1,40E‐01 7,02E‐02 7,02E‐02 4,03E‐02 2,01E‐02 2,01E‐02 5,42E‐04 2,71E‐04 2,71E‐04
Toluène 108‐88‐3 1% 1,7% 92,14 0,00011 0,25 0,004 698 2,82E‐02 2,82E‐02 1,41E‐02 1,41E‐02 8,08E‐03 4,04E‐03 4,04E‐03 1,13E‐04 5,67E‐05 5,67E‐05
Xylène 1330‐20‐7 1% 1,4% 106,16 0,00009 0,07 0,001 196 7,88E‐03 7,88E‐03 3,94E‐03 3,94E‐03 2,26E‐03 1,13E‐03 1,13E‐03 2,79E‐05 1,40E‐05 1,40E‐05
Octane 111‐65‐9 2% 2,7% 114,23 0,00018 0,12 0,003 670 2,70E‐02 2,70E‐02 1,35E‐02 1,35E‐02 7,76E‐03 3,88E‐03 3,88E‐03 1,66E‐04 8,32E‐05 8,32E‐05

Éthylbenzène 100‐41‐4 1% 1,4% 106,17 0,00009 0,08 0,001 223 9,01E‐03 9,01E‐03 4,50E‐03 4,50E‐03 2,59E‐03 1,29E‐03 1,29E‐03 3,34E‐05 1,67E‐05 1,67E‐05
Carburant diesel C9‐C18 alcanes ramifiés et linéaires 1159170‐26‐6 30% 27,1% 170,00 0,00176 0,012 0,003 1 044 4,21E‐02 4,21E‐02 2,10E‐02 2,10E‐02 1,21E‐02 6,04E‐03 6,04E‐03 8,68E‐05 4,34E‐05 4,34E‐05

Nonane 111‐84‐2 3% 3,6% 128,25 0,00023 0,05 0,002 419 1,69E‐02 1,69E‐02 8,45E‐03 8,45E‐03 4,85E‐03 2,42E‐03 2,42E‐03 1,14E‐04 5,71E‐05 5,71E‐05
Total 138% 138% 153,81 0,00897 0,020 0,027 6 730 2,71E‐01 2,71E‐01 1,36E‐01 1,36E‐01 7,79E‐02 3,89E‐02 3,89E‐02 1,08E‐03 5,42E‐04 5,42E‐04

Daily emission 
rates

Annual emission 
rates

including 
breathing

Ideal gas law

Raoult's Law

In an ideal solution, at constant temperature,
the vapor phase partial pressure of a constituent is proportional to its liquid phase mole fraction.
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Parameters Unit
Réservoirs entreposage



Tetra Tech QI inc. 715‐46960TTA
2023‐11‐07 Aupaluk

Parameters for calculation of emission rates
Parameters Unit Value Note

PV=nRT
Ideal gas constant R J/mol.K 8,314 Where:

°C 10 P equals pressure (in kPa)
°F 50 V equals volume (in L)
°K 283,15 n equals the gas quantity (en mol)

R represents the ideal gas constant (en kPa⋅L/mol⋅K)
T equals absolute temperature (en K)

Paramètres des réservoirs pour calcul des taux d'émission lors du transbordement

Gasoline Diesel

Product Essence Diesel Diesel
Tank Capacity m³ 23,101 11,691 18,000

Transferred Volume m³/an 265,0 73,3 1 362,1
Transfer Rate m³/h 9,0 22,8 48,0

Transfer Duration h 2,57 0,51 0,38
Annual transfer duration h/an 29,4 3,2 28,4

‐ 1 1 1

‐
Connected to 

tank #2
Vent Gooseneck

Taux d'émission lors du transbordement ‐ RÉSERVOIR #11 DIESEL 0,51 h / 1 0,51 h / 24 3,2 h / 8760

Emission rate per 
source

Emission rate per 
source

Emission rate per source

R_11_EV_DI R_11_EV_DI R_11_EV_DI
g/g mol/mol g/mol mol/g psi psi g g/s g/s g/s g/s g/s g/s g/s

Carburants diesel 68334‐30‐5 100% 100% 153,81 0,00650 0,012 0,012 1 487 1,28E‐01 6,59E‐02 6,59E‐02 2,74E‐03 2,74E‐03 5,00E‐05 5,00E‐05
Toluène 108‐88‐3 1% 1,7% 92,14 0,00011 0,25 0,004 298 2,58E‐02 1,32E‐02 1,32E‐02 5,51E‐04 5,51E‐04 1,06E‐05 1,06E‐05
Xylène 1330‐20‐7 1% 1,4% 106,16 0,00009 0,07 0,001 84 7,22E‐03 3,70E‐03 3,70E‐03 1,54E‐04 1,54E‐04 2,94E‐06 2,94E‐06
Octane 111‐65‐9 2% 2,7% 114,23 0,00018 0,12 0,003 286 2,47E‐02 1,27E‐02 1,27E‐02 5,29E‐04 5,29E‐04 1,11E‐05 1,11E‐05

Éthylbenzène 100‐41‐4 1% 1,4% 106,17 0,00009 0,08 0,001 95 8,25E‐03 4,23E‐03 4,23E‐03 1,76E‐04 1,76E‐04 3,32E‐06 3,32E‐06
Carburant diesel C9‐C18 alcanes ramifiés et linéaires 1159170‐26‐6 30% 27,1% 170,00 0,00176 0,012 0,003 446 3,85E‐02 1,98E‐02 1,98E‐02 8,23E‐04 8,23E‐04 1,49E‐05 1,49E‐05

Nonane 111‐84‐2 3% 3,6% 128,25 0,00023 0,05 0,002 179 1,55E‐02 7,93E‐03 7,93E‐03 3,30E‐04 3,30E‐04 7,12E‐06 7,12E‐06
Total 138% 138% 153,81 0,00897 0,020 0,027 2 877 2,48E‐01 1,27E‐01 1,27E‐01 5,31E‐03 5,31E‐03 9,99E‐05 9,99E‐05

Taux d'émission lors du transbordement ‐ CAMION‐CITERNE 0,38 h / 1 0,38 h / 24 28,4 h / 8760

Emission rate per 
source

Emission rate per 
source

Emission rate per source

CAM_DI CAM_DI CAM_DI
g/g mol/mol g/mol mol/g psi psi g g/s g/s g/s g/s g/s g/s g/s

Carburants diesel 68334‐30‐5 100% 100% 153,81 0,00650 0,012 0,012 7 646 7,48E‐02 2,81E‐02 2,81E‐02 1,17E‐03 1,17E‐03 2,26E‐04 2,26E‐04
Toluène 108‐88‐3 1% 1,7% 92,14 0,00011 0,25 0,004 1 534 1,50E‐02 5,63E‐03 5,63E‐03 2,35E‐04 2,35E‐04 4,86E‐05 4,86E‐05
Xylène 1330‐20‐7 1% 1,4% 106,16 0,00009 0,07 0,001 430 4,20E‐03 1,58E‐03 1,58E‐03 6,57E‐05 6,57E‐05 1,36E‐05 1,36E‐05
Octane 111‐65‐9 2% 2,7% 114,23 0,00018 0,12 0,003 1 473 1,44E‐02 5,41E‐03 5,41E‐03 2,25E‐04 2,25E‐04 4,67E‐05 4,67E‐05

Éthylbenzène 100‐41‐4 1% 1,4% 106,17 0,00009 0,08 0,001 491 4,81E‐03 1,80E‐03 1,80E‐03 7,51E‐05 7,51E‐05 1,56E‐05 1,56E‐05
Carburant diesel C9‐C18 alcanes ramifiés et linéaires 1159170‐26‐6 30% 27,1% 170,00 0,00176 0,012 0,003 2 294 2,25E‐02 8,42E‐03 8,42E‐03 3,51E‐04 3,51E‐04 7,27E‐05 7,27E‐05

Nonane 111‐84‐2 3% 3,6% 128,25 0,00023 0,05 0,002 920 9,01E‐03 3,38E‐03 3,38E‐03 1,41E‐04 1,41E‐04 2,92E‐05 2,92E‐05
Total 138% 138% 153,81 0,00897 0,020 0,027 14 787 1,45E‐01 5,43E‐02 5,43E‐02 2,26E‐03 2,26E‐03 4,53E‐04 4,53E‐04

Daily emission 
rates

Annual emission 
rates

including 
breathing

Ideal gas law

Raoult's Law

In an ideal solution, at constant temperature,
the vapor phase partial pressure of a constituent is proportional to its liquid phase mole fraction.
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Instantaneous 
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Ingredient CAS Mass Fraction
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Parameters Unit
Réservoir #11

Tank truck
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AERMOD View - Lakes Environmental Software C:\Dispersion\715-46960TTA Aupaluk\46960TTAAupalukv2-été\46960TTAAupalukv2-été.isc

SCALE:

0 0.1 km

1:5 000

PROJECT TITLE:

C:\Dispersion\46960TTAAupalukv2\46960TTAAupalukv2.isc

COMMENTS:

Toluène sur 4 minutes
Cut off à 340 ug/m3 (178 ug/m3 sur 1h)

COMPANY NAME:

Tetra Tech QI inc.

MODELER:

Eduardo Leon B.Ing. M.Ing.

DATE:

2023-10-18

PROJECT NO.:

715-46960TTA

SOURCES:

10

RECEPTORS:

3504

OUTPUT TYPE:

Concentration

MAX:

9968.9 ug/m^3



AERMOD View - Lakes Environmental Software C:\Dispersion\715-46960TTA Aupaluk\46960TTA _AupalukOW\46960TTA _AupalukOW.isc

SCALE:

0 0.1 km

1:5 000

PROJECT TITLE:

C:\Dispersion\715-46960TTA Aupaluk\Optim_Wind_Aupaluk\46960TTA _Aupa

COMMENTS:

Toluène sur 4 minutes
Cut off à 340 ug/m3 (178 ug/m3 sur 1h) avec vitesse du vent > 3 
m/s

COMPANY NAME:

Tetra Tech QI inc.

MODELER:

Eduardo Leon B.Ing. M.Ing.

DATE:

2023-10-18

PROJECT NO.:

SOURCES:

10

RECEPTORS:

3504

OUTPUT TYPE:

Concentration

MAX:

837 ug/m^3



AERMOD View - Lakes Environmental Software C:\Dispersion\715-46960TTA Aupaluk\46960TTAAupalukv2-été\46960TTAAupalukv2-été.isc

SCALE:

0 0.1 km

1:5 000

PROJECT TITLE:

C:\Dispersion\46960TTAAupalukv2\46960TTAAupalukv2.isc

COMMENTS:

Isopentane sur 4 minutes
Cut off à 200 ug/m3 (105 ug/m3 sur 1h)

COMPANY NAME:

Tetra Tech QI inc.

MODELER:

Eduardo Leon B.Ing. M.Ing.

DATE:

2023-10-18

PROJECT NO.:

715-46960TTA

SOURCES:

10

RECEPTORS:

3504

OUTPUT TYPE:

Concentration

MAX:

195232 ug/m^3



AERMOD View - Lakes Environmental Software C:\Dispersion\715-46960TTA Aupaluk\46960TTA _AupalukOW\46960TTA _AupalukOW.isc

SCALE:

0 0.1 km

1:5 000

PROJECT TITLE:

C:\Dispersion\715-46960TTA Aupaluk\Optim_Wind_Aupaluk\46960TTA _Aupa

COMMENTS:

Isopentane sur 4 minutes
Cut off à 200 ug/m3 (105 ug/m3 sur 1h)
avec vitesse du vent > 3 m/s

COMPANY NAME:

Tetra Tech QI inc.

MODELER:

Eduardo Leon B.Ing. M.Ing.

DATE:

2023-10-18

PROJECT NO.:

715-46960TTA

SOURCES:

10

RECEPTORS:

3504

OUTPUT TYPE:

Concentration

MAX:

16382 ug/m^3



AERMOD View - Lakes Environmental Software C:\Dispersion\715-46960TTA Aupaluk\46960TTAAupalukv2-été\46960TTAAupalukv2-été.isc

SCALE:

0 0.1 km

1:5 000

PROJECT TITLE:

C:\Dispersion\46960TTAAupalukv2\46960TTAAupalukv2.isc

COMMENTS:

Benzène sur 24h
Cut off à 7 ug/m3

COMPANY NAME:

Tetra Tech QI inc.

MODELER:

Eduardo Leon B.Ing. M.Ing.

DATE:

2023-10-18

PROJECT NO.:

715-46960TTA

SOURCES:

10

RECEPTORS:

3504

OUTPUT TYPE:

Concentration

MAX:

18.9 ug/m^3



AERMOD View - Lakes Environmental Software C:\Dispersion\715-46960TTA Aupaluk\46960TTA _AupalukOW\46960TTA _AupalukOW.isc

SCALE:

0 0.1 km

1:5 000

PROJECT TITLE:

C:\Dispersion\715-46960TTA Aupaluk\Optim_Wind_Aupaluk\46960TTA _Aupa

COMMENTS:

Benzène sur 24h
Cut off à 7 ug/m3
avec vitesse du vent > 3 m/s

COMPANY NAME:

Tetra Tech QI inc.

MODELER:

Eduardo Leon B.Ing. M.Ing.

DATE:

2023-10-18

PROJECT NO.:

715-46960TTA

SOURCES:

10

RECEPTORS:

3504

OUTPUT TYPE:

Concentration

MAX:

9.10 ug/m^3
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Tetra Tech QI inc. 715-46960TTA
2023-10-20 Atmospheric dispersion modeling

Wind speed > 3 m/s
Maximum concentrations observed [µg/m³] (Sensitive receptors and 50 maximum values in the territory)
All contaminants

Toluene Xylene 
(o,m,p) Octane Isopentane Ethanol n-Heptane n-Hexane 1,2,4-

Trimethylbenzene Ethylbenzene Cyclohexane Gasoline (>C3) Benzene

108-88-3 1330-20-7 111-65-9 78-78-4 64-17-5 142-82-5 110-54-3 95-63-6 100-41-4 110-82-7 86290-81-5 71-43-2
1 h 1 h 1 h 1 h 1 h 1 h 1 h 1 h 1 h 1 h 1 h 24 h

Sensitive receptors
Residence 1 2,75E+02 6,15E+01 9,49E+01 5,38E+03 2,11E+02 1,03E+02 3,34E+02 2,20E+00 1,41E+01 1,25E+02 1,95E+04 1,17E+00
Coop           1,48E+02 3,32E+01 5,12E+01 2,90E+03 1,14E+02 5,57E+01 1,80E+02 1,18E+00 7,58E+00 6,75E+01 1,05E+04 4,97E-01
Hotel          6,46E+01 1,45E+01 2,23E+01 1,27E+03 4,96E+01 2,43E+01 7,86E+01 5,17E-01 3,31E+00 2,95E+01 4,59E+03 4,01E-01
Infirmary 4,06E+01 9,10E+00 1,40E+01 7,96E+02 3,12E+01 1,53E+01 4,94E+01 3,25E-01 2,08E+00 1,85E+01 2,89E+03 2,45E-01
School 8,10E+01 1,82E+01 2,80E+01 1,59E+03 6,22E+01 3,05E+01 9,85E+01 6,48E-01 4,15E+00 3,69E+01 5,75E+03 2,54E-01
Church 5,07E+01 1,14E+01 1,75E+01 9,92E+02 3,89E+01 1,91E+01 6,16E+01 4,05E-01 2,59E+00 2,31E+01 3,60E+03 1,91E-01
50 maximum observed
1 8,37E+02 1,87E+02 2,89E+02 1,64E+04 6,42E+02 3,15E+02 1,02E+03 6,69E+00 4,28E+01 3,81E+02 5,94E+04 9,10E+00
2 8,35E+02 1,87E+02 2,88E+02 1,63E+04 6,41E+02 3,14E+02 1,01E+03 6,68E+00 4,27E+01 3,81E+02 5,93E+04 8,14E+00
3 7,62E+02 1,71E+02 2,63E+02 1,49E+04 5,85E+02 2,86E+02 9,26E+02 6,10E+00 3,90E+01 3,47E+02 5,41E+04 7,76E+00
4 7,30E+02 1,63E+02 2,52E+02 1,43E+04 5,60E+02 2,74E+02 8,87E+02 5,84E+00 3,74E+01 3,33E+02 5,18E+04 7,69E+00
5 6,39E+02 1,43E+02 2,21E+02 1,25E+04 4,91E+02 2,40E+02 7,77E+02 5,11E+00 3,27E+01 2,91E+02 4,54E+04 6,89E+00
6 6,04E+02 1,35E+02 2,09E+02 1,18E+04 4,64E+02 2,27E+02 7,35E+02 4,84E+00 3,09E+01 2,76E+02 4,29E+04 6,53E+00
7 6,02E+02 1,35E+02 2,08E+02 1,18E+04 4,62E+02 2,26E+02 7,32E+02 4,81E+00 3,08E+01 2,74E+02 4,27E+04 5,83E+00
8 5,57E+02 1,25E+02 1,93E+02 1,09E+04 4,28E+02 2,10E+02 6,78E+02 4,46E+00 2,85E+01 2,54E+02 3,96E+04 5,83E+00
9 5,53E+02 1,24E+02 1,91E+02 1,08E+04 4,25E+02 2,08E+02 6,73E+02 4,42E+00 2,83E+01 2,52E+02 3,93E+04 5,08E+00
10 5,49E+02 1,23E+02 1,90E+02 1,08E+04 4,22E+02 2,07E+02 6,68E+02 4,39E+00 2,81E+01 2,51E+02 3,90E+04 4,94E+00
11 5,47E+02 1,23E+02 1,89E+02 1,07E+04 4,20E+02 2,06E+02 6,65E+02 4,38E+00 2,80E+01 2,50E+02 3,89E+04 4,86E+00
12 5,14E+02 1,15E+02 1,78E+02 1,01E+04 3,95E+02 1,93E+02 6,25E+02 4,11E+00 2,63E+01 2,34E+02 3,65E+04 4,84E+00
13 5,08E+02 1,14E+02 1,76E+02 9,96E+03 3,90E+02 1,91E+02 6,18E+02 4,07E+00 2,60E+01 2,32E+02 3,61E+04 4,55E+00
14 5,07E+02 1,14E+02 1,75E+02 9,93E+03 3,89E+02 1,91E+02 6,16E+02 4,06E+00 2,60E+01 2,31E+02 3,60E+04 4,53E+00
15 4,99E+02 1,12E+02 1,73E+02 9,78E+03 3,84E+02 1,88E+02 6,07E+02 3,99E+00 2,56E+01 2,28E+02 3,55E+04 4,28E+00
16 4,95E+02 1,11E+02 1,71E+02 9,70E+03 3,81E+02 1,86E+02 6,03E+02 3,96E+00 2,54E+01 2,26E+02 3,52E+04 4,27E+00
17 4,77E+02 1,07E+02 1,65E+02 9,35E+03 3,67E+02 1,79E+02 5,80E+02 3,82E+00 2,44E+01 2,18E+02 3,39E+04 3,96E+00
18 4,55E+02 1,02E+02 1,57E+02 8,92E+03 3,50E+02 1,71E+02 5,54E+02 3,64E+00 2,33E+01 2,08E+02 3,23E+04 3,67E+00
19 4,35E+02 9,73E+01 1,50E+02 8,51E+03 3,34E+02 1,63E+02 5,28E+02 3,48E+00 2,22E+01 1,98E+02 3,09E+04 3,48E+00
20 4,19E+02 9,38E+01 1,45E+02 8,20E+03 3,21E+02 1,57E+02 5,09E+02 3,35E+00 2,14E+01 1,91E+02 2,97E+04 3,47E+00
21 4,01E+02 8,98E+01 1,39E+02 7,85E+03 3,08E+02 1,51E+02 4,87E+02 3,21E+00 2,05E+01 1,83E+02 2,85E+04 3,24E+00
22 3,96E+02 8,86E+01 1,37E+02 7,75E+03 3,04E+02 1,49E+02 4,81E+02 3,16E+00 2,03E+01 1,80E+02 2,81E+04 3,20E+00
23 3,81E+02 8,54E+01 1,32E+02 7,47E+03 2,93E+02 1,43E+02 4,64E+02 3,05E+00 1,95E+01 1,74E+02 2,71E+04 3,13E+00
24 3,62E+02 8,10E+01 1,25E+02 7,08E+03 2,78E+02 1,36E+02 4,40E+02 2,89E+00 1,85E+01 1,65E+02 2,57E+04 3,04E+00
25 3,58E+02 8,01E+01 1,24E+02 7,00E+03 2,75E+02 1,34E+02 4,35E+02 2,86E+00 1,83E+01 1,63E+02 2,54E+04 3,02E+00
26 3,48E+02 7,80E+01 1,20E+02 6,82E+03 2,67E+02 1,31E+02 4,24E+02 2,79E+00 1,78E+01 1,59E+02 2,47E+04 3,02E+00
27 3,45E+02 7,74E+01 1,19E+02 6,76E+03 2,65E+02 1,30E+02 4,20E+02 2,76E+00 1,77E+01 1,57E+02 2,45E+04 2,95E+00
28 3,41E+02 7,64E+01 1,18E+02 6,68E+03 2,62E+02 1,28E+02 4,15E+02 2,73E+00 1,75E+01 1,55E+02 2,42E+04 2,94E+00
29 3,40E+02 7,62E+01 1,18E+02 6,67E+03 2,61E+02 1,28E+02 4,14E+02 2,72E+00 1,74E+01 1,55E+02 2,42E+04 2,91E+00
30 3,31E+02 7,42E+01 1,14E+02 6,49E+03 2,54E+02 1,25E+02 4,03E+02 2,65E+00 1,70E+01 1,51E+02 2,35E+04 2,89E+00
31 3,18E+02 7,12E+01 1,10E+02 6,22E+03 2,44E+02 1,19E+02 3,86E+02 2,54E+00 1,63E+01 1,45E+02 2,26E+04 2,82E+00
32 3,17E+02 7,10E+01 1,09E+02 6,20E+03 2,43E+02 1,19E+02 3,85E+02 2,53E+00 1,62E+01 1,44E+02 2,25E+04 2,76E+00
33 3,09E+02 6,92E+01 1,07E+02 6,05E+03 2,37E+02 1,16E+02 3,76E+02 2,47E+00 1,58E+01 1,41E+02 2,19E+04 2,74E+00
34 3,05E+02 6,83E+01 1,05E+02 5,97E+03 2,34E+02 1,15E+02 3,71E+02 2,44E+00 1,56E+01 1,39E+02 2,17E+04 2,70E+00
35 3,00E+02 6,73E+01 1,04E+02 5,88E+03 2,31E+02 1,13E+02 3,65E+02 2,40E+00 1,54E+01 1,37E+02 2,13E+04 2,62E+00
36 2,99E+02 6,71E+01 1,03E+02 5,86E+03 2,30E+02 1,13E+02 3,64E+02 2,39E+00 1,53E+01 1,37E+02 2,13E+04 2,61E+00
37 2,94E+02 6,58E+01 1,02E+02 5,76E+03 2,26E+02 1,11E+02 3,57E+02 2,35E+00 1,50E+01 1,34E+02 2,09E+04 2,60E+00
38 2,87E+02 6,43E+01 9,91E+01 5,62E+03 2,20E+02 1,08E+02 3,49E+02 2,29E+00 1,47E+01 1,31E+02 2,04E+04 2,56E+00
39 2,79E+02 6,25E+01 9,65E+01 5,47E+03 2,14E+02 1,05E+02 3,39E+02 2,23E+00 1,43E+01 1,27E+02 1,98E+04 2,49E+00
40 2,79E+02 6,25E+01 9,65E+01 5,47E+03 2,14E+02 1,05E+02 3,39E+02 2,23E+00 1,43E+01 1,27E+02 1,98E+04 2,43E+00
41 2,79E+02 6,24E+01 9,63E+01 5,46E+03 2,14E+02 1,05E+02 3,39E+02 2,23E+00 1,43E+01 1,27E+02 1,98E+04 2,43E+00
42 2,77E+02 6,21E+01 9,59E+01 5,43E+03 2,13E+02 1,04E+02 3,37E+02 2,22E+00 1,42E+01 1,26E+02 1,97E+04 2,35E+00
43 2,75E+02 6,15E+01 9,49E+01 5,38E+03 2,11E+02 1,03E+02 3,34E+02 2,20E+00 1,41E+01 1,25E+02 1,95E+04 2,35E+00
44 2,74E+02 6,15E+01 9,49E+01 5,38E+03 2,11E+02 1,03E+02 3,34E+02 2,20E+00 1,41E+01 1,25E+02 1,95E+04 2,34E+00
45 2,73E+02 6,12E+01 9,44E+01 5,35E+03 2,10E+02 1,03E+02 3,32E+02 2,19E+00 1,40E+01 1,25E+02 1,94E+04 2,33E+00
46 2,69E+02 6,03E+01 9,30E+01 5,27E+03 2,07E+02 1,01E+02 3,27E+02 2,15E+00 1,38E+01 1,23E+02 1,91E+04 2,33E+00
47 2,69E+02 6,02E+01 9,29E+01 5,26E+03 2,06E+02 1,01E+02 3,27E+02 2,15E+00 1,38E+01 1,23E+02 1,91E+04 2,31E+00
48 2,65E+02 5,94E+01 9,16E+01 5,19E+03 2,04E+02 9,97E+01 3,22E+02 2,12E+00 1,36E+01 1,21E+02 1,88E+04 2,30E+00
49 2,58E+02 5,78E+01 8,91E+01 5,05E+03 1,98E+02 9,69E+01 3,14E+02 2,06E+00 1,32E+01 1,18E+02 1,83E+04 2,28E+00
50 2,58E+02 5,77E+01 8,91E+01 5,05E+03 1,98E+02 9,69E+01 3,13E+02 2,06E+00 1,32E+01 1,18E+02 1,83E+04 2,23E+00

Receptor



 

 

  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 
 
 

 
 

APPENDIX 3 
 

 
Table 1 – Impacts, risks and adaptation measures to climate 
change applicable to the Aupaluk tank farm 
 

 



Table  1 Impacts, risks and adaptation measures to climate change applicable to the Aupaluk tank farm 

 

DESCRIPTION OF IMPACTS AND RISKS FOR THE PROJECT AND ITS IMPLEMENTATION ENVIRONMENT 

Im
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CLIMATE CHANGE ADAPTATION MEASURES 

Effect of climate change on the 

hazard likely to affect the project or 

the impacts on the environment 

Component of the project likely 

to be affected by the hazard 

Possible consequences for the project 

or its implementation environment 

 
Location and design 

 
Operation and maintenance 

 

 
 

 

 
Heavy rains more intense 

and more frequent 

 

Drainage system of 

the operating area 

 
• • Exceeding the capacity of the drainage system 

• • Ditch erosion 

 

• Drainage installations are oversized to take 

into account blockages due to freezing of 

culverts and spring thaws, additional volumes 

due to increased precipitation are 

accommodated by the oversizing in place 

 
• Redundancy of basin drainage thawing systems. 

Repair of eroded areas. Adjustment of drainage 

infrastructure based on observations 

(continuous process).   

 
 

Secondary containment 

of the storage area 

 

• Filling of the basin limiting the retention capacity in 

the event of a spill 

 

 
• Height of dikes built to the maximum value 

permitted by regulations, oversized volume of 

10%. 

 

 
• Reinforcement to maintain secondary 

containment dry. It must be emptied regularly. 

(the drain valve must be kept closed except to 

drain water) 

 
Higher frequency of high winds 

 
 
Traffic areas 

 

• Formation of snow banks typical of Arctic regions 

creating obstacles. 

• Traffic at risk for inspection on the roofs of the 

tanks 

• Orient the maneuvering areas for sweeping by 

the prevailing winds of the maneuvering areas 

• Locate obstacles so that accumulation areas do 

not hinder traffic 

• Plan the layout to facilitate snow removal 

• Provide hooks and ramps for lifelines 

 
• Inspection procedure during high winds 

• Installation of a sleeve 

 

 

 
Thawing of permafrost 

 

 
 

Tank, building, dikes, 

development 

 

 

• Instability linked to the thawing of permafrost which 

can lead to differential settlements 

• Catastrophic settlement 

 

 

• Installation planned on a deposit of dry sand and 

gravel without ice lenses 

 

• Monitoring of settlements and adjustment and 

leveling of structures 

 

Higher ambient 

temperatures 

 
Product handling 

 
• Greater presence of steam (especially gasoline) 

 

• Design compliant with the Quebec 

Construction Code 

 
• Training of operators on the handling of 

petroleum products 

• Warning signs for the public in accordance with 

regulations 

 

Ice storm 

 
Infrastructures  

 

• Falling ice sheets 

 

• Protective canopies and deflectors 

 

• Inspection procedures  

 

Bank erosion 

 
Infrastructure  

• Erosion 

• Flood 
 

 
• Inspection of the end of the pipeline at the 

bank, 

• Not applicable for the tank farm (elevation 

21m) 

 

• Inspection procedures 

 

 

 
 

 
 

 



 
 

 

9. Le Tome III – Ouvrages d’art du MTMDET (2018) specifies an increase factor of 20% for southern Quebec and 18% elsewhere for flows in watersheds of 25 km2 or less. 
10. The method for taking into account flow variations linked to climate change in establishing OER is currently being developed. A technical guide specifying the modalities is being prepared by the Department of Water and Atmospheric Expertise of the Ministry. 
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