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Executive Summary 

The primary objective of a technical standard, under Ontario’s Local Air Quality Regulation, is to 
include requirements for the implementation of best available air pollution control.  This will lead 
to modernization of operations with respect to minimizing air pollution.  In practical terms, a 
technical standard provides a prescriptive set of air pollution control requirements that focus on 
key contributors to off-site concentrations of priority air toxics.   

In this case, the purpose of this technical standard is to identify and implement best available 
control to minimize air emissions of benzene and benzo[a]pyrene from Ontario petroleum 
refineries.  This Petroleum Refining - Industry Standard would be one of three compliance 
approaches to minimize air emissions of the above-noted two contaminants.  There are six 
petroleum refineries in Ontario (Imperial Oil - Nanticoke; Imperial Oil - Sarnia; Nova – Corunna; 
Shell – Corunna; Suncor -  Mississauga and Suncor - Sarnia).  Each of these facilities would 
either register to comply with a technical standard; request a site-specific standard; or comply 
with the air standards for these two contaminants.  

The process to develop a technical standard includes a combination of analysis and 
consultations with industry stakeholders and community partners.  This effort has been on-going 
since early 2012 and involved the following steps: 

• A review of the available Emission Summary and Dispersion Modelling (ESDM) reports
for each Ontario petroleum refinery with the objective of assessing benzene and
benzo[a]pyrene air emission estimates and dispersion modelling.

• Completion of a dominant source analysis; on-site confirmatory monitoring and a multi-
source atmospheric dispersion modelling review of both industrial and transportation air
emissions of benzene.  This work contributed to the goal of identifying the most
significant contributors to off-site impacts for the target contaminants.

• Technology benchmarking to identify best available methods and air pollution control
requirements for petroleum refineries in other leading jurisdictions.  In this case, federal
rules from the United States Environmental Protection Agency (US EPA) and related
requirements from key states (where there are a significant number of petroleum
refineries) such as California, Louisiana and Texas were an important point of
comparison.

• Consultation with industry stakeholders; liaison with representatives of regulators in
other jurisdictions; and co-hosting with the Canadian Fuels Association and Air & Waste
Management Association a monitoring conference in November 2014 all contributed
towards identifying lessons-learned from the implementation of similar requirements in
the United States.  This was an important step towards developing the technical
standard for petroleum refineries in Ontario.

• Liaison with community groups and First Nations to provide information and obtain input
towards development of the technical standard.

• Collaborating with legal services staff and representatives from other Ministry of the
Environment and Climate Change (the “Ministry”) departments including district and
regional staff; and technical experts within the environmental approvals and
environmental monitoring and reporting and air policy & climate change branches was
an important aspect of ensuring a balanced and enforceable technical standard.
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A technical working group was formed in early 2012 with the objective of providing input during 
the development of the technical standard.  In 2014, representatives of the Aamjiwnaang1 and 
Walpole Island First Nations were invited to participate in the working group meetings.  An 
additional community member also joined the group in 2015.  The technical working group 
provided valuable guidance and assistance towards the objective of achieving a balance of 
interests.  However, a consensus amongst all participants was not possible with respect to the 
specific level of control that should be included in the technical standard.   

Summary of Stakeholder and First Nation Input and Concerns 
In general, industry representatives emphasized the importance of focusing on the most 
significant sources; considering lessons-learned from implementation of United States (US) air 
pollution rules; and ensuring that the development of requirements consider cost effectiveness 
and the cumulative effect of cost pressures from multiple and simultaneous environmental 
initiatives. 

First Nations representatives expressed concerns with the process to develop a technical 
standard (e.g., a lack of capacity and corresponding funding to allow First Nations to contribute 
substantively); an inability to review information related to the dominant source analysis; and 
emphasized the need to consider cumulative effects from multiple facilities, multiple 
contaminants and exposure pathways; and to consider a historical pattern of exposures.  The 
Ministry responded to these concerns by hiring technical experts to provide a jurisdictional 
review to both the Ministry and First Nations with respect to the most stringent air pollution 
requirements for US petroleum refineries (and Germany).  This information was considered in 
the development of the technical standard and in assessing “lessons-learned” and cost 
effectiveness aspects, as requested by the industry representatives.  Chapter 7 of this report 
includes more information with respect to stakeholder and First Nations input and concerns. 

Conclusions 
Current information with respect to air emissions and an analysis to identify the dominant 
contributors point of impingement concentrations of benzene suggest that a focus within the 
technical standard on storage vessels, equipment leaks, wastewater treatment operations 
and product loading is reasonable.  Additional requirements for property-line monitoring of 
benzene is anticipated to provide important information with respect to ensuring the success of 
the rules and identifying additional emission reduction opportunities, if needed. 

Although Ontario petroleum refineries have been implementing, for at least 20 years, voluntary 
efforts to limit air emissions of volatile organic compounds (VOCs) such as benzene a 
jurisdictional review has determined that current air pollution control practices to limit benzene 
air emissions from petroleum refineries in Ontario are lagging behind requirements in the US.   
The jurisdictional review suggests that information from the US provides a reasonable basis to 
develop air pollution control requirements for Ontario petroleum refineries. 

An assessment of the dominant sources to point of impingement concentrations of 
benzo[a]pyrene and air pollution control information from the US supports the conclusion that 
setting new air pollution control requirements for benzo[a]pyrene air emission from petroleum 
refineries is currently unnecessary. In summary, exceedence of the new benzo[a]prene] 
standard is only predicted for a small minority of facilities; the exceedence zones do not extend 
significantly beyond the property-line; and the main contributors to these 
1 The Aamjiwnaang First Nation is adjacent to three of the four petroleum refineries and within a few kilometres of 
a fourth refinery.  There are also a number of petro-chemical facilities nearby.   
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exceedences do not warrant further air pollution control relative to best available control in other 
jurisdictions. 

Specific requirements and phase-ins have been developed based on an intention to balance the 
need for new air pollution control requirements with cost effectiveness.  Phase-in of 
requirements over a period of time is anticipated to facilitate appropriate planning, engineering 
and construction and to reduce implementation costs.  

Ministry work in 2015 and 2016 was completed at a measured but relatively expeditious pace.  
The intent was to complete the work so that benzene emission reductions and regulatory 
certainty could be achieved as soon as possible.  However, it is anticipated that additional 
effort by the Ministry is needed to engage and build trust with the Aamjiwnaang and 
Walpole Island First Nations. 

Recommendations to Address First Nations Concerns and Path Forward 

The ministry will continue to work with industry stakeholders and community partners as the 
new air pollution requirements are implemented.  In particular, due to the proximity of many of 
the petroleum refining and petrochemical facilities along with ongoing concerns from the 
communities themselves, a collaborative approach with the Aamjiwnaang First Nation and the 
Walpole Island First Nation will be undertaken to verify air quality improvements and to identify 
additional air pollution control requirements as necessary.  These implementation efforts are 
anticipated to culminate in a review of the petroleum refining and petrochemical sector 
requirements in 2023.

Summary of Rules and Next Steps 

Table ES-1 on the following pages provides a summary of the requirements in the technical 
standard for petroleum refining.  Chapter 9 of this report provides a more detailed summary 
of the requirements. 

The proposed Petroleum Refining - Industry Standard was posted in the Environmental Bill of 
Rights registry for a 90-day public consultation period from March 9 to June 7, 2016.  Further 
discussions with stakeholders and First Nations partners will continue beyond this formal public 
consultation period. For more information, please see the decision posting for EBR #-12-5867.
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Table ES-1: Summary of Requirements 

Source/Aspect Description and Implementation Timelines 

Applicable 
Storage 
Vessels 

Applicability: Starting January 1, 2018, at least 75 cubic metres capacity; and stores liquid 
with at least 2% by weight benzene. Starting July 1, 2025, at least 75 cubic metres capacity, 
and stores liquid with at least 1% benzene by weight

Starting January 1, 2018: 
• All new applicable storage vessels must be equipped with internal floating roof (IFR),

external floating roof (EFR) or closed vent and control system requirements that comply
with the latest US federal rules.

• Optical gas imaging leak inspection requirements for both new and existing applicable
storage vessels.

Phase-in Between 2020 and 2029: 
• All existing applicable storage vessels must be retrofitted with IFR, EFR or closed vent

and control system (except for existing applicable storage vessels that are already
equipped with IFR).

Wastewater 
Treatment 
Operations 

API Separators: by January 1, 2019 IFR, EFR or closed vent and control or by July 1, 
2017 monitor ambient air or inlet/outlet wastewater for benzene. 

Drains and Junction Boxes:  implement by January 1, 2019 air pollution control plans for all 
process drains within 200 metres of the property-line or directly connected by sewer line to 
a maintenance access point within 200 metres of property-line; or by July 1, 2017 monitor 
for benzene in industrial sewage (i.e., wastewater).

Product 
Loading 

Applicability: For product containing 2% by weight benzene or more; truck and railcar 
loading racks with product throughputs above 14 million litres per year; and marine vessel 
loading with three-year rolling average throughputs greater than 1.6 billion litres of 
product. 

Starting March 31, 2018:  Must record product throughput for truck and rail loading racks 
and marine vessel loading berths. Require closed vent and air pollution control within 18 
months of recording above the throughput thresholds. 

Property-Line 
Ambient 

Monitoring 

Applicability:  For all facilities registering to the technical standard. At least 12 ambient 
monitors for measuring benzene if the facility is on a property that is 80 hectares or 
greater; or at least 6 ambient monitors if the facility is on a property that is less than 80 
hectares. 

Starting January 1, 2018: the monitoring must be based upon a plan approved by the 
Ministry and include two-week duration samples. 

A baseline of three years of monitoring data must be developed for each monitor.  If, in 
subsequent years, the benzene monitoring results at any monitor are statistically 
significantly higher than the baseline, then the facility must notify a provincial officer as 
soon as practicable and within six months submit details of the increase; an  explanation of 
the possible causes; and a plan to prevent any future statistically significant increases 
above the baseline.  A new baseline shall be re-determined every year after the third year 
and the re-determined baseline becomes applicable for a monitor if the average of the new 
data is less than the average of the previously determined baseline. 

Note:  This table provides a summary only. For details, see the Technical Standards Publication on the 
Ministry website. If there is any discrepancy between this summary and the legal document, then the 
legal document will take precedence.
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Table ES-1: Summary of Requirements continued 

Source/Aspect Description and Implementation Timelines 

Equipment 
Leaks 

Leak-
Detection- 

and-Repair 
(LDAR) 

Applicability: Starting January 1, 2018, for components in contact with fluid that 
contains 2% by weight benzene or more, excluding heavy liquid service.  Starting July 1, 
2025, for components in contact with fluid that contains 0.8% by weight benzene or more, 
excluding heavy liquid service. Does not include valves with a nominal diameter less than 
1.875 centimetres; components that are unsafe to monitor and some pumps. A leak is 
greater than 1,000 parts per million by volume VOCs. 

Component leak surveys starting January 1, 2018: facilities must complete a survey 
three times a year (or at least once per year if the percentage of leaking valves is less than 
1%).  One survey per year must be completed using a method specified in the technical 
standard (i.e., similar to US Method 21 - see Appendix 6-D: Portable Gas Detector). 
Other surveys in the year may be completed using an optical gas imaging (OGI) method. 
Audit of component leak surveys:  section 7 of the Petroleum Refining - Industry 
Standard sets out the contravention for the LDAR survey.  The Ministry plans to 
periodically audit the results of the survey to assess compliance.
Leak repair timeframes starting January 1, 2020:  leak repairs must be completed within 
specified time-frames, beginning January 1, 2020. 

Delay of repair list: Delaying the repair of a component until the next process unit 
shutdown is allowed if the combined total of leaks on delay of repair (for components in 
50% or greater service) is less than 250,000 parts per million by volume as benzene.  list.

Air Pollution 
Control Devices 

Applicability: to air pollution control devices that are used for the purposes of reducing 
benzene air emission requirements associated with the technical standard. 

Starting January 1, 2018: Benzene or VOC emission limits for air pollution control 
devices must be source tested every two years. 

For flares used as air pollution control devices, shall have a pilot flame present at all 
times the flare is operated by January 1, 2020. 

Record-
Keeping, 

Reporting, 
Complaint 

Response; and 
Web-Site 

Information 
Sharing 

Record-keeping starting January 1, 2018: for applicable storage vessels; wastewater 
treatment operations; product loading; leak detection and repair; property-line monitoring; 
and air pollution control performance monitoring. 

Reporting requirements: annual report summarizing above; Implementation Summary and 
Performance Summary Tables; and delay-of-repair-report every six months to Ministry. 

Web-site reporting of property-line measurements: property-line benzene monitoring 
results; annual reports related to ambient monitoring; and actions taken to address any 
statistically significant higher monitoring results must be posted to the facility web-site; 

Complaint response requirements: prompt action and record-keeping for public 
complaints.

Note:  This table provides a summary only. For details, see the Technical Standards Publication on the Ministry 
website. If there is any discrepancy between this summary and the legal document, then the legal document will 
take precedence.
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Rationale Document: Petroleum Refining Industry Standard 

1. Introduction

Ontario protects air quality through a comprehensive air management framework that includes 
regulations, targeted programs and partnerships with other jurisdictions to address sources of air 
pollution. Ontario’s local air quality regulation (O. Reg. 419/05: Air Pollution – Local Air Quality 
herein “Regulation”) works within the province’s air management framework by regulating air 
contaminants released into communities by various sources, including local industrial and 
commercial facilities. The regulation aims to limit exposure to substances released into air that can 
affect human health and the environment, while allowing industry to operate responsibly under a 
set of rules that are publicly transparent. 

Through the Local Air Quality Regulation, we are facilitating new investments in air pollution 
controls and modernization at Ontario facilities to better protect air quality. 

Under the regulation, industry can implement one of three compliance approaches, each designed 
to manage the risks associated with a facility’s air emissions: 
• Meet the provincial air standard;
• Request and meet a site-specific standard; or
• Register and meet the requirements under a technical standard (if available).

All three approaches are allowable under the regulation. 

Why are there three compliance approaches? 
All industrial and commercial facilities must comply with the local air quality regulation. Air 
standards are a key part of the regulation. They are used to evaluate the contribution of a 
contaminant to air from a regulated facility. New or updated air standards are phased in to give 
industry reasonable time to plan to meet them or to request another compliance approach (i.e. 
through a site-specific standard or sector-based technical standard).  

Since the provincial air standards are set based on science, they may not be achievable by a 
facility or a sector due to unique technical or economic limitations. Instead of making the air 
standard less stringent, the regulation allows facilities or sectors to exceed the air standard as long 
as they are working to reduce their air emissions as much as possible with technology-based 
solutions and best practices. The Ministry closely oversees their progress using a framework for 
managing risk that was developed in cooperation with public health units in Ontario and other 
stakeholders. Some facilities may never meet the air standard and instead will be regulated under 
one of the other compliance approaches. 

MOECC – Standards Development Branch:  July 2016  Page 1 



Rationale Document: Petroleum Refining Industry Standard 

The Technical Standard Compliance Approach 

A technical standard is a technology-based solution designed for two or more facilities in a sector 
that are not able to meet an air standard due to technical or economic limitations. This approach 
can include technology, operation, monitoring and reporting requirements that are relevant to day-
to-day activities at a facility. Once the technical standard is published, any facility in the sector (that 
may or may not meet the air standard) may apply to be registered under this compliance approach. 
Such registration would involve a posting on the Environmental Registry and may involve a public 
meeting. The goal is to have a more efficient tool to better manage air emissions in the sector and 
reduce overall exposure from various industrial and commercial facilities.   

The technical standards are published under the authority of section 38 of the Regulation. The 
technical standards publication specifies the classes of facilities and the contaminants the technical 
standard applies to and the steps and time periods for compliance. A facility may be registered for 
an industry standard, an equipment standard or a combination of industry standards and 
equipment standards.  

There are two types of technical standards under the Regulation: industry standards that regulate 
all sources of a specified contaminant(s) within an industry sector; and equipment standards that 
address a specific type of equipment or source of contaminant, but may apply to one or multiple 
industry sectors.  

If the technical standards published address all sources of a contaminant from a facility, then the 
registered facility is exempt from the relevant air standard – and instead must abide by the 
requirements of the technical standard. If the published technical standards do not address all 
sources of a contaminant from a facility, then only certain sources of the contaminant may be 
excluded from the Emission Summary and Dispersion Modelling (ESDM) report. A facility can also 
choose which contaminants it registers for.   A facility must abide by the relevant air standards for 
the contaminants that are emitted by the facility and not included in the technical standard and 
must comply with the relevant air standards for the contaminants, within a technical standard, that 
a facility chooses not to register to. 

In the development of a technical standard, the Ministry of the Environment and Climate 
Change assesses all sources of a contaminant related to a North American Industry 
Classification System (NAICS) code, and makes a decision as to whether or not that source 
needs to be better controlled, monitored or managed. Development of a technical 
standard includes a better understanding of sources of the contaminant for that sector, 
benchmarking technology to address the sources of a contaminant, and consideration of 
economic issues. Specific requirements are included in the technical standard for those major 
sources that are determined to need better management or control. The technical standard 
includes timeframes  for implementation of the requirements.  
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1.1 Background 
In 2011, the Ontario Ministry of the Environment and Climate Change (the “Ministry”) introduced 
new/updated standards for nine contaminants, which included annual standards for benzene and 
benzo[a]pyrene (B[a]P, as a marker for polycyclic aromatic hydrocarbons): these standards take 
effect on July 1, 2016.  Representatives of the petroleum refining sector have indicated to the 
Ministry2 at least two or more facilities in this sector (currently comprised of six petroleum refining 
facilities in Ontario) will be challenged to meet these new standards for benzene and B[a]P.  
The technical standard which applies to petroleum refining may be a viable compliance 
approach for this sector.   

This rationale document provides information to support the Petroleum Refining Industry Standard. 
This includes an assessment of emissions of benzene, and benzo[a]pyrene (B[a]P).  Other 
contaminants emitted from a petroleum refinery were not included in this assessment. In 
developing the Petroleum Refining Industry Standard, key sources of contaminants were identified 
and prescribed steps and timelines are included to address them. A facility can also choose which 
contaminants it registers for.  

1.2 Purpose and Scope of the Petroleum Refining Industry 
Standard 

The purpose of the Petroleum Refining - Industry Standard is to enable facilities 
to demonstrate best available control of emissions of benzene and B[a]P emitted from 
these facilities.  This Petroleum Refining - Industry Standard is intended to apply to petroleum 
refining facilities identified as part of NAICS code 324110 (Petroleum Refineries) and NAICS 
code 324190 (other petroleum and coal product manufacturing). If the activities 
identified by NAICS code 412110 (Petroleum Product Wholesaler-Distributors) take place 
on the same property as activities identified by NAICS code 324110 (Petroleum 
Refineries) or 324190 (Other Petroleum and Coal Product Manufacturing), then the facility 
is part of two or more classes that are identified by NAICS codes, and this industry 
standard applies to all of those classes. Requests for registration from other facilities that 
operate under these NAICS codes will be considered on a case-by-case basis. 

In developing the Petroleum Refining - Industry Standard requirements set out in this rationale 
document, the Ministry referred to a variety of on-line and hard-copy documents 
published by environmental regulatory agencies from Canada, the United States and Europe 
(see Appendix A for a list of key reference material).  In summary, the requirements to be set out 
in the  Petroleum Refining - Industry Standard considered all of the above information, other 
relevant studies undertaken by the Ministry, other publicly available information, as well as 
submissions made by representatives of member companies and the Canadian Fuels 
Association to the Ministry during the technical consultation sessions.  In addition, the 
Ministry considered feedback from discussions with local community members including 
Aamjiwnaang First Nations and Walpole Island First Nations.    

2 Letter, dated February 10 2012, from the Canadian Petroleum Products Institute (now called the Canadian Fuels 
Association) to the Minister of the Environment. 
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1.3 Organization of Report 
The purpose of this document is to provide the Ministry’s rationale and consideration of the 
information relevant to the Petroleum Refining - Industry Standard. This document is 
structured to build upon background information and analyses to support recommendations 
including:  

• Chapter 2: a description of the petroleum refining industry in Ontario.
• Chapter 3: complete various analyses related to identifying the sources that are the 

dominant contributors to point of impingement concentrations of benzene and B[a]P.
• Chapters 4, 5 and 6: compare and benchmark methods and requirements, between Ontario 

and other jurisdictions, to minimize air emissions of benzene and B[a]P and sources;
• Chapter 7: document the consideration of stakeholder and community feedback, provide a 

review and develop recommendations for measures to assess the performance of Ontario 
petroleum refineries and the long-term effectiveness of any Petroleum Refining-Industry 
Standard in minimizing point of impingement concentrations of the benzene and B[a]P;

• Chapter 8: a summary of the consideration of the Ministry’s Statement of Environmental 
Values. 

• Chapter 9: outlines the conclusions of the analyses and consultation efforts and 
summarizes the recommendations for the content of the Petroleum Refining - Industry 
Standard. 

1.4 Authority 
The Regulation provides authority to the Minister of the Environment and Climate Change to 
publish and amend the Technical Standards Publication entitled: “Technical Standards to 
Manage Air Pollution”.   See sections 38 through 44 of the Regulation for more information.
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2. Description of the Ontario Petroleum Refining Industry
Petroleum refining is the process of converting crude oil raw material into higher-value petroleum 
products including fuel gases3 such as butane and propane; liquids such as gasoline, diesel and jet 
fuel, heating oil, lubricants and feedstocks for chemical production; and solids such as asphalt and 
petroleum coke. 

This chapter provides an overview of the petroleum refining industry in Canada and Ontario; and a 
general description of the petroleum refining process and its air emissions.   

Petroleum/Crude Oil 
Generally, crude oil is a complex mixture of hydrocarbon molecules (with relatively small amounts 
of non-hydrocarbons such as sulphur, metals, salt and other suspended solids) in liquid form at 
standard temperature and pressure.  Following is a typical range of key components of crude oil4: 

• 83 - 87% by weight carbon;
• 11 - 15% by weight hydrogen; and
• 1 - 6% sulphur.

Different types of crude oil yield a different mix of products depending on the crude oil’s natural 
qualities.  Crude oil is generally classified by the geographic location that it is produced; by density 
(measured as “API gravity”); and sulphur content5.  Crude oil measured with a low API gravity is 
considered a heavy crude oil and typically has a higher sulphur content and a larger yield of lower-
valued products.  Therefore, the lower the API gravity of a crude oil, the lower the value it has to a 
refiner as it will either require more processing or yield a higher percentage of lower valued by-
products such as heavy fuel oil, which sells for less than crude oil.6   Crude oil is also classified by 
whether it is low or high in terms sulphur content:  “sweet” crude contains lower amounts of 
sulphur (e.g., crude oil with 0.42% by weight S or less is classified as “sweet”)7 and “sour” crude 
higher amounts of sulphur.  Some crude oils with particularly low levels of sulphur can be classified 
as “low sweet”.  As an example, a common North American crude oil that is used as a benchmark 
for price setting is West Texas Intermediate (WTI) and classified as a light, sweet crude oil.  
Following is a chart that was recently published by the United States Energy Information 
Administration that illustrates the variability of crude oil in terms of API density and sulphur content. 

3 At standard temperature and pressure (ie., 25 oC and 101.3 kilopascals). 
4 Process Engineering Associates, presentation, “Oil Refinery Processes: A Brief Overview”. 
5 The industry standard for crude oil density is API gravity which is expressed in units  of degrees and which is

inversely related to density.  The terms “sweet crude” and “sour crude” refer to sulphur content in the crude oil. The 
density (ie., as represented by API gravity) and the sulphur content of crude oil are two key parameters to classify 
the value of a crude oil.  The lighter and sweeter a crude, the more valuable it is because of the relative ease it can 
be refined into valuable fuels and petroleum products. According to a regulatory concept paper published by the Bay 
Area Air Quality Management District in October of 2012,  

• “light crude” generally refers to crude oil to a crude oil with API gravity of 38 degrees or more; “medium
crude” has  an API gravity of between 22 and 38 degrees; and “heavy crude” a gravity of 22 degrees or less.

• “”sweet crude” is commonly defined as crude oil with a sulphur content of less than 0.5%, while “sour crude”
has a sulphur content of greater than 0.5%.

6 Natural Resources Canada article, “Refinery Economics”, 2009; Wilkipedia article, “Petroleum” (downloaded July 22 
2013). 
7 United States Energy Information Administration, summary table of definitions, sources and explanatory notes; and 
Wilkipedia, article, “sweet crude oil” (downloaded July 22 2013). 
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Figure 2-1:  Illustration of Some Different Types of Crude Oil from Around the World 
Reference: United States, Energy Information Administration, article, “Crude Oils 
Have Different Quality Characteristics, republished June 2013”. 

Following are excerpts from a background report published by the Bay Area Air Quality 
management District in October 2012 as part of an effort to update it’s local air quality rules for 
petroleum refineries in the San Francisco Bay Area of California: 

“The quality of crude oil imports in the United States has steadily declined over the last several 
decades both in terms of density and sulphur content.  Sour crudes also tend to be more corrosive 
than sweet crudes, and so there has also been an increase in the corrosiveness of crudes that 
have been imported into the United States over time.  The trend towards lower quality crudes is 
largely due to refiners’ preference for quality crudes – this has led to the depletion of those 
reserves and reduced the market share of the light sweet crude that remains.  These trends are 
expected to continue; some have estimated that world-wide production of heavy sour crudes will 
increase by about one-third by the year 2020.   

Refiners have therefore had to confront two opposite forces – a crude supply that is of increasingly 
lower quality, and mandates that require high quality reformulated fuels.  In order to address these 
issues, refiners have responded in a variety of ways. One of the primary changes being made at 
virtually all refineries is to increase the amount of hydrotreating that occurs. Hydrotreating is the 
principle method for removing sulfur from crude oil, and it involves a chemical process in which 
hydrogen reacts with the sulfur to create hydrogen sulfide that can easily be removed from the oil. 
Other changes have included an increased reliance on processes that convert heavy oil into light 
products (e.g. coking). Increases in the corrosiveness of crude oil has been mitigated by the 
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addition of compounds to neutralize the acid, while some refiners have chosen to upgrade their 
piping and unit materials to stainless steel. In some cases, low quality crude oil from the producing 
region is pre-processed to “upgrade” the oil to higher quality specifications before it is sent to the 
refinery (e.g., extra heavy oils, like those from the Orinoco region in Venezuela or the Alberta tar 
sands in Canada, are typically upgraded in a process that is both capital- and energy-intensive, but 
that yields a higher-quality “syncrude”). 

The Congressional Research Service’s report for congress entitled “The U.S. Oil Refining Industry: 
Background in Changing Markets and Fuel Policies” (Nov. 22, 2010) summarizes the trend in 
crude oil quality, and the refiners responses, as follows: 

“Over the last 25 years, the API gravity of imported crude oils has been decreasing while average sulfur 
content has been increasing. API gravity, a measure developed by the American Petroleum Institute, 
expresses the “lightness” or “heaviness” of crude oils on an inverted scale. With a diminishing supply of light 
sweet (low sulfur) crude oil, U.S. refiners have had to invest in multi-million dollar processing-upgrades to 
convert lower-priced heavier crude oils to high-value products such as gasoline, diesel, and jet fuel.” (Page 
13)” 

In addition, crude oil supplies are constantly changing and the projections for the future suggest 
even greater changes with a shift to oils from “unconventional sources” including oil sand derived 
oil, “tight oil” that is released by fracturing shale deposits within the earth; and the future possibility 
of using advanced techniques and destructive distillation to extract oil directly from mined kerogen 
shale deposits.  Although the quality (e.g., API Gravity; sulphur content; and pour point8) can vary 
significantly (including an increase in the supply of lighter and/or sweeter crude oil from these 
unconventional sources) a future trend towards these unconventional oil supplies may mean a 
more varied supply of crude oil.  

“The shift to unconventional oils can be viewed as a technologically and economically driven 
redefinition of the resource base for liquid hydrocarbons.  Over time, new oils are expected to 
change the entire oil value chain, from upstream production byproducts to downstream refined 
petroleum products.”9 

8 The “pour point” is another parameter that is used to classify crude oil.  The pour point of a liquid is the temperature 
at which it becomes semi solid and loses its flow characteristics (see Wikipedia). 
9 The Carnegie Papers, Deborah Gordon, “Understanding Unconventional Oil, 2012”, Page 7. 
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Table 2-1: Oil Quality: API Gravity and Sulphur Content10 

Location Low Quality Range High Quality Range 

Africa Angola (Kuito): 19o; 0.68%S Nigeria (Agbami Light): 47o; 0.04%S 

Asia China (Peng Lai): 22o; 0.29%S Indonesia (Senipah Condensate): 
54o; 0.03%S 

Australia Enfield: 22o; 0.13%S Bayu Undan: 56o; 0.07%S 

Europe UK (Alba): 19o; 1.24%S Norway (Snohvit Condensate): 
61o; 0.02%S 

Mid East Saudi Arabia (SA heavy): 
27o; 2.87%S Abu Dhabi (Muran): 39o; 0.8%S 

North America Canada (Albian): 19o; 2.1%S US (Williams Sugar Blend): 
41o; 0.2%S 

Latin America Venezuela (Bascan): 10o; 5.7%S Columbia (Cupiaga): 43o; 0.14%S 

Central Asia Russia (Espo): 35o; 0.62%S Kumkol (Kazakhstan): 45o; 0.81%S 

Notes for Table 2-1: 
i) Degrees API= [141.5/(specific gravity at 60 oF) – 131.5]
ii) %S means percent by weight sulphur

10 Reference 6, Page 8. 
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Petroleum Refineries in Canada 

There are 19 petroleum refineries in Canada (see map below; source: Canadian Fuels Association 
web-site, June 2013).  Canada is a net exporter of refined petroleum products and crude oil which 
are mainly exported to the United States. 

Figure 2-2: Summary of the Canadian Petroleum Refining Industry 
Note:  1 US barrel (petroleum) is defined as 42 US gallons or 159 litres or 0.159 cubic metres; 

reference - wikipedia; and other texts and web-sites. 
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2.1  Ontario Industry Overview 
As indicated in Figure 2-2, the Ontario petroleum refining industry is comprised of 6 petroleum 
refineries.  Table C-1 in appendix C provides additional information for these 6 Ontario facilities in 
terms of production, annual air emissions reported and predicted point of impingement 
concentrations for key contaminants.  Appendix C also includes a chart comparing the crude oil 
processing capacity of each of the 6 Ontario refineries with 137 refineries in the United States. 

Petroleum production began in Ontario in the 1850’s11 (near Sarnia) where asphalt and kerosene 
were the initial products.   Refinement of the crude oil material extracted from the ground involves 
separating the various components into “lighter” and “heavier” components.  A distillation column 
operating at atmospheric pressure provides the first step in separating the lighter (higher value) 
gaseous components from the rest of the crude oil.  Until after the second world war, many 
petroleum refineries only employed these type of crude oil distillation columns with some refineries 
including more advanced vacuum distillation columns (for increased yield of lighter ends) and 
thermal cracking units that reduce the viscosity of the oil by breaking-down the larger molecules 
into smaller ones.  Petroleum refining technology continued to evolve after the second world-war 
with the goal of improving yield of higher value products (e.g., fluid catalytic cracking) and flexibility 
to process heavier and higher sulphur content crudes (e.g., use of coking technology; increasing 
emphasis on hydrotreating; and use of the Claus process to produce sulphur as a by-product)12.   

Ontario refineries have followed these general trends but the availability of different types of crude 
(e.g., lighter “sweeter” crudes with lower sulphur content to heavier “sour” crudes with higher 
sulphur content) and the variation in product demand by locale have also influenced the petroleum 
refining industry in Ontario13: 

• “Most refineries in Western Canada and Ontario were designed to process light sweet
crude oil that is produced in Western Canada.”

• Generally, “Canada refineries in Western Canada and Ontario have been slower to
reconfigure their operations to process lower cost, less desirable crude oils.”

• “However, with growing oils sands production and the declining production of conventional
light sweet crudes, refineries in Western Canada and Ontario have started to make the
investment required to process the increasing supply of heavier crudes.”

• “In Western Canada and Ontario, almost 50% of the crude oil processed by refiners is
conventional light, sweet crude oil and another 25% is high quality synthetic crude oil (ie.,
derived by upgrading oil sands crude).  Most of the remaining crude oil processes by these
refineries is heavy, sour crude.”

• “In Ontario, gasoline sales outpace distillate sales and account for more than 45% of total
product demand with distillates (fuel oil) at less than 30%.  For comparison, based upon
information from Natural Resources Canada in 2009, the percentage of total production that
is gasoline and distillate oil:

o Western Canada: 40% gasoline and 40% distillate fuel oil;
o Quebec: 40% gasoline and 34% distillate fuel oil;
o Atlantic provinces: less than 30% gasoline and 40% distillate fuel oil; and
o United States (overall): 50% gasoline; less than 30% distillate oil.

11 History of the Petroleum Industry in Canada, wikipedia article (downloaded, July 2013). 
12 Petroleum Refining Processes, wikipedia article (downloaded, July 22 2013). 
13 Natural Resources Canada article, “Refinery Economics”, 2009. 
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Similar to trends across North America in the last few decades, there have been a number of 
petroleum refinery closures in Ontario (e.g., closure of Petro-Canada’s Oakville facility in April 
2005, Imperial Oil – Mississauga refinery shutdown in 1985; and Shell Canada-Oakville refinery 
shutdown in 1983). 

An emerging/future trend towards the processing of crude oil extracted from shale may also result 
in changes in Ontario refinery operations (e.g., “tight light oil” derived from shale rock formation 
deposits14).  For example, after some pre-processing near the extraction site to lower the viscosity, 
shale-derived crude oil can have a lower sulphur content15. 

As shown in Figure 2-3, below, Ontario refineries are generally smaller, in terms of crude oil 
processing capacity (US barrels per calendar day), than the average for the key petroleum refining 
jurisdictions in the United States (e.g., Texas, Louisiana and California).  There are approximately 
125 locations in the United States and Canada where crude oil is refined into various fuel products. 
Figure 2-4 provides a summary of refining capacity for the 33 most significant petroleum refining 
centers in the United States and Canada (ie., locations where the combined petroleum refining 
capacity is greater than 200,000 U.S. barrel per calendar day).16 

Summary of “The Economics of Petroleum Refining” 
The Canadian Fuels Association published, in December 2013, a concise and comprehensive 
review of the business of petroleum refining.  The following provides a summary of this document: 

• Canadian refineries operate and compete in an integrated North American market.  They “take”
wholesale prices that reflect trading activity on markets like the New York Mercantile Exchange
(NYMEX).

• Since refineries have little or no influence over the price of their input or their output, they must
rely on operational efficiency for their competitive edge.  Efficiency is measured by the ratio of
output to inputs and increases through constant innovation, upgrading and optimization to
produce more outputs from fewer inputs.

• Each refinery constantly weighs a number of factors, including the type and amount of crude oil
to process and the conditions under which various conversion units operate.  However, there
are limits to how flexible a refinery can be.  The configuration and complexity of each facility
determines the types of crude oil it can process and the products it can produce.  Location and
transportation infrastructure further limit the degree to which a refinery can access various types
of crude and  other supplies.

• Refineries receive crude oil via pipelines, ships and rail cars.  Pipeline and marine tankers are
the lowest cost.  Traditionally, proximity to market was the dominant consideration in locating a
refinery.  Tidewater locations provide access to low-cost marine shipping.

• Depending on the specific requirement, the capital investment and operating costs of complying
with government regulatory requirements can be considerable.  For example, the costs imposed
by Canada’s regulations for sulphur in gasoline and diesel fuel that came into force over the last
decade are estimated at $5 billion in capital spending alone.  The cumulative costs of complying
with environmental regulations imposed on refineries by all levels of government over the same
period is significantly higher.

14 Natural Resources Canada article, “North American Tight Light Oil” (downloaded Jul 22 2013). 
15 Oil shale, wilkipedia article and “The Chemistry of Shale Oil and Its Refined Products”, article, Donald M. Fenton, 
et; al. Union Oil Company 
16 The production capacity data for the US facilities was obtained from the US EPA document, “Regulatory Impact 
Analysis – Petroleum Refineries – New Source Performance Standards Ja, June 2012” and the Congressional Research 
Service report, “The U.S. Oil Refining Industry: Background in Changing Markets and Fuel Policies, November 22, 
2010”. 
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2.2  General Description of the Petroleum Refining Process 

Petroleum products derived from crude oil are a convenient and efficient source of energy.  For 
example, petroleum liquids are relatively easy to handle and store and are particularly suited for 
transportation fuels.  The output from petroleum refineries includes refinery fuel gases, liquefied 
petroleum gas, aviation and automotive gasoline, jet fuels, kerosene, solvents, feedstock for other 
chemical processes, distillate and diesel fuel oils, residual fuel oils, lubricants, greases, waxes and 
asphalt. 

Generally, the refining of crude oil involves two stages.  The first stage includes desalting of the 
crude and then separation through distillation into various hydrocarbon components.  In the second 
stage, the distilled fractions are converted into higher value petroleum products using a variety of 
processes with the objective of contaminant removal and cracking and reshaping/reforming of 
hydrocarbon molecules. 

Not all petroleum refineries include both process stages nor output all of the above-noted 
petroleum products.   Some petroleum refineries, known as “topping” refineries, only include the 
first stage of the refining process.  The petroleum refineries that include both stages are further 
sub-divided into either “cracking” refineries and “coking” refineries (where coking is a thermal 
cracking process used at some refineries to convert lower value residual fuel oil into higher value 
lighter petroleum products and petroleum coke).  Figure 2-3 below, provides a summary of the 
differing yields by the type of petroleum refinery: 

Figure 2-5:  
Comparison of Yields by Refinery Type "Heavy Crude Oil Example" 

Reference: Natural Resources Canada web-site article, “Refinery Economics” 

There are often other significant differences in the process and capabilities between petroleum 
refineries that are a result of the evolution of process engineering and differing market segments 
that each refinery has focused on over a period of time. 

Figure 2-6 on the following page provides a typical schematic diagram for a petroleum refinery. 
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Figure 2-6:  
Schematic Process Flow Diagram for a “Typical” Petroleum Refinery 

Reference: Wilkipedia article: Petroleum Refining Processes (accessed July 19 2013) 

MOECC – Standards Development Branch:  July 2016 Page 15 

http://en.wikipedia.org/wiki/Petroleum_refining_processes


Rationale Document: Petroleum Refining Industry Standard 

Following is a summary of the key unit processes within a petroleum refinery (not all of the 
following operations are included at every petroleum refinery): 

Stage One: Desalting, Distillation and Light Ends Recovery 

2.2.1. Desalting 
Suspended solids and salt are first removed from the delivered crude oil using process 
water as a medium to dissolve the salt and particles and a gravity settler tank.  The process 
water is then separated from the oil with the effluent water sent to the wastewater treatment 
facilities. 

2.2.2. Atmospheric Distillation 
The desalted crude is then typically heated in a furnace17 and fed into a vertical distillation 
column that is operating at atmospheric pressure.  After entering the tower, the light 
fractions flash (e.g., naphtha18) into vapour and travel up the tower.  This leaves the 
heaviest fractions (e.g., heavy fuel oil and asphalt residue), which have a higher boiling 
point, at the bottom of the tower. As the hot vapour rises, its temperature is gradually 
reduced and the lighter fractions condense onto tray located at successively higher portions 
of the tower.  For example, the naphtha fractions that are used to formulate motor gasoline 
will condense at higher portion of the tower than kerosene because it condenses at lower 
temperatures.    Typically, further processing is applied to the various fractions that are 
separated in the atmospheric distillation tower.  The atmospheric distillation operation is 
also commonly known as “crude distillation unit” or CDU. 

2.2.3. Vacuum Distillation 
The vacuum distillation process is used to recover gas oils from the “bottoms” of the 
atmospheric distillation process.   The process is similar to that used in the atmospheric 
distillation operation except that the distillation is conducted, on the remaining heavier 
component of the liquid crude oil, under low pressures to facilitate volatization and 
separation of additional fractions. 

17 As indicated in the US EPA document, “Regulatory Impact Analysis – Petroleum Refineries: New Source 
Performance Standard Ja, June 2012”, page 2-4: the crude oil is heated to  about 400 oC (750 oF) before being fed into 
the atmospheric distillation column.  Kirk-Othmer (1982 edition), Volume 17 – Pg. 183, indicates that a crude oil 
atmospheric distillation column the crude is intended to separate out the fractions that boil below 370 oC. 
18 Naphtha is a broad term covering the lightest and most volatile fractions of the liquid hydrocarbons in petroleum.  It 
is colorless to reddish-brown with a aromatic odour.  It is a key building block for gasoline production.  “Full range 
naphtha” generally boils between 30 and 200 oC where the light naphtha fraction molecules generally consist of 5-6 
carbon atoms and boils between 30 and 90 oC and the heavy naphtha fraction consists of 6-12 carbon atoms and boils 
between 90 and 200 oC.  (Wilkipedia – Naphtha, downloaded July 22 2013). 
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2.2.4. Light Ends Recovery (Gas Processing) and Sulphur Recovery19 

By-product refinery gases (e.g., methane and ethane) from a number of operations at a 
petroleum refinery, including the atmospheric distillation unit, hydrotreater, the catalytic 
cracking unit and coker units, are directed to a gas treatment and de-sulpherization step 
using amines.   

In summary, amines (e.g., primary amines are a group of compounds that are derived from 
ammonia and generally contain RNH2 where R denotes a variety of compounds that 
replace one of the nitrogen atoms) absorb hydrogen sulphide (H2S) from the gas stream.  
The amine treatment unit generally includes both an absorber and regenerator unit.  The 
resultant rich amine stream from the absorber unit is typically regenerated to “lean” amine 
using stripper and re-boiler steps.  The lean amine is recycled back to the absorber unit and 
the H2S rich gas stream from the regenerator is directed to a Claus process unit.  The 
Claus process includes the combustion of a portion of the H2S to SO2; a reaction, using a 
catalyst, with the sulphur dioxide and remaining hydrogen sulphide to produce elemental 
sulphur.  The Claus process generally converts less than 90% of the H2S that was present 
in the original gas stream to elemental sulphur.   

A tail gas treatment unit (TGTU) is often used to improve the overall sulphur contaminant 
emission control efficiency.  A TGTU includes a reduction reaction to convert the remaining 
sulphur compounds from the Claus unit back into H2S; and an amine based system to 
separate out the H2S from the effluent gas stream for recycle back to the Claus unit. 

Many wastewater streams within a petroleum refinery include significant amounts of H2S 
and a stripping operation is often used to separate the H2S from this “sour” water.  The 
gaseous effluent from the sour water stripper is typically directed to the Claus process unit. 

The de-sulpherized refinery gases are used as feedstock for chemical processes or used 
within the facility as fuel for the various boilers and process heaters and are an alternative 
that are anticipated to result in lower air emissions of polyaromatic hydrocarbons (including 
B[a]P) than the combustion of some fuels such as residual oil. 

Merox treating: is a also used as a “sweetening” step (to remove sulphur from liquid 
petroleum gas, kerosene and/or jet fuel) through the oxidation of mercaptans to alkyl 
disulphides using a caustic solution in the presence of a catalyst. 

19 US EPA, “Regulatory Impact Analysis: Petroleum Refineries – New Source Performance Standards Ja, June 2012”, 
Pg. 2-6;  Wilkipedia – Amine gas treating (downloaded Jul 22 2013); and US EPA, AP-42 “Emission Factors Guide, 
1995”, Chapter 5.1.2.9. 
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Stage Two: Contaminant Removal, Cracking and Reshaping/Reforming 
In general, catalytic processes are used to processing the distillate stocks while thermal processing 
is used of distillation column bottoms since residual metals, ash and coke reduce the effectiveness 
of catalysts20. 

2.2.5. Hydrotreating, Hydrocracking and Hydrofining21 
Hydrotreater process units are used, as an initial step in the second stage of refinement, to 
remove sulphur, nitrogen and metals from various distillate streams.  In summary, hydrogen 
is injected in the presence of a catalyst to “saturate” the hydrocarbons (ie. reduce any 
double or triple bonds to single bonds) and to remove sulphur, nitrogen and metal 
contaminants.  The catalyst facilitates the hydrogenation reactions at a lower temperature 
than would be required in a non-catalytic reaction.  As noted in Figure 2-4, above, the 
hydrotreating process is used in a variety points in petroleum refining (e.g., naphtha 
hydrotreating, jet fuel, kerosene and diesel oil hydrotreating, pre-treatment of the feed prior 
to a fluid catalytic cracking unit). 

Hydrocracking: is intended to remove feed contaminants and convert low value heavy gas 
oils (from the vacuum distillation unit).  The process begins with a hydrogenation catalytic 
process similar to hydrotreating and is generally followed with a catalyst bed reactor to 
facilitate cracking reactions that result in a lighter fuel oil.  The Kirk-Othmer reference 
provides the following example: unlike thermal or catalytic cracking, hydrocracking reduces 
the molecular weight of aromatic compounds and fills a specific need for processing 
streams high in aromatic material, such as cycle stocks from catalytic or thermal cracking, 
coker products or coal liquids (e.g., catalytic stock can be cracked using this process to a 
naphtha fraction that can be used as a feed for catalytic reforming to make a premium-
octane gasoline or petro-chemical aromatic material). 

Hydrofining22: is a fixed-bed catalytic process, that utilizes hydrogen, to desulfurize and 
hydrogenate a wide range of charge stocks, from gases through waxes.  The catalyst 
generally comprises cobalt oxide and molybdenum oxide on an extruded alumina support 
and may be regenerated in place by air and steam or flue gas. 

20 Kirk-Othmer (1982 edition), Volume 17 – Pg. 183. 
21 Process Engineering Associates, presentation, “Oil Refinery Processes: A Brief Overview”; Wilkipedia – 
Hydrogenation (downloaded Jul 22 2013); and Kirk-Othmer, Volume 17 – Pg. 205. 
22 McGraw-Hill Dictionary of Scientific & Technical Terms, 6E, Copyright © 2003 by The McGraw-Hill Companies, 
Inc.; on-line (downloaded Jul 24 2013). 
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2.2.6. Catalytic Cracking23 
In summary, catalytic cracking involves the “cracking” of heavier, higher-boiling 
hydrocarbons (in the distillate output from the vacuum distillation unit) into lighter, lower-
boiling hydrocarbons that are generally of higher economic value.  There are typically two 
types of catalytic cracking systems in use at petroleum refineries: fluidized-bed catalytic 
cracking (FCC; and the most common method) and moving-bed catalytic cracking.   

Fluidized-bed catalytic cracking (FCC): use of a catalyst in the form of fine particles that 
have been heated in combination with pre-heated feed.  The pre-heated feed from the 
vacuum distillation unit is vapourized and brought to the desired “cracking” reaction 
temperature (e.g., 470 – 525 oC) when it comes into contact with the hot fluid catalyst in a 
riser portion prior to a reactor.  Once the reaction is completed, the spent catalyst is then 
conveyed to a regenerator where coke deposited on the catalyst is burned off. 

Moving-bed catalytic cracking:   in a moving–bed system cracking reactions take place as 
the catalyst beads and hydrocarbon feed move co-currently through a reactor zone. At the 
end of the reactor zone, the catalyst is separated from the hydrocarbon vapours; then 
steam-stripped to remove any adsorbed hydrocarbons; and then the coke is burned-off of 
the catalyst prior to re-use. 

The US AP-42 Emission factors guide indicates that emissions from an FCC unit are 
significantly higher (e.g., suspended particulate matter and sulphur dioxide) than for a 
moving bed system due to the higher catalyst circulation rates used in a FCC unit. 

2.2.7. Thermal Cracking24 
Thermal cracking processes include visbreaking and coking, which break heavy oil 
molecules by exposing them to high temperatures. 

Visbreaking: topped crude (from the crude distillation unit) or vacuum distillation column 
residuals are heated and thermally cracked (between ~455 – 480 oC) in a visbreaking 
furnace to reduce the viscosity or the pour point of the feed.  The cracked products from 
this furnace are quenched with gas oil and flashed into a fractionator.  The vapour from the 
fractionator is separated into light distillate products and the heavy distillate that is 
recovered from the fractionator liquid can be used as either a fuel oil blending component or 
catalytic cracking feed. 

Fluid coking: involves injecting residual oil feeds (e.g., from the vacuum distillation unit) into 
a reactor where they are cracked, yielding coke and a wide range of vapour products.  
Vapors that leave the reactor are quenched in a scrubber, where entrained coke fines are 
removed and the vapors fractionated and added to various other streams within the refinery 
towards the production of final products such as gasoline.  Coke from the reactor enters a 
heater and is de-volatized.  The volatiles from the heater are treated for removal of fine 
particulate and sulphur to yield a particulate-free, low-sulphur fuel gas.  The de-volatized 
coke may be sent to a gasifier where approximately 95 percent of the reactor coke is 
gasified at high temperature with steam and air or oxygen.  The gaseous products and coke 
from the heater can be returned to the heater as a supply of energy for the de-volatization 
process.  

23 US EPA, AP-42 “Emission Factors Guide, 1995”, Chapter 5.1.2.9; Process Engineering Associates, presentation, “Oil 
Refinery Processes: A Brief Overview”. 
24 US EPA, AP-42 “Emission Factors Guide, 1995”, Chapter 5.1.2.9. 
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2.2.8. Catalytic Reforming25 
The catalytic reforming process converts lower octane26 naphtha into high-octane reformate 
for gasoline blending.  The reforming reactions occur in chloride promoted catalyst beds.  
Desired reactions are intended to convert the naphthenes and paraffins in the feed to form 
aromatics.  Typically, in this operation, naphtha feed and recycle hydrogen (from a 
hydrotreater step upstream of the catalytic reforming process) are heated through 
successive reactor beds.  Reformate product can be further processed to separate aromatic 
components or be used for gasoline blending. 

2.2.9. Alkylation27 
Alkylation is a process to combine light olefins (e.g., propylene and butylene) with isobutene 
to form a component of high octane gasoline (alkylate).  In this operation, olefins from the 
fluid catalytic cracking unit are combined with isobutene and fed to the alkylation reactor 
(which typically includes an acidic-type catalyst such as hydrofluoric or sulphuric acid).  The 
process also includes a step to fractionate out propane (which becomes a by-product) and 
then recycle isobutene back to the reactor.  Alkylate from this process is typically sent to be 
used for gasoline blending. 

2.2.10. Isomerization28 
Isomerization is another operation that is intended to increase the octane level of the 
components that are blended to produce gasoline.  As indicated in Figure 2-4, the 
isomerization process is typically applied to the light naphtha component from the crude 
distillation unit.  The objective is to convert n-paraffins to higher octane iso-paraffins. The 
above-noted reference (see note at the bottom of this page) indicates that this is 
accomplished using a chloride promoted fixed bed reactor where the catalyst performance 
is sensitive to incoming contaminants (e.g., sulphur and water).  As a result, the 
isomerization process is generally downstream of a hydrotreating step.  The output from the 
isomerization process is intended to be blended with other components of gasoline.  The 
Wilkipedia reference (see note at the bottom of this page) suggests that this process can 
also be used to convert n-butane to isobutane for use in the alkylation process. 

25 Process Engineering Associates, presentation, “Oil Refinery Processes: A Brief Overview”. 
26 Octane rating is a standard measure of the performance of a motor or aviation fuel.  The higher the octane rating, the 
more compression the fuel can withstand before detonating.  This characteristic is important for gasoline fueled engines. 
In contrast, fuels with lower octane numbers are ideal for diesel engines.  Octanes are a family of hydrocarbons that are 
typical components of gasoline and boil at approximately 125 oC. 
27

28 Process Engineering Associates, presentation, “Oil Refinery Processes: A Brief Overview”.  Also, Petroleum 
Refining Processes, wilkipedia article (downloaded, July 22 2013). 
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2.2.11. Other Auxiliary Processes and Facilities29 
There are a variety auxiliary facilities required at petroleum refineries.  Following is a 
summary of the key facilities that support the primary petroleum refining operations: 

Asphalt blowing: polymerizes asphaltic residual oils, increasing melting temperature and 
hardness to achieve increased resistance to weathering.  The oils, containing a large 
quantity of polycyclic aromatic compounds, are oxidized by blowing heated air through a 
heated batch mixture or, in a continuous process, by passing hot air countercurrent to the 
oil flow.  In some cases, ferric chloride or phosphorous pentoxide is used as a catalyst to 
increase the reaction rate and to impart special characteristics to the asphalt. 

Compressor engines: are sometimes used to provide high-pressures for some of the 
petroleum processes (e.g., hydrotreating, hydrocracking, catalytic reforming and 
isomerization).  Electric motors and/or steam engines are also commonly used for his 
purpose. 

Cooling towers: are used extensively in refinery cooling water systems to transfer waste 
heat from the cooling water to the atmosphere.  Once-through cooling using relatively large 
sources of water are sometimes used as an alternative to cooling towers. 

Flaring system:  is comprised of a system to combust waste gaseous hydrocarbons and 
gaseous sulphur-rich streams in open flare(s).  There is often a separate hydrocarbon 
flaring system (ie., oxidation of hydrocarbons to primarily carbon dioxide) and a separate 
“acid gas” flare to dispose of sulphur-rich streams (ie., oxidation of hydrogen sulphide to 
sulphur dioxide).  The hydrocarbon portion of the flaring system operates in conjunction 
with the blowdown system and the acid gas flare operates in conjunction with bypass 
systems when there are various malfunction events that require the expeditious and safe 
disposal of sulphur-rich streams. 

Pressure relief and blowdown system: the blowdown system provides for the safe disposal 
of hydrocarbons (vapour and liquid) discharged from pressure relief valves that are used 
throughout the refinery process and storage and transfer systems.  Most refining process 
units and equipment subject to planned or unplanned hydrocarbon discharges are 
manifolded into a collection unit, called a blowdown system.  By using a series of flash 
drums and condensers arranged in decreasing pressure, blowdown material is separated 
into a vapour and liquid cuts.  The separated liquid is recycled into the refinery.  The 
gaseous portion can be either flared or recycled. 

Process heaters: are used extensively within a petroleum refinery to supply the heat 
necessary to raise the temperature of feed materials to reaction or distillation level.  The 
fuel burned in process heaters may be refinery gas, natural gas, residual fuel oils or 
combinations.  Process heaters may also use CO-rich flue gas as fuel. 

29 US EPA, AP-42 “Emission Factors Guide, 1995”, Chapter 5.1.2.9.  Also, Petroleum Refining Processes, wilkipedia 
article (downloaded, July 22 2013). 
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Sour water stripper unit: uses steam to remove hydrogen sulphide gas from various 
wastewater streams for subsequent conversion into end-product sulphur in the Claus unit. 
Steam reformer unit: converts natural gas into hydrogen for the hydrotreater, hydrocracker 
and/or hydrofining processes. 
Storage systems: are used to store crude oil raw material and finished product.  The 
storage tanks are often vertical cylindrical vessels that include some form of vapour 
emission control.  Storage vessels that contain liquefied petroleum gas (LPG) are kept at a 
pressure that is sufficient to maintain the LPG in liquid form.  
Transfer operations:  Some refinery feedstocks and products are transported by pipeline 
and some are transported by trucks, rail cars and marine vessels.  They are transferred to 
and from these transport vehicles by specialized pumps and piping systems. 
Utilities plant: supplies the steam necessary for the refinery.  Although the steam can be 
used to produce electricity, it is primarily used for heating and separating hydrocarbon 
streams.  When used for heating, the steam usually heats the petroleum indirectly in heat 
exchangers.  In direct contact operations (e.g., see description of sour water stripper unit 
below), the steam can serve as a stripping medium or process fluid.  Steam may also be 
used in vacuum ejectors to produce a vacuum.  Boiler fuel includes refinery gas, natural 
gas, residual fuel oils or combinations.  Boilers may also use CO-rich flue gas from various 
process operations (e.g., the coker unit) as fuel. 
Wastewater treatment facilities: are used to treat wastewater effluents from a petroleum 
refinery and these effluents contain a diversity of pollutants including oil, phenols, 
sulphides, dissolved solids and toxic chemicals. Refinery water effluents are collected from 
various processing units and are conveyed through sewers and ditches to the treatment 
plant.  Most of the treatment occurs in open ponds and tanks and includes at least some of 
the following processing steps: oil/water separators, settling chambers, clarifiers, dissolved 
air flotation systems, coagulators, aerated lagoons and activated sludge ponds.   

The petroleum refining process is comprehensively described in a number of reports and 
texts (see the list of resources for additional reading at the end of this section) and the 
following provides an overview of this process. 

List of Some References for Further Reading: 
• Adventures in Energy, Refining Oil
• Canadian Fuels Association, Fuel Production – How Refining Works.
• Carnegie Papers, Deborah Gordon, “Understanding Unconventional Oil, 2012”
• KirkOthmer – Encyclopedia of Chemical Technology, Volume 17, “Petroleum Refining

Processes Survey”.
• Natural Resources Canada article, “Refinery Economics”, 2009.
• Petroleum Refining Processes, wilkipedia article (downloaded, July 2013).
• Process Engineering Associates, “Oil Refining Processes – A Brief Overview”
• United States Environment Protection Agency (US EPA), AP-42, Compilation of Air Pollutant

Emission Factors, Fifth Edition, Chapter 5.1 Petroleum Refining.
• US EPA, Locating and Estimating Air Emissions from Sources of Benzene (June 1998).
• US EPA, Locating and Estimating Air Emissions from Sources of Polycyclic Organic Matter

(July 1998).
• US EPA, Regulatory Impact Analysis: Petroleum Refineries – New Source Performance

Standards Ja; June 2012.
• US Federal Register, Monday June 30, 2014, “40 CFR Parts 60 and 63; Petroleum Refinery

Sector Risk and Technology Review and New Source Performance Standards; Proposed Rule”
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2.3. Summary of Benzene and B[a]P Air Emission Sources at Petroleum Refineries 

Following is an overview, based upon information included in key references published by the 
United States Environmental Protection Agency (US EPA) 30, of the typical sources of benzene and 
B[a]P air emissions at a petroleum refinery. 

2.3.1. Summary of Sources of Benzene Air Emissions at Petroleum Refineries 
Crude oil contains small amounts of naturally occurring benzene (e.g., one estimate 
indicates that crude oil consists of 0.15 percent benzene by volume).  As a result, it is 
anticipated that a variety of processes and sources at a petroleum refinery will emit 
benzene.  A key objective of this effort to develop a technical standard for petroleum 
refineries will be to identify the dominant source contributors, from petroleum refineries, 
to exposure of benzene air emissions in adjacent communities. 

Benzene emissions can be grouped into five main categories: process vents, storage tanks, 
equipment leaks, transfer operations and wastewater treatment facilities.  The above-noted 
US EPA reference identifies the following process units as potential sources of benzene air 
emissions: 

• Crude oil storage
• Desalting operations
• Atmospheric distillation (crude unit)
• Vacuum distillation
• Various hydrotreating operations
• Catalytic reforming
• Light hydrocarbon storage and blending
• Fluid or moving bed catalytic cracking
• Catalytic hydrocracking
• Middle distillate storage and blending
• Deasphalting
• Visbreakiing
• Coking
• Lube oil processing
• Asphalt blowing
• Heavy hydrocarbon storage and blending
• Wastewater collection and treatment units

Tables 2-2 and 2-3 on the following page provide a summary of typical concentrations of 
benzene in various refinery process unit streams and in refinery products, respectively.  Air 
emissions from petroleum refinery wastewater collection and treatment are one of the 
largest sources of volatile organic compound emissions (including benzene) at a refinery 
and are dependent on variables including wastewater throughput, type of pollutants, 
pollutant concentrations, and the amount of contact wastewater has with the air.  Table 2-4 
presents model/average/typical process unit for petroleum refinery wastewater. 

30 US EPA, “Locating and Estimating Air Emissions from Sources of Benzene, EPA-454/R-98-011, June 1998”, 
Chapter 6.3; and US EPA, “Locating and Estimating Air Emissions from Sources of Polycyclic Organic Matter, EPA-
454/R-98-014, July 1998”, Chapter 4.5. 
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Table 2-2:  Summary of Typical Concentrations of Benzene in Various Refinery 
Process Streams 

Process Unit 
Stream Type (benzene concentration – weight percent) 

Gas Light Liquid Heavy Liquid 
Crude 1.3 1.21 0.67 

Alkylation (sulphuric acid) 0.1 0.23 0.23 
Catalytic reforming 2.93 2.87 1.67 

Hydrocracking 0.78 1.09 0.10 
Hydrotreating/hydrorefining 1.34 1.38 0.37 

Catalytic cracking 0.39 0.71 0.20 
Thermal cracking (visbreaking) 0.77 1.45 1.45 

Thermal cracking (coking) 0.24 0.85 0.18 
Product blending 1.20 1.43 2.15 

Full-range distillation 0.83 1.33 1.08 
Vacuum distillation 0.72 0.15 0.22 

Isomerization 2.49 2.49 0.62 
Polymerization 0.10 0.10 0.10 
MEK Dewaxing 0.36 not reported not reported 

Other lube oil processing 1.20 1.20 0.10 

Table 2-3:  Summary of Typical Concentrations of Benzene 
in Refinery Products 

Material Benzene weight percent in liquid 

Asphalt 0.03 
Aviation gasoline 0.51 

Alkylate 0.12 
Crude oil 0.45 

Diesel/distillate 0.008 
Gasoline (all blends) 0.90 

Heavy gas oil 0.0002 
Jet fuel 1.05 

Jet kerosene 0.004 
Naphtha 1.24 

Reformates 4.61 
Residual fuel oil 0.001 
Recovered oil 0.95 
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Table 2-4:  Summary of Model Process Unit Characteristics for 
Petroleum Refinery Wastewater 

Process Unit 
Average Flow Factor 

Average Benzene 
Concentration in the 

Wastewater 

(US gal/bbl) (ppmw) 

Crude distillation 2.9 21 

Alkylation unit 6.0 3 

Catalytic reforming 1.5 106 

Hydrocracking unit 2.6 14 

Hydrotreating/hydrofining 2.6 6.3 

Catalytic cracking 2.4 13 

Thermal cracking (coking) 5.9 40 

Thermal cracking (visbreaking) 7.1 40 

Hydrogen plant 80 (see note iii) 62 

Asphalt plant 8.6 40 

Product blending 2.9 24 

Sulpur plant 9.7 (see note iv) 0.8 

Vacuum distillation 3.0 12 

Full range distillation 4.5 12 

Isomerization 1.5 33 

Polymerization 3.5 0.01 

MEK dewaxing units 0.011 0.1 

Lube oil processing unit 2.5 40 

Tank drawdown 0.02 188 

Notes: 
i) All flow factors are derived from US EPA “Section 114” questionnaire responses (where Section 114

refers to the relevant section of the U.S Clean Air Act).
ii) US gal/bbl means US gallons per barrel of capacity at a given process unit.
iii) This flow factor is given in units of US gallons/million cubic feet of gas production.
iv) This flow factor is given in units of US gallons/ton of sulphur.
v) The US EPA document, “Locating and Estimating Air Emissions from Sources of Benzene, EPA-

454/R-98-011, June 1998”, Chapter 6.3, Table 6-10” indicates that for all process units (except for
the MEK dewaxing unit where the mass fraction emitted is estimated at 0.49), the mass fraction of
benzene emitted is estimated to be 0.85 kg of benzene emitted per kg of benzene in the wastewater
stream for each process unit.
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2.3.2. Summary of Sources of B[a]P Air Emissions at Petroleum Refineries 
The US EPA “Locating and Estimating” Air Emissions document for polycyclic organic matter 
(POM), including B[a]P, identifies process heaters and catalytic cracking units as the largest 
sources of POM air emissions.   

In moving-bed and fluid catalytic cracking units, deposits of coke form on the catalysts and are 
burned-off  in a catalysts regeneration step.  This operation within the catalyst regeneration unit is 
a source of B[a)]P air emissions.  The combustion of any fuel will result in trace amounts of B[a]P 
air emissions and these emissions increase when the overall combustion efficiency is less than 
optima (e.g., good combustion occurs when there is sufficient temperature, oxygen and effective 
mixing between the oxygen and the fuel). 

Average emission factors, contained within the above noted US EPA document for: 
• B[a]P air emissions from the burn-off component of the catalyst regeneration unit in both

moving-bed and fluid catalytic cracking units; and
• For the combustion for fuel oil, are summarized below in Table 2-5.

Table 2-5: Summary of Available B[a]P Emission Factors for Catalytic Cracking 
Units and Fuel Oil/Gas Oil Combustion at Petroleum Refineries 

Source Control Device B[a]P 
Average Emission Factor 

US EPA 
Emission 

Factor Rating 

Fluid Catalytic Cracking 
Unit Uncontrolled 3.7E-7 kg/bbl D 

Moving Bed (Houdriflow-
type) Catalytic Cracking 

Unit 

Uncontrolled 4.8E-4 kg/bbl E 

CO Boiler 1.0E-7 kg/bbl E 

Fuel Oil/Gas Oil 
Combustion Uncontrolled 0.82 kg/MT - 

Notes: 
i) B[a]P emission factors for the catalytic cracking unit (catalyst regeneration) are from US EPA, “Locating and

Estimating Air Emissions from Sources of Polycyclic Organic Matter, EPA-454/R-98-014, July 1998”, Chapter
4.5; Table 4.5-1, Pages 4-286 to 4-289.

ii) B[a]P emission factors for fuel oil and gas oil combustion at a petroleum refinery are from a Department of
Environment, Food and Rural Affairs (United Kingdom) web-site that includes a database of emission factors to
support the UK national atmospheric emissions inventory (NAEI).

iii) Kg/bbl means kilogram of B[a]P emission per US barrel of throughput.
iv) Kg/MT means kilogram of B[a]P air emission per megatonne of fuel oil or gas oil combusted.
v) The US EPA factor rating (ranging from A to E) refers to the data quality of the emission factor.  For example,

an “A” factor rating is considered “high data quality” and generally based upon validated information across a
large number and wide range of facilities and an “E” factor rating is considered “poor data quality” because it is
often only based upon limited data.

B[a]P air emissions from the regeneration of cracking unit catalysts can be reduced when the 
exhaust stream from these units is directed to a boiler; through use of a “plume” afterburner; and/or 
use of specially design products to aid in the more complete combustion within the catalyst 
regenerator31.  B[a]P air emissions from process heaters can be minimized by maintaining good 
combustion (e.g., monitoring and adjustment of combustion conditions).

31 US EPA, “Locating and Estimating Air Emissions from Sources of Polycyclic Organic Matter, EPA-454/R-98-014, 
July 1998”, Chapter 4.5; Pg. 4-284. 
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3. Dominant Source Analysis for Benzene and B[a]P Air Emissions
 

The purpose of this type analysis is to identify the sources of emission that are the dominant 
contributors to point of impingement concentrations of a contaminant.  The results of the analysis 
can be a key factor in the prioritization of air pollution control efforts; be used to eliminate lower 
priority sources from further review; and, correspondingly, minimize capital and operating costs. 

3.1. Dominant Source Analysis Methodology 
The dominant source analysis approach used to assist in the development of a technical standard 
for petroleum refineries involved the following basic approach that was applied to all six Ontario 
refineries: 

• The use of the latest Emission Summary and Dispersion Modelling (ESDM) reports for 
each facility (including atmospheric dispersion modelling on an annual average basis for 
both benzene and B[a]P) as a basis for the dominant source analysis.

• Grouping of benzene air emission sources at each facility into the following six categories:
o Major point sources;
o Tank farm sources
o Process (leak detection and repair) fugitives and drains;
o Wastewater treatment plant sources;
o Loading sources; and
o All other sources. 

The number of sources of B[a]P air emissions were significantly fewer than the number of 
benzene air emissions sources and did not require grouping into categories. 

• Run the atmospheric dispersion models for a large suite of off-site receptors (e.g., greater
than a thousand off-site receptors per each of the six petroleum refining facilities) to
determine the contributions of point of impingement concentrations of each of the source
groups.

• Document the results of the modelling in a spreadsheet including factors such as emission
estimate data quality and parameters such as source group dispersion factor.

• Based upon the initial set of atmospheric dispersion modelling, identification of a sample of
receptors that were distributed throughout the exceedence zone (ie., due to the fugitive
nature of many benzene air emissions, the exceedence zone for benzene was generally
identified as the area between the facility fenceline and a concentration isopleth that is
equivalent to the benzene air standard).  Depending upon the extent of the exceedence
zone at each facility, a sampling of between 25 and 50 exceeedence zone receptors were
identified.

• Run the atmospheric dispersion models a second time but only with the exceedence zone
receptors.

• Document the results of the second set of modelling including source group contribution to
the point of maximum concentration and average source group contribution to point of
impingement concentrations to the group of receptors within the exceedence zone.

• Due to the uncertainty of fugitive emission estimates, verification using a benzene ambient
monitoring campaign in key on-site locations.

• Use the results from the above-noted modelling and monitoring components of the analysis
to identify the types of sources that are the dominant contributors to the point of
impingement concentrations for the relevant contaminants.  These dominant source types
were then included in a further review within the development of a technical standard for
the Ontario petroleum refining sector.
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3.2. Summary of Results 

Following is a summary of results of the dominant source analysis for benzene and B[a]P air 
emissions sources at Ontario petroleum refineries. 

3.2.1. Summary of the Results of the Dominant Source Analysis for Benzene Air 
Emission Sources at Ontario Petroleum Refineries 

Results from Atmospheric Dispersion Modelling Component of Analysis: 

The number of reported benzene emission sources varied between approximately 40 and 100 
for the majority of the petroleum refining facilities.  The number of reported benzene emission 
sources for the minority of petroleum refining facilities were over 200 sources at each facility.  
On average, for the six petroleum refining facilities, less than 10% of the most significant 
individual sources of benzene air emissions contributed at least 80% of the modeled benzene 
point of impingement concentration within the exceedence zone.  This suggests that any 
additional efforts that may be required (e.g., to address any gaps in benzene air pollution control 
capabilities between petroleum refining facilities in Ontario and other jurisdictions) should be 
focused on the dominant contributors to benzene point of impingement concentrations. 

In general, either one or two of the source group categories contributed about two thirds of the 
benzene point of impingement concentrations within the exceedence zones for each facility.  
The type of site specific source group categories that were dominant varied between the six 
facilities.   However, some trends and commonality between the facilities were identified: 

i) The tank farm source group category was within the top two to three contributing
categories for the majority of the facilities.

ii) The process fugitives source group category was within the top two contributing
categories for about half of the facilities and within the top three contributing categories for
the majority of the facilities.

iii) The product loading source group category is the only dominant or second most dominant
source group category at a minority of the facilities, but is not a major contributor at the
majority of the facilities.

iv) The wastewater treatment plant category is the most dominant contributor at a minority of
the facilities, and not a dominant contributor at the majority of the facilities.

v) The major point sources category is the most dominant contributor at a minority of the
facilities, and not a dominant contributor at the majority of the facilities.

In summary, the atmospheric dispersion modelling results suggest that the tank farm and 
process fugitives source group categories will be important source types to assess in terms of 
best available benzene emission air pollution control.  In addition, product loading will be a key 
source category at two facilities; wastewater treatment plants will be key at one facility; and 
major point sources will be important at another facility.  
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3.2.2. Summary of the Results of the Dominant Source Analysis for B[a]P Air Emission 
Sources at Ontario Petroleum Refineries 

The majority of the petroleum refining facilities reported air emissions of benzo-a-pyrene [B[a]P].  
However, B[a]P emissions from only a minority of the facilities may result in an exceedences of 
the B[a]P air standard that comes into compliance in July 2016.   

The sources with the highest reported B[a]P air emissions were process heaters firing fuel oil 
and the catalytic crack units (CCU).  Relatively small amounts of fugitive B[a]P air emissions 
from tanks and some other process sources were also reported.  Emissions from the process 
heaters and CCUs were generally from higher point sources whereas fugitive emissions were 
generally from area sources closer to the ground.  A review of US EPA emission factors suggest 
that B[a]P air emissions may have been under-reported for the CCUs.  Reported B[a]P air 
emissions from the fugitive sources are anticipated to be relatively conservative due to the 
heavier semi-volatile nature of B[a]P. 

Results from Atmospheric Dispersion Modelling Component of Analysis: 
The following is a summary of an atmospheric dispersion modelling analysis that was 
completed for about half the facilities reported B[a]P air emissions (the B[a]P emissions from the 
other facilities were not anticipated to be dominant): 

• For the small minority the point of impingement concentrations of B[a]P modeled to be
significantly greater than the July 2016 air standard for this contaminant (generally, only
between one and three times the new standard) and the exceedence stayed relatively
close to the property-line for this facility.

• The taller point sources of B[a]P air emissions had only a negligible impact (ie., much
less than1%, on average) on point of impingement concentrations of B[a]P.

• The primary contributors to B[a]P point of impingement concentrations were fugitive
sources where emission estimates are anticipated to be relatively “conservative” (ie.,
anticipated to be higher than the true value).

It is concluded that, based upon current information, air emissions of B[a]P from petroleum 
refineries is not be a significant focus in the development of a technical standard for the 
petroleum refining sector. Although B[a]P is included in the technical standard, additional air 
pollution requirements for this contaminant, at petroleum refineries are not be necessary at 
this time. This can be reviewed in the future if additional information becomes available.
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4. Jurisdictional Review

Petroleum refineries are situated around the world where some of the largest and newest 
installations and expanded facilities are located in Asia (e.g., the Reliance Jamnagar Refinery in 
Gujarat India; the Paraguana Refining Centre in Venezuela; three large refineries in South Korea; 
and an ExxonMobil refinery in Singapore)32.  However, there are major petroleum refining centers 
in the United States (e.g., in Texas, Louisiana and California) due to the relatively large market 
demand for refined petroleum products in the United States.  In addition, air pollution control rules 
are relatively comprehensive, accessible, enforceable and stringent in the United States.  Air 
pollution control requirements for petroleum refineries in Canada are also relevant to the 
development of an Ontario technical standard for petroleum refineries. 

As a result, the primary focus will be on assessing air pollution rules and technologies for reducing 
benzene air emissions from petroleum refineries in the United States and Canada. In addition, the 
jurisdictional review will also focus on the dominant sources of benzene air emissions (as identified 
in Chapter 3 of this document). 

See the Tables at the end of this chapter for a summary of the key US federal and US state 
requirements related to limiting air pollution from US petroleum refineries. 

4.1. U.S. Federal Requirements for Air Pollution Control at Petroleum Refineries 
The federal government, under the authority of the United States Clean Air Act (US CAA) and 
the United States Environmental Protection Agency (US EPA), plays a key role in setting and 
implementing technical standards to minimize air pollution.  On May 15 and June 30, 2014, the 
US EPA published and proposed update to the current series of U.S. federal air pollution rules 
for petroleum refineries (i.e., “Petroleum Refinery Sector Risk and Technology Review and New 
Source Performance Standards”)33,34.  The finalization of the US EPA’s proposed revisions to 
the petroleum refining air pollution rules was announced on September 29, 2015 with the final 
version published on December 1, 2015. 

32 See Hydrocarbons-technology.com web-site.  See list of top 10 large oil refineries, dated September 30 2013. 
33 The US EPA also published this document to the US Federal Register (Vol. 79, No. 125) on June 30, 2014. 
34 Input from the Canadian Fuels Association: It should be noted that the US EPA’s June 2014 proposed update to

US federal air pollution rules for petroleum refineries is still under consideration.  US industry representatives, such 
as the American Petroleum Institute (API) have made substantive comments on the US EPA proposal.   For 
example, API believes that the US EPA’s proposal for fence-line fugitive emission monitoring is neither cost 
effective nor justified.  Here is the link to the API comments on the US EPA’s June 30 2014 proposal: 
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OAR-2010-0682-0583 
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4.1.1. Summary of US CAA Standards and Legislated Processes that are Relevant 
to Minimizing Air Emissions from Petroleum Refineries 

The US CAA is the federal legislation that directs and provides authority to the US EPA to 
regulate air pollution from a broad range of stationary and mobile sources.  Following is a brief 
summary of the “background” portion of the above-noted 813 page document: 

a) New Source Performance Standards(NSPS):
Section 111(b) of the US CAA provides authority for the US EPA to promulgate new source
performance standards (NSPS) which apply to newly constructed, reconstructed and modified
sources.  The US EPA has identified 60 stationary source categories and sub-categories that
are subject to NSPS.

The relevant NSPSs for petroleum refineries are, 
• Standards of Performance for Petroleum Refineries (40 CFR 60, subpart J)35.
• Standards of Performance for Petroleum Refineries for which Construction,

Reconstruction, or Modification Commenced After May 14, 2007 (40 CFR 60, subpart
Ja).

• Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
Which Construction Reconstruction or Modification Commenced After January 4, 1983
and on or Before November 7, 2006 (40CFR60, subpart GGG).

• Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
Which Construction Reconstruction or Modification Commenced After November 7,
2006 (40CFR60, subpart GGGa).

• Standards of Performance for Storage Vessels for Petroleum Liquids for Which
Construction, Reconstruction or Modification Commenced After June 11, 1973 and Prior
to May 19, 1978 (40CFR60, subpart K).

• Standards of Performance for Storage Vessels for Petroleum Liquids for Which
Construction, Reconstruction or Modification Commenced After May 18, 1978, and Prior
to July 23, 1984 (40CFR60, subpart Ka).

• Standards of Performance for Storage Vessels for Petroleum Liquids for Which
Construction, Reconstruction or Modification Commenced After July 23, 1984
(40CFR60, subpart Kb).

• Standards of Performance for VOC Emissions from Petroleum Refinery Wastewater
Systems (40CFR60, subpart QQQ).

• Standards of Performance for Equipment Leaks of VOC in the Synthetic Organic
Chemicals Manufacturing Industry for Which Construction, Reconstruction or
Modification Commenced After January 5, 1981 and on or Before November 7, 2006
(40CFR60, subpart VV).

• Standards of Performance for Equipment Leaks of VOC in the Synthetic Organic
Chemicals Manufacturing Industry for Which Construction, Reconstruction or
Modification Commenced After November 7, 2006 (40CFR60, subpart VVa).

The general NSPS for petroleum refineries was originally promulgated in 1974 (i.e., subpart J), 
amended in 1976 and amended again in 2008.  These NSPS’s regulate criteria pollutant 
emissions including particulate matter, sulphur dioxide, nitrogen oxides and carbon monoxide 
from fluid catalytic cracker unit regenerators, fuel gas combustion devices and sulphur recovery 
plants.  As part of the review that led to the 2008 amendments to the petroleum refinery NSPS 
subpart J, the EPA developed separate standards of performance for new process units (aka, 

35 40 CFR 60 refers to Title 40 (Protection of Environment ) of the US Code of Federal Regulations, Part 60 (standards 
of Performance for New Stationary Sources). 
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NSPS subpart Ja). The subpart Ja NSPS also regulates criteria pollutant air emissions from 
fluid coking units and delayed coking units.  Final amendments to subpart Ja (as a result of a 
series of industry petitions related to process heaters and flares) were promulgated in 
December of 2012.  As noted above there were also equipment specific NSPSs, relevant to the 
operation of petroleum refineries, that were originally implemented as early as June of 1973 
(i.e., for storage vessels). 

b) National Emission Standards for Hazardous Air Pollutants (NESHAP):
Section 112(d) [Emission Standards] of the US CAA requires the US EPA to publish National
Emission Standards for Hazardous Air Pollutants (NESHAPs) for each category or subcategory
of major sources and area sources of HAPs listed in Section 112(c) of the US CAA.   The
NESHAPs must require the maximum degree of emission reduction that the EPA determines to
be achievable by each particular source category.  Different criteria for maximum achievable
control technology (MACT) apply for new and existing sources.  Less stringent standards,
known as generally available control technology (GACT) standards, are allowed at the US EPA
Administrator’s discretion for area sources.

Section 112(f) [Standards to Protect Health and the Environment] requires the US EPA to 
assess the risk to public health remaining after the implementation of NESHAP.  If the “residual 
risk” for a source category does not protect human health with an “ample margin of safety”, the 
US EPA must promulgate health-based standards for that source category to further reduce 
HAP emissions.  Section 112(f) requires the US EPA to set residual risk standards within nine 
years after promulgation of each NESHAP.   

Section 112(h) allows the US EPA, in cases where it is not feasible to prescribe or enforce an 
emission standard under section 112(d) or section 112(f), to promulgate a design, equipment, 
work practice, or operational standard.   

Section 112 and the NESHAP provisions were added to the US CAA as a result of 
amendments, in 1990, to this US legislation.  NESHAPs are intended for approximately 175 
industrial sectors.  NESHAPS are distinct from NSPS’s in the following ways: 

• NESHAPs are intended to minimize the air emission of approximately 187 different
HAPs from major sources whereas NSPS’s focus on air emissions of contaminants that
have US National Ambient Air Quality Standards(NAAQS)36; and

• NESHAPs are meant to apply to both new and existing facilities (where MACT
requirements and phase-in periods may differ between new versus existing facilities).

Section 112 establishes a two-stage regulatory process to address emissions of HAPs from 
stationary sources at major facilities within targeted sectors.  MACT standards must reflect the 
maximum degree of emissions reduction through the application of measures, processes, 
methods, systems or techniques, including but not limited to measures that, 

i) reduce the volume of or eliminate pollutants through process changes, substitution of
materials or other modifications;

ii) enclose systems or processes to eliminate emissions;
iii) capture or treat pollutants when released from a process, stack, storage or fugitive

emissions point;
iv) are design, equipment, work practice or operational standards (including requirements

for operator training or certification); or
v) are a combination of the above.

36 Major sources of HAPs are defined as those facilities that emit greater than 10 imperial tons per year of any single 
HAP or greater than 25 imperial tons per year of any combination of HAPs.  Area sources are defined as those 
stationary sources of HAP emissions that are not defined as major sources. 
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The MACT “floor” is the minimum control level allowed for MACT standards promulgated under 
CAA section 112 (d)(3) and may not be based on cost considerations37.  For new sources, the 
MACT floor cannot be less stringent than the emissions control that is achieved in practice by 
the best-controlled similar source.  The MACT floor for existing sources can be less stringent 
than floors for new sources but not less stringent than the average emissions limitation achieved 
by the best-performing 12 percent of existing sources in the category or subcategory (or the 
best-performing five sources for categories or subcategories with fewer than 30 sources).  The 
US EPA is then required to review these technology-based standards and revise them as 
necessary (taking into account developments in practices, processes, and control technologies) 
no less frequently than every eight years. 

The second stage in standard-setting focuses on reducing any remaining (i.e., residual) risk 
according to US CAA section 112(f).  Section 112(f)(1) required that the US EPA, by November 
1996, prepare a report to the US Congress that included a review of methods of calculating 
risks posed by sources after implementation of the MACT standards, the public health 
significance of those risks and the US EPA’s recommendations as to legislation regarding such 
remaining risk.  The US EPA prepared and submitted the “Residual Risk Report to Congress” in 
March 1999.  US CAA section 112(f)(2) then provides that if the US Congress does not act on 
any recommendation in the Risk Report, the US EPA must analyze and address residual risk for 
each category or subcategory of sources 8 years after promulgation of these standards.  
Section 112(f)(2) requires the US EPA to determine for source categories subject to MACT 
standards whether the emission standards provide an ample margin of safety to protect public 
health.  Section 112(f)(2)(B) of the US CAA expressly preserves the US EPA’s use of the two-
step process for developing standards to address any residual risk and the agency’s 
interpretation of “ample margin of safety”. 

The first step in the US EPA’s process of evaluating residual risk is the determination of 
acceptable risk.  If risks are unacceptable, the US EPA cannot consider cost in identifying the 
emissions standards necessary to bring risks to an acceptable level.  The second step is the 
determination of whether standards must be further revised in order to provide an ample margin 
of safety to protect public health.  The ample margin of safety is the level at which the standard 
is necessary must be set, unless an even more stringent standard is necessary to prevent, 
taking into consideration costs, energy, safety and other relevant factors, an adverse 
environmental effect. 

Step 1 – “Determining Acceptability”38: The US EPA , in the Benzene NESHAP (i.e., 40CFR61, 
subpart BB, benzene transfer operations; and subpart FF, benzene waste operations) 
concluded “that the acceptability of risk under section 112 of the US CAAA is best judged on the 
basis of a broad set of health risk measures and information” and that the “judgment on 
acceptability cannot be reduced to any single factor”.   In the Benzene NESHAP(s), the US EPA 
stated that , “EPA will generally presume that if the risk to [the maximum exposed] individual is 
no higher than approximately one in 10 thousand, that risk level is considered acceptable.  In 
the US federal register posting (54 FR 38045, September 14, 1989) related to this effort, the US 
EPA discussed the maximum individual lifetime cancer risk (or maximum individual risk MIR) as 
being “the estimated risk that a person living near a plant would have if he or she were exposed 
to the maximum pollutant concentrations for 70 years.”  The US EPA explained that this 

37 See page 19 of the US EPA document, “Petroleum Refinery Sector Risk and Technology Review and New Source 
Performance Standards”, published May 15, 2014 and the June 30, 2014 US federal register posting, petroleum refinery 
sector risk and technology review and new source performance standards; proposed rule. 
38 See pages 22-27, inclusive, of the US EPA document, “Petroleum Refinery Sector Risk and Technology Review and 
New Source Performance Standards”, published May 15, 2014. 
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measure of risk, ”is an estimate of the upper bound of risk based on conservative assumptions, 
such as continuous exposure for 24 hours per day for 70 years”.  There was acknowledgement 
that the maximum individual lifetime cancer risk “does not necessarily reflect the true risk, but 
displays a conservative risk level which is an upper-bound that is unlikely to be exceeded. 

Understanding that there are both benefits and limitations to using the MIR as a metric for 
determining acceptability, the US EPA acknowledged in the Benzene NESHAP that 
“consideration of maximum individual risk must take into account the strengths and weaknesses 
of this measure of risk”.  Consequently, the presumptive risk level of 1-in-10 thousand provides 
a benchmark for judging the acceptability of maximum individual lifetime cancer risk, but does 
not constitute a rigid line for making that determination.  Further in the Benzene NESHAP the 
US EPA noted, 

“… particular attention will also be accorded to the weight of evidence presented in the risk 
assessment of potential carcinogenicity or other health effects of a pollutant.  While the same 
numerical risk may be estimated for an exposure to a pollutant judged to be a known human 
carcinogen, and to a pollutant considered a possible human carcinogen based on limited animal 
test data, the same weight cannot be accorded to both estimates.  In considering the potential 
public health effects of the two pollutants, the Agency’s judgment on acceptability, including the 
MIR, will be influenced by the greater weight of evidence for the known human carcinogens.” 

“… in establishing a presumption for MIR, rather than a rigid line of acceptability, the Agency 
intends to weigh it with a series of other health measures and factors.  These include the overall 
incidence of cancer or other serious health effects within the exposed population, the numbers 
of persons exposed within each individual lifetime risk range and associated incidence within, 
typically, a 50 km exposure radius around facilities, the science policy assumptions and 
estimation uncertainties associated with the risk measures, weight of scientific evidence for 
human health effects, other quantified or unquantified health effects, effects due to co-location 
of facilities, and co-emission of pollutants.” 

The US EPA uses a similar approach in determination of risk acceptability and ample margin of 
safety for non-cancer risk metrics. 

Step 2 – Determination of “Ample Margin of Safety”:  US CAA, section 112(f)(2) requires the US 
EPA to determine, for source categories subject to MACT standards, whether those standards 
provide an ample margin of safety to protect public health.  As explained in the Benzene 
NESHAP, “the second step of inquiry, determining an ‘ample margin of safety’ includes the 
consideration of all of the health factors, and whether to reduce the risks further.  Additional 
factors relating to the appropriate level of control will also be considered, including costs and 
economic impacts of controls, technological feasibility, uncertainties and any other relevant 
factors.  Considering all of these factors, the US EPA will establish the standard at a level that 
provides an ample margin of safety to protect public health, as required by section 112.” 

According to US CAA section 112(f)(2)(A), if the MACT standards for HAP “classified as a 
known , probable or possible human carcinogen do not reduce lifetime excess cancer risks to 
the individual most exposed to emissions from a source in the category or subcategory to less 
than one in one million”, the US EPA must promulgate residual risk standards for the source 
category, as necessary to provide an ample margin of safety to protect public health.  In doing 
so, the US EPA may adopt standards equal to existing MACT standards if the US EPA 
determines that the existing standards are sufficiently protective. 
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The US CAA does not specifically define the terms “individual most exposed”, “acceptable level” 
and “ample margin of safety”.  In the Benzene NESHAP (54 FR at 38044-38045, September 14 
1989) the US EPA stated as an overall objective: 

“In protecting public health with an ample margin of safety under section112, the US EPA 
strives to provide maximum feasible protection against risks to health from hazardous air 
pollutants by 91) protecting the greatest numbers of persons possible to an individual lifetime 
risk level no higher than approximately one in one million and 92) limiting to no higher than 
approximately one in ten thousand the estimated risk that a person living near a plant would 
have if he or she were exposed to the maximum pollutant concentrations for 70 years.” 

The above-noted summary of the US EPA’s risk-based approach to setting MACT standards 
and publishing corresponding NESHAPs is similar to the risk-based approach that is the 
foundation of Ontario Regulation 419/05: Air Pollution – Local Air Quality and is described in the 
Ministry publication, “Guideline for the Implementation of Air Standards in Ontario”, (GIASO, 
Guideline A-12, PIBS # 5166e02 as amended).  The development of MACT standards and 
NESHAP documents also includes an assessment of costs, benefits and other socio-economic 
factors for an economically competing jurisdiction that is relevant to Ontario.  As a result, US 
EPA MACT standards and NESHAPs are an important “benchmark” in the review of request for 
site specific standards and in the development of technical standards.  

The relevant NESHAPs for petroleum refineries are, 
• National Emission Standards for Hazardous Air Pollutants from Petroleum Refineries

(40CFR63, subpart CC); aka, Refinery MACT 1.
• National Emission Standards for Hazardous Air Pollutants for Petroleum Refineries:

Catalytic Cracking Units, Catalytic Reforming Units, and Sulphur Recovery Units
(40CFR63, subpart UUU); aka, Refinery MACT 2.

“Generic” NESHAPs that are relevant to a number of industry sectors including petroleum 
refineries, include: 

• National Emission Standards for Hazardous Air Pollutants, Subpart A – General
Provisions (see section 63.11 for general requirements related to flares).

• National Emission Standards for Benzene Emissions from Benzene Transfer
Operations (40CFR61, subpart BB).

• National Emission Standards for Benzene Waste Operations (40CFR61, subpart FF).
• National Emission Standard for Benzene Emissions from Benzene Storage

Vessels(40CFR61, subpart Y)
• National Emission Standards for Closed Vent Systems, Control Devices, Recovery

Devices and Routing to a Fuel Gas System or a Process (40CFR63, subpart SS).
• National Emission Standards for Equipment Leaks – Control Level 1 (40CFR63, subpart

TT).
• National Emission Standards for Equipment Leaks – Control Level 2 Standards

(40CFR63, subpart UU).
• National Emission Standards for Oil-Water Separators and Organic-Water Separators

(40CFR63, subpart VV).
• National Emission Standards for Storage Vessels (Tanks) – Control Level 2 (40CFR63,

subpart WW); aka, Generic Storage Vessel MACT.
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NESHAPs that are for related operations or similar facilities (e.g., petro-chemical facilities): 
• National Emission Standards for Organic Hazardous Air Pollutants from the Synthetic

Organic Chemical Manufacturing Industry (40CFR63, subpart F).
• National Emission Standards for Organic Hazardous Air Pollutants from the Synthetic

Organic Chemical Manufacturing Industry for Process Vents, Storage Vessels, Transfer
Operations, and wastewater (40CFR63, subpart G).

• National Emission Standards for Organic Hazardous Air Pollutants for Equipment Leaks
(40CFR63, subpart H).

• National Emission Standards for Organic Hazardous Air Pollutants for Certain
Processes Subject to the Negotiated Regulation for Equipment Leaks (40CFR63,
subpart I).

• National Emission Standards for Hazardous Air Pollutants: Miscellaneous Organic
Chemical Manufacturing (40CFR63, subpart FFFF).

• National Emission Standards for Hazardous Air Pollutants: Bulk Gasoline Terminals and
Pipeline Breakout Stations (40CFR63, subpart R)

• National Emission Standards for Hazardous Air Pollutants for Marine Vessel Loading
(40CFR63, Subpart Y)

4.1.2. Overview of US NSPS and NESHAP Requirements for Storage Tanks, Process 
Fugitives, Product Loading and Wastewater Treatment Facilities 

As described in Chapter 3 of this document, the dominant sources of benzene point of 
impingement concentrations are storage tanks and process fugitives and to a lesser extent, 
product loading and wastewater treatment facilities.  Following is an overview of the current US 
New Source Performance Standard (NSPS) and US National Emission Standards for 
Hazardous Air Pollutant (NESHAP) requirements for the four source categories39. 

NSPS are applicable only to new, reconstructed or significantly modified facilities whereas 
NESHAPS are generally applicable to both existing and new facilities where there may be 
differences in NESHAP requirements between those defined as existing and those defined as 
new. Title 40 of the Code of Federal Regulations, Part 60 (i.e., 40CFR60) relates to US federal 
NSPS whereas 40CFR63 relates to NESHAPs. 

Current US federal requirements related to limiting air emissions from storage tanks (aka, 
storage vessels) are contained in a series of NSPSs, NESHAPs (for both petroleum refineries 
and the synthetic organic chemical manufacturing industry) and “generic” MACT standards that 
are intended to be referenced by a variety of sector-specific NESHAPs. 

Following is an overview of the requirements in the relevant NSPSs, NESHAPs and Generic 
MACTs (see each individual standard document for more detail): 

39 Following is a summary of four key US federal NSPS and NESHAP documents that are specific to limiting air 
pollution from petroleum refineries: 

• 40CFR60, subparts J: Standards of Performance for Petroleum Refineries.
• 40CFR60, subpart Ja: Standards of Performance for Petroleum Refineries for Which Construction,

Reconstruction, or Modification Commenced After May 14, 2007.
• 40CFR63, subpart CC: National Emission Standards for Hazardous Air Pollutants from Petroleum Refineries

(aka, MACT 1).
• 40CFR63, subpart UUU: National Emission Standards for Hazardous Air Pollutants for Petroleum Refineries:

Catalytic Cracking Units, Catalytic Reforming Units and Sulfur Recovery Units (aka, MACT 2).
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a) Summary of US NSPSs and NESHAPs for Storage Vessels4041

• 40CFR60, Subpart K – Standards of Performance for Storage Vessels for Petroleum
Liquids for Which Construction, Reconstruction or Modification Commenced After
June 11, 1973 and Prior to May 19, 1978:

o For storage vessels having a capacity of greater than 151 cubic metres (except for
storage vessels that are used to store petroleum or condensate prior to custody
transfer); if the true vapour pressure of the petroleum liquid, as stored, is equal to or
greater than 1.5 psia (i.e., 10.3 kPa) but not greater than 11.1 psia the storage
vessel shall be equipped with a floating roof, a vapour recovery system, or their
equivalents.

o For applicable storage vessels having a capacity of greater than 151 cubic metres; if
the true vapour pressure of the petroleum liquid is greater than 11.1 psia the storage
vessel shall be equipped with a vapour recovery system or its equivalent.

• 40CFR60, Subpart Ka – Standards of Performance for Storage Vessels for
Petroleum Liquids for Which Construction, Reconstruction or Modification
Commenced After May 18, 1978, and Prior to July 23, 1984:

o For storage vessels having a capacity of greater than 151 cubic metres (except for
storage vessels with a capacity of less than 1590 cubic metres that are used to
store petroleum or condensate prior to custody transfer); if the true vapour pressure
of the petroleum liquid, as stored, is equal to or greater than 10.3 kiloPascals (i.e.,
1.5 psia) but not greater than 76.6 kPa (i.e., 11.1 psia) the storage vessel shall be
equipped with one of the following:
 An external floating roof tank consisting of a pontoon-type or double-deck-type

cover that rests on the surface of the liquid contents and is equipped with a
closure device between the tank wall and the roof edge (this NSPS also includes
additional specifications related to the type of seals between the floating roof
and the vessel walls; openings in the roof; and the emergency roof drains);

 A fixed roof with an internal floating type cover equipped with a continuous
closure device between the tank wall and the cover edge.  The cover is to be
floating at all times (i.e., off the leg supports) except during the initial fill and
when the tank is completely empty. The process of emptying and refilling when
the cover is resting on the leg supports shall be continuous and shall be
accomplished as rapidly as possible.

o For applicable vessels having a capacity of greater than 151 cubic metres; if the true
vapour pressure of the petroleum liquid is greater than 76.6 kiloPascals (kPa) the
storage vessel shall be equipped with a vapour recovery system or its equivalent.

40 The requirements within the 1995 Canadian Council of Ministers of the Environment (CCME), “Environmental 
Guidelines for Controlling Emissions of Volatile Organic Compounds from Above-Ground Storage Tanks, PN 1180” 
are similar to the US NSPS and NESHAP rules but the CCME requirements were not implemented as mandatory 
requirements in Ontario. 
41 Input from the Canadian Fuels Association (letter dated Nov 21, 2015):   Referenced concentration requirements are
made with respect to organic hazardous air pollutant (HAP), in developing the TS for Benzene these concentrations and 
vapour pressures will need to be Benzene specific in order to stay within the scope of the TS.  
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• 40CFR60, Subpart Kb – Standards of Performance for Storage Vessels for
Petroleum Liquids for

• Which Construction, Reconstruction or Modification Commenced After July 23,
1984:

o For storage vessels having a capacity of greater than 75 cubic metres (except for
storage vessels with a capacity of less than 1590 cubic metres that are used to
store petroleum or condensate prior to custody transfer; and other exemptions listed
in section 60.110b of subpart Kb); if the true vapour pressure of the petroleum liquid,
as stored, is equal to or greater than 5.2 kPa (for storage vessels having a capacity
of greater than or equal to 151 cubic metres) or equal to or greater than 27.6 kPa
(for storage vessels that have a capacity of between 75 and 151 cubic metres) but
not greater than 76.6 kPa the storage vessel shall be equipped with one of the
following:
 An external floating roof tank consisting of a pontoon-type or double-deck-type

cover that rests on the surface of the liquid contents and is equipped with a
closure device between the tank wall and the roof edge (this NSPS also includes
additional specifications related to the type of seals between the floating roof
and the vessel walls; openings in the roof; and the emergency roof drains); and

 A fixed roof with an internal floating type cover equipped with a continuous
closure device between the tank wall and the cover edge.  The cover is to be
floating at all times (i.e., off the leg supports) except during the initial fill and
when the tank is completely empty. The process of emptying and refilling when
the cover is resting on the leg supports shall be continuous and shall be
accomplished as rapidly as possible.  There are also requirements related to
closure devices such as seals between the floating roof cover and the side-walls
and various openings and rim vents.

o For applicable vessels having a capacity of greater than 75 cubic metres; if the true
vapour pressure of the petroleum liquid is greater than 76.6 kPa the storage vessel
shall be equipped with a vapour recovery system or its equivalent.

• 40CFR61, Subpart Y – National Emission Standard for Benzene Emissions from
Benzene Storage Vessels

o This standard is intended for storage vessels that store (100%) benzene  and have
a volumetric capacity of at least 38 cubic metres.

o The standard allows for the use of external floating roofs, internal floating roofs or
closed vent system and control device.

o There are prescriptive design aspects (e.g., for rim seals, roof fittings openings);
detailed inspection requirements including a minimum frequency of inspection.
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• 40CFR63, Subpart CC: National Emission Standards for Hazardous Air Pollutants
from Petroleum Refineries (aka, Refineries MACT 1):

o Group 1 storage vessels are defined, in subpart CC, as follows:
 Existing storage vessels having a capacity of equal to or greater than 177 cubic

metres; if the true maximum vapour pressure of the petroleum liquid, as stored, is
equal to or greater than 10.4 kPa and the annual average true vapour pressure is
equal to or greater than 8.3 kPa and an annual average concentration of
hazardous air pollutant compounds in the stored petroleum liquid is greater than
4% by weight.
 New storage vessels,

• having a capacity of equal to or greater than 151 cubic metres; if the
maximum true vapour pressure of the petroleum liquid, as stored, is equal
to or greater than 3.4 kPa and an annual average concentration of
hazardous air pollutant compounds in the stored petroleum liquid is greater
than 2% by weight; or

• having a capacity between 76 and 151 cubic metres; if the maximum true
vapour pressure of the petroleum liquid, as stored, is equal to or greater
than 77 kPa and an annual average concentration of hazardous air
pollutant compounds in the stored petroleum liquid is greater than 2% by
weight.

o Group 1 storage vessels are required to comply with the design, control technology
and compliance procedures outlined in 40CFR63, subpart G (see below).

• 40CFR63, Subpart G: National Emission Standards for Organic Hazardous Air
Pollutants from the Synthetic Organic Chemical Manufacturing Industry for Process
Vents, Storage Vessels, Transfer Operations, and Wastewater (aka, as a portion of
the “HON” NESHAP):

o Group 1 storage vessels are defined, in subpart G, as follows:
 Existing storage vessels,

• having a capacity of equal to or greater than 151 cubic metres; if the maximum
true vapour pressure of total organic HAPs, as stored, is equal to or greater
than 5.2 kPa; or

• having a capacity between 75 and 151 cubic metres; if the maximum true
vapour pressure of total organic HAPs, as stored, is equal to or greater than
13.1 kPa.
 New storage vessels,

• having a capacity of equal to or greater than 151 cubic metres; if the true
maximum vapour pressure of the petroleum liquid, as stored, is equal to
or greater than 0.7 kPa; or

• having a capacity between 38 and 151 cubic metres; if the true
maximum vapour pressure of the petroleum liquid, as stored, is equal to
or greater than 13.1 kPa.

o Group 1 storage vessels with a maximum true vapour  pressure of less than 76.6
kPa are required to have either internal or external floating roof technology.  Subpart
G also includes floating roof design specifications and procedures to determine
compliance  that are an enhancement from the NSPS requirements.
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o In addition the inspection of rim seals (e.g., including gap measurements) Group 1
storage vessels are to comply with the provisions of 40CFR63, subpart G [sub-
sections 120(a), 120(b)] including42,
 Visual inspections for internal floating roof storage vessels [sub-section

120(a)]:
• for single rim seal systems, visual inspection of the internal floating roof and

rim seals through manhole cover every 12 months;
• for single rim seal systems, visual inspection of the internal floating roof, the

rim seal, gaskets, slotted membranes and sleeve seals every time the tank
is degassed and at least once every 10 years;

• for double-seal systems, visual inspection of the internal floating roof, the
primary seal, the secondary seal, gaskets, slotted membranes and sleeve
seals every 5 years or visual inspection as per the procedure for single rim
systems.

 Gap measurements (including gap areas and maximum gap widths) for
external floating roof tanks [sub-section 120(b)]… for external floating roof
tanks,
• equipped with both a primary and secondary seal, measurements of the

gaps for the primary (i.e., lower) rim seal during the initial hydrostatic testing
of the vessel and at least once every 5 years thereafter; and measurements
of the gaps for the secondary seal, initially, and then annually thereafter.

• equipped with a only a primary seal (e.g. liquid-mounted or metallic shoe),
gap measurements of the rim seal on an annual basis.

o Group 1 storage vessels with a maximum true vapour pressure of equal to or greater
than 76.6 kPa are required to operate and maintain a closed vent system and
control device that reduces the inlet emissions of total organic hazardous air
pollutant (HAP) by at least 95% (90% control may be acceptable for control
technologies installed on storage vessels on or before December 31, 1992).

• 40CFR63, Subpart FFFF: National Emission Standards for Hazardous Air
Pollutants: Miscellaneous Organic Chemical Manufacturing (aka, “MON”
NESHAP):
o Group 1 storage vessels are defined, in subpart G, as follows:
 Existing storage vessels,

• having a capacity of equal to or greater than 37.9 cubic metres (or 10,000 US
gallons); if the maximum true vapour pressure of total organic HAPs, as
stored, is equal to or greater than 6.9 kPa.

 New storage vessels,
• having a capacity of equal to or greater than 37.9 cubic metres; if the true

maximum vapour pressure of the petroleum liquid, as stored, is equal to or
greater than 0.69 kPa.

o Group 1 storage vessels are required to comply with the design, control technology
and compliance procedures outlined in 40CFR63, subpart WW (see below).

42 Note that 40CFR63 subpart G, section 120 allows that if the owner/operator determines that it is unsafe to conduct 
seal gap measurements  because the floating roof appears to be structurally unsound that the seal gap measurements 
must be conducted within a further 30 days  or the storage vessel must be removed from service within 45 days. 
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o Group 1 storage vessels with a maximum true vapour pressure of equal to or greater
than 76.6 kPa are also required to operate and maintain a closed vent system and
control device that reduces the inlet emissions of total organic hazardous air
pollutant (HAP) by at least 95% (or to comply with an exit concentration of organic
compounds (or HAP) of less than or equal to 20 parts per million by volume.

• 40CFR63, Subpart WW: National Emission Standards for Storage Vessels (Tanks) –
Control Level 2 (aka, Generic MACT for storage vessels):

o Excerpt from section 63.1060 of subpart WW:
 "The provisions of this subpart apply to the control of air emissions from storage

vessels for which another subpart references the use of this subpart for such air
emission control.  These air emission standards for storage vessels are placed
here for administrative convenience and only apply to those owners and
operators of facilities subject to a referencing subpart.  The provisions of subpart
A (General Provisions) of this part do not apply to this subpart except as noted in
the referencing subpart."

o This “Generic MACT” includes enhanced design requirements such as improved
deck fittings and controls for guide-poles and enhanced inspection, record-keeping
and reporting requirements relative to the Refinery MACT 1  and HON NESHAP.

o There are also limits, within subpart WW, on the gap width and total gap area per
metre of vessel diameter:
 Primary seal: maximum gap width of 3.81 centimeters and maximum total gap

area of 212 square centimeters per meter of vessel diameter; and
 Secondary seal: maximum gap diameter of 1.27 centimeters and maximum total

gap area of 21.2 square centimeters per meter of vessel diameter.

40CFR63 subpart WW is the most recent US federal standard to address air 
emissions from storage vessels and builds upon the requirements of other earlier 
standards (such as those noted above). 
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b) Summary of US NSPSs and NESHAPs for Equipment Leaks43

40CFR63 subpart CC (National Emission Standards for Hazardous Air Pollutants from
Petroleum Refineries; aka, the Petroleum Refining MACT I) is a key document that includes
US federal air pollutant control requirements for various sources within petroleum refineries.
40CFR63 subpart CC also references equipment leak standards in a series of US federal
NSPSs and NESHAPs that are applicable to petroleum refineries in the United States44.

Petroleum refining 40CFR63 subpart CC NESHAP general applicability:
- for major petroleum refining process units at major source of hazardous air pollutants

(HAPs) where a major source is defined as those emitting more than 10 tons per year
of an individual HAP or more than 25 tons per year of total HAPs (e.g., most petroleum
refineries are classified as major sources of HAP air emissions); and

- equipment leak requirements are applicable to process units “in organic HAP service”
(i.e., those units that contain or contact a fluid with at least 5 percent by weight total
organic HAP).

Following is a summary of the current NSPS and NESHAP equipment leak standards for US 
petroleum refineries and how they are linked to 40CFR63 subpart CC: 

- 40CFR63 subpart CC (National Emission Standards for Hazardous Air Pollutants from
Petroleum Refineries) includes equipment leak standards in section 63.648 of this
subpart.  These standards are applicable to  equipment that contains or is contact with
a liquid or gas that is at least 5 percent by weight of total organic hazardous air
pollutant (i.e., “in organic hazardous air pollutant service”).  In addition, the equipment
leak standards in 40CFR63 subpart CC are applicable to existing petroleum refineries
and new petroleum refineries where construction (or reconstruction) began between
July 14 1994 and November 7 2006.

- For existing petroleum refineries: 40CFR63 subpart CC references the requirements of
40CFR60 subpart VV (Standards of Performance for Equipment Leaks of VOC in the
Synthetic Organic Chemicals Manufacturing Industry…).

- For new and reconstructed petroleum refineries (where construction began between
July 14 1994 and November 7 2006): 40CFR63 subpart CC references, with some
revision, the requirements of 40CFR63 subpart H (National Emission Standards for
Organic Hazardous Air Pollutants for Equipment Leaks)45.

43 Input from the Canadian Fuels Association (Letter dated Nov 21, 2014): As outlined at the Sarnia Monitoring
Workshop, there are significant resourcing / cost issues associated with the strict application of Method 21. In addition 
to the cost, there are concerns about the capability and continuing of such resources, in addition to the fundamental 
question of whether this the appropriate use of resources.  
44 Note:  The initial attempts at US federal NESHAPs were published, in the 1980’s, under Title 40 (Protection of 
Environment) of the US code of federal regulations Part 61 (National Emission Standards for Hazardous Air Pollutants). 
Part 61 included subpart J, NESHAP for Equipment Leaks (fugitive emission sources) of Benzene and subpart V, 
NESHAP for Fugitive Emission Sources. 
45 Note:  40CFR63 subpart H only addresses the equipment that is “in organic hazardous air pollutant (HAP) service”. 
The equipment, at new or reconstructed facilities (construction commenced between July 14 1994 and November 7 
2006),  where non-HAP volatile organic compounds leak into the air is subject to the equipment leak standards of 
40CFR60 subpart GGG; which references the requirements of 40CFR60 subpart VV. 
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- For new and reconstructed petroleum refineries (where construction began after
November 7 2006): The requirements of 40CFR60 subpart GGGa (Standards of
Performance for Equipment Leaks of VOC in Petroleum Refineries…) are applicable;
where 40CFR60 subpart GGGa references the requirements of 40CFR60 subpart VVa
(Standards of Performance for equipment Leaks of VOC in the Synthetic Organic
Chemical manufacturing Industry for Which Construction, Reconstruction or
Modification Commenced After November 7, 2006).

• Petroleum Refining NESHAP (“MACT I”, 40CFR63 subpart CC):

o First promulgated Aug 18, 1995.

Summary of Applicability
o Applicable to major sources; and emit or have equipment containing or contacting one or

more HAPs (such as benzene).
o As per paragraph (p) of section 63.640,
 after the compliance dates specified below equipment leaks that are subject to,

40CFR60 and 61 standards that were promulgated before September 4, 2007 (e.g.,
40CFR60 subpart GGG) are instead required to comply with 40CFR63 subpart CC;
and

 equipment leaks that are also subject to 40CFR60 subpart GGGa are required to only
comply with 40CFR60 subpart GGGa (standards of performance for equipment leaks of
VOC in petroleum refineries for which construction, reconstruction or modification
commenced after November 7, 2006); where 40CFR60 subpart GGGa requires
compliance with 40CFR60 subpart VVa.

Definitions of Construction, Equipment Leak, Existing Source, In Organic Hazardous 
Air Pollutant Service, New Source, Process Unit and Reconstruction 
o “connector” means flanged, screwed, or other joined fittings used to connect two pipe lines

or a pipe line and a piece of equipment. A common connector is a flange. Joined fittings
welded completely around the circumference of the interface are not considered
connectors for the purpose of this regulation. For the purpose of reporting and
recordkeeping, connector means joined fittings that are accessible.

o “construction” means the on-site fabrication, erection, or installation of an affected source.
Construction does not include the removal of all equipment comprising an affected source
from an existing location and reinstallation of such equipment at a new location. The
owner or operator of an existing affected source that is relocated may elect not to reinstall
minor ancillary equipment including, but not limited to, piping, ductwork, and valves.
However, removal and reinstallation of an affected source will be construed as
reconstruction if it satisfies the criteria for reconstruction as defined in this section. The
costs of replacing minor ancillary equipment must be considered in determining whether
the existing affected source is reconstructed.

o “equipment leak” means emissions of organic hazardous air pollutants from a pump,
compressor, pressure relief device, sampling connection system, open-ended valve or
line, valve, or instrumentation system ‘‘in organic hazardous air pollutant service’’ as
defined in this section. Vents from wastewater collection and conveyance systems
(including, but not limited to wastewater drains, sewer vents, and sump drains), tank
mixers, and sample valves on storage tanks are not equipment leaks.

o “existing source” means any affected source that is not a new source.
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o “in organic hazardous air pollutant (HAP) service” means that a piece of equipment either 
contains or contacts a fluid (liquid or gas) that is at least 5 percent by weight of total 
organic hazardous air pollutant.

o “new source” means any affected source (e.g., is a major source) where construction or 
reconstruction commenced after the Administrator first proposes a relevant emission 
standard.

o “process unit” means the equipment assembled and connected by pipes or ducts to 
process raw material and/or intermediate and to manufacture an intended product.  A 
process unit includes any associated storage vessels.

o “reconstruction” means the replacement of components such that the fixed capital cost of 
the new components exceeds 50 percent of the fixed capital cost that would be required to 
construct a comparable new source. 

Construction of additional process units, and reconstruction 
o For additional process units at existing refineries: The requirements for new sources shall

be applicable (beginning  August 18, 1995) to petroleum refining process units that have
been added to an existing source if,
 It is an addition that meets the definition of construction;
 Such construction commenced after July 14, 1994;
 The addition has the potential to emit 10 tons (i.e., 9.1 tonnes) per year or more of any

hazardous air pollutant such as benzene or more or 25 tons per year or more of any
combination of hazardous air pollutants.

o For changes to process units at existing refineries:  the requirement for new sources shall
be applicable (beginning August 18, 1995) for any change made to a petroleum refining
process unit  if the change meets the definition of reconstruction and such reconstruction
commenced after July 14, 1994.

Summary of compliance dates for equipment leak standards 
o New sources (where construction or reconstruction commenced between July 14 1994

and November 7, 2006):  Compliance with 40CFR63 subpart H by August 18, 1995 or
upon initial startup, whichever is later.  See the tabulated summary below for the
40CFR63 subpart H leak definition for pumps and valves for phases I, II and III.

o New sources (where construction or reconstruction commenced after July 7, 2006):
Compliance with 40CFR60 subpart GGGa (which references 40CFR60 subpart VVa)
upon initial startup.  In 40CFR60 subpart VVa, the leak definition for pumps and valves  is
2,000 parts per million (ppm) and 500 ppm, respectively.

o Existing sources:
 For existing sources, that elect to comply with 40CFR60 subpart VV, compliance no

later than August 18, 1998.  Note that the provisions of subpart VV only apply to
existing equipment at petroleum refineries that is in organic HAP service; and
calculation of percentage leaking equipment components may be done on a process
unit or source-wide basis.  In 40CFR60 subpart VV, the leak definition for pumps and
valves is 10,000 ppm.

 For existing sources that elect to comply with 40CFR63 subpart H (sections 63.161 thru
63.169, 63.171 – 63.172 and 63.175 – 63.180), Phase I beginning August 18, 1998,
Phase II beginning August 18, 1999 and Phase III beginning February 18, 2001.
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Table 4-1: Summary Leak Definitions for Pumps & Valves when Applying 
  40CFR63 Subpart H in Conjunction with 40CFR63 Subpart CC 

Standard Phase Leak Definition 
(parts per million) 

Section 63.163 (pumps) 
I 
II 
III 

10,000 
5,000 
2,000 

Section 63.168 (valves) 
I 
II 
III 

10,000 
1,000 
1,000 

Tabulated summary of equipment leak standards; and record-keeping and reporting 
requirements 
o See Appendix E of this document for a tabulated summary of the US federal equipment

leak standards for existing and new petroleum foundries.

c) Summary of US NSPSs and NESHAPs for Product Loading
See Chapter 4.1.5 for a description of both current and new proposed (as of June 30,
2014) US federal requirements to address air emissions from product loading
operations at petroleum refineries.

d) Summary of US NSPSs and NESHAPs for Wastewater Treatment Facilities
See Chapter 4.1.5 for a description of both current and new proposed (as of June 30,
2014) US federal requirements to address air emissions from wastewater treatment
facilities at petroleum refineries.
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4.1.3 Review of US “Title V” Operating Permit Program for Major Sources 

Prior to 1990, the federal Clean Air Act only required air permits for new construction.  These 
permit programs were often administered by state or local agencies. In 1990, the US Congress 
amended the US Clean Air Act and one of the amendments was to require, under Title V of the 
US Clean Air Act, operating permits that are reviewed every five years.  The goals of the Title V 
Operating Permit program were to: 

• Streamline the way federal, state, tribal and local authorities regulate air pollution by
consolidating all air pollution control requirements into a single, comprehensive
operating permit that covers all aspects of a source’s year-to-year air pollution activities.

• Provide an opportunity for citizens to be involved in the permit review process.
• Improve operational flexibility for industrial facilities relative to the combination of

permitting programs that have been administered in the past.
• Improve compliance with emission control requirements.

Title V of the US Clean Air Act requires that all major stationary sources of air pollution obtain 
an operating permit that is reviewed on a prescribed period (generally, every five years).  A 
“major source” is defined in a number of ways including, 

• Emitting greater than 100 tons/year for any pollutant (lower in some areas where there is
non-attainment with a US national ambient air quality standard such as ozone).

• Emitting greater than 10 tons per year of any hazardous air pollutant or greater than 25
tons per year of any combination of hazardous air pollutants.

• Affected sources under the Acid Rain Rules.
• Any source with a “Major Source Permit” under the prevention of significant deterioration

or new source review programs.
• Solid waste incineration units.
• Non-major sources subject to NESHAP Standards.

Title V operating permit programs are generally administered by state and/or local agencies and 
some tribes.  
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4.1.4 Summary of US EPA “Consent Decrees” Issued to US Petroleum Refineries as 
Part of the US EPA National Petroleum Refinery Initiative46 

The US EPA operates a national enforcement program consisting of two major components: 
• a core program that is administered by the Office of Enforcement and Compliance

Assurance (OECA) and the US EPA’s ten regions; and
• national enforcement initiatives (NEIs) that target specific issues and industry sectors of

national significance and are implemented through a team approach that may involve up
to one third of the US EPA’s enforcement resources..

Once the goals of specific NEI’s are achieved the US EPA transitions targeted resources back 
to the core program. 

Between 1994 and 1995, the US EPA conducted nationwide inspections of 109 petroleum 
refineries.  The inspection results identified widespread US Clean Air Act compliance challenges 
with violations in 70 percent of refineries.    Through this and related research, the US EPA 
identified the following major areas of concern: 

• Emissions from major refining units that were incorrectly permitted as “minor” sources or did
not have best available control technology installed.

• Fugitive emissions associated with leaks from refinery equipment (e.g., valves, pumps and
connectors).

• Uncontrolled and unreported benzene waste.

• Use of flaring for routine purposes instead of on an emergency basis, and indications that
some emissions during emergency events were in excess of applicable limits.

In 1996, the Us EPA selected the petroleum refining sector as one of the agency’s first national 
enforcement initiatives, also know as the National Petroleum Refining Initiative (NPRI).  The 
overall goal was to achieve long-term and sustained compliance with the Clean Air Act 
requirements using consent decrees that were negotiated for each company (rather than facility-
by-facility).  Consent decrees are legal agreements, somewhat analogous to orders issued 
under the Ontario Environmental Protection Act.   

46 Input from the Canadian Fuels Association (letter of Nov 21, 2014): US Consent Decrees are legal settlements that 
account for a wide range of company and refinery-specific factors in setting limits and compliance timelines.  The 
implementation of some Consent Decree requirements has not translated into discernible emission reductions or 
discernible environment or human health benefits.  This may be due to the reality that at any given refinery, the 
‘significant sources’ of emissions, such as benzene are not all the same.  By example, benzene emissions from a given 
source at a particular refinery may not be a significant source, and yet a Consent Decree that refinery is required to take 
certain actions to reduce emissions from that source, even those actions may produce negligible benefits. 
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In April of 2015, the US EPA Office of Inspector General published a report, “EPA Needs to 
Demonstrate Whether It Has Achieved the Goals it Set Under the National Petroleum Refinery 
Initiative”.  This report identified, the following four goals for the US EPA NPRI: 

1. 80% of the domestic refining capacity, by filed civil action against a refinery, or referred to
the US Department of Justice for filing.

2. 50% improvement in compliance over the 1995 baseline.

3. 20% reduction in emissions of SO2 and NOx from the 1995 baseline.

4. 100% of consent decree deliverables to the US EPA requiring a response, with 75%
responded to by the agency within 90 days.

The US EPA Office of the Inspector General report indicates that by the end of January 2011, the 
US EPA had established consent decrees covering 28 refining companies (105 refineries) that 
accounted for 90 percent of the national industrial capacity.  It also found that the US EPA’s 
enforcement efforts under this national enforcement initiative drove improvements to existing 
control technologies and development of new technologies in the petroleum refining sector.  For 
example, 

• Consent decrees require companies to install continuous emissions monitoring systems
(CEMS) on major emission sources. Once facilities install CEMs, they can monitor actual
data internally and report the data to the EPA.  The EPA can use the CEMS data to
establish equipment-specific and facility-specific emission limits.  Facilities can also use
CEMS data to ensure they are in compliance with the terms of the consent decree.

• The most recent decrees also require fence-line monitoring.  These monitors provide near
real-time reports of emission data on public websites, thereby potentially enhancing
transparency.  The agency further believes providing actual emission data to communities
living close to refining facilities will serve as a deterrent to serious noncompliance.

• Since 2010, consent decrees have required companies to install low-leak valves (or low
leak packing material)  when replacing existing valves at refineries.  These valves virtually
eliminate pollutant leaks and reduce the need for the US EPA to re-inspect the facility for
compliance with leak-detection protocols.

It is worth noting that the US courts make the final determination about consent decree 
termination, and consent decrees require companies to certify completion of all consent decree 
requirements under penalty of perjury or contempt. However, the US EPA verifies whether the 
company has, in fact, completed all requirements. 

The US EPA Office of Inspector General also concluded that the US EPA should be assessing 
the successes and outcomes of the NPRI before the multi-year consent decrees have come to a 
close and also recommended the following: 

• Develop and implement a plan to determine whether consent decrees signed as part of
the NPRI are leading to promised improvements in compliance and sustained reductions
in pollution.

• Incorporation of requirements that ease the resource burden on the US EPA to monitor
refinery progress (e.g., CEMS and fence-line monitoring).

• Inform the public about the extent to which the NPRI resulted in sustained compliance
improvement at facilities and reductions in emissions agreed to in consent decrees.

• Ensure that plans for future NEIs include an evaluation  component that demonstrates
the extent to which the NEI strategy achieves the goal(s) for the NEI identified by the
EPA.
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Summary - Example of a Consent Decree: Shell Chemical LP47 

The US EPA web-site indicates that there were two consent decrees issued to Shell in March of 
2010.  One consent decree was for two petroleum refineries owned by Shell Chemuical LP (i.e., 
the Saraland 90,000 bbl/day refinery in Mobile Alabama; and the St. Rose 90,000 bbl/day 
refinery in St. Rose, Louisiana) and a second consent decree for the Shell Chemical Yabucoa  
Inc. 85,000 bbl/day refinery in Puerto Rico. 

The US EPA complaints allege violations of US Clean Air Act requirements covering the four 
main sources of sulphur dioxide, nitrogen oxides, volatile organic compounds and benzene at 
each of the three Shell Chemical refineries.  In particular, violations related to the following 
aspects were identified: 

• Air permitting requirements under the New Source Review/Prevention of Significant
Deterioration (NSR/PSD, 40CFR52) with respect to fluidized catalytic cracking units and
refinery heaters and boilers.

• New source performance standards (NSPS, 40CFR60) for flares, sulphur recovery units
and fuel gas combustion devices.

• Leak detection and repair requirements under 40CFR60, subpart GGG.

• National Emission Standards for Hazardous Air Pollutants (NESHAP) for benzene
wastes (i.e., 40CFR61, subpart FF).

The Shell Chemical consent decree (for the three shell refineries: Saraland refinery near Mobile, 
Alabama; St. Rose refinery in Louisiana; and the Yabucoa refinery in Puerto Rico) requires the 
following actions: 

• NSR/PSD for NOx emissions:
o Shell Yabucoa must relinquish all permits for the refining operations at this facility

(the facility shutdown in June of 2009).
o Must install and operate controls on all heaters and boilers with a capacity of 40

MMBtu/hr or greater.  Currently, Shell is expecting to install equipment or replace
only one heater at the St. Rose facility because all other heaters and boilers
already operate with qualifying controls, as defined in the consent decree.

• NSR/PSD for SO2 emissions:
o Cannot burn oil with sulphur content greater than 0.05 percent except during

periods of natural gas curtailment.

• NSPS Subpart J:
o Must comply with the SO2 standards of subpart J for all combustion devices

burning refinery fuel gas, including flares (e.g., Subpart J prohibits, except during
process upsets, the burning of fuel gas that contains hydrogen sulphide in
excess of 230 milligrams per dry standard cubic metre).

o Must comply with the Subpart J SO2 standards at all sulphur recovery processes
including the Sulphur pit.

o Must comply with NSPS Subpart A, General Provisions by conducting root cause
analyses for all flaring events exceeding 500 pounds per day of SO2.

47 See “Shell Chemical/Shell Chemical Yabucoa, Inc. Settlement on the US EPA website. 
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• NSPS Subpart GGG:
o Must conduct an initial audit of it’s entire refineries’ equipment components to

determine compliance with the leak detection and repair (LDAR) requirements of
Subpart GGG.

o Must follow-up third-party audits every four years to determine compliance with
the LDAR requirements.

o Must prepare a refinery-wide LDAR program and perform enhanced training with
the LDAR requirements.

o Must use lower internal leak definitions than required by regulation.
o Accept other enhancements to the LDAR requirements involving chronically

leaking valves including additional requirements on a “delay of repair” list and
limits on the number of components on the delay of repair lists.

Shell was also subject to civil penalties ($2.5 million paid to the US Treasury; $622,000 paid to 
the state of Alabama; and $184,630 paid to the state of Louisiana) and required to support 
supplemental environmental projects. 
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4.1.5 Summary of the US EPA’s June 30 2014 US Federal Register Proposal for 
Updated Air Pollution Rules for Petroleum Refineries48 

This sub-chapter will include a review of the proposals, outlined in the June 30, 2014 US federal 
register proposal to update the US federal air pollution control requirements for petroleum 
refineries.  Please note that this will include a review of any proposals to enhance ambient air 
monitoring in the vicinity of US petroleum refineries. 

a) Review of Proposed Changes to US Federal Air Pollution Requirements for Petroleum
Refineries (Refinery MACT 1 & Generic Storage Vessel MACT)- Storage Vessels (Tanks):

In terms of storage vessels the US EPA’s June 30 2014 federal register proposal includes a 
review of the three options, summarized below: 

• Option 1: implementation of the Generic MACT (i.e., 40CFR63, subpart WW)
requirements that would include the implementation of improved deck fittings and controls
for guide-poles; and related enhanced inspection; record-keeping and reporting
requirements.

• Option 2: implementation of Option 1 plus a change in the definition of Group 1 storage
vessels (i.e., a change in the applicability of air pollution rules for storage vessels at
petroleum refineries) to include smaller capacity storage vessels than are currently
required under Refinery MACT 1.

• Option 3: implementation of Option 2 plus additional monitoring requirements (e.g.,,
application of Method 21 surveys and/or the use of optical gas imaging to assess leaks
from tank fittings; and the use of overfill warning monitors).

In summary, the US EPA is proposing the implementation of Option 2 where the 
additional requirements proposed under Option 3 were not deemed cost effective. 

48 Input from the Canadian Fuels Association (letter dated Nov 21, 2014):  Canadian Fuels notes that this section is a
summary of a draft proposal by the U.S. EPA, which until Oct. 28, 2014 was out for comments by stakeholders. The 
American Petroleum Institute (API) made a significant submission for this U.S. EPA June 30, 2014 proposal, with a 
number of requested changes and revisions, along with supporting rationale. Canadian Fuels supports this API 
submission, and for balance in this Rationale Document, requests that the core significant industry concerns be included 
in this Rationale Document, and also be considered by the Ministry. Here is the link to the API comment submissions: 
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OAR-2010-0682-0583. 
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b) Review of Proposed Changes to US Federal Air Pollution Requirements for Petroleum
Refineries (Refinery MACT 1) – Equipment Leaks and Fugitive Emissions:

Equipment Leaks49: 
Leak detection and repair (LDAR) programs have been required at US petroleum refineries and 
petro-chemical facilities for more than a couple of decades.  These programs involve regularly 
monitoring for leaks using an instrument-based method and then requiring repairs to be 
completed within a defined time-frame. 

Currently, for existing sources, Refinery MACT 1 (subpart CC: National Emission Standards for 
Hazardous Air Pollutants from Petroleum Refineries) requires compliance with the equipment 
leak provisions of 40CFR60, subpart VV (Standards of Performance for Equipment Leaks of 
VOC in the Synthetic Organic Chemicals manufacturing industry) for all equipment in organic 
HAP service50.  For new sources, Refinery MACT 1 requires compliance with the HON (i.e., 
40CFR63, Subpart H: National Emission Standards for Organic Hazardous Air Pollutants for 
Equipment Leaks) as modified by Refinery MACT 1.  As noted previously, the following provides 
a summary of leak definitions intended for use with Refinery MACT 1: 

• For existing sources, under 40CFR60 subpart VV, the leak definition triggers repair at an
instrument reading of 10,000 parts per million (ppm) for all equipment using US EPA
Method 21 (40CFR60, Appendix A-7).

• For new sources (where construction began between July 14 1994 and November 7,
2006), the Refinery MACT 1 modified version of the HON triggers repair at an instrument
reading of 2,000 ppm for pumps and 1,000 ppm for valves.  Similar to existing sources,
leaks are identified using US EPA Method 21.

• For new sources (where construction began after November 7, 2006), the Refinery MACT
1 references the need to comply with 40CFR60 subpart GGGa (Standards of Performance
for Equipment Leaks of VOC in Petroleum Refineries for Which Construction,
Reconstruction or Modification Commenced After November 7, 2006) modified version of
the HON triggers repair at an instrument reading of 2,000 ppm for pumps and 500 ppm for
valves.  Leaks are identified using US EPA Method 21.

The frequency of leak checks varies with the type of equipment.  Generally, the required 
frequency of leak checks is between quarterly and monthly. 

See Chapter 4.1.2 of this document for a more detailed description of the current US federal air 
pollution control requirements to address equipment leaks at petroleum refineries.  See 
Appendix E for a more detailed description of US EPA Method 21 – Determination of Volatile 
Organic Compound Leaks. 

As part of the assessment to develop updated air pollution rules, the US EPA commissioned a 
report, “Analysis of Emissions Reduction Techniques for Equipment Leaks, December 21, 2011, 
Docket Item Number EPA-HQ-OAR-2010-0869-0029”.  This assessment formed the basis of 
the US EPA recommendations with respect to new US federal air pollution control requirements 
for equipment leaks at petroleum refineries.  Following is a summary of the key topics assessed 
and US EPA recommendations for the proposed rules changes: 

49 Input from the Canadian Fuels Association (letter dated Nov 21, 2014): As presented at the AWMA-OS/MOECC Air
Quality Monitoring Workshop in November 2014, the fugitive emissions are largely driven by a small number of 
significant leakers. The proposal to reduce the leak threshold is unlikely to be the most effective approach to reducing 
emissions.  
50 The June 30 2014 US EPA proposal indicates that “in organic HAP service” means that a piece of equipment either 
contains or contacts a fluid (liquid or gas) that is at least 5 percent by weight of total organic HAP. 
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• Reduce existing and new facility leak definition threshold to 500 ppm for valves and 2000
ppm for pumps.  This proposal was deemed technically feasible but not cost effective (i.e.,
this proposal was not recommended).

• Inclusion of connector monitoring and repair (currently connectors are not required to be
monitored as part of a leak detection and repair program at a petroleum refinery).  The US
EPA did not recommend implementing this option due to the relatively high associated
costs for this option.

• A third topic included the possibility of allowing the use of optical gas imaging technology
(e.g., a common technology involves a camera-like instrument that creates an image
based on the absorption of infrared wavelengths).  In summary, the current federal rules
allow for the use of Alternate Work Practices using this optical gas imaging technology if it
is used in combination with annual Method 21 monitoring.  The US EPA recommends
that the US federal air pollution rules related to equipment leaks should allow
optical gas imaging without the need for an annual Method 21 survey.  The US EPA
anticipates a new optical gas imaging protocol will be published as Appendix K of
40CFR60.

Fugitive Emissions (US EPA Proposal for Fence-Line Monitoring Requirements):  
Currently, US federal requirements related to fugitive air emissions from petroleum refineries 
and petro-chemical plants focus on source-specific requirements (e.g., leak-detection-and-repair 
requirements for valves, flanges, compressors, pumps, etc.; air emission limits, equipment 
specifications and operating practice requirements for other sources of fugitive air emissions 
such as storage tanks, product loading and waste-water treatment facilities).  In the June 30 
2014 US federal register proposal, the US EPA indicates that (it) “…Although… a number of 
additional control measures for fugitive emission sources [are not being proposed because they 
were not deemed cost effective, the US EPA] remains concerned regarding the potential for 
high emissions from these fugitive emission sources due to difficulties in monitoring actual 
emission levels…”.   

As a result, the US EPA is proposing a fence-line monitoring approach for benzene (where 
benzene is anticipated to be a reasonable surrogate for total fugitive (volatile) hazardous air 
pollutant (HAP) emissions from a petroleum refinery.  In addition, fence-line monitoring is 
suggested in the US EPA proposal because the vast majority of fugitive air emissions of fugitive 
volatile HAPs are anticipated to impact at greater concentrations nearer to the property-line.  
The key elements of this proposal are summarized as follows: 

• Target contaminant for proposed fence-line monitoring requirements: benzene51.

51 Benzene is considered by the US EPA to be an excellent surrogate for a fenceline monitoring program design to 
assess fugitive air emissions of hazardous air pollutants from a petroleum refinery because the US EPA estimates that 
85 percent of benzene air emissions from a petroleum refinery are anticipated to be emitted from ground-level sources 
(e.g., equipment leaks, product loading and wastewater treatment facilities). 
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• Types of monitors proposed: passive, time-integrated samplers at the fenceline52.

• Siting, design and sampling proposal:
o For small refineries (less than 750 acres or less than 304 hectares) – monitors

should be placed at 30 degree intervals along the fenceline for a total of 12
locations;

o For facilities that are larger than 750 acres and less than 1500 acres – monitors
should be placed at 20 degree intervals along the fenceline for a total of 18
locations; and

o For facilities 1500 acres or larger – monitors should be placed at 15 degree intervals
along the fenceline for a total of 24 locations.

o Alternatively, monitors ca be placed every 2000 feet (every 610 metres) along the
fenceline of a refinery.

o The US EPA is proposing that existing facilities should deploy samplers within 3
years after the effective date of any final rule (the proposal for new facilities is to
implement samplers by the effective date of the final rule).

o Use of a sampling interval of every two weeks where the results will be used to
develop a (rolling) annual average measurement for each sampler.

• Proposed Concentration Action Level:  The US EPA is proposing to require facilities to
take corrective action to reduce fugitive emissions if monitored fenceline concentrations
exceed a specific concentration action level on a rolling annual average basis (re-
calculated every two weeks).  The US EPA is proposing a concentration action level that
is based upon a US EPA benzene emission modelling assessment of all 141 (or so)
petroleum refineries using the facility-supplied emission inventories from 2011.  In
summary, the US EPA selected the benzene concentration from the highest annual
average model result from all of the refineries: 9 µg/m3 for its proposed concentration
action level. The proposal intends that the highest annual average measurement from all
of the monitors at a site would be compared to this concentration action level (after
adjustment for background levels).  The apparent intent being that action would only be
required if the highest benzene levels measured at any site exceeded what is anticipated
to be the maximum annual average benzene fenceline concentration for the “worst-case”
site.

• Adjusting for Background Concentrations of Benzene:  The US EPA proposes, after an
analysis described in more detail in the June 30 2014 federal register posting, that a site-
specific default background level can be estimated based upon the lowest measured
fenceline concentration.  Therefore, the US EPA proposes as default that the difference
between the highest and lowest annual average monitored concentration at a site would
be compared to the proposed concentration action level of 9 µg/m3.

52 The US EPA identified a passive, diffusive tube sampler (similar to those used by the European Union and similar to 
those used, by the US EPA in 2009, as part of a year long project around the Flint Hills West petroleum refinery in 
Corpus Christi, Texas) that includes a small tube filled with an adsorbent selected based on the pollutant of interest with 
small holes that allow ambient air to diffuse into the tube at a small, fixed rate.  The US EPA also considered the 
following other monitoring techniques (which were considered less cost effective than the passive, diffusive, time-
integrated sampler approach or were less effective at monitoring for the target contaminant, benzene):: 

- Active monitoring station networks;
- Ultraviolet differential optical absorption spectroscopy (UV-DOAS);
- Open-path Fourier transform infrared spectroscopy (FTIR);
- Differential absorption LIDAR (DIAL) using a pulsed laser beam across a measurement path; and
- Solar occultation flux (using the sun as the light source in combination with a FTIR or UV detector).
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• Summary of Additional Aspects and Proposed Requirements for the Monitoring Program:
o Electronic reporting of data for each fenceline monitor on a semi-annual basis

(within 45 days of the end of each semi-annual period).
o Consideration of a lower frequency of monitoring or discontinued use of fenceline

monitoring based upon an unspecified period of low measurement results.

c) Review of Proposed Changes to US Federal Air Pollution Requirements for Petroleum
Refineries (Refinery MACT 1) – Gasoline Loading Racks and Marine Vessel Loading
Operations:

Gasoline Loading Racks: 
For air emissions from gasoline loading racks, the Refinery MACT 1 refers to the need to 
comply with specific portions of 40CFR63 subpart R (National Emissions Standards for 
Gasoline Distribution Facilities – Bulk Gasoline Terminals and Pipeline Breakout Stations).  The 
following is a summary of the Refinery MACT 1 emission limitations and requirements that are 
relevant for gasoline loading racks at a petroleum refinery: 

• An emission limit of 10 milligrams of total organic compounds per litre of gasoline loaded
(as measured using a continuous air emission monitoring system installed in the exhaust
stream; see 40CFR63 Subpart R; Section 63.427 Continuous monitoring).

• Leak detection and repair procedures (e.g., using US Method 21) that are consistent with
air pollution control requirements for equipment leaks.

• Annual vapour tightness testing (in accordance with US Method 27 of 40CFR60, Appendix
A-8) requirement for all tank trucks and railcars that are loaded with gasoline.

In terms of gasoline loading racks, the US EPA’s June 30 2014 federal register proposal (see 
item d on page 36917) indicates that the US EPA relied upon two separate analyses conducted 
by the US EPA:  

• a technology review for gasoline distribution facilities (71 FR 17353, April 6, 2006) in
which no new control systems were identified; and

• a more recent general analysis to identify any developments in practices, processes and
control technologies for transfer operations at chemical manufacturing facilities and
petroleum refineries.

In summary, the US EPA did not identify any developments in practices, process and control 
technologies for gasoline loading racks hat would reduce emissions beyond levels already 
included in the current US federal air pollution rules for petroleum refineries.  As a result, the 
US EPA concluded, in the June 30 2014 federal register proposal that it is not necessary 
to revise current US federal air pollution rules with respect to air emissions from 
gasoline loading racks at petroleum refineries. 
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Marine Vessel Loading Operations: 
Marine vessel loading operations at petroleum refineries in the United States include the loading 
and unloading of liquid commodities in bulk such as crude oil, gasoline and other fuels and 
naphtha.  The loading of marine vessels with product (such as gasoline or naphtha) involve 
pumping the product from the terminal’s large above-ground storage tanks through a network of 
pipes and into a storage compartment in the vessel.  Air emissions from this type of operation 
result from the displacement of volatile organic compounds during these filling operations. 
Currently, the Refinery MACT 1 requires that marine vessel loading operations at petroleum 
refinery operations must comply with 40CFR63, subpart Y (National Emission Standards for 
Marine Tank Vessel Loading Operations).  In summary, subpart Y requires the use of vapour 
collection and air pollution control devices:  

• Land-based loading systems:
o Existing sources: 97% air pollution control for existing sources with (uncontrolled)

emissions of greater than 10 tons per year of any individual hazardous air pollutant
(HAP) or greater than 25 tons per year for any combination of HAPs.

o New sources: 98% air pollution control for new sources.

• New offshore loading terminals: 95% air pollution control.

In 2011 the US EPA conducted a technology review of subpart Y (with a focus of investigating 
the possibility of requiring additional controls for existing sources that emit less than 10 and/or 
25 tons per year of HAPs) and concluded that requiring controls for these smaller sources was 
not cost effective.  However, subpart Y was amended to include the requirement of submerged 
loading (but this did not automatically apply to petroleum refineries since the Refinery MACT 1 
was not revised at that time).  In its most recent proposed changes (i.e., June 30, 2014) to 
the petroleum refinery rules, the US EPA proposed to amend the air pollution control 
rules for petroleum refineries (and remain consistent with other US code of federal 
regulations) to require submerged loading of marine vessels at petroleum refineries. 
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d) Review of Proposed Changes to US Federal Air Pollution Requirements for Petroleum
Refineries (Refinery MACT 1) – Wastewater Treatment Systems:

For the purposes of the Refinery MACT 1, wastewater treatment systems are sub-divided into 
the following components and categories: 

• Wastewater collection: including drains, manholes, trenches, junction boxes, sumps and
sewer lines. 

• Wastewater treatment:
o Primary treatment: including oil-water separators and equalization basins.
o Secondary treatment: including biological treatment units or steam strippers.
o Tertiary treatment: which further treat or filter wastewater before discharge to a

receiving body of water or for re-use within the facility.

Currently, the Refinery MACT 1 requires wastewater streams at new or existing petroleum 
refineries to comply with sections 61.340 through 61.355 of 40CFR61, subpart FF (Benzene 
Waste Operations [BWON]).  The BWON requires control of wastewater collection and 
treatment units for facilities with a total annual benzene quantity from facility waste of equal to or 
greater than 10 tonnes per year53.  Following is a summary of the requirements in the BWON 
that are relevant to petroleum refineries: 

• Storage tanks and surface impoundments for benzene waste: use of a fixed roof (or cover
in the case of surface impoundments), where there are no detectable  (i.e., verified with an
instrument reading of less than 500 parts per million) emissions from all openings, access
hatches and sampling ports; and routing of all organic vapours to an air pollution control
device54.

• Containers: use of a cover with no detectable emissions and use of a submerged fill pipe
for benzene waste transfers.

• Individual drain systems: use of a cover, with no detectable emissions, and routing to an
air pollution control device (or, alternatively, water seal controls for drains; cover, vent pipe
and water seal controls for junction boxes; and sewer lines that are not open to the
atmosphere).

• Oil-water separators: use of a fixed roof and closed vent system that is routed to an air
pollution control device (or use of a floating roof that complies with section 60.693-2(a) of
40CFR60 subpart QQQ, Standards of Performance for VOC Emissions from Petroleum
Refinery Wastewater Systems).

• Treatment processes: removal of benzene from the waste stream to a concentration of 10
parts per million by weight or less (on a flow-weighted annual average basis); or achieves
a benzene destruction efficiency of 99% or better.

53 Individual waste streams that contain less than 10 parts per million by weight of benzene (or the flow-rate is less than 
0.02 litres per minute) are not required to be included in the calculation of the amount of benzene from facility waste. 
54 Paragraph (b) of section 61.343 of the BWON allows for alternatives to use of an air pollution control device if 
certain (i.e., low vapour pressure and/or low volume) conditions are met for the relevant tanks. 
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• Closed vent systems and control devices: no detectable emissions for closed vent
systems; use of flow indicator devices for any bypass of a required air pollution control
device; and the following requirements related to the necessary air pollution control
devices:

o Enclosed combustion devices: reduce the organic emissions by 95% or better;
achieve a total organic compound concentration of 20 parts per million by volume
(on a dry basis corrected to 3 percent oxygen); or provide a minimum residence time
of 0.5 seconds at a minimum temperature of 760 oC.

o Vapour recovery and carbon adsorption system: reduce the organic emissions
by 95% or better; or control the benzene concentration by 98% or better.

o Use of a flare system: that complies with 40CFR60, section 60.18.

e) Review of Proposed Changes to US Federal Air Pollution Requirements for Petroleum
Refineries (Refinery MACT 1) – Other Sources:

On June 30 2014 the US EPA proposed, under Refinery MACT 1, including new standards
for delayed coking units and updated requirements for flares when they are used as air
pollution control devices.

Proposed new requirements for delayed coking units55:
• Venting of delayed coking units (at the end of a batch/cycle) during the decoking

portion of the cycle is intermittent and, previously, under MACT 1 had been
excluded  when the coke drum outlet pressure is at or below 15 pounds per square
inch – gauge.

• The US EPA, as part of the development of the June 30 2014 proposal, evaluated
delayed coking unit emissions and controls during the de-coking step.

• The resulting US EPA proposal was to lower the set-point pressure (from 15 to 2
psig) where venting to atmosphere during the de-coking step would be allowed
(e.g., the discharge from the de-coking step would be required to be connected to
the blow-down system with the atmospheric vent closed for a longer period of time).

Proposed new requirements for flares56: 
• MACT 1 and MACT 2 currently reference section 63.11 of 40CFR63 Subpart A –

General Provisions with respect to flares that are used as air pollution control
devices.  In summary, section 63.11 includes the following flare requirements:

o flares shall be steam-assisted, air-assisted or non-assisted;
o flares shall be operated at all times when emissions are vented to them;
o designed and operated with no visible emissions (except for a period of no

more than 5 minutes in any two consecutive hours of operation);
o operated at all times with the presence of a pilot flame;
o designed and operated to comply with a maximum flare tip velocity; and
o operated to comply with a specified minimum heat content in the gases

vented to the flare.

55 Delayed coking units employ thermal cracking to upgrade heavy feedstocks from the distillation column bottoms  and 
to produce petroleum coke.  They operate on a semi-batch basis (typically with two parallel coking drums) with a 
separation into produced gases and petroleum coke.  Once a batch is completed in one of the two drums is de-coked and 
vented.  
56 Flares are used to combust excess amounts of hydrocarbons and acid gases.  They can also be used to control volatile 
organic compound air emissions that have been collected from other processes and equipment (e.g., from closed vent 
systems on storage vessels). 
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• On June 30 2014 the US EPA proposed that MACT 1 and 2 no longer refer to
section 63.11 and, instead, include the following petroleum refinery specific
requirements:

o Inclusion of a continuous monitoring system (e.g., use of a thermocouple) for
the pilot flame and inclusion of an auto re-ignition system.

o Conducting, on a daily basis, a visible emissions test using an observation
period of 5 minutes and use of US EPA Method 22; and requirements to also
conduct visible emissions tests in the event that visible emissions are
identified and that this observation period be extended to two hours in the
event that visible emissions are identified for 1 continuous minute or more
during the 5 minute observation period.

o Consolidation of the maximum flare tip velocity calculations (that currently
vary whether the flare is steam, air or non-assisted) into a single formula.

o Setting new operational limits for net heating value, lower flammability or
total combustibles fraction (the lower flammability and total combustibles
fraction are new parameters intended to address combustion problems from
recent US EPA flare studies).

o Implementing a new “dilution” parameter, for air-assisted flares,  that is
based upon flow rate of the vent gas, flow rates of all assist media and
diameter of the flare tip (this new requirement to address a common poor
combustion issue that is related to excessive amounts of air-assist).

o More stringent operational limits (e.g., a more stringent minimum net input
heating value) for flares that receive both hydrogen and olefin laden gas.

o Installation of a monitoring system for either of net heating value, lower
flammability or total combustibles.
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Miscellaneous Process Vents: 

• MACT 1 defines miscellaneous process vent as,
o “A gas stream that contains greater than 20 parts per million hazardous air

pollutants (HAPs) that is continuously or periodically discharged during
normal operations.

o Miscellaneous process vents include gas streams that are discharged
directly to the atmosphere, gas streams that are routed to a control device
prior to discharge to the atmosphere, or gas streams that are diverted
through a product recovery device prior to control or discharge to
atmosphere .

o Miscellaneous process vents include vent streams from: caustic wash
accumulators, distillation tower condensers/accumulators, flash/ knockout
drums, reactor vessels, scrubber overheads, stripper overheads, vacuum
(steam) ejectors, wash tower overheads, water wash accumulators,
blowdown condensers/accumulators, and delayed coker vents.

o Miscellaneous process vents do not include,
1. Gaseous streams routed to a fuel gas system;
2. Relief valve discharges;
3. Leaks from equipment regulated under § 63.648;
4. Episodic or nonroutine releases such as those associated with startup,

shutdown, malfunction, maintenance, depressuring, and catalyst transfer
operations;

5. In situ sampling systems (onstream analyzers);
6. Catalytic cracking unit catalyst regeneration vents;
7. Catalytic reformer regeneration vents;
8. Sulfur plant vents;
9. Vents from control devices such as scrubbers, boilers, incinerators, and

electrostatic precipitators applied to catalytic cracking unit catalyst
regeneration vents, catalytic reformer regeneration vents, and sulfur
plant vents;

10. Vents from any stripping operations applied to comply with the
wastewater provisions.

11. Coking unit vents associated with coke drum depressuring at or below a
coke drum outlet pressure of 15 pounds per square inch gauge,
deheading, draining, or decoking (coke cutting) or pressure testing after
decoking;

12. Vents from storage vessels;
13. Emissions from wastewater collection and conveyance systems

including, but not limited to, wastewater drains, sewer vents, and sump
drains; and

14. Hydrogen production plant vents through which carbon dioxide is
removed from process streams or through which steam condensate
produced or treated within the hydrogen plant is degassed or
deaerated”.
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• Section 63.643 thru 63.63.645 of MACT 1 requires that emissions of organic HAPs
be reduced through use of a flare (that complies with subpart A of 40CFR63) or use
of a control device that reduces emissions of organic HAPs by at least 98% by
weight.  There are also air pollution control device monitoring requirements (e.g.,
continuous monitoring of temperature in the case of using a fume incinerator).

• The US EPA June 30 2014 proposal indicates that a technology review rom this
effort did not identify any further technology options for miscellaneous process
vents.

Proposed New Requirements for Relief Valve Discharges and Bypass Lines: 
• Relief valve discharges ad air emissions from air pollution control bypasses that

resulted from start-up, shutdown or malfunctions (SSM) were previously exempted
from MACT 1 requirements.

• However, as a result of a District of Columbia circuit court decision (i.e., Sierra Club
v. EPA, 2008), SSM exemptions were determined to a violation of the US Clean Air
Act.  As a result, on June 30 2014, the US EPA proposed continuous emission
monitoring requirements (e.g., installation of flow monitors on a bypass line) as a
means to assist in minimizing the frequency and time period for these discharges.

f) Review of Proposed Changes to US Federal Air Pollution Requirements for Petroleum
Refineries (Refinery MACT 2) – Other Sources:

The US EPA’s June 30 2014 proposal included a review of requirements in MACT 2 (i.e.,
40CFR63 subpart UUU: National Emission Standards for Hazardous Air Pollutants for
Petroleum Refineries: Catalytic Cracking Units, Catalytic Reforming Units and Sulfur
Recovery Units).  However, MACT 2 and US EPA’s 2014 review relates to sources such as
fluid catalytic cracking units, catalytic reformer unit process vents and sulphur recovery
units where the emissions are less relevant to this technical standard57.

g) Summary of Results of US EPAQ Atmospheric Dispersion Modelling for Benzene from 141
US Petroleum Refineries

Background information to the US EPA June 30 2014 proposal for updated air pollution
rules for petroleum refineries included a memorandum58 with predicted fenceline ambient
benzene concentrations (annual average using the AERMOD dispersion model) for 141 US
petroleum refineries.  Figure 4-1 on the following page provides a graphic representation of
the distribution of predicted fenceline annual average ambient benzene concentrations for
the 141 US and 6 Ontario petroleum refineries.

57 Hazardous air pollutant air emissions rom these sources were either primarily metal contaminants, sulphur dioxide or 
polyaromatic hydrocarbons (including benzo[a]pyrene). It has already been determined (see Chapter 3) that further air 
pollution control for air emissions of benzo[a]pyrene at Ontario petroleum refineries is not anticipated to be necessary at 
this time. 
58 US EPA, Federal register (June 30 2014), 40 CR Parts 60 and 63, “Petroleum Refinery Risk and Technology Review 
and New Source Performance Standards, Proposed Rule”.  Related docket material (EPA-HQ-OAR-2010-0682): 
Memorandum from Ted Palma, Physical Scientist (US EPA) to Brenda Shine, Environmental Engineer (US EPA), 
Fenceline Ambient Concentrations Surrounding Petroleum Refineries, January 7, 2014.  See 
www.regulations.gov/#!docketDetail;D=EPA-HQ-OAR-2010-0682 for the docket material. 
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Figure 4-1:  Benzene Fenceline Concentrations for Petroleum Refineries in the US and Ontario 
(µg/m3; annual average) 
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4.1.6 US EPA’s June 30 2014 Proposed Changes to US Air Pollution Rules were 
Finalized and Published on December 1, 2015 

The US EPA finalized and published its proposed update to the US federal air pollution rules 
for petroleum refineries in December of 2015.   

This new rule is based primarily on the June 30 2014 and includes: 

• new requirements for storage vessels;
• a new allowance for the use of optical imaging equipment in combination with leak-

detection-and-repair requirements;
• a new requirement for fence-line ambient monitoring for benzene;
• a new set of requirements for the use of flares as air pollution control devices; and
• confirmed current requirements for product loading operations and wastewater

treatment operations.
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US states have the responsibility of enforcing US federal air pollution requirements and 
have the authority to develop and implement state air pollution rules that are supplement 
the US federal rules.  This document will summarize state (and local) air pollution control 
rules for petroleum refineries for the states of California, Louisiana and Texas because 
these three states have the largest number of petroleum refineries in the United States. 

4.2 California 

The California Environmental Protection Agency (CalEPA) is responsible for the development and 
implementation of state environmental legislation in California.   The California Air Resources 
Board (CARB) is a department within CalEPA and responsible for air pollution control requirements 
in California.  CARB is recognized as a particularly active and important component of CalEPA 
because of the state’s sunny climate, pollution-trapping mountains and valleys and relatively dense 
population.  The CARB web-site identifies the following core activities: 

• Sets and enforces emission standards for motor vehicles, fuels and consumer products.
• Sets health-based air quality standards.
• Conducts research.
• Monitors air quality.
• Identifies and sets control measures for toxic air contaminants.
• Provides compliance assistance for businesses.
• Provides education and outreach programs and materials.
• Oversees and assists local air quality districts which regulate most non-vehicular sources of

air pollution.
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4.2.1 Summary of the CARB Air Toxics Program59 

a) Toxic Air Contaminant Identification and Control Act
California enacted the Toxic Air Contaminant Identification and Control Act (AB 1807) in 1983.
Under AB 1807, CARB is required to use certain criteria in the prioritization for the identification
and control of air toxics: risk of harm to public health, amount or potential amount of emissions,
manner of and exposure to usage of the contaminant in California; persistence in the
atmosphere and ambient concentrations in the community.

The AB 1807 program is a two-step process of risk identification and risk management.  During 
the first step, staff of CARB and the Office of Environmental Health Hazard Assessment 
(OEHHA) assesses whether or not a substance should formally be identified as a toxic air 
contaminant (TAC).  This process includes a review of health effect information and the 
potential for human exposure. A public process (including public workshops; a public comment 
period; and detailed responses to comments) is also used during this first step of the AB 1807 
program.  In 1993, the California legislature amended the AB 1807 program to require CARB to 
identify the 189 federally identified hazardous air pollutants as TACs. 

Benzene is identified as a TAC under California’s AB 1807 program. 

In the second step (risk management), CARB reviews the emission sources of an identified TAC 
to determine if any regulatory action is necessary to reduce the risk.  The analysis includes a 
review of controls already in place, the available technologies and associated costs for reducing 
emissions.  Public outreach is a component and the intent is to appropriately balance public 
health protection and economic growth. 

b) California “Hot Spots” Program
In September 1987, the California Legislature established the AB 2588 air toxics “Hot Spots”
program.  This program requires facilities to report their toxic air contaminant emissions,
ascertain health risks, and to notify residents of significant risks.  In September 1992, the “Hot
Spots” program was amended to require facilities that pose a significant health risk to the
community to reduce their risk through a risk management plan.  Following is a summary of the
California “Hot Spots” program:

• Facilities, emitting air contaminants above a threshold and emitting a TAC, were
required to prepare emission inventories and submit them to the local air quality
management district.

• District staff review the submitted emission inventories and prioritize them according to
guidelines prepared by the California Air Pollution Control Officers Association or
guidelines published by each individual district.

• Every facility that is designated as a higher risk priority must then prepare and submit a
more detailed risk assessment report that includes a comprehensive analysis (including
a summing of carcinogenic risks) of the dispersion of TACs into the environment; the
potential for human exposure; and a quantitative assessment of both individual and
population wide health risks associated with the predicted exposures.

• The following risk threshold criteria are generally used to trigger the need for public
notification and risk reduction:

59 See California Air Resources Board (CARB), air toxics program web-site. 
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CARB also includes 35 air quality management districts (AQMDs) which are identified below: 

Figure 4-1: Map of Local Air Quality Management Districts in California 
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Table 4-1:  Summary of Typical “Notification Level” and “Risk Reduction” Thresholds in 
the Bay Area Air Quality Management District (AQMD) of California 

Carcinogenic Risk Non-Carcinogenic Risk 

Notification Level Thresholds >10 in 1 Million Hazard Quotient  >1 

Threshold for Mandatory Risk 
Reduction Measures >100 in 1 Million Hazard Quotient >10 

The Bay Area AQMD publishes an annual toxic air contaminant control program report and the 
report for 2013 indicated that the number of facilities requiring public notification has steadily 
decreased over the first decade of the program as industries reduced toxic emissions and 
refined estimates of risk.  Pacific Steel Casting Co of Berkeley is currently the only Bay Area 
facility identified as subject to public notification and the report also indicates that there are 
currently no facilities required to implement mandatory risk reduction thresholds. 

Figure 4-2, below, provides the locations of California petroleum refineries.  This information, in 
combination with Figure 4-1, identifies which local AQMDs should be the focus of a jurisdictional 
review. 
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Figure 4-2: Map of Oil Refineries in California60 

60 Report of the Interagency Working Group on Refinery Safety, “Improving Public and Worker Safety at Oil 
Refineries, February 2014”. 
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Table 4-1: Summary of California Refineries that Produce Gasoline61 

Local Air Quality 
Management District Refinery Name Processing Capacity: 

Barrels per Day 

Bay Area AQMD 

Chevron - Richmond 245,000 

Shell – Martinez 156,000 

ConocoPhilips – Rodeo 78,000 

Tesoro – Avon-Martinez 166,000 

Valero – Benecia 132,000 

San  Joaquin Valley 
Unified AQMD 

Alon – Bakersfield 66,000 

Kern Oil and Refining Co. – Bakersfield 26,000 

South Coast AQMD 

Tesoro – Carson 240,000 

Chevron – El Segundo 276,000 

Tesoro - Wilmington 104,000 

ExxonMobil - Torrance 150,000 

ConocoPhilips – Wilmington 139,000 

Valero – Wilmington 78,000 

The State of California energy almanac web-site also identifies seven other smaller refineries 
(generally in southern California) where these refineries focus on the production of other petro-
chemical products. 

In summary, California’s petroleum refineries are located in the San Francisco Bay area, Los 
Angeles area and the Central Valley.  Each day approximately two million barrels of petroleum 
are processed into a variety of products, with gasoline representing about half of the total 
product volume.  According to the California Energy Commission (see the Energy Almanac 
web-page), it is unlikely that new refineries will be built in California:  “… from 1985 to 1995, 10 
California refineries closed, resulting in a 20 percent reduction in refining capacity.  Further 
refinery closures are expected for smaller refineries that have capacities of less than 50,000 
barrels per day.  The cost of complying with environmental regulations and low product prices 
will continue to make it difficult to continue operating older, less efficient refineries.”  

61 See the State of California Energy Almanac web-site for more information. 
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4.2.2 Summary of Bay Area AQMD Requirements for Petroleum Refineries 

Following is a summary of the Bay Area AQMD rules and requirements for petroleum refineries 
that are intended to be implemented in addition to US federal air pollution rules: 

a) Regulation 2: Permits… Rule 2 (NSR) and Rule 5 (NSR for TACs) – both rules reference a
BACT/TBACT Workbook of typical BACT and TBACT determinations completed by the Bay
Area AQMD; and Rule 6 (Major Facility Review; which establishes procedures for large
facilities, such as petroleum refineries, to obtain Title V permits).

b) Regulation 8: Organic Compounds… Rule 5 (storage of organic liquids); Rule 8 (wastewater
oil-water separators); Rule 18 (equipment leaks); Rule 28 (episodic releases from PRVs at
petroleum refineries and chemical plants);

c) Regulation 11: Hazardous Pollutants… Rule 7 (benzene);

d) Regulation 12: Miscellaneous Standards of Performance -  PROPOSED Rule 15: Petroleum
Refining Emissions Tracking62

The Bay Area AQMD is developing a new petroleum refining emissions tracking rule that will be 
applicable to petroleum refineries within the jurisdiction of the Bay Area AQMD.   The 
development of this rule was included as Action Item 4 in the Air District’s, Work Plan for Action 
Items Related to Accidental Releases from Industrial Facilities, and approved by the Air 
Director’s Board of Directors on October 17, 2012. The proposed regulatory approach includes 
the following basic elements: 

• Establish existing baseline air emissions from each refinery (i.e., the quantities of various
air pollutants that air emitted).

• Track the quantity of air emissions from each refinery in the future on an on-going basis,
• Should air emissions from a refinery increase above baseline levels (in an amount that

exceeds specified trigger-levels), require that the cause(s) of the emission increase be
identified, and a plan prepared and implemented to reduce emissions, and,

• Establish fence-line and community air monitoring systems.

A preliminary draft of this rule has been published and following is a brief summary: 

• Administrative procedures: The proposed rule includes requirement for the submission of
various reports and plans.  In accordance with the administrative requirements,
members of he public would be allowed to review and comment on these reports and
plans (where process “trade secrets” would be exempt from disclosure).  Final plans
would also be posted on the Bay Area AQMD sweb-site.

• Pollutant coverage:  The proposed rule would cover three primary categories of
regulated pollutants - criteria pollutants, toxic air contaminants and greenhouse gases.

• Source coverage: The rule would be applicable to all stationary sources of air pollution
with a facility boundary (regardless of the ownership of the various sources within the
facility boundary).

• Time period for determining emission changes: The proposal is to setup a baseline and
compare future emissions against this baseline, on a calendar year basis.

• Emissions inventory methodology: Emission inventory techniques for the rule may include
the use of continuous emission monitors, source-specific emission tests, general emission

62 Bay Area AQMD, “Workshop Report – Preliminary Draft Air District Regulation 12, Rule 15: Petroleum Refining 
Emissions Tracking, March 2013”. 
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factors, material balances or empirical formulae.  The intent appears to be to have the Bay 
Area AQMD publish a guideline that will be based upon the latest information for related 
activities including use of the US EPA’s 2011 information collection request (ICR) for the 
petroleum refining industry (i.e., Emission Estimation Protocol for Petroleum Refineries, 
Version 2.1.1, Final ICR Version, RTI International, May 2011); the Bay Area AQMD 
BACT/TBACT Workbook and Permit Handbook; and Health Risk Screening Guidelines. 

• Establishing baseline emission inventories: According to the proposed rule, each
petroleum refinery would be expected to submit a refinery baseline emissions inventory
report to the Bay Area AQMD.   It is anticipated that year-to-year variations I emissions
may occur due to a variety of factors including business cycles.  It is not be the intent of
the proposed rule to trigger mitigation requirements based upon variations in business
cycles or maintenance turn-arounds.

• Establishing on-going emission inventories: Facilities would be expected to update the
emission inventories on a calendar year basis.

• Revising baseline emission inventories: The proposed rule contemplates that baseline
emission inventories may be revised in the future based upon updated emission inventory
methodologies.

• Trigger-levels: The proposed rule includes trigger-levels for increases in emissions of
criteria pollutants, toxic air contaminants and greenhouse gases.  Following is a general
description of the various proposed trigger levels:
o Mass-based thresholds for criteria pollutants;
o An atmospheric dispersion modelling analyses for toxic air contaminants and some

criteria air pollutants (e.g., PM2.5) and risk assessment including comparison against
threshold contaminant-specific concentrations; and use of the guidelines from the
CalEPA’s OEHHA for the Hot Spot’s Program for a cumulative impacts assessment.

• Emission reduction plans:  The proposed rule requires the submission of emission
reduction plans (for facilities that exceed the trigger-levels) that include a causal analysis;
a review of potential air emission reduction measures; and development of a plan that
reduces air emissions below the trigger-levels within two years.

• Air monitoring: The proposed rule also requires petroleum refineries to submit an air
monitoring plan for establishing and operating a fence-line monitoring system and
community air monitoring system.  The air monitoring plans would need to be prepared in
accordance with guidelines published by the Bay Area AQMD. As indicated in the Bay
Area AQMD workshop report (March 2013), “Air District staff have retained a contractor to
create a report that identifies equipment and methodological options for monitoring
systems.  A panel of monitoring experts from academia, industry, the community and
other government agencies will then discuss and weigh the various options and provide
input to guide the Bay Area AQMD in developing the air monitoring guidelines”.

MOECC – Standards Development Branch:  July 2016 Page 71 



Rationale Document: Petroleum Refining Industry Standard 

4.2.3 Summary of South Coast Air Qiuality Management District(SCAQMD) 
Requirements for Petroleum Refineries 

Following is a summary of the South Coast AQMD rules and requirements for petroleum 
refineries that are applicable to controlling benzene air emissions and are intended to be 
implemented in addition to US federal air pollution rules: 

a) Rule 1178: Further Reductions in VOC Emissions from Storage Tanks at Petroleum
Refineries (summary),
i. Applicability: the rule applies to all aboveground storage tanks that have capacity equal

to or greater than 75,000 liters (i.e., 75 cubic metres), are used to store organic liquids
with a true vapour  pressure greater than 5 mm Hg (0.1 psi or 0.7 kPa) absolute under
actual storage conditions, and are located at any petroleum facility that emits more than
40,000 pounds (approximately 18 tonnes) per year of VOC in any emission inventory
year starting with the emission inventory year 2000.63

ii. External Floating Roof Tanks (summary):
• Equip (by July 1 2003) all openings (except vacuum breakers, rim vents and leg

sleeves) with a cover that is gasketed.
• For external floating roofs with a true vapour pressure of 3 psia (approximately 21

Kpa) a mechanical shoe or liquid mounted primary seal and a rim-mounted
secondary seal.  No gap between the tank shell and the secondary seal shall exceed
0.32 centimeter.

• Gaskets shall be installed on each rim vent; roof legs and vacuum breaker.
• Equip each un-slotted guidepole with a sliding cover and a flexible fabric sleeve or

wiper.
• Equip each slotted guidepole with a gasketed cover, a pole wiper and a pole sleeve.

iii. Adding Domes to External Floating of Tanks: the phasing-in (between 2004 and 2008) of
the addition of domes to external floating roof tanks where the true vapour pressure of
the storage vessel exceeds 3 psia.

iv. Internal Floating Roof Tanks:  equip (by January 1 2007) openings in a similar manner to
the those requirements noted above for external floating roof tanks.  Internal floating roof
tanks are to be equipped with either a primary seal or primary and secondary seal
system.

v. Fixed Roof Tanks: with a true vapour pressure of at least 0.1 psia (0.7 kPa) must include,
by January 1 2007, a closed vent and emission control system with an overall control
efficiency of 95% by weight or ae vented to a fuel gas system.

vi. Inspection and Monitoring Requirements:
• For external floating roofs: conduct Method 21 or measure gaps on a semi-annual

basis and each time the vessel is emptied and perform complete gap measurements
of the rim seal system on a semi-annual basis or each time the vessel is emptied.

• For domed external roof tanks and internal floating roof tanks: visually inspect the
rim seal system and employ a explosimeter to measure the lower explosive limit on a
semi-annual basis and perform complete gap measurements of the rim seal system
and all openings each time the tank is emptied but no less than once every ten
years.

• For fixed roof tanks: tests to confirm compliance with the 95% control effectiveness
requirement within 180 days of start-up and annually thereafter; andwhenever a
modification to the system is made.

63 Versus an applicability, within the US Federal MACT 1 for petroleum refineries (40CFR63, subpart CC), for new 
storage vessels with a capacity of at least 151 cubic metres and a maximum true vapour of greater than 3.4 kPa. 
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b) Rule 1173: Control of Volatile Organic Compound Leaks and Releases from
Components at Petroleum Facilities and Chemical Plants (summary),

i. Leak definition: the dripping of either heavy or light liquid or the detection, above
background (using US EPA Method 21) of a concentration of total organic compounds.

ii. Identification requirements: physically identify (i.e., tag) all major components in light
liquid/gas/vapour service and pumps in heavy liquid service; and similarly identify these
components in piping and instrumentation flow diagrams.  A report of the implementation
of the identification requirements is to be submitted for approval by administrators at the
SCAQMD.

iii. Inspection requirements:  inspect (in accordance with US EPA Method 21) all accessible
components in light/gas/vaopur service and pumps in heavy liquid service, quarterly
starting July 1, 2003; inspect all inaccessible components in light liquid/gas/vapour
service, annually; and audio-visually inspect all accessible pumps, compressors and
atmospheric pressure relief valves once during every eight-hour operating period.

iv. Record-keeping requirements: records of identification, inspection and repair shall be
maintained and made available to SCAQMD staff upon request.

v. Pressure relief devices (PRDs):  shall be continuously monitored by installing tamper-
proof electronic valve monitoring devices capable of recording the duration of each
release and quantifying the amount of the compounds released according to: 50% of
PRDs monitored for refineries with less than 50  PRDs; and 20% of all PRDs for
refineries with more than 50 PRDs.

vi. Time to repair requirements:
• Light liquid/gas/vapour leaks between 500 and 10,000 ppm and heavy liquid

component leaks between 100 and 500 ppm: 7 calendar days with an extended
repair period of 7 calendar days (with no more than 0.05 percent of the number of
components inspected on extended repair period).

• Heavy liquid leak greater than 3 drops per minute and between 100 and 500 ppm: 7
calendar days (with no extended repair period allowed).

• Any leak between 10,000 and 25,000 ppm (PRDs, between 200 and 25,000 ppm): 2
calendar days with an extended repair period of 3 days. 

• Any heavy liquid component leaks greater than 500 ppm; light liquid liquids greater
than 3 drops per minute; and any other component leaks leak greater than 25,000
ppm: 1 calendar day with no extended repair period allowed.

vii. Non-compliance with any of the following leak standards is a violation of the rule64:
• Light liquid leak: greater than 3 drops per minute.
• Light liquid/gas vapour service: leaks greater than 50,000 ppm.
• Heavy liquid service: 500 ppm.
• Leaks in excess of 10,000 ppm (light liquid/gas/vaour service); 200 ppm (PRDs);

and 100 ppm (heavy liquid service) according to the leak thresholds,

64 Generally, not identifying a leak is considered a violation of US federal leak detection and repair rules.  However, 
SCAQMD Rule 1173 goes a step further by specifying the presence of “gross” leakers as also a violation.  
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Table 4-2: Summary of Leak Thresholds for SCAQMD Rule 1173 

Component Type 
Max Number of Leaks for 200 

or Less Components 
Inspected 

Max Number of Leaks for > 
200 Components Inspected 

Compressors, PRDs, and 
Other Components: 

Valves and Threaded Pipe 
Connectors: 

Pumps: 

One (of each type) 

One (of each type) 

Two 

One (of each type) 

0.5% of number inspected 

1% of number inspected 

c) Rule 1401:New Source Review of Toxic Air Contaminants (summary),
i. Applicability: to applications, received by the SCAQMD after June 1 1990, for new or

modified facilities.
ii. Maximum Incremental Cancer Risk (MICR) Requirements: the new or modified process

unit will not result in any of the following: 
• an increased MICR greater than one-in-one million at any receptor location if the

permit unit is constructed without best available control for toxics (T-BACT);
• an increased MICR greater than ten in one million at any receptor location, if the

permit unit is constructed with T-BACT; nor
• a cancer burden (i.e., the estimated increase in the occurrence of cancer cases in

a population subject to a MICR of greater than or equal to one-in-one million
resulting from exposure to toxic air contaminants) of greater than 0.5.

iii. Cumulative increase in Chronic Hazard Index and Acute Hazard Index: shall not
exceed 1.0 (for both indices, respectively) 

d) Rule 1402: Control of Toxic Air Contaminants from Existing Sources (summary),
i. Applicability:  to any existing facility that is subject to the California “Hot Spots” Program

(described above) for which the impact of total facility emissions exceeds the following
action risk levels:
• 25-in-one million maximum incremental cancer risk (MICR) at any receptor

location;
• A total acute or chronic hazard index of 3.0 for any target organ system at any

receptor location; and
• A cancer burden (i.e, the estimated increase in the occurrence of cancer cases in a

population subject to a MICR of greater than or equal to one-in-one million
resulting from exposure to toxic air contaminants.

ii. Risk assessment requirements: are required when, upon investigation by the SCAQMD
executive officer, there is a potential for exceedance of the action risk levels.

iii. Risk reduction requirements:  risk reduction measures are required when a required risk
assessment confirms exceedance of the action risk levels.   The implementation of risk
reduction measures to reduce risks below the risk action levels must, generally, be
completed within three years where a time extension of up to two years will be allowed if
the risk assessment indicates less than the significant risk level (e.g., a MICR of less than
one-in ten thousand; and an acute or chronic hazard index of less than 5.0).
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4.3 Louisiana 

In general, as per US federal delegation of authority, Louisiana air pollution requirements for 
petroleum refineries are consistent with US federal air pollution requirements.  For example, the 
US federal register of Tuesday February 24 2015 included a US federal delegation of authority to 
the state of Louisiana for New Source Performance Standards and National Emission Standards 
for Hazardous Air Pollutants.   

In addition, consistent with most of the other state environmental protection agencies, the US 
federal Title V (or Part 70) operating permit program is also implemented by the State of Louisiana.  
These operating permits combine all enforceable requirements, including emissions limits, 
monitoring, recordkeeping, and reporting provisions, into one document.  Owners of sources with 
operating permits must certify that the source is in compliance each year, and the permits must be 
renewed every 5 years.  Each proposed initial Part 70 permit, renewal, and significant modification 
is subject to a 30-day public comment period, with an opportunity for a hearing, and a 45-day US 
EPA review period. 

Following is a summary of the Louisiana air pollution requirements for storage vessels, equipment 
leaks and wastewater treatment and loading operations at petroleum refineries in Louisiana65: 

Storage Vessels: requires compliance with 40CFR60 subpart Kb (for storage vessels of petroleum 
liquids that construction or reconstruction commenced after July 23 1984) and 40CFR61 Subpart Y 
(benzene storage).  The Louisiana requirements are also anticipated to be consistent with 
40CFR63, Subpart CC (aka, Refineries MACT 1) and 40CFR63 Subpart G (for storage vessels in 
the synthetic organic chemical manufacturing industry). 

Equipment Leaks: See Table 4-3 for a summary comparison, between US federal rules and 
requirements in California, Louisiana and Texas, to address equipment leaks.  

Wastewater Treatment:  requires compliance with 40CFR61 Subpart FF – National Emission 
Standard for Benzene Waste Operations and also includes the following specific requirements for 
oil/water separators: 

1. A container having all openings sealed and totally enclosed liquid contents. All gauging and
sampling devices will be gas-tight except when gauging or sampling is taking place.

2. A container equipped with a floating roof, consisting of a pontoon type, double deck type roof,
or internal floating cover which rests or floats on the surface of the contents and is equipped
with a closure seal or seals to close the space between the roof edge and container wall. All
gauging and sampling devices will be gas-tight except when gauging or sampling is taking
place.

3. A container equipped with a vapour disposal system capable of processing such organic
vapors and gases so as to limit their emission to the atmosphere to the same extent as 1 and
2, above, and with all container gauging and sampling devices gas-tight except when gauging
or sampling is taking place.

4. Other equivalent equipment or means as may be approved by the administrative authority.

65 These requirements are found within Title 33 – Environmental Quality, Part III. Air of the Louisiana Administrative 
Code; and documents such as Louisiana Refinery MACT Determination, July 26 1994. 
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Loading Operations:  

• For non-marine loading to vessels with capacities in excess of 200 US gallons (~ 750
litres): the loading of volatile organic compounds must include a vapour collection and a
vapour return line or a control system that reduces the emissions of volatile organic
compounds by at least 90 per cent.

• For marine loading operations that would emit greater than 25 tons per year of volatile
organic compounds (greater than 100 tons per year in some areas of Louisiana): must,

o include a vapour collection and a control system that reduces the emissions of
volatile organic compounds by at least 90 per cent; and

o comply with the following volatile organic compound emission limits:
 barge loading of gasoline – 70 mg of total organic compounds per litre of

VOC loaded;
 barge loading of crude oilor other VOCs  – 30 mg of total organic

compounds per litre of VOC loaded;
 ship loading of gasoline – 30 mg/litre of of VOC loaded; and
 ship loading of crude oil or other VOCs – 12 mg/litre of VOCs loaded.
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4.4 Texas 

Similar to the state of Louisiana, air pollution requirements for Texas are consistent with US federal 
air pollution requirements.  Similar to most states, Texas has generally implemented the federal 
(Title V) operating permit program.66  Following is a summary of the Texas air pollution 
requirements for storage vessels, equipment leaks, wastewater treatment systems and loading 
operations at petroleum refineries: 

Storage Vessels: petroleum refineries in Texas are anticipated to require compliance with 
40CFR60 subpart Kb (for storage vessels of petroleum liquids that construction or reconstruction 
commenced after July 23 1984); 40CFR61 Subpart Y (Benzene Storage); and 40CFR63, Subpart 
CC (aka, Refineries MACT 1) and 40CFR63 Subpart G (for storage vessels in the synthetic 
organic chemical manufacturing industry).  Specifically, Division 1 (Storage of Volatile Organic 
Compounds); Subchapter B (General Volatile Organic Compound Sources) of Chapter 115 
(Control of Air Pollution from Volatile Organic Compounds) of the Texas Administrative Code 
(TAC) includes the following inspection and repair requirements for storage vessels that contain 
volatile organic compounds : 

• Storage vessels equipped with an internal floating roof shall be visually inspected, through
a roof hatch, every 12 months.  If the inspection indicates that the floating roof is not resting
on the surface of the liquid (and is not resting on the leg supports); or liquid has
accumulated on the roof; or the seal is detached or there are holes or tears in the seal
fabric; or there are visible gaps between the seal and the storage vessel wall then the
identified defects shall be repaired or the tank emptied and degassed within up to 120 days.

• Storage vessels equipped with external floating roofs shall have any seal gaps between the
secondary seal and the vessel wall, every 12 months.  Any accumulation of gaps (that are
greater than 1/8 inch in width) that is greater than 1 square inch per foot of tank diameter
must be repaired or the storage vessel must be emptied and degassed within up to 120
days.

Subchapter F (Miscellaneous Industrial Sources) of Chapter 115 of the TAC requires that vapours 
emitted during storage vessel emptying and degassing shall be directed to an air pollution control 
device that maintains a control efficiency of at least 90%. 

Equipment Leaks: See Table 4-3 for a summary comparison, between US federal rules and 
requirements in California, Louisiana and Texas, to address equipment leaks.  

Wastewater Treatment:  It is anticipated that 40CFR61 (National Emission Standard for Benzene 
Waste Operations) is applied to benzene waste management including wastewater treatment 
systems at Texas petroleum refineries. 

66 In 2010, the US EPA sent “part 71” letters to a number of industrial holders of Title V permits that were issued by
the state of Texas and indicated that the facility operators would need to re-apply for a Title V permit through the US 
federal government because the Us WEPA objected to the manner in which the Texas Commission on Environmental 
Quality (TCEQ) had issued the permits.  This appears to have been resolved within the last year based upon a US EPA 
web-site notice related to the US EPA’s approval Texas Air Permitting. 

Article I. EPA finalized its conditional approval of the Texas Flexible Permit program. 
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Loading Operations: Division 1 (Loading and Unloading of Volatile Organic Compounds) of 
Subchapter Chapter 115 of the TAC requires the use of vapour collection and control in 
conjunction with: 

• 90% control and leak-free operation for the truck and railcar loading of gasoline; and
• no greater than 10.8 mg of VOC emitted to atmosphere for marine loading operations.

Compliance with US federal requirements (as described in Chapter 4.1.5 of this document) within 
40CFR63 subpart R and 40CFR63 subpart Y for truck/railcar and marine loading of gasoline, 
respectively. 

Note:  US federal consent decrees, that have been issued to specific facilities as a result of the US 
National Petroleum Initiative, include more stringent requirements than US federal and state rules.  
See Chapter 4.14 of this document for more information. 
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4.5 A Sampling of Other Relevant Documents and Requirements 

Following is a review of documents that are relevant to the review of requirements to control air 
pollution from petroleum refineries, including guidelines published by the Canadian Council of 
Ministers of the Environment (CCME) and a document published by the Canadian Association of 
Petroleum Producers. 

4.5.1 CCME: Environmental Code of Practice for the Measurement and Control of 
Fugitive VOC Emissions (CCME-EPC-73E, October 1993) 

This CCME code of practice was developed as part of the CCME Management Plan for 
NOx/VOCs and intended to be applicable to fugitive VOC air emissions from petroleum 
refineries and organic chemical plants.   This code of practice has not become an enforceable 
requirement in Ontario but has been implemented voluntarily by the petroleum refining sector 
(and petro-chemical sectors in Ontario).  The following provides a summary of the key aspects 
of this CCME code of practice: 

• Process equipment components: that are sources of fugitive emissions through leaks
include: 

o block and control valves;
o pump and compressor seals;
o pressure relief valves;
o piping flanges and connectors;
o open-ended lines; and
o sampling connections.

• Overall approach:
o prevention by the selection of non-leaking or leak-tight equipment;
o monitoring for the detection of leaks;
o reparation as promptly as possible;
o continuous upgrading or leak prevention achievements.

• Development of an inventory of equipment components that may leak:  the inventory
should also document the exempted leakless components (such as components in
vacuum service; components in heavy liquid service; are inaccessible; valves less than
1.875 cm nominal size; valves that are not externally regulated such as check valves;
components that are leakless design such as sealess pumps, bellow seal valves, pumps
with double mechanical seals and a barrier fluid at higher pressure than operating pump
pressure).

• Monitoring methodology:  application of US EPA Method 21 (e.g., use of photoionization
detectors). 

• Leak definition:  10,000 ppmv.

• Monitoring frequency: quarterly for compressor seals and annually for all other
components. 

• Repair of leaks: the repair of leaks found during monitoring should be started within 5
working days and completed within 15 working days unless a plant shutdown is required
or the number of components requiring repair is beyond the current capability of the
maintenance resources.  Components which cannot be repaired without a unit shutdown
will be identified and the repair will be planned for the next shutdown.
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4.5.2 CCME: Environmental Guidelines for Controlling Emissions of Volatile Organic 
Compounds from Aboveground Storage Tanks (PN 1180, 1995) 

This CCME guideline was developed as part of the CCME Management Plan for NOx/VOCs 
and intended to be applicable to VOC air emissions from storage tanks. This guideline has not 
been implemented as an enforceable requirement in Ontario but has been implemented 
voluntarily at some facilities. The following provides a summary of the key aspects of this CCME 
guideline: 

• Applicability for existing and new tanks:
o The requirements of this CCME guideline, generally, became applicable to existing

tanks by the end of December 2004 (e.g., installment of floating roofs, and/or
replacement of seals)

o The requirements of this CCME guideline became applicable for new tank
installations in 1996.

• Tank controls for specified vertical tank sizes and vapour pressure conditions:
o For tank diameters between 4.0 and 9.0 metres (storing a volatile organic liquid with

a vapour pressure between 10 and 76 kiloPascals) one of, an external floating roof;
an internal floating roof; a vapour control system; or a vapour balancing system.

o For tank diameters greater than or equal to 9.0 metres (storing a volatile organic
liquid with a vapour pressure between 10 and 76 kiloPascals) one of, an external
floating roof; an internal floating roof; or a vapour control system.

o For tanks having a volumetric capacity greater than or equal to 75 cubic metres
(storing a volatile organic liquid with a vapour pressure greater than 76 kiloPascals)
must install a vapour control system.

o All tanks that have a volumetric capacity greater than 4.0 cubic metres (storing a
volatile organic liquid with a vapour pressure greater than 10 kiloPascals) shall have
a submerged fill pipe.

• Tank controls equipment specifications:
o Submerged fill pipe: the fill pipe shall completely and continuously submerged

beneath the surface of the liquid in the tank during normal filling or partial filling of
the tank.

o Internal and external floating roofs:
 Equipment specifications (internal floating roof): shall have a gasketed or

otherwise controlled openings in good working order; the primary seal shall be a
liquid-mounted seal, a mechanical seal or a vapour-mounted seal with a rim-
mounted secondary seal.

 Equipment specifications (external floating roof): shall have a gasketed or
otherwise controlled openings in good working order; a liquid-mounted seal, the
primary seal or a mechanical seal with a rim-mounted secondary seal.

 Gap specifications: Primary seal – maximum gap width of 4 cm and the total area
of gaps over 0.3m in width shall not exceed 200 square cm per m of tank
diameter.  Secondary seal – maximum gap width of 1.3 cm and the total area of
gaps over 0.3 cm shall not exceed 20 square cm per m of tank diameter.

o Vapour control system: The system shall prevent vapours from being emitted to the
atmosphere with an efficiency of at least 95 percent by weight.
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• Inspection requirements:  Implementation of either Method 1 or Method 2, described
below, 
o Method 1 for internal floating roofs: all equipment shall be inspected and the seal

gaps measured  every time the tank is degassed and at least once every ten years;
with the floating roof and the primary seal visually inspected at least once per year;
or

o Method 2 for internal floating roofs: the lower flammable limit shall be measured
annually. 

o For external floating roofs: the primary seal gap shall be measured once every five
years; and the secondary seal gap measured at least once per year; with all
equipment and gaps visually inspected at least once per year.

o Vapour control system: Annual inspection to ensure system has an efficiency of at
least 95 percent by weight in preventing vapour emissions to atmosphere.

• Maximum time to repair (after identification during inspection): repaired within 45 days;
or replaced within 180 days.67 

Overview - comparison to US EPA 40CFR63, subpart WW:  many of the equipment 
specifications and gap thresholds in the CCME guideline are similar. But the inspection and 
time-to repair requirements in 40CFR63 subpart WW are more stringent than for the older 
CCME guideline. 

4.5.3 Canadian Association of Petroleum Producers: Best Management Practice – 
Management of Fugitive Emissions at Upstream Oil and Gas Facilities, January 
2007 

This best management practice (BMP) to manage fugitive emissions from upstream oil and gas 
facilities document is a collaborative effort of the Canadian Association of Petroleum Producers 
(CAPP), the Small Explorers and Producers Association of Canada (SEPAC), Environment 
Canada and the Alberta Energy and Utilities Board.  Although it was intended to address fugitive 
emissions from upstream oil and gas (UOG) facilities, it is relevant to the development of similar 
leak-detection and repair requirements for petroleum refineries. 

• Applicability:
o Provides guidance for the management of fugitive emissions at UOG facilities from

leaks (i.e., the loss of process fluid to the environment past a seal, threaded or
mechanical connection, cover, valve seat, flaw or minor damage point) on
equipment components in hydrocarbon service.

o A component is considered to be in hydrocarbon service when the process fluid
being handled contains greater than 10 percent hydrocarbons on a mass basis.

• Basic control strategy:
o Technology and standards: the first step in controlling fugitive equipment leaks

should be to minimize potential leaks by applying proper design and material
selection standards, ri follow manufacturer’s specifications for the installation, use

67 Input from Canadian Fuels Association (letter dated Nov 21, 2014): The timely repair of tank defects is addressed in
the CCME code of practice for aboveground storage tanks. The Canadian Fuels Association members (CPPI at the time) 
were concerned about the recommended repair timing and agreed to repair at the first reasonable opportunity or the next 
maintenance turnaround, unless the defect is significant, which would prompt repair as soon as possible.  
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and maintenance of components and to implement practicable control technologies 
(e.g., reduction, recovery and treatment systems). 

o Management systems:  implementation of  ongoing monitoring and predictive
maintenance programs to ensure that leaks are detected and remain well-controlled.
This type of approach is identified in the BMP document as a  Directed Inspection &
Maintenance (DI&M) Program.

• DI&M program elements:
o Leak definition: 10,000 ppm (i.e, the leak definition within the related 1993 CCME

guideline). 
o Leak detection:  use of US EPA Method 21 or an alternative technology/approaches

such as differential lasers to measure atmospheric concentrations of component
gases, computer analysis of ambient air sample trends to estimate leak source
location and volumes, and infrared optical technology to visually inspect the
components.

o Leak quantification: by measurement or estimation of leak rates to evaluate the
feasibility of repairing or replacing a component should be sufficiently accurate (e.g.,
within ±25 percent or enough to clearly establish a positive net financial benefit).

o Target components: all equipment components on process-, fuel- and waste-gas
systems are potential sources of fugitive emissions.  The types of components may
include flanged and threaded connections (i.e., connectors), valves, pressure relief
devices, open-ended lines, blowdown vents, instrument fittings, regulator and
actuator diaphragms, compressor seals, engine and compressor crankcase vents,
sump and drain tank vents and covers.

o Monitoring frequency: not specifically specified but the BMP includes a
recommendation that operators should develop a DI&M survey schedule that
achieves maximum cost-effective fugitive emissions reductions; with consideration
for components that are subject to vibration, high use or temperature cycles.

o Inaccessible components: Consistent with the similar 1993 CCME guideline,
inaccessible sources are exempt from the BMP and are defined as those that are
more than 2 meters above a permanently available support service.  If these
components are leaking and become accessible during a facility shut-down or turn-
around, they should then be repaired.

o Tagging components:  All leaking components should be tagged for identification
and repair purposes. 

o Leak repairs: Where feasible, repairs or replacements should be done within 45
days from a time a leak is detected.  A leaking component need not be repaired if
the component is shown to be uneconomical to repair and does not pose a safety,
health or environmental concern.  The economics of repairing a leak or replacing the
components should be based on the market value of the process fluid being lost, the
repair, the replacement cost, and the life expectancy of the applied solution.68

o Record-keeping:  the DI&M program should include record-keeping that assists in
ensuring that leaking components are identified and repaired.  For example, records
of repairs on leaking components should be maintained, including leak repair
frequency; and any economic analysis performed to assess the need for repair or
replacement.

68 Input from the Canadian Fuels Association (letter dated Nov 21 2014): “Timely repair of leaks is essential for the
reduction of process fugitive emissions. When the CCME code of practice on this subject was introduced, Canadian 
Fuels Association members agreed to target of within a 90 day repair timing for all leaks, with more significant leaks, or 
leaks with particular substances of concern fixed as soon as possible. In some cases, shutdown may be required.” 
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4.5.4 CCME: National Framework for Petroleum Refinery Emissions Reductions, 2005 

The CCME National Framework for Petroleum Refinery Emissions Reductions (NFPRER) 
initiative was a collaborative effort between the CCME; various jurisdictions including 
representatives from Environment Canada, Industry Canada, Natural Resources Canada, 
Alberta, New Brunswick, Newfoundland, Ontario, Quebec, Saskatchewan and the City of 
Montreal and the Greater Vancouver Regional District; industry representatives including 
Imperial Oil, Petro-Canada, Shell, Sunoco and Ultramar; and community and non-governmental 
environmental organizations including  Canadian Lung Association, Occupational Health Clinics 
for Ontario Workers – Sarnia-Lambton and STOP. 

The scope of the effort included the review of air emissions and review of the above-noted 
framework for sulphur dioxide, nitrogen oxides, volatile organic compounds, particulate matter 
(PM10 and PM2.5), carbon monoxide and benzene.  The overall objective of the effort was to 
set facility-wide emission caps, for these contaminants, that would be implemented by the 
relevant provincial or municipal jurisdiction.  These caps would set maximum emission levels for 
criteria air pollutants and air toxics, which would apply to the refinery as a whole, rather than to 
individual sources at the refinery.  The project included the following four elements: 

• Methodology: provision of information to facilitate setting of prioritized, facility-wide,
performance-based emission caps including an assessment of a database of Canadian
and U.S. refinery emissions; benchmarking analysis; health prioritization; and an
illustrative guide.

• Emission monitoring and reporting strategy: measurement or estimation of emissions
from petroleum refineries; and consistent and effective facility emissions reporting to
local, provincial and federal authorities and to the public.

• Ten year planning cycle: including measurement of the performance of the NFPRER
against its stated goals and objectives; updating of the framework tools; and reporting on
progress.

• Jurisdictional management (implementation): by the relevant local or provincial
authorities with consideration for local/regional air quality issues, current programs,
refinery initiatives and stakeholder consultation.

The above-noted benchmarking analysis69 indicates that benzene emissions for three of the 
four petroleum refineries in Sarnia had , in 2001, reported air emissions of benzene that were 
above the 75% confidence range relative to U.S. benchmarks (see Figure S-7 in Levelton) and 
case study results, as presented in the Marbek – AMEC paper, suggests that air emission 
regulations in Canada had less influence on capital investment decisions than US air pollution 
control requirements in the US had on U.S. petroleum refineries in the case study.70 

Generally, the results from the NFPRER were not implemented by the Ontario Ministry of the 
Environment and Climate Change.  

69  See Levelton, “Benchmarking of Refinery Emissions Performance, July 2003”; and Marbek – AMEC, 
“Benchmarking Regulatory Regimes of Petroleum refineries, May 7 2003”. 
70  Input from the Canadian Fuels Association (letter dated Nov 21 2014): “… the data presented by Levelton, Sarnia
Lambton Environmental Association (SLEA), and the City of Montreal (at the monitoring workshop in Sarnia on 
November 5-6th, 2014) , shows the significant reductions of benzene emissions and benzene monitored results.” 
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4.5.5 Report - Technical Evaluation of Options for Air Pollution Control of VOCs, NOx, 
SO2, and PM from the Petroleum Refining Sub-Sector, March 2014…71 

The above-noted report was commissioned by the Ministry of the Environment and Climate 
Change (the “Ministry”) in support of joint efforts by the Ministry, Environment Canada and 
industry representatives to explore air pollution control options for the above-noted criteria air 
contaminants.   The scope of the study encompassed the evaluation of a series of emission 
reduction technologies and strategies that are technically feasible at Ontario petroleum 
refineries.  The evaluation took place between April 2011 and March 2014. 

Although the study and report focused on criteria air contaminants (rather than air toxins such 
as benzene and benzo[a]pyrene) the air pollution control options related to volatile organic 
compounds may be relevant to controlling benzene air emissions from petroleum refineries.  
Following is an excerpt from Chapter 4, Add-On Control and Pollution Prevention Technology 
Profiles, of this report.  

71 Input from the Canadian Fuels Association (letter dated Nov 21 2014): “The Rationale Document covers in some
detail, U.S. regulatory requirements, while Section 5 of this document does not address regulatory requirements at all. 
This could leave an impression that controls are entirely up to the facility’s discretion, which is largely not the case. In 
terms of requirements / guidelines / practices within Canada / Ontario, Chapter 4, in the recently completed Ontario 
Multi-Pollutant Technology Study, outlined the requirements for controlling key pollutants, including VOCs. For 
content balance, Canadian Fuels requests that this section be expanded to include relevant controls or management 
practices for VOCs that are contained in Chapter 4 of the M-P TS. Handle the content in a fashion that is commensurate 
with how U.S. was articulated. By example, there are regulatory criteria (capacity and vapour pressure) for when a 
floating roof is required; there are CCME guidelines for LDAR that all refiners subscribe to; there is the CCME Code of 
Practice for Storage Tanks, (which is not referred to).”  

MOECC – Standards Development Branch:  July 2016 Page 84 



Rationale Document: Petroleum Refining Industry Standard 

Table 4-3: Main Air Pollutants Emitted by Refineries and Their Main Sources 
(Excerpt from Chapter 4 of the above-noted document) 

Main air 
pollutants Main Sources 

Nitrogen oxides 

Process furnaces, boilers, gas turbines 
Catalyst regeneration at the catalytic cracking units 
CO boilers 
Coke calciners 
Sulphur recovery unit 
Tail gas incinerators 
Flare systems 

Particulates 
(including 

metals) 

Process furnaces and boilers 
Catalyst regeneration at the catalytic cracking units 
CO boilers 
Coke plants 
Incinerators 
Flares 

Sulphur oxides 

Combustion of sulphur-bearing fuels 
Catalyst regeneration at the catalytic cracking units 
CO boilers 
Sulphur recovery units 
Flare system 
Incinerators 

Volatile organic 
compounds 

(VOCs) 

Storage tanks 
Product loading/unloading 
Gas separation units 
Wastewater collection and treatment 
Fugitive emissions from equipment leaks (valves, flanges, seals, drains, etc.) 
Vents 
Flare systems 
Land farms 
Incomplete combustion in heaters and boilers 
Non-routine releases, such as spills. 
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a) Equipment Leaks

Leaking equipment is one of the largest sources of VOC emissions at petroleum refineries. A 
typical refinery has tens of thousands of components that can leak, including valves, 
connectors, pumps, sampling connections, compressors, pressure-relief devices, and open-
ended lines. Emissions typically occur from seal or gasket failure due to normal wear or 
improper maintenance. Leak Detection and Repair (LDAR) is a work practice designed to 
identify leaking equipment so that emissions can be reduced through repairs. A component that 
is subject to LDAR requirements must be monitored at specified, regular intervals to determine 
whether or not it is leaking. Any leaking component must then be repaired or replaced within a 
specified time frame. LDAR programs have evolved over time to meet various levels of 
stringency and to improve program effectiveness by employing the best practices identified at 
facilities with successful LDAR programs. 

We identified six options for reducing VOC emissions from equipment leaks. 

• Basic LDAR (option #26). This option is similar to the fugitive VOC emission controls 
identified in the CCME Code of Practice72.

• Advanced LDAR (option #27). This option would simply lower the leak threshold and 
increase the monitoring frequency. In theory, VOC emissions would be reduced since 
smaller leaks would be detected and repaired more frequently. However, the USEPA has 
found that the VOC reductions anticipated from lower leak thresholds and increased 
monitoring have not been achieved in practices due to improper monitoring73. EPA 
determined that failure to accurately detect leaks may be due to a lack of internal quality 
control oversight or management accountability for the LDAR programs. In other words, 
simply lowering the leak definition and increasing the monitoring frequency did not 
consistently achieve the anticipated emission reductions.

• Enhanced LDAR (technology option #28). This option includes a set of best practices that 
can remedy many of the problems that occur from improper management of an LDAR 
program. Enhanced LDAR is based on the best management practices found at refineries 
in the U.S74 and requirements found in recent USEPA consent decrees. These practices 
include written operating procedures, periodic training, 3rd party audits, equipment 
changes such as low-leak valves and packing, and QA/QC of LDAR data. Additionally, 
enhanced LDAR includes lower leak thresholds and increased monitoring frequency from 
the levels in the CCME Environmental Code of Practice.

• SMART LDAR (option #29). This option utilizes infrared (IR) cameras rather than the 
Method 21 analyzers traditionally used for detecting leaks. Our understanding is that the 
IR camera technology has not yet been used as a stand-alone technique for detecting 
leaks at any plant site to fulfill US regulatory requirements. In addition, USEPA has been 
“unable to estimate the VOC emissions achieved by an optical imaging program alone”75. 

72 Canadian Council of Ministers of the Environment (CCME), Environmental Code of Practice for the 
Measurement and Control of Fugitive VOC Emissions from Equipment Leaks, October 1993, website, 
http://www.ccme.ca/assets/pdf/pn_1106_e.pdf, retrieved 3 August 2011. 
73 Enforcement Alert: Proper Monitoring Essential to Reducing ‘Fugitive Emissions’ Under Leak Detection and Repair Programs; 
USEPA Office of Compliance and Enforcement; EPA 300-N-99-014; October 1999. 
74 USEPA, Leak Detection and Repair – a Best Practices Guide, October 2007, website: 
http://www.epa.gov/oecaerth/resources/publications/assistance/ldarguide.pdf 
Technical Evaluation of Options for Control of VOCs, NOX, SO2 and PM from the Petroleum Refining Sub-Sector. 
75 Federal Register /Vol. 76, No. 163 /Tuesday, August 23, 2011 / Oil and Natural Gas Sector: New Source 
Performance Standards and National Emission Standards for Hazardous Air Pollutants Reviews 
Technical Evaluation of Options for Control of VOCs, NOX, SO2 and PM from the Petroleum Refining Sub-Sector 
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• HRVOC LDAR (option #30). This option has been employed in the U.S. and targets
process streams containing highly-reactive VOC (HRVOC) such as ethylene and
propylene. Very stringent leak definitions (100 ppm) are used for any stream containing an
HRVOC, and the required time for the first attempt to repair leaks is reduced from 15 days
to one or two days.

• Leak-less Equipment (option #31). This option would require modification or replacement
of individual, chronic leaking equipment with low-leaking valve technologies. The CCME
Code of Practice suggests that the installation of leak-tight equipment is the preferred
option for fugitive emissions control.

It s recommended that the following five options be excluded from further consideration for the 
following reasons: 

 First, we make the assumption that Ontario refineries are already employing the CCME
Code of Practice for managing emissions from equipment leaks. Since the facilities are
already implementing basic LDAR programs that appear to be in accordance with the
CCME Code of Practice, option (#26) is not recommended for further analysis since it
would not result in any additional emission reductions from the baseline.

 The advanced LDAR option (#27) is not recommended for further analysis because it
does not include the best practices of the enhanced LDAR program which improve the
reliability of monitoring data and the effectiveness of the LDAR program. Alone, this
technology doesn’t produce consistently improved results.

 The stand-alone SMART LDAR option (#29) is not recommended for further analysis
because these instruments do not yet provide a direct measure of leak concentrations
from which emissions can be quantified. However, SMART LDAR may be included as a
best management practice under the enhanced LDAR option.

 The HRVOC LDAR option (#30) is not recommended for further analysis because it
would only apply to one of the facilities and thus is not generally applicable.

 The leakless equipment (#31) is not recommended for further analysis as a stand-alone
option since it is included as one of the elements of the enhanced LDAR best
management practices.

As a result, we propose to consider a single “Enhanced LDAR” option (technology option #28) 
that includes elements from the best management practices found in the U.S. that call for LDAR 
program design with various levels of more stringent requirements for leak definitions, 
monitoring frequency, and timeframes for repairing leaking components. Other best 
management practices in this option will include written procedures, periodic training, 3rd party 
audits, use of optical gas imaging technology, and use of “leakless” equipment. 
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b) Wastewater Treatment

Large volumes of wastewater containing VOCs are produced at petroleum refineries. Most 
wastewater from process areas enters the collection system through drains which are 
connected to the sewer system. There can be significant evaporation from the system if the 
drain is not sealed and vapours are allowed to escape. A water seal, often called a p-trap, can 
be used to effectively eliminate these emissions. This reduces the vaporization of hydrocarbon 
in the wastewater as it enters the drain and also prevents hydrocarbon vapours already in the 
sewer system from escaping. VOC emissions occur from evaporation treatment systems and 
ponds that are exposed to the air. Suppression technologies (e.g., seals, covers) reduce 
volatilization of VOCs and prevent their release to the ambient air. This allows the treatment 
process(es) following the collection system to achieve greater removal and/or destruction of 
VOCs. There is no CCME Guideline for VOC emissions from wastewater collection and 
treatment systems. The basic control options are similar for both parts of the wastewater system 
(collection system and treatment system). We identified five options for reducing VOC 
emissions from wastewater collection and treatment systems. Four options are recommended 
for further consideration and one option is not recommended, for the following reasons: 

• Enclosing drain and collector systems (option #32). This option calls for installation of
new equipment to prevent, reduce or control evaporation of liquid hydrocarbons from
exposed surfaces within the wastewater collection system. The equipment includes water
seals on drains and junction box vents and sealing manhole covers. The overall control
efficiency of this method is estimated at an average of 65%. This option is recommended
for further consideration since many U.S. refinery drain and collection systems have been
successfully retrofitted with seals to reduce VOC emissions.

• System components enclosed with closed vent system and a control device (option
#33). Collecting and venting the emissions from the collection system to a control device
can achieve a control efficiency of greater than 95%. Granular activated carbon (GAC) is
routinely used to control VOCs and benzene from wastewater collection components at
refineries and petrochemical plants. This option is recommended for further consideration
since many U.S. refinery drain and collection systems have been successfully vented to
VOC control devices such as carbon absorption systems or incinerators.

• Oil/water separator with fixed roof vented to a control device (options #34). Covering
these units with a fixed roof can allow any volatilized vapours to be collected and
prevented from being released to the atmosphere. Actual emission reduction is only
achieved if the hydrocarbon is destroyed or recovered. Thermal incinerators and carbon
adsorption units are commonly used to destroy or recover the VOC, respectively. In
general, fixed covers are more commonly used on new API separators. This option is
recommended for further consideration because the use of fixed roofs vented to a control
device has been used often and successfully to control emissions from oil/water
separators in the U.S.

• Oil/Water separator covered with a floating roof (option #35). By covering the surface
of the wastewater with a floating roof, VOC evaporation into the air is reduced. Floating
covers are generally used when existing separators must be covered for VOC control.
This option is recommended for further consideration because the use of floating roofs
has been used often and successfully to control emissions from oil/water separators in the
U.S.
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• Waste Minimization (option #36). This option is designed to reduce the source of the
VOC emissions (pollution prevention) through changes to the operation or design of the
refinery, as opposed to controlling the emissions themselves with equipment. This
strategy requires changes in the way process units feed the wastewater collection system,
or how the system itself is operated or designed, and would vary from refinery to
refinery76. For example, optimizing the performance of sour water strippers can lower the
load of VOC entering the wastewater collection and treatment system. Note, because
these operating and design practices might result in a major revamping of the refinery and
there is significant variability between refineries, this option is not recommended for further
consideration.

c) Product Loading

The CCME77 Environmental Code of Practice for Vapour Recovery in Gasoline Distribution 
Networks deals with gasoline bulk terminals. The requirements include the use of submerged fill 
or bottom loading techniques, vapour recovery or vapour destruction, and leak-tight cargo 
vessels. For bulk gasoline terminals, the performance criteria are 35 mg/litre (0.29 lbs/1000 
gals) and 97% VOC control. The Code of Practice appears to apply only to gasoline loading – 
other petroleum products are not covered. Also, requirements for vapour control or recovery for 
ship/barge and railcar loading have “been deferred to the next issue of the Code.” 

How material is loaded into the receiving container makes a significant difference in VOC 
vapour generation. Alternative loading techniques have been used to reduce turbulence that 
tends to increase vapour concentrations vented to the air. Alternative loading techniques 
included bottom loading or the use of submerged fill pipes (option #37). In bottom loading, 
the pipe enters from below the floor of the compartment and is always maintained below the 
liquid surface to minimize splashing. In submerged loading, the pipe through which new liquid 
is loading is placed very near the bottom of the container. This minimizes splashing as the liquid 
entry point will quickly become submerged in the compartment. This option is a proven 
commercialized technology that is already widely used and is recommended but does not 
require further analysis. 

VOC vapour recovery or destruction technologies are well understood and widely implemented 
to capture VOC vapour generated during the loading process and route those vapors to the 
control device. Capture and control systems can be designed to achieve various levels of 
stringency to control emissions from tank truck, ship/barge, and railcar loading. According to a 
leading control equipment vendor78, the majority of US refineries use vapour combustion 
units (VCU) (option #38) or carbon based vapour recovery units (VRU) (option #39) to 
control emissions. In the truck and marine loading applications about 70% use carbon 
adsorption units and 30% vapour combustion units. All other technologies (refrigeration, open 
top flare, etc.) make up less than 1%. Thus, it is recommended that the two most commonly 
used technologies – VCUs and VRUs, making up technology option #38 and #39, - be retained 
for further consideration. 

76 IPIECA. Petroleum Refining Water/Wastewater Use and Management: Operations Best Practice Series. October
2010. See: http://www.ipieca.org/publication/petroleum-refining-water-wastewater-use-and-management. 
77 Canadian Council of Ministers of the Environment (CCME), Environmental Code of Practice for Vapour
Recovery in Gasoline Distribution Networks, March 1991, website, www.ccme.ca/assets/pdf/pn_1057_e.pdf, retrieved 
3 August 2011. 
78 Canadian Council of Ministers of the Environment (CCME), Environmental Code of Practice for Vapour. 
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d) Storage

The basic designs of storage tanks at petroleum refineries include fixed-roof tanks, external 
floating roof tanks, internal floating roof tanks, and domed external floating roof tanks. VOC 
emissions and potential control options depend on the specific design and construction of the 
tank and the characteristics of the petroleum liquids stored. The CCME79 Environmental 
Guidelines for Controlling Emissions of Volatile Organic Compounds from Above Ground 
Storage Tanks identified requirements and specifications for reducing emissions from storage 
tanks. In 1998, CPPI80 issued a guideline with respect to the measurement and reduction of 
VOCs from above ground storage tanks. This guideline recommended that CPPI refineries 
adopt the provisions of the June 1995 CCME Guidelines. 

Our review of each facility’s ESDM report indicated that most facilities appear to be 
implementing the CCME Guidelines. The following two control options are both proven 
commercialized technologies identified that are widely used and are recommended but do not 
require further analysis: 

• Fixed Roof Tank Pressure Vacuum Valves (option #40). The CCME Guidelines requires
pressure/vacuum relief valves (also known as breather valves, conservation vents, or
safety vents) on smaller fixed roof tanks (< 75 m3 capacity) to minimize evaporation loss.
The pressure/vacuum valve allows the tanks to operate at a slight internal pressure or
vacuum to prevent the release of vapours during very small changes in temperature,
pressure, or liquid level.

• Fixed Roof Tank Retrofits (option #41). The CCME Guidelines require large fixed roof
tanks (>75 m3 capacity) to be equipped with either a vapour balancing system, retrofitted
with an internal floating roof, or vented to a vapour recovery or destruction control system.
The specific type of control required depends on the specific size of the tank and the
vapour pressure of the product stored.

Two options were identified which go beyond the requirements of the CCME Guidelines. These 
options consist of the following enhanced equipment specifications: 

• Retrofitting floating roof tank deck fittings to reduce emissions from deck fittings
(option #42). Evaporative losses occur through roof penetrations, including those for deck
fittings such as slotted guidepoles, access hatches (manways), and adjustable roof legs.
Retrofit kits are readily available that use gaskets, wipers, pole sleeves, covers, etc. to
minimize evaporation from deck fittings such as slotted guidepoles. This option is
recommended for further evaluation since several U.S. jurisdictions are requiring these
retrofits to further reduce VOC emissions.

• Retrofitting external floating roof tanks with domes (option #43). Wind blowing across
external floating roof tanks causes evaporative losses. Retrofitting external floating roof
tanks with a dome to block the wind from causing evaporative losses and to shield the roof
from the deteriorating effects of weather. This option is recommended for further
evaluation since several U.S. jurisdictions are requiring these retrofits to further reduce
VOC emissions.

79 Canadian Council of Ministers of the Environment (CCME), Environmental Guidelines for 
Controlling Emissions of Volatile Organic Compounds from Above Ground Storage Tanks, June 
1995, http://www.ccme.ca/assets/pdf/pn_1180_e.pdf 

80 CPPI was renamed in October 2012 to Canadian Fuels Association 
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We also identified two other options that go beyond the CCME Guidelines that we did not 
recommend for further evaluation. These options are: 

• Add-on control of roof landing losses (option #44). As a tank is emptied, the liquid level
in the tank may be lowered to below the level of the floating roof support legs. The roof will
rest (land) on the supporting legs rather than on the liquid, creating a vapour space which
enables vapors from the VOC remaining in the tank to accumulate and release to the
atmosphere during refilling. Standard operation of floating roof tanks assumes that there is
continuous contact of the floating roof with the liquid below the floating roof. However,
studies in Texas81 have shown that roof landings frequently occurred at several for-hire
bulk terminals. Roof landings are much less common at refineries82. Control options
include requiring use of lowest lander height setting for inservice roof landings (to minimize
the vapour space), installation of vapour recovery/control for use when roof is landed or
modifying the tank to reduce the landed height. It is recommended to follow operating
procedures that do not allow roofs to be landed, except in the circumstance of emptying/
degassing for repair. Therefore, no further analysis is necessary.

• Add-on control for degassing and interior tank cleaning (option #45). Before a tank is
cleaned, it must be degassed (which is the removal of vapors) so personnel can safely
enter to clean the tank and remove accumulated sludge. The sludge removed from the
tank can contain residual VOC liquid that may evaporate when exposed to the
atmosphere. Several purges are normally required to ensure that all hydrocarbon vapours
are removed from the tank prior to entry. Controlling tank degassing/cleaning emissions in
the U.S. is typically done by routing vapors to a mobile control device (such as a thermal
incinerator or carbon adsorption unit) that is owned and operated by an outside contractor.
Emissions from degassing of storage tanks are believed to be small (e.g., less than 1% of
VOC emissions for a typical refinery) based on data for similar refineries located in New
Jersey38; therefore, this option is excluded based on fact that only de minimis levels of
emissions would be controlled using this technology.

81 Texas Commission on Environmental Quality, Houston SIP Modeling Update: Roof Landing Loss Emissions,
www.tceq.state.tx.us/assets/public/implementation/air/am/committees/pmt_set/20080423/20080423--nesvacilhgb_ 
sip_updatel.pdf , retrieved on August 29, 2012. 
82 Email communications from Danielle Nesvacil, TCEQ Emissions Assessment Section, to Ed Sabo, SRA 
International, dated August 29, 2012. Most landings occurred at tank-for-hire/tank leasing facilities; gasoline 
pipeline breakout stations and refineries only landed roofs for the seasonal RVP change, if at all. Most of the 
tankfor- hire roof landings appeared to be “convenience landings,” i.e., not performed for maintenance or emergency 
purposes, but to maximize liquid withdrawal from the storage tanks. 
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Table 4-4: Summary of Pollution Control and Pollution Prevention Technology 
Options (for Volatile Organic Compounds) Selected for Further Analysis (Excerpt 
from Chapter 4 of the above-noted document) 

Equipment Pollution Control/Prevention Technology Options Selected for Further Analysis 

Equipment Leaks Enhanced LDAR 

Wastewater 
Collection & 

Treatment 

Enclosing drain and collector systems 

System components enclosed with closed vent system and a control device. 

Oil/water separator with a floating roof. 

Oil/water separator with a fixed roof to a control device. 

Loading Operations 
Vapour recovery systems. 

Vapour combustion system. 

Storage Tanks 
Enhanced equipment specifications for floating roof deck fittings. 

Retrofitting external floating roof tanks with domes. 
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4.6 Sarnia Monitoring Workshop (November 5-6, 2014) 

The Air & Waste Management Association – Ontario Section in partnership with representatives of 
the Ontario Ministry of the Environment & Climate Change and other sponsors such as the 
Canadian Fuel Association, Sarnia Lambton Environmental Association and equipment vendors 
and consultants organized a monitoring workshop that was focused on the latest monitoring 
technology and rules for fugitive volatile organic compound air emissions from petroleum refineries 
and petro-chemical facilities.    The purpose of this work-shop was to review the latest monitoring 
technology within Canada and the United States; review lessons-learned from both regulator and 
regulated perspectives; and provide an opportunity for a community viewpoint to be presented. 
The results are intended to support development of the technical standards for petroleum refineries 
and petro-chemical facilities.  

Attached, in Appendix F, is a copy of the program for the Sarnia monitoring workshop. 

The possibility of a multi-organization collaboration, to test and assess emerging fugitive emission 
monitoring technologies at two to three industry sites in Ontario, was a key outcome of this 
workshop.  The objective of the multi-organization collaboration would be to identify new 
technologies and approaches to monitoring and minimizing fugitive volatile organic 
compound (VOC) emissions (with a focus on hazardous air pollutants such as benzene) 
from petroleum refineries and petro-chemical facilities. 
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Summary Tables for Chapter 4 
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Table 4-5: Summary of US Federal Requirements to Limit Air Pollution from Storage Vessels at Petroleum Refineries 
US Federal Storage Vessel Requirements 

New Source Performance Standards (40CFR60) National Emission Standards for Hazardous Air Pollutants (40CFR63) 

Standards of Performance  for Storage Vessels for Petroleum Liquids for 
Which Construction., Reconstruction or Modification Commenced… 

National Emission Standards 
for Hazardous Air Pollutants 
from Petroleum Refineries 
(aka, Refineries MACT 1) 

National Emission 
Standards for Organic 

Hazardous Air Pollutants 
from the Synthetic 
Organic Chemical 

Manufacturing Industry 
(aka, part of the “HON” 

NESHAP) 

National Emission 
Standards for 

Hazardous Air 
Pollutants: 

Miscellaneous 
Organic Chemical 

manufacturing 
(aka, “MON” 

NESHAP) 

National Emission standards for 
Storage Vessels (Tanks) – 

Control Level 2 (aka, Generic 
MACT for storage vessels) 

June 30 2014 US 
EPA Proposal to 
Update the Air 
Pollution Rules 
for Petroleum 

Refineries 

Subpart K: 
Between Jun 11/73 and 

May 19/78 

Subpart Ka: 
Between May 20/78 

and Jul 23/84 

Subpart Kb: 
After July 23/84 Subpart CC Subpart G Subpart FFFF Subpart WW - 

1. Floating Roof
Requirements

Capacities > 151 m3 
(except for storage vessels 
that are used for "custody 
transfer"); with true vapour 
pressure (VP; as stored) 
between 10.3 and  
76.6 kPa.  

VP means the vapour 
pressure of the petroleum 
liquid (as stored). 

Capacities > 151 m3 
(except for storage 
vessels, with 
capacities less than 
1590 m3, that are used 
for "custody transfer"); 
with true VP (as 
stored) between 10.3 
and  
76.6 kPa. 

VP means the vapour 
pressure of the 
petroleum liquid (as 
stored). 

Capacities > 75 m3 
(except for storage vessels, 
with capacities less than 
1590 m3, that are used for 
"custody transfer"; plus other 
exemptions listed in section 
60.110b of subpart Kb); with 
true VP (as stored) between 
5.2 and 76.6 kPa for vessels 
with capacities greater than 
151 m3; or between 27.6 and 
76.6 kPa for vessels with 
capacities between 75 and 
151 m3. 

Group 1 - Existing Sources:  
Capacities ≥ 177 m3 (and 
maximum VP ≥ 10.4 kPa; and 
annual average VP ≥ 8.3 kPa; and 
annual average concentration of 
HAP > 4% by weight) 

Group 1 - New Sources: 
i) Capacities ≥ 151 m3 (and
maximum VP ≥ 3.4 kPa; and
annual average concentration of
HAP > 2% by weight); or 
ii) Capacities between 76 and 151
m3 (and maximum VP ≥ 77 kPa; 
and annual average concentration
of HAP > 2% by weight).

Group 1 - Existing Sources: 
i) Capacities ≥ 151 m3 (and
maximum VP ≥ 5.2 kPa); or
ii) Capacities between 75 and
151 m3 (and maximum VP ≥
13.1 kPa) 

Group 1 - New Sources: 
i) Capacities ≥ 151 m3 (and
maximum VP ≥ 0.7 kPa); or
ii) Capacities between 38 and
151 m3 (and maximum VP ≥
13.1 kPa). 

Group 1 - Existing 
Sources:  
i) Capacities ≥ 37.9
m3 (or 10,000 US 
gallons) (and
maximum VP ≥ 6.9
kPa).

Group 1 - New 
Sources: 
i) Capacities ≥ 37.9
m3 (and maximum VP 
≥ 0.69 kPa); or

Section 63.1060 (of subpart WW):  
"The provisions of this subpart 
apply to the control of air emissions 
from storage vessels for which 
another subpart references the use 
of this subpart for such air emission 
control.  These air emission 
standards for storage vessels are 
placed here for administrative 
convenience and only apply to those 
owners and operators of facilities 
subject to a referencing subpart.  
The provisions of subpart A 
(General Provisions) of this part do 
not apply to this subpart except as 
noted in the referencing subpart." 

Summary of 
Federal Register 
Proposal (Vol. 79, 
No. 125, June 30, 
2014) related to 
storage vessels: 

i) Change in the 
Refinery MACT 1
definition of Group
1 storage vessels to
include smaller
capacity storage 
vessels.
ii) A shift from 
current Refinery
MACT 1
requirements  to
storage vessel 
Generic MACT
(subpart WW)
requirements.

Applicability: 

Design Specifications? 
(e.g., cover-type, sealing 

system, opening 
requirements) 

NO YES Yes; enhanced from 
subpart Ka 

See 40CFR63, subpart G, 
sections 63.119 to 63.121 

YES 

See 40CFR63 
subpart WW 

Yes; including requirements for 
improved deck fittings and controls 

for guide-poles; and enhanced 
inspection, record-keeping and 

reporting requirements. 
Operational Requirements? NO YES YES 

Yes, procedures to 
determine compliance 

YES 
Inspection and/or Monitoring 

Requirements? NO YES YES YES 

Record-Keeping 
Requirements Yes YES YES YES 

Reporting Requirements? No NO NO YES 
Allowance for alternative 

means? NO NO NO YES YES 

Repair requirements? NO NO NO YES YES 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115 

Control of Air 
Pollution from 

Volatile Organic 
Compounds, 
Subchapter D 

Petroleum Refining, 
Natural Gas 

Processing and 
Petrochemical 

Processes 

US Title 40 Protection 
of Environment, Code 
of Regulations, Part 63 

National Emission 
Standards for 
Hazardous Air 

Pollutants (NESHAPs) 
for Source Categories 

Subpart H National 
emission standards for 

Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Monitoring Method Method 21 

Monitor Calibration Gas - Zero air and methane Zero air, methane or n-hexane and air at a 
concentration of about but less than 10,000 ppmv 

Zero air, methane 
propane or hexane with 

readout in ppmv as 
hexane. 

Zero air and mixtures 
dependent on phase 

monitored 

Monitor Calibration Frequency - Each day Each day - Each day 

Stream Applicability 

For petroleum refining 
and petro-chem 
facilities in areas where 
the Canadian maximum 
acceptable levels of 
ozone is exceeded. 

Equipment carrying 
volatile organic 
compounds (i.e., 
streams containing at 
least 10% by volume 
VOC). 

All components at 
petroleum refineries, 
chemical plants, natural 
gas processing plants 
and pipeline transfer 
stations.  The exception 
being those components 
that exclusively handle 
natural gas or fluids 
with a volatile organic 
compound content of 
less than ten percent by 
weight. 

5% wt of the sum of Class 1 and Class II organic 
toxic air pollutants  

or 

> 10% wt of the sum of the Class I, II and III
organic toxic air pollutants.

Class I: known and probable human carcinogens. 
Class II: suspected human carcinogens and known 
or suspected human reproductive toxins. 
Class III: acute and chronic (non-carcinogen) 
toxins.   See this link for a list. 

Division 2 (Chapter 
115, Subchapter D of 
the Texas 
Administrative Code is 
applicable petroleum 
refineries in Gregg, 
Nueces and Victoria 
counties; and Division 3 
is applicable to 
petroleum refineries in 
ozone non-attainment 
areas. 

> 5% volatile hazardous
air pollutant (VHAP)

In organic VHAP 
service > 300 hours. 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Leak Definition by Component (in ppmv), 

Valves (in gas or light liquid service): 

10,000 ppmv 
(all components) 

500 ppmv 
(all components in gas 
or light liquid service) 

1,000 ppmv 500 ppmv 

10,000 ppmv for 
Division 2 counties; 
and for ozone non-

attainment areas, 500 
ppmv (except 10,000 
ppmv for pump and 
compressor seals) 

500 ppmv 
Valves (in heavy liquid service): 1,000 (no visual) 1,000 (no visual) 500 (no visual) 

Pumps: 2,000 2,000 1,000 
Compressors: 5,000 5,000 500 

Closed Vent Systems: 500 500 500 
Pressure Relief Valves (in gas service): 500 500 500 

Connectors: 1,000 1,000 500 
Instrument Systems: 1,000 1,000 500 

Sampling Points: No visual leak No visual leak No visual leak 
Surge Control Vessel: No visual leak No visual leak No visual leak 

Open Ended Valves/Lines: 1,000 1,000 No visual leak 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Monitoring Frequency by Component 

Valves (in gas or light liquid service): 
Annually 

Quarterly 

Monthly if > 4% leaking 
Quarterly if < 4% leaking 

Quarterly for ozone 
non-attainment areas; 

otherwise annually 

Monthly if > 2% 
Quarterly if < 2% 
Semi-annual if <1% 
Annually if < 0.5% 

Pumps: Quarterly monitor & 
weekly visual 

Monthly monitor & 
weekly visual 

Monthly monitor & 
weekly visual 

Compressors: Quarterly 
Quarterly or use of a seal system including 

barrier fluid, sensor & alarm with zero 
emissions. Check sensor daily. 

Requires use of a seal 
system including 
barrier fluid, sensor & 
alarm with zero 
emissions. Check 
sensor daily. 

Closed Vent Systems: 
Annually 

Annually Annually (?) 

Hard piping: initial 
monitor and annual 
visual 

Duct work: annual 
monitor 

Pressure Relief Valves Monitor within five days of release As above Monitor within five 
days of release 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Monitoring Frequency by Component 

Connectors: 

Annually Quarterly 

Annually (random 200 or 10% by unit) 

Annually if <2% leaking 

Quarterly if >2% leaking until <2% 
obtained for four quarters 

Monitor within 90 days after welding 

Requirement for new 
connections to be 
welded or flanged 

Can skip a quarterly 
survey if <2% 

Initial monitor 

Monitor annually if 
> 0.5% leaking

Monitor biennially if 
< 0.5% leaking 

Monitor every 4 years 
if <0.5% for 2 years 

Instrumentation Systems: Monitor within 5 days of detection by sight, 
smell or sound. - 

Monitor within 5 days 
of detection by sight, 
smell or sound. 

Sampling Points: Requires closed purge, closed loop, 
closed vent system. - 

Requires closed purge, 
closed loop,  
closed vent system. 

Closed vent systems: 
Annually Quarterly 

Requires closed vent system. - Requires closed vent 
system. 

Open-ended  valves: Requires cap, plug, blind or second valve. Requires cap, plug, 
blind or second valve. 

Requires cap, plug, 
blind or second valve. 

Inaccessible Components: - Annually - - as soon as possible - 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Repair Periods (1st/final attempt) 5 days/15 days 

Leak must be repaired 
within 1 to 7 days 

depending upon the 
severity of the leak 

5 days/15 days 5 days/15 days 5 days/15 days 

Post Repair Inspection - Within 30 days of 
repair or replacement 

Not specified, but assumed to be required 
immediately after repair to confirm a repair was 
successful. 

Considered repaired 
after re-monitoring 

Valves, after repair, 
monitored at least once 
within 3 months. 

Delay of Repair Based Upon… 

A plant shutdown is 
required or the number 
of components requiring 
repair is beyond the 
current capability of the 
maintenance resources. 

A record of these 
exceptions and when 
they were corrected 
should be maintained.  
Components which 
cannot be repaired 
without a shutdown will 
be identified and the 
repair will be planned for 
the next shutdown. 

May extend the repair 
period  by up to a further 
7 days (up to 1 to 2 days 
for more severe leaks) 
but the total number f 
leaking components must 
not exceed 0.05 percent 
of the number of 
components inspected 
during the previous  
quarter. 

Technically infeasible 
w/o process unit 
shutdown. 

Isolated and out of HAP 
service. 

For valves and 
connectors, purged 
material from repair 
causes greater emissions 
than fugitive leak; 
recover and destroy in 
control device. 

For pumps, replacing 
with dual mechanical 
seal system within six 
months. 

Same as without consent 
decree but, 

Drill and tap required on 
non-control valves, if 
feasible, before placing 
on delay of repair; and 

All components on delay 
of repair must be 
monitored per routine 
monitoring. 

Technically infeasible 
without process unit 
shutdown. 

All components on delay 
of repair must be tagged. 

Technically infeasible 
w/o process unit 
shutdown. 

Isolated and out of HAP 
service. 

For valves and 
connectors, purged 
material from repair 
causes greater emissions 
than fugitive leak; 
recover and destroy in 
control device. 

For pumps, replacing 
with dual mechanical 
seal system within six 
months. 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Record-Keeping 

Objectives of record-
keeping: 

Development of an 
initial screening base 
for the plant site. 

Provide a basis for the 
inventory of emissions. 

Identify components 
screened. 

Provide a basis for 
performance evaluation 

To keep track of leakers 
and repairs. 

To identify inaccessible 
components. 

Appendix K of the 
CCME code of practice 
provides examples and 
guidance for record-
keeping. 

All leaks, repairs and 
re-inspections shall be 
recorded. 

The operator shall 
include in all records of 
operator inspection and 
repair, at a minimum, 
the component 
identification and type, 
service, location, leak 
rate and date of 
inspection. 

Leak and repair records 

Component Inventory 

Connector monitoring 
schedule 

Valves records 

Exemption data 

CVS system design and 
operation 

Same as consent decree 
and, 

Delay of repair 
summaries must be 
signed within 30 days 
of leak identification. 

Submission of 
monitoring program 
plan. 

Information on each 
component and a scaled 
site plan; process flow 
diagrams for each unit; 
calibration info;  leak 
and repair records; and 
unsafe to monitor 
records. 

Estimates of VOC 
emissions if process 
unit is shut-down for 
component repairs. 

Leak and repair records 

Component Inventory 

Connector monitoring 
schedule 

Dual mechanical seal 
system records 

Valves records 

Exemption data 

Batch Process 
Monitoring 

HL determinations 

Visual inspection dates 

Compliance tests 

CVS system design and 
operation 

Quality improvement 
program records. 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Reporting 

Annual reports by March 
31st of the following 
year. 

Appendix K of the 
CCME code of practice 
provides examples and 
guidance for reporting. 

All records shall be 
submitted on either a 
quarterly or annual basis. 
The records shall be 
submitted in electronic 
format and shall be 
certified by the facility 
official responsible for 
the inspection and repair 
program. 

In addition, the following 
event notifications are 
required, 

Notify within one hour, 
any release in excess of 
100 pounds of VOC. 

Submit a written report, 
within 30 days, of an 
atmospheric pressure 
relief device release. 

Initial notification 

Quarterly LDAR Performance reports 3 months after 
initial report 

Not specified. 

LDAR Performance 
reports semi-annually 
after Not. of Comp. 

Initial Notification 

Initial Notification of 
Compliance 
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Table 4-6: Summary of Leak Detection and Repair Requirements for Different Jurisdictions continued 

Aspect for Comparison 

Canada California Louisiana Texas US Federal 

Canadian Council of 
Ministers of the 

Environment (CCME): 
Environmental Code 

of Practice for the 
Measurement and 
Control of VOC 
Emissions from 

Equipment Leaks 

SCAQMD  Rule 1173: 

Control of Volatile 
Organic Compound 
Leaks and releases 

from components at 
Petroleum Facilities 
and Chemical Plants 

Louisiana 
Administrative Code 

(LAC) Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

LAC Title 33 
Environmental 

Quality, Chapter 51 – 
Louisiana Refinery 

MACT and Louisiana 
Non-HON MACT 

With Consent Decree 
Enhancements 

Texas Administrative 
Code (TAC), Title 30 

Environmental 
Quality, Chapter 115  

40CFR63, 
Subpart H National 
Emission Standards 

for Organic Hazardous 
Air Pollutants for 
Equipment Leaks 

Listed Exemptions 

Components in continuous 
vacuum service, heavy 
liquid service, and that are 
inaccessible. 

Valves less than 0.75 
inches or 1.875 cm 
nominal size. 

Valves that are not 
externally regulated (i.e., 
check valves). 

Components that are of 
leakless design (i.e., 
sealless pumps, bellow 
seal valves, pumps with 
double mechanical seals 
and a barrier fluid at 
higher pressure than 
operating pump pressure). 

Open ended lines 
equipped with a cap, 
blind, flange, plug or 
second valve. 

The following exemptions 
to the rule shall supply, to 
the satisfaction of the 
Executive Officer, proof 
of the applicable criteria: 

Components which 
present a safety hazard. 

Components exclusively 
handling natural gas or 
fluids with a VOC content 
of ten percent or less. 

Components operating 
under negative pressure. 

Components that are 
totally contained or 
enclosed such that there 
are no VOC emissions. 

Components buried below 
ground. 

Pressure vacuum valves 
on storage tanks. 

Storage tank hatches 
subject to Rule 1178. 

Vacuum service 

Unsafe to monitor 

Dual Mechanical seals with barrier fluid and alarm 

Closed vent system 

No detectable emissions  

Difficult to monitor 

Equipment in service <300 hours per year 

Components in-service: 
VOC’s having a true 
vapour pressure than  
0.3 kPa at 20 oC.; less 
than 10% VOC by weight. 

Conservation vents on 
atmospheric storage tanks 
that are actuated by 
vacuum. 

All pumps and 
compressors that are 
equipped with a shaft 
sealing system. 

Reciprocating 
compressors and positive 
displacement pumps. 

Pressure relief valves, 
open-ended valves within 
an emergency shutdown 
system and valves greater 
than 10,000 psig;  
instrumentation and 
sampling connection 
systems 

Vacuum service 

Unsafe to monitor 

Dual Mechanical seals 
with barrier fluid and 
alarm 

Closed vent system 

No detectable emissions 

Difficult to monitor 

<.75" FECs in 
instrumentation systems 

PRVs equipped with 
rupture disk 
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5. Summary of Current Methods to Minimize Emissions of Benzene
from Dominant Sources

Ontario petroleum refinery operators were surveyed, in the fall of 2013, for detailed information 
related to the most significant emission sources of benzene and B[a]P air emissions.  The Ontario 
survey was developed based upon a similar survey by the US EPA, in the spring of 2011, of 
petroleum refineries in the United States.  The results of the Ontario survey were submitted in late 
2013 and early January 2014. 

B[a]P air emissions from Ontario petroleum refineries were not identified as significant (see 
Chapter 3.2 of this document) and the dominant sources of benzene air emissions were identified 
as, 

• Storage tanks;
• Process fugitives (e.g., leaks from pump and compressor seals, valves, flanges and

connectors);
• Product loading; and
• Wastewater treatment facilities.

Following is a summary of the results of the survey with a focus on controlling benzene air 
emissions from each of the above-noted source categories: 

Storage Tanks: 
Although there are often between one and three dozen storage tanks at each Ontario petroleum 
refinery, only a few storage tanks at each facility contain either predominant fractions of benzene 
or fractions of benzene greater than 5% benzene by volume.  Most of the petroleum refineries also 
include gasoline product storage tanks where the benzene content in these storage tanks is 
approximately 0.7% by volume.    The storage tanks that contain predominant fractions of benzene 
generally include internal floating roof tanks as a method of minimizing air emissions.  Storage 
tanks that contain gasoline are often controlled by either internal or external floating roof tanks but 
a smaller fraction of the gasoline storage tanks are only equipped with fixed roof tanks (i.e., no 
controls) with vents to atmosphere. 

Process Fugitives and Leak Detection and Repair Programs (LDAR): 
All of the Ontario petroleum refineries conduct leak detection and repair (LDAR) programs to 
identify and repair sources of fugitive air emissions.  The survey responses suggest that these 
LDAR programs at Ontario petroleum refineries generally conform to the Canadian Council of 
Ministers of the Environment (CCME) document, “Environmental Code of Practice for the 
Measurement and Control of Fugitive VOC Emissions from equipment Leaks, October 1993” 
including the following key aspects: 

• Leak definition of 10,000 parts per million by volume; and
• LDAR surveys at a frequency of no less than annual83.

The surveys of Ontario petroleum refinery operators indicated that the LDAR program is generally 
conducted for thousands of pieces of equipment (or sources of emissions) where the percentage of 
equipment that is deemed inaccessible or unsafe to monitor generally ranges between 1 and 20%; 
and the survey indicates that the LDAR program is conducted by either interns, technicians or by a 
third-party (with coordination by a company engineer).  

83 The above-noted CCME Environmental Code of Practice recommends quarterly surveys for compressor seals and 
annual surveys for other components; surveys immediately after repair of a component; and within 24-hours for the 
venting of a pressure relief valve (see Section 3.3 of this document). 
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Product Loading: 
The survey of Ontario petroleum refinery operators indicates that gasoline and solvent products  
are the most common materials that are loaded onto ships and railcars (predominantly) with a 
smaller fraction loaded onto trucks.  These materials generally contain less than 1% by volume 
benzene where “submerged loading” is a common approach to minimizing emissions of volatile 
organic compounds, including benzene. 

Wastewater Treatment System: 
Wastewater treatment system at Ontario petroleum refineries include sewer systems and vents; 
dissolved air flotation84; oil/water separators; aeration basins/clarifiers; storage tanks; and 
intermittent use of landfarming operations for sludges that comply with maximum volatile organic 
compound/benzene content limits.  Generally, these wastewater treatment facility sources are 
open to atmosphere or vented directly to atmosphere.  However, some facilities manage benzene 
waste to minimize the amount of benzene sent to the wastewater treatment system. 

84 Dissolved Air Flotation (DAF) is a water treatment process that removes suspended solids by using air to create a
blanket of sludge at the surface of a flotation cell. This separation is achieved by dissolving air into the wastewater and 
then releasing the air at atmospheric pressure in a flotation tank. The released air forms tiny bubbles which adhere to the 
suspended solids, causing the particles to float to the surface of the water where it is then removed by a skimming 
mechanism (excerpt from Ecologix Environmental Systems website). 
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6.0 Analysis of Any Gaps Between Current Methods in Ontario 
and Other Jurisdictions 

Following is a summary of the gaps between current methods to minimize benzene air emissions 
from Ontario petroleum refineries and similar efforts in leading jurisdictions such as the United 
States: 

• Ontario petroleum refineries have been voluntarily implementing equipment and operating
practices to reduce benzene air emissions from petroleum refineries85 for many years.
Examples include installation of floating roof tanks on storage vessels; use of controls and
improved practices on gasoline loading operations; use of the CCME leak detection and
repair (LDAR) code of practice; efforts to minimize the amount of benzene waste sent to
wastewater treatment systems; and providing financial support and expertise to the
monitoring and community outreach efforts of the Sarnia Lambton Environmental
Association.

• A review of the latest US federal and state air pollution rules for petroleum refineries
suggests that current practices could be improved through modernization of some efforts
(e.g., focus on regular inspection of floating roofs and potential leaks; updated and more
stringent LDAR requirements) and a more comprehensive regulatory over-sight.

• In summary, the key gap relates to the need for more comprehensive standards and
regulatory over-sight to support current efforts by petroleum refining operators.

However, the objective should be to develop a petroleum refining technical standard that points to 
where leading jurisdictions, such as the United States, are going rather than where they have 
been.  As a result, consistent with a new focus in the United States towards the use of petroleum 
refinery fenceline monitoring for benzene and related efforts to assess new monitoring 
technologies, it is recommended that the petroleum refining technical standard include, 

1. Key US rules (for the sources that the modelling and monitoring analysis has identified as
dominant contributors of benzene point of impingement including storage vessels,
equipment leaks, wastewater treatment systems and loading operations) be incorporated
into the technical  standard.

2. Consider adoption of fenceline monitoring for benzene.

3. Continue to work collaboratively with representatives of the US EPA, Environment Canada,
other provinces, industry, First Nations and other communities to identify the best approach
to implement evolving equipment-leak and ambient monitoring technology.

85 Canadian federal efforts to limit the benzene content in gasoline have also contributed to efforts to reduce benzene air 
emissions from petroleum refineries. 
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Following are some comments from the Canadian Fuels Association (CFA), letter dated Nov 21 
2014, with respect to Chapter 6: 

Overall Comments from the CFA on Chapter 6: 

• While Canadian Fuels has provided a few specific comments under the sub-parts (Storage
Tanks; Wastewater Treatment; Gasoline Loading; LDAR; Ambient Monitoring), in an overall
sense, the initial description provided by the Ministry in the Sept. 12, 2014 email (referred to
above), is too general to be able to offer many specific comments. Greater clarity as to
conditions, and the points noted below, is needed. In addition, consistent with the Technical
Standard process, there is a need to understand the economic feasibility of the proposals.

• As outlined under the Introduction, ‘in the development of a technical standard, the ministry
assesses all sources of a contaminant related to a NAICS code, and makes a decision as to
whether or not the source needs to be better controlled, monitored or managed’. Further, in
consideration of economic issues, ‘specific requirements are included in the technical standard
for those major sources that are determined to need better management or control’.

• Canadian Fuels understands that petroleum refineries have much in common, which is the
basis for the Ministry being able to support the development of a Technical Standard (TS) for
Benzene and BaP. However both Canadian Fuels and the Ministry recognize and understand
that due to differences between refineries in terms of specific facility equipment, layout and
operations, the ‘dominant sources’ of Benzene emissions are not the same at all refineries. In
some cases, a ‘dominant source’ at one refinery may be a minor or non-significant source at
another refinery. This is also a potential within a source category, such as tanks within a facility.

• Against this backdrop, TS specific requirements would be for ‘dominant sources’ that need
better management or control (in consideration of economic impacts). The corollary is that if a
source is ‘not significant’, then it would be inappropriate to require that facility to invest
resources to further reduce emissions, as such reductions would not provide material or
measureable benefit to the environment / human health. Given this, then if the source is not
significant for a particular facility, then there should not be additional control requirements for
the facility for that source, when they register for the TS.

• Consistent with earlier discussions with Ministry, and the intent outlined in the Introduction
Section, that ‘specific requirements are included in the technical standard for those major
sources that are determined to need better management or control’, Canadian Fuels’
understanding is that the TS will be designed in a manner that would require a refinery to take
actions or make investments for sources identified as ‘dominant source for that refinery’, but not
require that a refinery needs to take actions for ‘non significant sources’. As additional controls
to a non-significant source would not result in a material / measureable benefit to the
environment / human health.
o Canadian Fuels recognizes that there needs to be a clear rule or criteria to identify as to

whether or not a given source is a ‘dominant source at a given refinery’, or not.
o Canadian Fuels asks to work with the Ministry to clearly define this.
o To support this approach, where a rule did not have to be applied at a given refinery,

Canadian Fuels is open to discussing about whether or not that source would need to be
modelled.
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Overall Comments from the CFA on Chapter 6: 
continued 

• In terms of the TS, where actions may be needed, there may be one or more ways to achieve a
desired outcome, such as equipment or procedural. Therefore, Canadian Fuels supports, that
where possible, the concept of ‘options’ are presented, that a refinery could select from.

• Canadian Fuels also reinforces that in some cases there may be safety risks or concerns which
need to be considered in determining whether or not, a given action or investment is
appropriate.

• The comments above also apply to the equipment sub-parts of Section 6 (i.e. Storage Tanks;
Wastewater Treatment; Gasoline Loading.

CFA Comments Regarding Storage Tanks and Ministry email of Sept 12 2014… 
“… based upon current US federal requirements (e.g., 40CFR63 subpart WW… aka, the Generic MACT for 
storage vessels) in combination with the US EPA revisions proposed in the US federal register posting of June 
30, 2014. In summary, this includes the need for floating roof tanks and closed vent capture system and 
control device (depending upon storage tank capacity and the vapour pressure); additional design 
requirements for guide-poles; and enhanced inspection, record-keeping and reporting requirements. Phase-
in dates to be discussed.“ 

• These requirements can be costly, and the requirement should be based on the specific source
being a ‘dominant source’, to offsite impacts.

• The U.S. NSPS and NESHAP requirements for Storage tanks may lead to facilities having to
make considerable investment in equipment upgrades that may not result in appreciable
reductions to offsite impacts. A facility may have Tanks identified as a major source because
one or two tanks might significantly contribute to offsite impacts but have other tanks that might
meet the criteria but don’t contribute much to offsite POIs. There should be a process or an
exemption process that will allow some flexibility to facilities to deal with such scenarios.

• Factors determining whether Subpart WW applies… US regs focus on TVP and/or HAPs; we
need to have Benzene specific criteria so that these controls only are driven for tankage of
significance to Benzene and are required if the tank or tankage is a ‘dominant source’ at a given
refinery.

• Subpart WW s 63.1063 (e) requires that repairs to floating roofs, when required, be completed
within a maximum of 105 days. This can be onerous and costly in many circumstances, and the
improvements due to the repairs might not be significant. Canadian Fuels recommends a more
robust “cost effectiveness” assessment with an aim at achieving a better balance between the
urgency of repair and the materiality of the issue to be repaired. From the perspective of
reducing benzene emissions, it is suggested that more stringent repair timing be specified only
for those tanks containing a significant concentration of benzene.
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CFA Comments Regarding Leak Detection and Repair and Ministry email of Sept 12, 2014: 
“… based upon current US federal requirements (i.e., 40CFR63 subparts VV and G in combination with the 
use of Method 21). The adoption of some aspects of “enhanced” LDAR (e.g., inclusion of the need for 
equipment upgrades based upon leak check performance) may also be considered. Details, possible 
alternatives and phase-in dates to be discussed. It is hoped that the results of the November monitoring 
workshop will assist with the development of recommendations for mandatory leak detection and repair 
requirements within the proposed development of a technical standard for petroleum refining.” 

• The CCME Guideline supports the use of Method 21 on an annual basis, where Method 21 is
useful on a sampling basis to support of quantifying emissions, which is useful in support of
regulatory reporting, including to the National Pollutant Release Inventory (NPRI).

• The Monitoring Workshop confirmed what Canadian Fuels members already know, that Method
21 is very labour intensive (300 to 350 components monitored per person per day) and requires
a high degree of oversight and ongoing training in order to be reliable. Method 21 is a very
expensive approach to the goal of finding and reducing leaks. As the Monitoring Conference
clearly demonstrated there are lower cost and more effective means to identify leaks for repair.

• The infrared camera technology is a much more efficient process and the capability is improving
rapidly. It also addresses much of the accessibility limitations of Method 21. For these reasons,
Canadian Fuels is strongly opposed to increasing the frequency or extent of requirements for
the use of Method 21 from current levels and practices. Use of alternate, better technology will
support finding more leaks, enabling fixing them more quickly and at a lower cost than Method
21.

• Industry experience and the presentations at the air monitoring workshop would support using
the IR camera as the primary method to identify the leaks. The technology to quantify leaks
continues to evolve, including the capability with the IR camera. Therefore, we recommend that
the requirements for the quantification of a leak be written in such a manner as to allow for the
developing technology.

• As presented at the Air quality Monitoring Workshop, the fugitive emissions are largely driven by
a small number of significant leakers. The proposal to reduce the leak threshold is unlikely to be
the most effective approach to reducing emissions.

• The TS requirements around LDAR should be specific to Benzene. Smart LDAR would be a
more effective and efficient strategy to reduce fugitive emissions of benzene rather than
Enhanced LDAR.

• In order to reduce benzene emissions, we recommend that both the size of the leak and the
benzene concentration of the process stream be considered, and target those leaks for repair
priority. Prompt repair (within 15 days) of larger leaks with a significant benzene concentration
will have a greater impact on protecting human health, and also be more cost effective, than a
longer repair time for all leaks.

• Combined with an increased survey frequency (via newer lower cost technologies such as IR
cameras, not Method 21), that as the larger leaks are repaired, the threshold for prompt repair
will drop, and continuous improvement in benzene emissions will be achieved.
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CFA Comments Regarding Wastewater Treatment Facilities and Ministry email of Sept 12, 2014: 
“based upon current US federal requirements (i.e., 40CFR61, subpart FF: benzene waste operations). This 
rule includes requirements for fixed roofs or covers for WWTP storage tanks, surface impoundments, some 
drain systems and oil-water separators; use of submerged fill with containers; and benzene concentration 
limits for the output from treatment processes. Details, and phase-in dates to be discussed.  

• In recognition of the variability in the significance of benzene emissions from different facilities, it
is recommended that any requirements for abatement technologies be based on the magnitude
of the emissions. Also, it is recommended that the technical standard give flexibility to choose
how best to reduce emissions, as there are various alternative approaches that could be
pursued depending on the refinery.

CFA Comments Regarding Gasoline Loading Operations and Ministry email of Sept 12, 2014: 
“based upon US federal requirements (i.e., 40CFR63 subpart R) including total organic compound emission 
limits and annual vapour tightness testing. Details and phase-in dates to be discussed.” 

• In recognition of the variability in significance of different sources at different facilities to
benzene emissions, it is recommended that any requirements for abatement technologies
should be based on the magnitude of the emissions from each loading facility.

CFA Comments Regarding Fenceline Monitoring for Benzene and Ministry email of Sept 12, 2014: 
“based upon the recent US EPA proposal (i.e., US federal register posting from June 30, 2014) for revised US 
federal air pollution rules for petroleum refineries. It is hoped that the results of the November monitoring 
workshop will assist with the development of proposals for fenceline ambient monitoring requirements 
within the proposed development of a technical standard for petroleum refining.” 

• Currently there is community monitoring in place in the:
o Sarnia area, operated by the Ministry and the Sarnia Lambton Environmental Association
o Mississauga area in the vicinity of the Suncor Mississauga Lube Oil facility.

• These existing community monitors have shown significant reductions in the emissions of key
contaminants, such as Benzene. By example, current annual Benzene levels as measured by
the two SLEA monitors are approximately 1.2 ug/m3 level, which is in the typical range for urban
environments in Canada.

• In terms of future monitoring or additional monitoring, Canadian Fuels supports working with the
Ministry and impacted communities to understand the role(s) that monitoring is intended to play,
e.g. some level of community assurance, understanding trends, major incident impacts, etc.
Then based on understanding the intended role of monitoring, determine what level of
monitoring or additional monitoring is appropriate, and where placed, to address that need, with
consideration for the economic impacts of any additional monitoring.

• The title that the Ministry used includes the word ‘fenceline’. This presumes that the need is for
fenceline monitoring. While the needs may support this, alternatively, monitors in the community
may be the better located relative to the issues and needs which are intended to be addressed.
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CFA Comments Regarding Fenceline Monitoring for Benzene and Ministry email of Sept 12, 2014: 
“based upon the recent US EPA proposal (i.e., US federal register posting from June 30, 2014) for revised US 
federal air pollution rules for petroleum refineries. It is hoped that the results of the November monitoring 
workshop will assist with the development of proposals for fenceline ambient monitoring requirements 
within the proposed development of a technical standard for petroleum refining.” 

• As noted earlier, the June 30, 2014 U.S. EPA proposal is a proposal, and stakeholder
comments were received up to Oct. 28, 2014. It is reasonable to expect that the final EPA rule
changes will be different than the June 30, 2014 proposals. The American Petroleum Institute
(API) made a significant submission, with a number of recommended changes and revisions,
along with supporting rationale, to the June 30, 2014 proposal. Canadian Fuels earlier in this
submission provided the link to this extensive API submission.

• The Technical Standard requires ambient air monitoring of benzene at sufficient locations in
order to ensure that there is no backsliding in benzene emissions and to demonstrate that the
petroleum refining industry, under the requirements laid out in the technical standard, is making
progress in reducing benzene emissions. Given this, the locations need to be such as to be able
to separate or understand the background benzene emissions (primarily from road
transportation) from those of the local refining industry. The monitoring technology selected
should be reflective of the fact that it is an annual requirement (as opposed to a shorter
duration) for benzene emissions.

• Based on the Air Monitoring Workshop, it was apparent that there is a broader community
request for additional air quality monitoring and communication of the data. In parallel to the
development of the technical standard, it is proposed that industry and Ministry work with the
local community to address this request.

MOECC – Standards Development Branch:  July 2016 Page 111 



Rationale Document: Petroleum Refining Industry Standard 

7.0 Consideration of Stakeholder and Community Feedback 

7.1 Background 
An initial meeting with representatives of Suncor took place at the Suncor-Mississauga facility on 
January 24, 2012.  The purpose of this meeting was to discuss a petroleum refining  industry 
suggestion that a technical standard for benzene and benzo[a]pyrene air emissions would be an 
appropriate compliance option under Ontario Regulation 419/05: Local Air Quality.  In February 
of 2012, the CFA made a request to develop a Petroleum Refining technical standard for 
benzene and benzo[a]pyrene.   

In March of 2012, a technical working group comprised of Ministry staff and petroleum refining 
industry representatives from the CFA (e.g., from Imperial Oil, Nova, Shell and Suncor) first met to 
discuss the petroleum refining technical standard.  After a period of information gathering by 
Ministry staff in 2012, these meetings occurred every three to four months throughout 2013, 2014 
and 2015. 

In addition, the Ministry provided a presentation on the proposed technical standard to the 
Lambton County Health Study Board on June 7, 2012.   

In 2014, representatives of the Aamjiwnaang First Nation and Walpole Island First Nation were 
invited to join the technical working group.  An additional community member also joined the group 
in 2015.  Representatives of the Aamjiwnaang First Nation and Walpole Island First Nation also 
identified the need for capacity funding due to a large number of other projects these First Nations 
communities were being asked to participate in; and due to the relatively complex nature of the 
technical standard.  Throughout 2014 and into 2015, Ministry staff worked to identify and 
implement capacity enhancement options.  In the spring of 2015 Environmental Health Strategies 
and their sub-contractors were hired to provide expertise with respect to air pollution requirements 
for petroleum refineries in the United States and First Nations consultation.  These jurisdictional 
experts have met with the Aamjiwnaang First Nation and Walpole Island First Nation in a series of 
meetings in June 2015, November of 2015 and February 2016. 

More detail with respect to meetings, industry stakeholders and First Nations partners can be 
found in Appendix B of this document. 
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7.2 Summary of Proposals and How Stakeholder and First Nation Input has Been 
Considered 

The Ministry has developed a Petroleum Refining – Industry Standard to address benzene 
and benzo[a]pyrene air emissions.  This is based on,  

• completion of a dominant source analysis using the most recent Emission Summary
and Dispersion Modelling report and on-site ambient monitoring for benzene; and

• a jurisdictional review of air pollution requirements for petroleum refineries in the United
States.

In general, industry stakeholders support the above-noted approach but also caution that the 
technical standard should consider lessons-learned from implementation of the US rules and 
assessing cost effectiveness. 

First Nations representatives have expressed concerns with the process to develop the Petroleum 
Refining – Industry Standard (e.g., a lack of capacity and corresponding funding to allow First 
Nations to contribute substantively); the lack of ability to review information related to the dominant 
source analysis; and emphasized the need to consider cumulative effects from multiple facilities; 
multiple contaminants and exposure pathways; and a historical pattern of exposures. 

The Ministry has responded to these concerns by hiring jurisdictional experts to provide information 
to both the Ministry and First Nations with respect to the most stringent air pollution requirements 
for US petroleum refineries (and Germany).  This information was considered in the development 
of the Petroleum Refining – Industry Standard and in assessing “lessons-learned” and cost 
effectiveness aspects, as requested by the industry representatives.  Following is a summary of 
the Ministry’s review of industry stakeholder and jurisdictional expert input with respect to storage 
vessels, leak-detection-and-repair (LDAR); wastewater treatment operations; product 
loading and fence-line monitoring. 

Storage Vessels 
Following is a summary of the recommendations for new air pollution requirements to limit benzene 
air emissions from storage vessels at petroleum refineries and petro-chemical facilities: 

• NEW Storage Vessels: starting January 1, 2018:
o Greater than 75 cubic metres capacity and containing at least 2 per cent benzene by

weight.

• EXISTING Storage Vessels:
o Greater than 75 cubic metres capacity and containing at least 2 percent by weight benzene

as follows,
 Implementation of inspection requirements starting January 1, 2018 for all existing

storage vessels that contain finished gasoline or at least 2 percent benzene and have a
capacity of at least 75 cubic metres capacity.

 Existing IFR equipped storage vessels: the updated technical standard is not to require
equipment upgrades for the life of an existing IFR equipped storage vessel.

 Existing fixed roof and existing EFR equipped storage vessels: upgrade to a “typical”
IFR equipped storage vessel86; an “updated” EFR equipped storage vessel; or a closed

86 Installing a geodesic dome on an existing EFR equipped storage vessel is also an option but is not a requirement because, based 
upon the US EPA analysis, this option may not be cost effective in all cases. 
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vent and control system87; according to the schedule as follows, 
• Existing fixed roof and EFR equipped storage vessels that contain greater than

50% by weight benzene: by January 1, 2020.
• The remaining fixed roof and EFR equipped storage vessels: by January 1, 2026.

The above-noted technical standard is based upon a dominant source analysis (e.g., benzene air 
emissions from storage vessels can dominate the cause of off-site exposure of this contaminant); 
an assessment of cost effectiveness that demonstrated that updating the storage vessel fittings 
can be cost effective for those storage vessels equipped with a fixed roof or an external floating 
roof.   

An earlier proposal included a threshold of 4 percent benzene by weight.  However, the 
jurisdictional experts recommended including a threshold of 1 percent by weight and 
recommended including storage vessels that contain gasoline. Benzene in gasoline is regulated 
by federal law and is generally contained in gasoline at about 0.5 percent by weight only (i.e., 
benzene air emissions from storage vessels containing gasoline would generally result in 
incremental off-site benzene concentrations of less than 0.1 µg/m3; annual average88).  A 
threshold of 2 percent by weight benzene was recommended because it aligns with a similar 2 
percent by weight threshold for LDAR requirements and the incremental reduction in benzene 
concentrations from 2 percent to 1 percent is relatively small.  However, based on comments 
received by First Nations, the Ministry has included a requirement to move to 1.0 percent 
benzene in storage vessels by July 1, 2025. 

The ministry remains committed to conducting a review of the effectiveness of this industry 
standard in 2023 (before these requirements take effect). If this review demonstrates the rules 
that apply to equipment with 2% benzene in service are sufficient, the ministry will consider 
removing the newer set of requirements before they take effect July 1, 2025. If the review shows 
that more could be done, or if no action is taken, these requirements will remain in effect.

87 “typical” IFR storage vessel means a storage vessel that is equipped with an internal floating roof that is not necessarily equipped 
with the upgraded deck fittings and a second rim seal.  An “updated” EFR equipped storage vessel means a storage vessel that is 
equipped with an external floating roof that complies with the deck fitting and second rim seal requirements of 40CFR63 subpart 
WW. 

88 Using information from EPA Docket ID No. EPA-HQ-OAR-2010-0682; Memorandum from Jeff Coburn (RTI International) to
Brenda Shine, EPA/OAQPS/SPPD (November 14, 2012), “Impacts for Control Options for Storage Vessels at Petroleum Refineries”, 

• Uncontrolled VOC air emission for a relatively large 41,000 m3 storage vessel: 6 T/yr
• Benzene concentration (fraction, by weight): 0.005
• Dispersion factor: up to 100 µg/m3 per g/s emission
• Maximum point of impingement concentration for uncontrolled storage vessel:

(6 T/yr x 1E6/(365x24x3600)) x (0.005) x (100) = 0.095 µg/m3, annual average
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Leak Detection and Repair 
Following is a summary of the recommendations for new air pollution requirements to limit benzene 
air emissions from equipment leaks at petroleum refineries and petro-chemical facilities: 

• Summary of applicability of leak detection and repair (LDAR) requirements: applicable to
components containing or coming into contact with a liquid or gas that contains at least 2%
benzene by weight.

• Key implementation dates for LDAR rules: Begin LDAR surveys starting January 1, 2018.

• Frequency of LDAR surveys: an LDAR survey three times per year with at least one being
with  traditional probe (e.g., a photo-ionization device to detect leaks at each component)
and the use of an optical gas imaging technology no more than twice per year.

• Low-leak valve incentive: for facilities with less than 1% leaking valves then only required to
complete one traditional probe survey per year.

• Leak repair:
o In January 2020, initial attempt within five days (e.g., check to ensure component

connections are tight).
o Up to 105 days (until 2023) and 52 days (starting in 2023) to repair leaks unless a

process shutdown is required.  This is consistent with US LDAR rules.
• Delay of repair:  For safety reasons, some repairs are required to be completed when a

process unit is shut-down and it is very costly to require a pre-mature shutdown.  The time
period until the next process shutdown can be a number of years and up to a ten year
period.  Waiting until a shutdown to carry-out some repairs is allowed in the US.  The
number of components on “delay of repair” is limited to no more than an aggregate of
250,000 parts per million by volume, as benzene.  Components with higher levels of
benzene are expected to be repaired sooner.

Although the Ministry technical standard includes a 2% benzene by weight threshold to define 
components that are in-benzene-service, the jurisdictional experts recommended a 0.8% in-
benzene-service threshold.  After consideration of this recommendation from the jurisdictional 
experts, Ministry staff still recommended a 2% in-benzene-service threshold based upon the 
following: 

1. The jurisdictional experts’ rationale is reasonably based upon what could be expected for
US petroleum refineries.  However, LDAR programs in the US are intended to respond to a
number of air pollution issues including both smog and hazardous air pollutants.  Whereas
the Petroleum Refining – Industry Standard is intended to focus on addressing benzene air
emissions from petroleum refineries.  Other future Ministry program initiatives are
anticipated to address broader smog issues.
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2. A change from 2% to 0.8% benzene content to define “in-benzene-service” could increase
the number of components by as much as 40% while only marginally reducing the point of
impingement concentration of benzene from equipment leaks.  For example,

a. The dominant source analysis for benzene air emissions from the petroleum refineries
identified over seventy process units at five Ontario petroleum refineries that emit
benzene air emissions.  The property-line annual average dispersion factors or these
process units varied between 2 and 100 (µg/m3 of point of impingement concentration
of benzene per g/s emission). With the average dispersion factor being 28 µg/m3 per
g/s.

b. Conservatively assuming 100 additional components leaking, at between 0.8 and 2%
in-benzene-service, within a process unit; assuming an average leak of 10,000 ppmv;
and an average benzene concentration of just less than 2% then the worst-case
incremental point of impingement concentration of benzene from these additional 100
components would be89:
i. (100 components) x (0.019) x (6.1E-4) x (100 µg/m3 per g/s) = 0.1 µg/m3

Based upon input from Ministry scientists this incremental benzene point of
impingement concentration is considered relatively low when considered
individually.

3. LDAR surveys are relatively tedious and can be error-prone as a result of fatigue and
conducting surveys over large numbers of components.  It is anticipated that increasing the
number of components in-benzene-service by about 40% may increase the fatigue and
error of LDAR surveys.

However, notwithstanding the above rationale, based upon comments from First Nations, the 
benzene-in service values for LDAR will be phased in to 0.8% by July 1, 2025.  

Phasing in more stringent requirements will encourage a technical review of performance of
this sector by 2023 or sooner. This review will help determine whether or not additional efforts are 
required.

The Ministry remains committed to conducting a review of the effectiveness of this industry 
standard in 2023 (before these requirements take effect). If this review demonstrates the rules that 
apply to equipment with 2% benzene in service are sufficient, the ministry will consider removing 
the newer set of requirements before they take effect July 1, 2025. If the review shows that more 
could be done, or if no action is taken, the above requirements will remain in effect.

89 From the US EPA, an equation that relates a measured leak (in parts per million by volume) to  a mass emission in 
grams per second, is: 
Co-Relation Equation (for valves): [6.33E-7] x (SV)0.746 in grams per second = (6.33E-7)(10,000)0.746 = 6.1E-4 g/s. 
where SV is the screening value leak measurement in parts per million by volume. 

See STAPPA-ALAPCO-EPA Emission Inventory Improvement Program, “Volume III: Chapter 4: Preferred and Alternative 
Methods for Estimating Fugitive Emissions from Equipment Leaks – Final Report – November 1996, “, Table 4.4-4. 
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Wastewater Treatment Operations (Industrial Sewage)
There was general consensus amongst both industry representatives and the jurisdictional experts 
that the current US federal national emissions standard for hazardous air pollutants (i.e., 40CFR61 
subpart FF) emitted wastewater treatment operations at petroleum refineries were relatively 
cumbersome.  Instead, the jurisdictional experts recommended implementation of the US federal 
new source performance standards (the NSPS known as 40CFR60 subpart QQQ) for volatile 
organic compound (VOC)  emissions from petroleum refinery wastewater systems would be 
appropriate.  In summary, 40CFR60 subpart QQQ requires floating roofs or fixed roofs with purging 
of VOC vapours on API separator90 components of the wastewater treatment operations; and 
water seal controls or closed vent and control systems for individual drain systems and junction 
boxes.  Junction boxes are where air emissions from wastewater drain systems escape to 
atmosphere. 

Industry representatives indicated that they believe that some facilities are able to minimize the 
emission of some VOCs such as benzene from wastewater treatment operations.  The Ministry 
responded with further review of the dominant source analysis to identify thresholds where air 
pollution controls for API separators and individual drain systems would be required.  The 
following provides a summary of the air pollution control thresholds: 

1. Development of an ambient monitoring threshold to require air pollution control for the API
separator:

a. Based upon information from the dominant source analysis and further dispersion
modelling to determine the reduction in contaminant concentrations with distance from the
API separator, it is anticipated that concentrations of benzene emitted from the API
separators will reduce by a factor of two orders of magnitude over a distance of
approximately one kilometer91.

b. Advice from Ministry scientists, indicates that an incremental annual average threshold of
0.05 micrograms per cubic metre is a relatively negligible risk.

c. Therefore, using a two orders of magnitude increase between the point of impingement of
1 kilometre distance and a point nearby to the API separator, it is recommended that an
annual average measured concentration of benzene of 5 micrograms per cubic
metre at a point within 100-200 metres from an API separator would serve as a
threshold, above which air pollution control for the API separator would be
required.

Industry representatives have also requested an alternate “benzene-in-wastewater” threshold. 

90 The API separator is a device that was originally developed in conjunction with the American Petroleum Institute 
(API) and uses gravity and the specific gravity difference between oil and wastewater to separate oil from wastewater. 
91 A distance of one kilometer from the API separators represents between 300 and 700 metres from the property-line
for the five Ontario petroleum refineries. 
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2. Development of an alternate “benzene-in-wastewater” threshold to require air pollution control
for the API separator: 

a. Based upon information from the dominant source analysis (that included a review of
dispersion factors in micrograms per cubic metre per gram per second emission to the
property-line) and using a maximum allowable annual average property-line concentration
of 0.10 micrograms per cubic metre (the 0.05 micrograms per cubic metre threshold noted
above was in-community; whereas 0.10 micrograms per cubic metre is along the property-
line).

b. Dividing the property-line annual average benzene concentration threshold of 0.10
micrograms per cubic metres by an average dispersion factor of 54.4 micrograms per
cubic metre per gram per second92 emission results in a threshold annual average
benzene emission from the API separator of 0.002 grams per second.

c. Therefore, a combination of annual average measurements of concentrations of benzene-
in-wastewater and benzene-in-oily waste skimmed from the API separator; with
wastewater and oily waste flow measurements or calculations allows for development of a
mass balance approach to developing an estimate of benzene air emissions from the API
separator.  It is recommended that this mass balance based estimate of benzene air
emissions be compared, on an annual basis, to the annual average benzene
emission threshold of 0.002 grams per second.

3. Development of a “benzene-in-wastewater” measurement threshold and distance threshold to
require submission of an air pollution abatement plan for drain systems and junction boxes: 

a. Based upon a review of US federal rules93 for wastewater treatment operations, it is
recommended that an air pollution abatement plan be submitted to the Ministry
when the annual average benzene-in-wastewater concentration in a process drain
exceeds 100 parts per million by weight; and

b. Based upon information from the dominant source analysis and further dispersion
modelling (e.g., contaminant concentrations are predicted to reduce by between 50 and
80 percent at a distance of 200 metres), when the junction box for a process drain is
within 200 metres of a property-line.

92 This is an average of the annual average property-line dispersion factors for the API separators at the five Ontario 
petroleum refineries where the values ranged between 9 and 183 micrograms per cubic metre per gram per second 
emission. 
93 See US 40CFR63 subpart CC: National Emission Standards for Hazardous Air Pollutants from Petroleum Refineries; 
and US 40CFR63 subpart G: National Emission Standard for Organic Hazardous Air Pollutants for the Synthetic 
Organic Chemical Manufacturing Industry for Process Vents, Storage Vessels, Transfer Operations and Wastewater. 
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In summary, it is recommended that, 

• For API separators:
o install a floating roof or fixed roof with purging of VOC vapours; or
o measure in ambient air within 100-200 metres of the API separator and ensure 

annual average benzene concentrations at this monitor are below 5 
micrograms per cubic metre; or

o measure benzene in wastewater and oily waste skimmed from the API 
separator and ensure that a mass-balance developed benzene emission 
estimate for the API separator is below 0.002 grams per second.

• For individual process drains and junction boxes:
o Implement by January 1, 2019 air pollution control plans for all process drains 

within 200 metres of the property-line or directly connected by sewer line to a 
maintenance access point within 200 metres of the property-line; or

o By July 1, 2017 measure benzene in wastewater (industrial sewage) for all 
process drains within 200 metres of the property-line or directly connected by 
sewer line to a maintenance access point within 200 metres of the property-
line and 

o submit an air pollution abatement plan for each process drain (related to 
processes such as catalytic reformers and aromatics production) that has a 
junction box air emission within 200 metres of the property-line; or

o measure benzene in wastewater for each process drain (related to the above-
noted processes) that has a junction box within 200 metres of the property-line 
and ensure that the annual average benzene-in-waste-water concentration is 
below 100 parts per million by weight. 

It was also noted that the dissolved air flotation (DAF) device is situated downstream of the API 
separator and may result in residual but significant benzene air emissions.  Further work is 
anticipated to assess the importance of this potential source of benzene air emissions at petroleum 
refineries.
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Product Loading Operations and Property-Line Monitoring 
The Ministry is recommending new air pollution rules, for loading operations for product containing 
at least 2% by weight benzene and gasoline, that align with US federal requirements for petroleum 
refineries94.  Industry representatives have generally been supportive of this techncial standard but 
have requested that the applicability threshold (e.g., for each individual loading rack, 75,700 litres 
of gasoline per day) be translated into a three-year rolling average annual threshold because 
some loading racks and marine vessel terminals are only used intermittently.  As a result the 
Ministry has adjusted the US daily applicability threshold to an annual basis (i.e., 14 million litres 
per year of product; three year rolling average) and an annual applicability threshold for marine 
terminals of 1.6 billion litres per year of product; three year rolling average95. 

The jurisdictional experts have not specifically identified any concerns with the above-noted 
approach. 

For clarity, this requirement would only apply to a facility that is part of a class identified by NAICS 
code 412110 (Petroleum Product Wholesaler-Distributors) and on the same property as a facility 
that is part of a class identified by NAICS code: 324110 (Petroleum Refineries) or 324190 (Other 
Petroleum and Coal Product Manufacturing).  This could also apply if a property is deemed to be a 
single property as per section 4 of O. Reg. 419/05. 

Property-Line Monitoring 
The Ministry is requiring the implementation of twelve property-line ambient monitors 
to regularly measure and report on benzene concentrations for properties that greater than 80 
hectares (6 monitors for properties less than 80 hectares). This technical standard is 
similar to recently finalized (i.e., December 1, 2015) updates to the US federal air pollution 
rules for petroleum refineries.  Industry representatives generally support this technical 
standard but have asked that implementation of these requirements start at the beginning of 2018 
(consistent with new US federal rules).   

The jurisdictional experts have not specifically identified any concerns with the above-noted 
approach. 

94 US 40CFR63 subpart CC – National Emission Standards for Hazardous Air Pollutants for Petroleum Refineries (aka, 
MACT 1) references the requirements in 40CFR63 subpart R – national Emission Standards for Gasoline  Distribution 
facilities and 40CFR63 subpart Y – National Emission Standards for Marine Vessel Loading Operations. 
95 Conversion to annual basis (for each individual loading that is used at least 50% of the time):  
([0.5]x[75,700 l/day] x[365 days/year]/[1E6 kg/kilotonne])= ~14 million litres per year. 
For marine vessels, section 63.562 of 40CFR63 subpart Y includes an applicability threshold of 1.6 billion litres of 
product per year. 
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7.3 Consideration of Input from the Aamjiwnaang and Walpole Island First Nations 

The Aamjiwnaang First Nation is adjacent to three of the four petroleum refineries and within a few 
kilometres of the fourth refinery.  There are also a number of petro-chemical facilities nearby as 
well.  Figure 7-1 on the following page illustrates the location of the Aamjiwnaang First Nation 
relative to some of the petroleum and petro-chemical facilities in the area.   

The Walpole Island First Nation is located south of Sarnia along the St. Clair River and at the north 
end of Lake St. Clair.  Walpole Island First Nation is affected by water discharges from the 
petroleum refineries and petro-chemical facilities into the St. Clair River and the lands that these 
facilities are situated on are traditional lands for all of the First Nations in the area. 

As noted above, representatives of the Aamjiwnaang First Nation and Walpole Island First Nation 
were invited to join the technical working group (with industry representatives) in May of 2013.  
Although requested, no capacity funding was made available at that time to participate in the 
complex projects and the relatively large number of other requests for consultation that are 
regularly made to these First Nations.  The Ministry worked throughout 2014 to respond to this 
request and was able, starting in the spring of 2015, to obtain the services of jurisdictional experts 
to assist both the Ministry and First Nations over a 12-15 month period.  A further specific request 
by Aamjiwnaang for capacity funding was submitted to the Ontario Ministry of Aboriginal Affairs in 
April of 2015 but this request was denied in August of 2015. However, in 2016 the Ministry 
provided capacity funding to Aamjiwnaang First Nations to help them assess their desired role in 
future engagement with the Ministry on behalf of their community.

The following provides a summary of the meetings96 that the Ministry and the contracted 
jurisdictional experts had with the Aamjiwnaang First Nation (AFN) Environment Committee and 
Walpole Island First Nation (WIFN) Heritage Committee and other community focus groups 
between 2013 and 2016, as follows: 

• May 22, 2013: The Ministry met with AFN Environment Committee and WIFN Heritage
Committee to present background information with respect to the technical standards
compliance approach under Ontario Regulation 419/05.  Also invited participation in efforts
to review the process to develop technical standards for the petroleum refining and
petrochemical sectors.

• Dec 17, 2013 and Apr 1 2014: The Ministry met with AFN Environment Committee and
WIFN Heritage Committee to provide progress updates.

• May 21-22, 2014: The Ministry met with AFN Environment Committee and WIFN Heritage
Committee and participated in focus group sessions with the seniors’ group and mothers’
group at the AFN; as well as a public meeting at the AFN on May 21st.

• Jun 10-11, 2015: Jurisdictional experts first set of four meetings with AFN Environment
Committee and WIFN Heritage Committee.

• Nov 4-5, 2015: Second set of meetings (progress update with respect to jurisdictional
review) with AFN Environment Committee and WIFN Heritage Committee.

• February 16-17, 2016:  Third set of meetings (progress update with respect to the
jurisdictional review) with AFN Environment Committee and WIFN Heritage Committee and
the community.

• May 26-28, 2016:  Final set of meetings with community members, AFN Environment
Committee, WIFN Heritage Committee and Chief and Council to present final report and
recommendations of jurisdictional experts.

96 AFN and WIFN representatives preferred that Ministry staff not be present at meetings with jurisdictional experts.
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Figure 7-1:  Illustration of Location of the Aamjiwnaang First Nation Relative to 
Nearby Petroleum Refineries and Petrochemical Facilities and Annual 
Average Benzene Concentration Isolpleths from a Multi-Source 
Analysis of Industry and Transportation Benzene Air Emissions in the 
Area 
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Letters Expressing Concern from the Chief of the Aamjiwnaang First Nation 
The Ministry has received the following letters from the Chief of the Aamjiwnnag First Nation: 

• March 5, 2015: concerned that the current regulatory regime does not provide adequate
protection (particularly in terms of cumulative effects); not supportive of technical standard
compliance option under Ontario Regulation 419/05; and also recommended,

o enhancement of the source pollution monitoring programs such as the Sarnia Air
Initiative;

o a review by the Ministry of its start-up, shut-down and malfunction policy such that
the amount of flaring is reduced;

o an interagency review of the safety procedures and the overall culture of worker
safety;

o an updated sulphur dioxide air standard; and
o a complete jurisdictional review including an assessment of recommendations from

the US Chemical Safety Board.

The Ministry responded on June 25, 2015 indicating that the technical standards for 
petroleum refineries and the petrochemical sector is one important component of many 
Ministry actions aimed at improving air quality for Ontario generally and in the Sarnia area 
communities in particular.  The letter also identified a plan to hire jurisdictional experts to 
assist the Aamjiwnang and Walpole Island First Nations in better understanding how other 
jurisdictions regulate the petroleum refining and petro-chemical sectors.   Other initiatives 
such as Canadian Council of Ministers of the Environment of new federal base level 
industrial emission requirements; an ambient monitoring partnership between the Ministry 
and the Aamjiwnaang First Nation; and Ministry participation with the development of 
Canadian Ambient Air Quality Standards (CAAQS) for sulphur dioxide were also mentioned. 

• October 20, 2015: In summary, this letter indicated that the jurisdictional expert consultants
hired by the Ministry has expressed concern that (due to the relatively late starting date for
the consultant) that the technical standards for petroleum refining and the petro-chemical
sector are evolving relatively rapidly and, as a result, that Aamjiwnaang First Nation
representatives are not able to utilize the results of the consultants’ work or findings. The
letter requested an alteration of the consultation timetable and reminded the Ministry of its
duty to provide meaningful consultation in good faith.

The Ministry responded in late November 2015 indicating that the Ministry was working
towards a 90-day environmental bill of rights registry proposal posting, in February 2016, for
the Petroleum Refining – Industry Standard as part of efforts to improve air quality.  The
letter also stated that the Ministry would accept comments from the Aamjiwnaaang First
Nation beyond the commenting period.

• December 14, 2015: In summary, this letter was in follow-up to the October 20 2015 letter
and requested meaningful consultation with respect to the technical standard; extension of
the current deadline for developing the technical standard; a request for the Ministry to
provide capacity funding to the Aamjiwnaang First Nation; and a request to meet with the
Ontario Minister of the Environment and Climate Change. The Ministry provided capacity
funding to Aamjiwnaang in March 2016.  The funding was intended to help them assess
their desired role in future engagement with the Ministry on behalf of their community.
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In November of 2015, the representative of Walpole Island First Nation requested detailed site-
specific information with respect to the Ministry’s dominant source analysis because of the 
relevance of this material in rationalizing Ministry recommendations with respect to the 
development of the Petroleum Refining – Industry Standard.  In response, in May 2016 the 
Ministry hosted a seminar industry and AFN and WIFN representatives to demonstrate how 
dispersion modelling results were developed that helped support the dominant source analysis.  

On June 7, 2016, Aamjiwnaang First Nation and Walpole Island First Nation submitted 
comments on the proposed Petroleum Refining - Industry Standard that was posted on the 
Environmental Registry March 9, 2016 (see EBR# 012-6857).  The comments revealed an 
historical lack of trust in the community. Aamjiwnaang First Nation and Walpole Island First
Nation are requesting support for a greater involvement in the implementation of
these technical standards to help build this trust.  

Part of the Ministry’s ongoing efforts to build more trust includes:

- Supporting the request from the AFN and WIFN for greater involvement in the
implementation of the Petroleum Refining – Industry Standard . The ministry believes
that this will provide an important part of ensuring that the Petroleum Refining –
Industry Standard achieves its objective of minimizing exposure to benzene and
benzo[a]pyrene air emissions from the petroleum refineries that are in the vicinity of
the traditional lands.
- Working with the AFN and WIFN by providing capacity funding to assist them in their
desired role.
- A collaborative project including the AFN and WIFN to verify air quality improvements
through exploring various monitoring techniques with a team of experts including repsentatives
from industry, the ministry, US EPA and Environment Canada.
- New requirements for property-line monitoring of benzene to provide important
information to the ministry, industry and surrounding communities and to assist in
determining if additional air pollution control requirements will be required in the
future.
- The property-line ambient monitors will regularly measure and report on benzene
concentrations and the information will be made available on a public website thereby
enhancing public transparency.
- Adopting the recommendations of the technical expert’s to include 0.8% and 1.0%
benzene in service levels for LDAR and storage tanks respectively by 2025. Phasing
in more stringent requirements will encourage a technical review of performance of
this sector by 2023 or sooner. This review will help determine whether or not
additional efforts are required.

In addition, the ministry will continue to work with AFN and WIFN on common issues of
interest.
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8.0 Consideration of the Ministry’s Statement of Environmental Values 
The following provides a summary of how some of the key aspects of the Ministry’s Statement of 
Environmental Values are reflected in the recommendations associated with the Ministry’s 
development of the Petroleum Refining – Industry Standard: 

i) The setting of science-based air standards for benzene and B[a]P (without consideration of
technical or economic achievability) is consistent with the need for a precautionary science-
based approach.  The implementation of these new air standards (scheduled to come into
force in July 2016) are key drivers for the need for reduced air emissions of these
contaminants from Ontario’s petroleum refineries.

ii) “Consideration of cumulative effects; the interdependence of air, land, water and living
organisms; and the relationships among the environment, the economy and society”:

 Combined review of air emissions of benzene, B[a]P and planned review of sulphur
contaminants from petroleum refineries shows consideration of cumulative effects97.

 The assessment of a range of contaminants (e.g., benzene, B[a]P and sulphur
contaminants) and source types is consistent with considering cumulative effects.

 The assessment of best available air pollution control technology within the context of
technical and economic feasibility and what is being achieved in other jurisdictions is
consistent with efforts to consider the relationships between the environment, the
economy and society.

 A multi-source assessment of benzene emissions from both industrial and non-industrial
sources was conducted and shared with the community (see Figure 7-1). This multi-
source assessment of benzene air emissions suggested,
 that over-lap of benzene point of impingement concentrations between facilities

appears minimal; and
 the combination of multiple facilities (and transportation sources) is anticipated to

increase the number of locations within the community that have measureable
benzene ambient air concentrations98.

 Completion, over the next 12-18 months, of a further multi-source assessment by the
Ministry for sulphur contaminants is anticipated to enhance the understanding of
cumulative effects and support additional air pollution control efforts.

 Recommendations from the Ministry in 2015-16 for new air pollution control for multiple
petroleum refineries, petro-chemical facilities and integrated iron and steel mills is
anticipated to reduce the cumulative effects of these facilities (e.g., in Sarnia, due to
benzene air emission reductions from multiple refineries and petro-chemical facilities;
and in Nanticoke, due to air emissions reductions of both benzene and B[a]P from an
iron and steel mill and benzene emission reductions for a petroleum refinery).

 The technical standards compliance approach strives for continuous improvement over
time.  Requirements were established in an open and transparent process. The property-
line ambient monitoring data will be made available on a public website thereby
enhancing public transparency.

   97 The Ministry has identified the review of sulphur contaminant (such as hydrogen sulphide and sulphur dioxide) air 
emissions from petroleum refineries as a priority.  Ministry efforts are anticipated to include an assessment of emission 
summary and dispersion modelling reports and identification of any opportunities for further air pollution control. 
However, it is important to note that these individual efforts, noted above, to consider cumulative effects do not 
represent a comprehensive assessment of cumulative effects but are intended as a substantive starting point and 
continuum of Ministry efforts to implement decisions that are consistent with its Statement of Environmental Values. 
98 Ministry benzene ambient air measurements in 2014 for the Sarnia-area suggest that there may an increasing trend in 
the cumulative effect from benzene air emissions. 
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9.0 Summary of Conclusions for Petroleum Refining - Industry Standard

• Table 9-1 provides a summary of proposed requirements recommendations for the
Petroleum Refining – Industry Standard.  For more information on the Ministry response to
comments, please see EBR #012-6859. These decisions were partly based on the following
conclusions:

• Benzene: annual average point of impingement concentrations (i.e., along the property-line)
for five of six Ontario petroleum refineries are estimated to between three and ten times the
benzene air quality standard of 0.45 micrograms per cubic metre, annual average that came
into force on July 1, 2016.  Although ambient monitoring data for 2014 suggests an
increasing trend in benzene concentrations it is anticipated that the incremental cancer risk
from petroleum refining operations is in the range of 1:100,000 or less99.  A smaller
petroleum refinery and lube plant in Mississauga is anticipated to be able to meet Ontario’s
new benzene air standard.

• Current information with respect to air emissions and an analysis to identify the dominant
contributors point of impingement concentrations of benzene suggest that a focus in
Petroleum Refining – Industry Standard on storage vessels, equipment leaks,
wastewater treatment operations (industrial sewage) and product loading is
reasonable.

• New requirements for property-line monitoring of benzene are anticipated to provide
important information to the Ministry, industry and surrounding communities and assist in
determining if additional air pollution control requirements will be required in the future.

• Ontario petroleum refineries have been implementing, for at least 20 years, voluntary efforts
to limit air emissions of volatile organic compounds such as benzene.  However, a
jurisdictional review has determined that current air pollution control practices to limit
benzene air emissions from petroleum refineries in Ontario are lagging requirements in the
United States.

• The jurisdictional review suggests that information from the US (including assessing a US
EPA proposal to update air pollution rules for petroleum refineries; and a review of
requirements in US states that have significant numbers of petroleum refineries such as
Texas, Louisiana and California) provided a reasonable basis to develop air pollution control
requirements for Ontario petroleum refineries.

• Reducing risk (including an assessment of cumulative effects within the context of the
Ministry’s Statement of Environmental Values) is an important driver to the development of
this Petroleum Refining – Industry Standard and new air pollution control requirements
under Ontario Regulation 419/05.   Specific requirements and phase-ins have been
developed based upon an intention to balance the need for new air pollution control
requirements with cost effectiveness100.  Phase-in of requirements over a period of time is
anticipated to facilitate appropriate planning, engineering and construction and to reduce
implementation costs.

99 Many jurisdictions use a 1:100,000 incremental risk rather than a more stringent 1:1,000,000 incremental cancer risk 
(that is used in Ontario) to set an air quality standard for a carcinogen such as benzene.  Instead, jurisdictions such as the 
US, use a 1:1,000,000 incremental cancer risk as a broader regulatory goal and air pollution control objective. 

100 Cost effectiveness is an important goal within the development of technical standards when, as in this case, the 
incremental risks are less than 1:10,000 in the case of carcinogens and/or less than a hazard quotient of 10 for non-
carcinogens. 
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• Input from industry stakeholders on focusing on the most significant air emission sources; on
practicality; and minimizing costs has been an important aspect of the development of the
Petroleum Refining – Industry Standard.

• Benzo[a]pyrene: Although at least one petroleum refinery was predicting an exceedence of
the benzo[a]pyrene air standard (0.01 nanograms per cubic metre, annual average) that
took came into force on July 1, 2016 the exceedence is anticipated to be limited to a small
area near the property-line.  An assessment of the dominant sources to point of
impingement concentrations of benzo[a]pyrene and air pollution control information from the
United States supports the conclusion that setting new air pollution control requirements for
benz[a]pyrene air emission from petroleum refineries is currently unnecessary.

• In an effort to develop a Petroleum Refining – Industry Standard ahead of the phase-in of
the benzene and benzo[a]pyrene air standards on July 1, 2016, he Ministry work in 2015
and 2016 was completed at a measured but relatively expeditious pace.  The intent was to
complete the work so that benzene emission reductions and regulatory certainty could be
achieved as soon as possible.  However, it is anticipated that additional effort by the
Ministry is needed to engage and build trust with the Aamjiwnaang and Walpole
Island First Nations.

• It is anticipated that, consistent with other jurisdictions such as the US, there are benefits to
using lessons-learned (e.g., as quantified through the property-line monitoring results) to
improve upon the environmental and cost effectiveness outcomes of the Petroleum Refining
Industry- Standard over a period of time.  It may be reasonable to begin the process of
assessing the need for updated requirements within five of the initial implementation of the
technical standard in January 2018.  The Ministry has made a commitment to review this
technical standard in 2023.

• A process is being developed through the Air Standards/Regulation 419 External Working
Group on how and when to consider updating any technical standard.  Once finalized, this
process will be considered for the Petroleum Refining – Industry Standard review as well.
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The following actions are also under discussion or have been implemented to address First 
Nations Concerns:

• Representatives of the Aamjiwnaang First Nation and Walpole Island First Nation began to 
participate in external technical working group meetings in 2014.  This represents about the half-
way mark in the four year industry stakeholder consultation process.  While providing helpful input 
into the consultation process, First Nations representatives expressed concern with the lack of 
cumulative effects framework to guide the process and the lack of capacity and resources within 
First nations to fully participate in this relatively complex project. In an attempt to address these 
concerns, the Ministry hired jurisdictional experts to assist both the Ministry and the Aamjiwnaang 
and Walpole Island First Nation representatives.  The recommendations from the experts were 
considered in the final decision on this technical standard.  However, more is needed to help build 
trust in these communities.  

• The Ministry also provided additional funding to Aamjiwnaang to help them assess their desired 
role in future engagement with the Ministry on behalf of their community.

•  Overall, the Petroleum Refining – Industry Standard requirements will reduce air emissions of 
benzene from Ontario petroleum refineries, including those located in the vicinity of the 
Aamjiwnaang First Nation (and Walpole Island First Nation traditional lands).  The emission 
reductions will benefit the communities and hence, Ontario is moving forward with these new rules 
in the Petroleum Refining – Industry Standard. 

•  The Ministry work with the representatives of the Aamjiwnaang and Walpole Island First Nations 
to explore options to improve trust and collaboration on the finalization and implementation of the 
Petroleum Refining - Industry Standard.  This work might include consideration of further 
reductions of air emissions and reductions in other contaminant air emissions based upon the 
performance of any technical standard that may be published and other analyses and monitoring 
results.
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Recommendations continued 

The following table summarizes the recommended requirement by source of benzene air emissions.  The table also provides a 
summary of the recommended requirements for air pollution control devices that are used for the purposes of the Petroleum Refining 
– Industry Standard and recommended requirements for record-keeping, complaint response; reporting; and web-site information
sharing.

Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries 

Source/Aspect Applicability Description and Implementation Timelines 

Storage Vessels 

• At least 75 m3 

capacity;

• Less than 205 kPA 
design pressure.

• Stores liquid with at 
least 2% by weight 
benzene; and

• by 2025, the 
benzene levels 
change to 1.0% 

New Applicable Storage Vessels 
Starting January 1, 2018: 

• Must have internal floating roof (IFR), external floating roof (EFR) or closed vent and control system.

• IFR and EFR for new storage vessels must comply with latest deck fitting requirements from United
States (US) federal rules.

• Inspection (including use of optical gas imaging technology) and repair requirements.

Existing Applicable Storage Vessels 
Starting January 1, 2018: inspection requirements (including use of optical gas imaging technology) and 
repair requirements for all existing applicable storage vessels. 

By January 1, 2020: for applicable existing storage vessels containing greater than 50 percent by weight 
benzene and equipped with a fixed roof or equipped with an EFR, must comply with latest deck fitting 
requirements for IFR or EFR or install a closed vent and control system. 

By January 1, 2025: for applicable existing storage vessels containing greater than 4 percent by weight 
benzene and equipped with a fixed roof or equipped with an EFR, must comply with latest deck fitting 
requirements for IFR or EFR or install a closed vent and control system. 

By January 1, 2029: for all remaining applicable existing storage vessels equipped with a fixed roof or 
equipped with an EFR, must comply with latest deck fitting requirements for IFR or EFR or install a 
closed vent and control system. 

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This 
table provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website 
for the Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used.  
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Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Wastewater
(Industrial 
Sewage)  
Treatment 
Operations 

• API Separators.

• Process drains 
within 200 
metres of the 
property-line; 
or directly 
connected by 
sewer line to a 
junction box 
(maintenance 
access point) 
that is within 
200 metres of 
property-line 

API Separators* 
For benzene air emissions from API separators, implement one of the following three compliance options for each API 
separator: 
1. No later than July 1, 2017: submit a plan, for approval by the regional director, to measure benzene in ambient air 

at a location that is between 100 and 200 metres downwind of the API separator; at a frequency of no less than once 
every eight days.  The monitoring plan shall be implemented within three months of receiving approval from the 
director for the plan.  If the annual average concentration of benzene is greater than 5 µg/m3 then the air pollution 
control requirements in paragraph 3, below, must be complied with within 18 months.

2. No later than July 1, 2017: submit a plan, for approval by the regional director, to measure the concentration of 
benzene in wastewater (at the inlet and outlet of the API separator); in the skim oil from the top of the API 
separator; and in the sludge removed from the API separator.  If an estimate of benzene air emissions from the API 
separator (determined using a mass balance approach in conjunction with the benzene concentration and mass flow 
measurements for the API separator) are greater than 2 milligrams per second then the air pollution control 
requirements in paragraph 3, below, must be complied with within 18 months.

3. No later than January 1, 2019: Install either an internal floating roof; an external floating roof or a closed vent and 
control system on each API separator. Requirements for floating roofs have been updated to better reflect US EPA 
requirements (i.e., US EPA 40 CFR60 subpart QQQ). 

Process Drains and Junction Boxes within 200 metres of the Property-Line* 
For benzene air emissions from junction boxes, within 200 metres of the property-line, that serve process drains, 
implement one of the following compliance options: 
1. No later than July 1, 2017: submit an air pollution abatement plan, for approval by the regional director, to 

minimize benzene air emissions from process drains and junction boxes.  The abatement plan shall be 
implemented no later than January 1, 2019.

2. No later than July 1, 2017: submit a plan, for approval of the director, to measure benzene in wastewater from 
process drains that are within 200 metres of the property-line or directly connected by sewer line to a junction box 
that is within 200 metres of the property line.  If the annual average concentration of benzene in wastewater is 
greater than 100 parts per million by weight, then the abatement plan submission requirements shall be complied 
with. 

* The Ministry is planning on publishing a technical bulletin to assist in the interpretation of the requirements for API
separators and process drains and junction boxes.

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 
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Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Product 
Loading 

• Truck and railcar
loading racks: each
loading rack that has a
throughput capacity of
at least 14 million litres
per year of liquid
product that contains at
least 2% by weight
benzene.

• Marine vessel loading:
each marine vessel
terminal that has a
three year rolling
average throughput
capacity of at least 1.6
billion litres of liquid
product that contains at
least 2% by weight
benzene.

Truck, Railcar Loading Racks and Marine Vessel Terminals: 

• No later than January 1, 2017: ensure that the throughput of product for each loading rack and
marine vessel loading berth at a petroleum refining facility is recorded.

• Applicable loading racks and marine vessel terminals must be equipped, within 18 months of the
relevant record, with a closed vent system and the air emissions conveyed to an air pollution
control device option (where the requirements for air pollution control devices are described in a
separate portion of this table).

• Tank filling lines must be placed no higher than 10 centimetres above the bottom of the cargo
tank.

• Starting July 1, 2018:  only vapour tight cargo tanks can be used to load at applicable truck and
railcar loading racks and at an applicable marine vessel loading berth.

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 
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Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Equipment 
Leaks: 

Leak-
Detection-and-

Repair 
(LDAR) 

Requirements 

• Starting January 1, 2018, for 
components in contact with 
fluid that contains 2% by 
weight benzene or more, 
excluding heavy liquid 
service;

• Starting July 1, 2025, for 
components in contact with 
fluid that contains 0.8% by 
weight benzene or more, 
excluding heavy liquid 
service;

• Exempt components include 
valves with a nominal 
diameter less than 1.875 
centimetres; components that 
are unsafe to monitor and 
some pumps.

• Components that are 
inaccessible are excluded until 
January 2023.

• Components that are unsafe to 
monitor are excluded.

• Components that are 
inaccessible are excluded until 
January 2023. 

Component Leak Survey – Assessment and Measurement of Leaks 
• A leak is defined as anything greater than 1,000 parts per million by volume volatile organic compounds.

• Starting January 1, 2018: LDAR surveys are required three times a year, once in April – June, once in July 
– December, once in October – December (or at least once every 12 month period if the percentage of 
leaking valves is less than one percent) where at least one of the surveys in a 12 month period must be 
conducted using a method, as described in Appendix 6-D of the technical standard, that is similar to US 
EPA Method 21 or Appendix 6-F.  The other surveys in a year may use an optical gas imaging method 
described in Appendix 6-E (the Ministry is planning on publishing a supplementary technical bulletin with 
guidance on using optical gas imaging). 

Audit of Component Leak Surveys 
Starting January 1, 2018: Audit of component leak surveys: section 7 of the Petroleum Refining - Industry 
Standard sets out the contravention for the LDAR survey. The Ministry plans to periodically audit the 
results of the survey to assess compliance.

Leak Repairs 
• Between January 1, 2018 and January 1, 2020: reasonable efforts must be made to repair leaks.

• Between January 1 2020 and January 1, 2023: leaks must be repaired within specified timeframes (e.g., 
within 15 days to reduce the leak below 25,000 parts per million by volume VOC for leaks over 25,000 
ppmv; a further 30 days to reduce leaks below 10,000 ppmv; and a further 60 days to reduce leaks below 
1,000 ppmv).

• Starting January 1, 2023: leaks must be repaired in half of the allowable time that was specified for the 
period between 2020 and 2023. 

Delay of Repair list 
Starting January 1, 2018:  a leaking component may be placed on a delay of repair list (for repair at the 
next process unit shutdown) if the combined total of leaks on delay of repair (DOR) (for components in 
50% or greater benzene service) is less than 250,000 ppmv as benzene. A “drill and tap” repair method is 
not required prior to adding a component to a DOR list.

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 
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Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Property-line 
Monitoring - 

Installation of Ambient Monitors (Along or Nearby to the Property-Boundary) 
•

•

Starting January 1, 2018: At least 12 ambient monitors for measuring benzene at or nearby to the property-
line if the facility is on a property that is 80 hectares or greater; or at least 6 ambient monitors if the facility is 
on a property that is less than 80 hectares.  The monitoring must be based upon a plan approved by the 
Ministry and include two-week duration samples.
A baseline of three years of monitoring data must be developed for each monitor.  If, in subsequent years, the 
benzene monitoring results at any monitor are statistically significantly higher than the baseline  then the 
facility must notify a provincial officer as soon as practicable and within six months submit details of the 
increase; an  explanation of the possible causes; and a plan to prevent any future statistically significant 
increases above the baseline.

• A new baseline shall be re-determined every year after the third year and the re-determined baseline becomes
applicable for a monitor if the average of the new data is less than the average of the previously determined
baseline.

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 

MOECC – Standards Development Branch:  July 2016 Page 133 



Rationale Document: Petroleum Refining Industry Standard 

Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Air Pollution 
Control 
Devices 

• Devices that
are used to
control
benzene air
emissions
with respect
to other
aspects of
the technical
standard
(e.g.,
benzene air
emissions
that are re-
directed
from storage
vessels
through a
closed vent
system).

Requirements for Flares that are Used as Air Pollution Control Devices for the Purposes of this 
Technical Standard 
• Starting January 1, 2020: the flare shall have a pilot flame present when the substance is being conveyed to the flare 

(continuous monitoring when a substance is being conveyed to the flare).

• Removal of flare tip velocity and net heating value requirements for VOC flares.

• The Ministry is planning on publishing a technical bulletin modelling for flares. 

Requirements for Other Air Pollution Control Devices that are Used as Air Pollution Control 
Devices for the Purposes of this Technical Standard 

• Other air pollution control devices include a carbon adsorption device, a thermal oxidizer, a catalytic oxidizer, 
process heaters and boilers.

• The other (non-flare) air pollution control devices shall comply with at least one of the following:
o Reduction in benzene by at least 95 percent on a mass basis;
o Not discharge VOCs to air in a concentration greater than 20 ppm by volume, corrected to 3 percent oxygen.
o Thermal oxidizer shall attain a temperature of at least 760 oC for a residence time of at least 0.75 seconds. 

Catalytic oxidizers shall attain a temperature of at least 400 oC.  Continuous monitoring for temperature will be 
required.

o No discharge to atmosphere when the carbon ion a carbon adsorber is being re-genderated.

• Stack testing, every two years, will be required to confirm the benzene emission reduction and/or the 20 ppm VOC 
emission limit. 

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 
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Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Record-
Keeping; 

Reporting; 
Complaint 

Response; and 
Web-Site 

Information 
Sharing 

- 

Record-Keeping Requirements (to be kept on-site for 5 years; 10 years for ambient monitoring) 
• Starting January 1, 2018: key record-keeping requirements include the following information:

o Storage vessels (in benzene service): an identifier; the storage vessel capacity in cubic metres; a description of the liquid 
stored including the percent by weight benzene; the last and next scheduled emptying of the storage vessel and the reason 
for the emptying; any incident  that a floating roof stopped floating; the results of optical gas imaging leak surveys; the 
results of any rim seal gap inspections; and a description of any repairs completed on the storage vessel.

o Wastewater (Industrial Sewage) Treatment Operations: for each API separator, the type of air pollution control applied to 
the separator to reduce benzene air emissions (i.e., EFR, IFR, closed vent and control or none); an identification of the 
type of monitoring that is being employed for API separators without air pollution control (i.e., ambient air monitoring; or 
wastewater monitoring and mass balance); and the results of the monitoring for API separators without any control.  For 
process drains with junction boxes sources of air emissions within 200 metres of the property-line, the type of benzene air 
emission control applied to each junction box and, if not, the results from the wastewater monitoring; and a map 
identifying the locations of relevant process drains and junction boxes.

o Product loading: for each truck loading rack, railcar loading rack and marine vessel terminal records of throughput of the 
product loaded in litres per year for the previous year; records of the type of air pollution control equipment on each 
loading rack and marine terminal.

o Leak Detection and Repair:
 Records for each applicable component including name, model number (and serial number for components installed 

after January 1, 2018) and manufacturer; the date that the component was first installed; a description of the purpose; 
the process unit that the component is part of; whether or not the component is accessible and/or unsafe to monitor; 
an indication of the component’s size; and an estimate of the percentage by weight benzene that the component is 
exposed to.

 Identification of each component on a plan.
 Records of leak survey monitoring results.
 Records of component repairs and replacement and monitoring results after repair.
 Records of components on delay of repair.

o Property-line Monitoring: a map showing the location of each monitor; and records of the benzene monitoring results for 
each property-line monitor; records of the statistical analysis and comparison to baseline monitoring data for each 
monitor; and records of any changes in the baseline for any monitor; and a summary of any causes to statistically 
significant increases in monitoring results; and actions taken to address the increases.

o Air Pollution Control Device Performance Monitoring: the results of continuous monitoring of flares and thermal and 
catalytic oxidizers; and the results of biannual stack testing for applicable air pollution control devices.  

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 
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Table 9-1:  Summary of Recommended Technical Standard Requirements for Benzene Air Emissions from 
Petroleum Refineries continued 

Source/Aspect Applicability Description and Implementation Timelines 

Record-
Keeping; 

Reporting; 
Complaint 

Response; and 
Web-Site 

Information 
Sharing 

continued 

- 

Reporting Requirements (to be kept on-site for 5 years; 10 years for ambient monitoring) 
• By March 31st of each year (starting March 31st 2019): annual reports that contain a summary of the records required

for storage vessels, wastewater treatment operations, product loading, leak-detection-and-repair, property-line
monitoring and air pollution control device performance shall be made available for inspection upon request of a
provincial officer.  The annual report shall also include a summary of the

• Every six months:  a report of the component delay of repair list shall be provided to the District Manager. 

Complaint Response Requirements
• A prompt response and action is taken to respond to each public complaint.
• A record of the complaint (including a description of the complaint; the date and time of the complaint; the date and

time of the suspected cause of the incident; ambient air temperature; approximate wind direction and weather
conditions at the time of the incident; and a record of any actions taken to address the incident and to prevent a similar
incident in the future).

Web-Site Reporting of Property-Line Monitoring Results 
• By January 1, 2018: post a map of the location of each property-line monitor to the facility web-site.
• By 60 days after a two-week sample is taken, each measured concentration of benzene and the period of time that the

measured concentration represents.
• A running tally of the benzene monitoring measurements for each monitor for the calendar year.
• A copy of the portion of the annual report that relates to the property-line ambient monitoring (including statistical

comparisons to baseline data; changes in baseline; potential causes to any statistically significant increases in
monitoring results at a monitor; and a description of any action to address any statistically significant increases).

• A record of monitoring results and annual reports for the previous ten years.

Note:   EBR comments were considered by the Ministry in finalizing the Petroleum Refining – Industry Standard and this rationale document. This table 
provides a summary only.  For details see the Environmental Bill of Rights (EBR) registry decision posting (012-6857) and the Ministry website for the 
Technical Standard Publication.  If there is any discrepancy between this summary and the legal version, the legal document should  be used 
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Appendix A: Bibliography - Sampling 

Summary of Some Key Canadian References: 

1. Canadian Council of Ministers of the Environment, “National Framework for Petroleum
Refinery Emission Reductions - PN1338, 2005”.

2. Canadian Council of Ministers of the Environment, “Environmental Code of Practice for the
Measurement and Control of Fugitive Emissions from Equipment Leaks – PN1106, October
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3. Cheminfo for the Ontario Ministry of the Environment, “Review of the Federal Clean Air
Regulatory Framework (Implications for Ontario’s Major Industrial Sectors, September
2007”.

4. SNC Lavalin for Environment Canada, “Technology and methods comparison report –
Developing a Protocol for the Detection of Fugitive Equipment Leaks and Volatile Organic
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5. SNC Lavalin for Ontario Ministry of the Environment, “Presentation – Leak Detection and
Repair (LDAR) Workshop, October 18 2012”.
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Summary of Some Key References from the United States: 

US Environmental Protection Agency: 

6. US EPA, Consolidated Petroleum Refinery Rulemaking Repository web-site.

7. US EPA, Federal Register (June 30, 2014), 40 CFR Parts 60 and 63, “Petroleum Refinery
Sector Risk and Technology Review and New Source Performance Standards, Proposed
Rule”. Related docket material:
a. Fact Sheet: Proposed Petroleum Refinery Sector Risk and Technology review and New

Source Performance Standards.
b. Memorandum from Kristin Sroka and Karen Schaffner (RTI International) to Brenda

Shine (US EPA), Impacts for Equipment Leaks at Petroleum Refineries, January 23,
2014.

c. Memorandum from Ted Palma, Physical Scientist (US EPA) to Brenda Shine
Environmental Engineer (US EPA), Fenceline Ambient Benzene Concentrations
Surrounding Petroleum Refineries, January 7, 2014.

d. Risk and Technology Review: Analysis of Socio-Economic Factors for Populations
Living Near Petroleum Refineries – Post Control Scenario, January 7, 2014.

e. Risk and Technology Review: Analysis of Socio-Economic Factors for Populations
Living Near Petroleum Refineries, January 6 2014.

f. Memorandum from Cindy Hancy (RTI International) to Jodi Howard (US EPA), Analysis
of Emissions Reduction Techniques for Equipment Leaks, December 21, 2011.

g. Draft, Technical Assessment: Potential Control Strategies to Reduce Emissions from
Refinery Wastewater Collection and Treatment Systems, May 2004.

8. US EPA Notice, May 15 2014: Petroleum Refinery Sector Risk and Technology Review and
New Source Performance Standards, Proposed Rule; and Press Release (May 15 2014):
EPA Proposes Updates to Emissions Standards for Refineries to Protect Nearby
Neighborhoods.

9. US EPA, “Regulatory Impact Analysis: Petroleum Refineries – New Source Performance
Standards Ja, June 2012”.

10. US EPA, Petroleum Refinery Emissions Information Collection Survey 2011-12 (series of
documents and data spreadsheets): “Comprehensive Data Collected from the Petroleum
Refining Sector (Request Dated April 1, 2011).

11. US EPA, “Risk and Technology Review (RTR) Risk Assessment Methodologies: For
Review by the EPA’s Science Advisory Board; Case Studies – MACT I Petroleum
Refineries and Portland Cement Manufacturing; June 2009”.

12. US EPA, “Final Baseline Residual Risk Assessment for MACT I Petroleum Refining
Sources, January 2009”.

13. US EPA, “Industry Profile for the Petroleum Refining NESHAP – Draft, February 1997”.

14. United States Environmental Protection Agency (US EPA), AP-42 Compilation of Air
Pollutant Emission Factors, Chapter 5.1 – Petroleum Refining, January 1995.
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15. Summary of Key U.S. Regulations Affecting the Petroleum Sector:
a. The relevant NSPSs for petroleum refineries are:
• Standards of Performance for Petroleum Refineries (40 CFR 60, subpart J)101.
• Standards of Performance for Petroleum Refineries for which Construction,

Reconstruction, or Modification Commenced After May 14, 2007 (40 CFR 60, subpart
Ja).

• Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
Which Construction Reconstruction or Modification Commenced After January 4, 1983
and on or Before November 7, 2006 (40CFR60, subpart GGG).

• Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries for
Which Construction Reconstruction or Modification Commenced After November 7,
2006 (40CFR60, subpart GGGa).

• Standards of Performance for Storage Vessels for Petroleum Liquids for Which
Construction, Reconstruction or Modification Commenced After June 11, 1973 and Prior
to May 19, 1978 (40CFR60, subpart K).

• Standards of Performance for Storage Vessels for Petroleum Liquids for Which
Construction, Reconstruction or Modification Commenced After May 18, 1978, and Prior
to July 23, 1984 (40CFR60, subpart Ka).

• Standards of Performance for Storage Vessels for Petroleum Liquids for Which
Construction, Reconstruction or Modification Commenced After July 23, 1984
(40CFR60, subpart Kb).

• Standards of Performance for VOC Emissions from Petroleum Refinery Wastewater
Systems (40CFR60, subpart QQQ).

• Standards of Performance for Equipment Leaks of VOC in the Synthetic Organic
Chemicals Manufacturing Industry for Which Construction, Reconstruction or
Modification Commenced After January 5, 1981 and on or Before November 7, 2006
(40CFR60, subpart VV).

• Standards of Performance for Equipment Leaks of VOC in the Synthetic Organic
Chemicals Manufacturing Industry for Which Construction, Reconstruction or
Modification Commenced After November 7, 2006 (40CFR60, subpart VVa).

b. The relevant NESHAPs for petroleum refineries are:
• National Emission Standards for Hazardous Air Pollutants from Petroleum Refineries

(40CFR63, subpart CC).
• National Emission Standards for Hazardous Air Pollutants for Petroleum Refineries:

Catalytic Cracking Units, Catalytic Reforming Units, and Sulphur Recovery Units
(40CFR63, subpart UUU).

c. “Generic” NESHAPs that are relevant to a number of industry sectors including
petroleum refineries:

• National Emission Standards for Hazardous Air Pollutants, Subpart A – General
Provisions (see section 63.11 for general requirements related to flares).

• National Emission Standards for Benzene Emissions from Benzene Transfer
Operations (40CFR61, subpart BB).

• National Emission Standards for Benzene Waste Operations (40CFR61, subpart FF).
• National Emission Standards for Closed Vent Systems, Control Devices, Recovery

Devices and Routing to a Fuel Gas System or a Process (40CFR63, subpart SS).
• National Emission Standards for Equipment Leaks – Control Level 1 (40CFR63, subpart

TT).

101 40 CFR 60 refers to Title 40 (Protection of Environment ) of the US Code of Federal Regulations, Part 60 (standards 
of Performance for New Stationary Sources). 
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• National Emission Standards for Equipment Leaks – Control Level 2 Standards
(40CFR63, subpart UU).

• National Emission Standards for Oil-Water Separators and Organic-Water Separators
(40CFR63, subpart VV).

• National Emission Standards for Storage Vessels (Tanks) – Control Level 2 (40CFR63,
subpart WW).

d. NESHAPs that are for related operations or similar facilities (e.g., petro-chemical
facilities):

• National Emission Standards for Organic Hazardous Air Pollutants from the Synthetic
Organic Chemical Manufacturing Industry (40CFR63, subpart F).

• National Emission Standards for Organic Hazardous Air Pollutants from the Synthetic
Organic Chemical Manufacturing Industry for Process Vents, Storage Vessels, Transfer
Operations, and wastewater (40CFR63, subpart G).

• National Emission Standards for Organic Hazardous Air Pollutants for Equipment Leaks
(40CFR63, subpart H).

• National Emission Standards for Organic Hazardous Air Pollutants for Certain
Processes Subject to the Negotiated Regulation for Equipment Leaks (40CFR63,
subpart I).

• National Emission standards for Hazardous Air Pollutants: Miscellaneous Organic
Chemical Manufacturing (40CFR63, subpart FFFF).

• National Emission Standards for Hazardous Air Pollutants for Marine Vessel Loading
(40CFR63, Subpart Y)
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Other Reports from the United States: 

16. Congressional Research Service, “The U.S. Oil Refining Industry: Background in Changing
Markets and Fuel Policies, November 22, 2010”, Document No. R41478.

17. Congressional Research Service, “Developments I Oil Shale, November 17, 2008”.

Other Sources: 

18. Wilkipedia, List of oil refineries.
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Appendix B: Summary of Stakeholder and Community Meetings 

Date Meeting Description 

1 Jan 24/12 Initial meeting with representatives of Suncor-Mississauga 

2 Mar 21/12 
First meeting of the external technical working group comprised of Ministry staff and 
representatives of the Canadian Fuels Association and member companies (Imperial 
Oil, Nova, Shell and Suncor). 

3 Jun 7/12 Presentation to the Lambton Community Health Study Board.  Introduced technical 
standard project. 

4 Mar 6/13 Teleconference with external technical working group. 

5 Mar 25/13 Meeting with external technical working group. 

6 May 22/13 Presentations to the Aamjiwnaang First Nation Environment Committee and Walpole 
Island Heritage Committee.  Introduced technical standard project. 

7 Jul 11/13 Meeting with Canadian Fuels Association to discuss sulphur contaminants. 

8 Sep 27/13 Meeting with external technical working group. 

9 Dec 11/13 Meeting with Canadian Fuels Association to discuss sulphur contaminants. 

10 Dec 17/13 Presentations to the Aamjiwnaang First Nation Environment Committee and Walpole 
Island Heritage Committee.  Progress update. 

11 May 15/14 Presentation to the Bluewater Community Advisory Panel. Introduced technical 
standard project. 

12 May 21-22/14 Presentations to the Aamjiwnaang First Nation Environment Committee and Walpole 
Island Heritage Committee.  Progress update. 

13 Oct 7/14 
Meeting with external technical working group.  Representatives of the 
Aamjiwnaang First Nation and Walpole Island First Nation begin attending meetings 
of the technical working group. 

14 Nov 5-6/14 

Monitoring workshop at Lambton College in Sarnia.  Attendance from regulators in 
Canada and the US; industry representatives  from Canada and the US; Aamjiwnaang 
and Walpole Island First Nations; equipment suppliers.  Workshop was co-hosted by 
the Ministry, the Canadian Fuels Association and the Air&Waste Management 
Association – Ontario Section.  A brief meeting of the technical working group was 
held at the end of the workshop. 

15 Dec 2/14 Meeting of the external technical working group. 

16 Jan 15/15 Presentation to the Bluewater Community Advisory Panel.  Progress update. 

17 Jun 10-11/15 First of four sets of meetings between the jurisdictional experts and the Aamjiwnaang 
First Nation Environment Committee and the Walpole Island Heritage Committee. 

18 Jul 7/15 Meeting of the external technical working group. 
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Date Meeting Description 

19 Sep 21/15 Meeting of the external technical working group.  Review of legal drafts. 

20 Nov 4-5/15 
Second of four sets of meetings between the jurisdictional experts and the 
Aamjiwnaang First Nation Environment Committee and the Walpole Island Heritage 
Committee. 

21 Nov 16/15 Meeting of the external technical working group. 

22 Dec 7/15 Teleconference with the external technical working group. 

23 Jan 12/16 Teleconference with the external technical working group. 

24 Feb 2/16 Teleconference102 with the external technical working group. 

25 Week of 
Feb 15/16 

Third103 of four sets of meetings between the jurisdictional experts and the 
Aamjiwnaang First Nation Environment Committee and the Walpole Island Heritage 
Committee. 

102 Teleconferences with the external technical working group are also scheduled for February 23, March 15 and April 
5, 2016. 
103 The fourth set of meetings between the jurisdictional experts and the Aamjiwnaang First Nation Environment 
Committee and Walpole Island Heritage Committee are tentatively scheduled for May 2016. 
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Appendix C: Additional Information 
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Table C-1: Overview of Ontario Petroleum Refining Industry 

Number of 
Employees Products Manufactured 

Petroleum 
Refining 
Capacity 

(bbl/cd) 

Key 
Contaminants 

NPRI 
Reported 

Emissions in 
2011 

(T/year) 

NPRI Trend 
(2007-2011) 

March 31, 2013 
ESDM Reports 

Predicted 
Maximum POI 
Concentration 

(µg/m3) 

Current 
Ministry 

Limit 
Type 

Current 
Ministry 

Limit 

(µg/m3) 

Future 
Ministry Air 

Standard 
2016 

(µg/m3) 

Imperial Oil – 
Nanticoke ~260 

gasoline, aviation fuel, diesel, home 
heating oil, heavy fuel oil and 
asphalt 

112,000 
Benzene 4.2 within 10% 26; 24-hr URT 100; 24-hr 0.45; annual 

B[a]P 1.3E-3 (2009) >75% decrease 8.1E-4; 24-hr URT 5.0E-3; 24-hr 1E-5; annual 

Imperial Oil – 
Sarnia 

(NPRI data for 
refinery only) 

~1,000 gasoline, aviation fuel, diesel, home 
heating oil and marine fuel 121,000 

Benzene 6.5 12% increase 22; 24-hr URT 100; 24-hr 0.45; annual 

B[a]P 4.63E-4 >75% decrease 1.3E-3; 24-hr URT 5.0E-3; 24-hr 1E-5; annual 

NOVA - Corunna ~495 

processes crude oil, condensate and 
natural gas liquids to produce 
ethylene, propylene, butadiene, iso-
butylene, n-butylene, benzene, 
toluene and xylene 

78,000 Benzene 8.3 within 10% 4.4; annual URT 100; 24-hr 0.45; annual 

Shell - Sarnia ~350 
gasoline, distillates, liquid 
petroleum gas, heavy oils, pure 
chemicals, solvents 

75,000 
Benzene 3.8 46% decrease 73.1; 24-hr URT 100; 24-hr 0.45; annual 

B[a]P 1.85E-4 93% decrease 1.5E-4; 24-hr URT 5.0E-3; 24-hr 1E-5; annual 

Suncor - 
Mississauga not available 

heavy duty engine lubricating oils, 
hydraulic fluids, natural gas engine 
lubricating oils, compressor fluids, 
white oils, food-grade oils and 
greases 

~16,000 

Benzene 0.798 92% increase 3.4; annual URT 100; 24-hr 0.45; annual 

B[a]P 2.1E-4 (2000) - 3.0E-6; annual URT 5.0E-3; 24-hr 1E-5; annual 

Suncor - Sarnia not available gasoline, kerosene, jet and diesel
fuels 85,000 

Benzene 6.0 25% decrease 45.5; 24-hr URT 100; 24-hr 0.45; annual 

B[a]P 2.3E-4 (2002) - 1.0E-3; 24-hr URT 5.0E-3; 24-hr 1E-5; annual 
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Notes for Table C-2: 

i) * Predicted point of impingement concentrations of TRS/H2S for Imperial Oil – Nanticoke; Imperial Oil – Sarnia; and Suncor-Mississauga (upper end of the range shown in Table C-2) are
anticipated to be lower than the air standard for TRS/H2S (ie., 7 µg/m3; 24-hr average) pending implementation of facility improvements in the year 2013.

ii) - bbl/cd is a measure of petroleum processing and means US barrels of crude oil processed per calendar day.
- µg/m3 means micrograms per cubic metre.
- ESDM report means emission summary and dispersion modelling report (as described in Ontario Regulation 419/05).
- URT means upper risk threshold (see schedule 6 of Ontario Regulation 419/05) and is used for comparison in the absence of current point of impingement standards and guidelines.
- NPRI means National Pollutant Release Inventory (administered by Environment Canada).
- B[a]P means benzo-a-pyene; NOx means nitrogen oxides; SO2 means sulphur dioxide; and H2S means hydrogen sulphide and is approximately equivalent to TRS (total reduced sulphur)

emissions from petroleum refineries. 

iii) Sources of information for Table C-2: The Canadian Fuels Association web-site and individual company web-sites for production information; the national pollutant release inventory web-site
for annual air emissions reporting data; and tabulated emission summaries within emission summary and dispersion modelling (ESDM) reports for each of the six Ontario petroleum refineries.
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Ontario vs US Refineries: Refining Capacity (US Barrels per Calendar Day)

Ontario vs US Refineries

Average capacity of US refineries = ~ 129,000 Bbl/day

IOL - Sarnia: ~121,000 Bbl/day

IOL - Nanticoke: ~112,000 Bbl/day
NOVA - Corunna: ~78,000 Bbl/day

Suncor - Sarnia: ~85,000 Bbl/day Shell - Corunna: ~75,000 Bbl/day

Median capacity of US refineries=  ~88,000 Bbl/day

Suncor - Mississauga: ~16,000 Bbl/day
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Appendix D:  
Summary of US Federal Equipment Leak Standards 
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Tabulated summary104 of US federal equipment leak standards/requirements for 
petroleum refineries 
o For existing sources: As indicated Equipment “in organic hazardous air pollutant

service”105 shall comply with 40CFR60 subpart VV: Standards of Performance for
Equipment Leaks of VOC in Synthetic or comply with 40CFR63 subpart H: National
Emission Standards for Organic Hazardous Air Pollutants for Equipment Leaks (sections
63.161 thru 63.169, 63.171 – 63.172 and 63.175 – 63.180).  The equipment at an existing
source that is in VOC service (but NOT in organic hazardous air pollutant service) shall
comply with 40CFR 60 subpart GGG: Standards of Performance for Equipment Leaks of
VOC in Petroleum Refineries for Which Construction, Reconstruction or Modification
Commenced After January 4, 1983 and on or Before November 7, 2006.

o For new or reconstructed sources (July 14, 1994 – Nov 7, 2006): Shall comply with
40CFR63 subpart H; except as provided in paragraphs (c) through (i) of section 63.648 (in
subpart CC).  For example, for new petroleum refineries (which commenced operation
between July 14 1994 and November 7 2006), the leak definitions for valves and
connectors are 1000 parts per million (ppm) or greater whereas the leak definitions in
subpart H for the chemical manufacturing industry is 500 ppm.

o For new or reconstructed sources (after Nov 7, 2006): Shall comply with 40CFR60 subpart
GGGa: Standards of Performance for Equipment Leaks of VOC in Petroleum Refineries
for Which Construction, Reconstruction, or Modification Commenced After November 7,
2006.    For example, sub-paragraph (p)(2) of section 63.640 (40CFR63, subpart CC)
Applicability and designation of affected source states that “Equipment leaks that are also
subject to the provisions of 40CFR60 subpart GGGa, are required to comply only with the
provisions specified in 40CFR60, subpart GGGa”.

The tables, below, provide a summary of the following components and aspects that the US 
federal equipment leak standards: 
a) pumps in light liquid service;
b) compressors;
c) valves in gas/vapour or light liquid service;
d) pressure relief valves in gas/vapour service;
e) sampling connection systems;
f) open-ended valves or lines;
g) pumps and valves in heavy liquid service and pressure relief valves in light or heavy liquid service;
h) delay of repair;
i) closed vent systems and control devices;
j) alternative means of emission limitation – connectors in gas/vapour and light liquid service;
k) alternative standards for valves – allowable percentage of valves leaking;
l) alternative quality improvement program for valves;
m) quality improvement program for pumps;
n) record-keeping; and
o) reporting.

Note:  all monitoring or measurements referenced on the following pages is meant to be 
conducted in accordance with US EPA Method 21 – Determination of Volatile Organic 
Compound Leaks. 

104 Reference for tabulated summary: A review of 40CFR60 subpart VV, 40CFR63 subpart H, 40CFR60 subpart GGGa 
and 40CFR60 subpart VVa; and Inspection manual: federal equipment leak regulations for the chemical manufacturing 
industry, volume III: petroleum refining industry regulations. 
105 As indicated in 40CFR63 subpart CC, “in organic hazardous air pollutant service” means that a piece of equipment 
either contains or contacts a liquid or gas that is at least 5 percent by weight of total organic hazardous air pollutant. 
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Tabulated Summary for US Federal Equipment Leak Standards/Requirements for 
Petroleum Refineries 

Component Standard Leak Definition 
(ppm) 

Repair 
Requirements Exemptions 

General 
Applicability 
(existing and 

new): 

Existing and New (where Construction or Reconstruction Commenced Between July 14 
1994 and November 7 2006) 
Section 63.648 of 40CFR63 subpart CC is intended to address equipment leaks from 
petroleum refining process units that emit or have equipment containing or contacting 
one or more of the hazardous air pollutants such as benzene (i.e., that are in organic 
hazardous air pollutant service which means that a piece of equipment either contains 
or contacts a liquid or gas that is at least 5 percent by weight of total organic hazardous 
air pollutant). 

In summary, as indicated in 40CFR63 subpart CC (see both sections 63.640 and 
63.648) existing petroleum refineries shall comply with 40CFR60 subpart VV and new or 
reconstructed refineries (where construction or reconstruction commenced between July 
14 1994 and November 7 2006) shall comply with 40CFR63 subpart H.  Existing 
refineries may instead choose to comply with sections 63.161 through 63.169, sections 
63.171 and 63.172, sections 63.175 through 63.177, and sections 63.179 and 63.180. 

This subpart does not apply to equipment intended to operate in organic HAP service for 
less than 300 hours during the calendar year; and does not apply to a variety of facilities 
including  research and development facilities, units processing natural gas liquids, units 
used specifically for recycling discarded oil, shale oil extraction units and ethylene 
processes. 

Existing and New (where Construction or Reconstruction Commenced after November 7 
2006) 
40CFR63 subpart CC indicates [see section 63.640, paragraph (p)] that 40CFR60 
subpart GGGa contains the relevant rules for equipment leaks from petroleum refineries 
for which construction, reconstruction or modification commenced after November 7, 
2006.  40CFR60 subpart GGGa is entitled, “Standards of Performance for Equipment 
Leaks of VOC in Petroleum Refineries for Which Construction, Reconstruction or 
Modification Commenced After November 7 2006”.  In summary, 40CFR60 subpart 
GGGa generally references the requirements (with specific exceptions) of 40CFR60 
subpart VVa: Standards of Performance for Equipment Leaks of VOC in Synthetic 
Organic Chemicals Manufacturing Industry for Which Construction, Reconstruction, or 
Modification Commenced After November 7, 2006. 

Note: 40CFR60 subpart GGGa does not require compliance with section 60.481-11a (connectors) 
of 40CFR60 subpart VVa and, instead requires compliance with monitoring procedures (using a 
leak detection of 10,000ppm) for connectors if there is evidence of a leak. 
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Component 
Standard  

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Pumps in Light 
Liquid Service 

(existing) 

Summary of 40CFR60 subpart VV 
(see section 60.482-2 for more 
detail):  Monitor monthly. 

If there are indications of liquids 
dripping from the pump seal, the 
owner or operator shall monitor the 
pump within 5 days and designate 
the visual indications of liquids as a 
leak if an instrument reading of 
10,000 ppm or greater is measured. 

10,000 

Repair as soon 
as practicable, 
no later than 15 
calendar days 
after detection. 

First attempt 
within 5 
calendar days 
of detection. 

Best practices 
for first attempt 
include, 
- tightening the
packing gland
nuts; and
- ensuring that
the seal flush is
operating at
design pressure
and
temperature.

Exemption for, 

- for "no detectable
emissions" pumps or
those designated as
“leakless”;

- each pump
equipped with a dual
mechanical seal
system that includes
a barrier fluid
system;

- each pump that is
equipped with a
closed vent system
capable of capturing
and transporting any
leakage from the
seals to a process or
to a fuel system or to
a control device; and

- unsafe-to-monitor”
and “difficult-to-
monitor” pumps.

- exemptions in
paragraphs (e)
through (g) of section
63.648 of 40CFR63
subpart  CC.

See relevant 
sections of 40CFR60 
subpart VV, VVa 
and/or 40CFR63 
subpart H for more 
details with respect 
to the above 
exemptions. 

Pumps in Light 
Liquid Service 

(new… 
constructed 
between 
July 14 1994 to 
Nov 7 2006 or 
alternate for 
existing) 

Summary of 40CFR63 subpart H 
(see section 63.163 for more detail): 

Monitor monthly.  In addition, each 
pump shall be checked by visual 
inspection each calendar week for 
indications of liquids dripping from 
the pump seal. If there are 
indications of liquids dripping from 
the pump seal, a leak is detected.   

In Phase III, for facilities with greater 
than 10 percent pumps leaking, a 
quality improvement program for 
pumps is required (see below and 
section 63.176 of 40CFR63 subpart 
H for more detail). 

Under section 63.648 of 40CFR63 
subpart CC, where there are less 
than 3 percent leaking light liquid 
pumps, may monitor quarterly. 

Phase I106: 
10,000 

Phase II: 
5,000 

Phase III: 
2,000 

Pumps in Light 
Liquid Service 

(new… 
constructed 
after Nov 7 
2006) 

Summary of 40CFR60 subpart VVa 
(see section 60.482-2a for more 
detail):  Monitor monthly.  Also, 
each pump shall be checked by 
visual inspection each calendar 
week for indications of liquids 
dripping from the pump seal. 

2,000 

106 For the purposes of 40CFR63, subpart H, Phase I means beginning on the compliance date; Phase II means one year 
after the compliance date; and Phase III means 2.5 years after the compliance date.  As per 40CFR63, subpart CC the 
compliance date for, 

- new sources (i.e., those sources where construction or reconstruction commenced after July 14, 1994) is after
initial start-up or August 18, 1995 whichever is later;

- existing sources the compliance date is August 18, 1998.
Also, for valves in gas/vapour or light liquid service and for pumps in light liquid service at new sources, 
compliance with Phase II requirements upon start-up and with Phase III requirements within one year after start-up 
is required [see paragraph (d) of section 63.648 of 40CFR63 subpart CC]. 
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Compressors 
(existing) 

and 

Compressors 
(new… 
constructed 
between 
July 14 1994 to 
Nov 7 2006 or 
alternate for 
existing) 

and 

Compressors 
(new… 
constructed 
after Nov 7 2006) 

Summary of 40CFR60 subpart VV 
(see section 60.482-3 for more 
detail) and 40CFR63 subpart H 
(see section 63.164 for more 
detail) and 40CFR60 subpart VVa 
(see Section 60.482-3a for more 
detail):  Each compressor shall be 
equipped with a seal system that 
includes a barrier fluid system and 
that prevents leakage of VOC to 
the atmosphere; equipped with a 
sensor that will detect failure of the 
seal system, barrier fluid system or 
both; each sensor shall be 
checked daily or shall be equipped 
with an audible alarm. 

Alternatively, 
- “no detectible emission”
compressors (tested annually) are
exempt;
- a compressor that is equipped
with a closed vent system to
capture and transport leakage from
the compressor back to a process
or fuel gas system or to a control
device; or
- may a request a “determination of
equivalence” in accordance with
sub-paragraph (c)(1) of 40CFR63,
subpart VV, section 60.482-1.

Not applicable 
for a typical 
compressor 

equipped with 
seal and barrier 
fluid systems. 

500ppm for 
compressor 

designated as a 
“no detectable 

emissions” 
compressor. 

 Repair a leak as 
soon as 
practicable, no 
later than 15 
calendar days 
after detection. 

First attempt 
within 5 calendar 
days of 
detection.  

Exemptions for, 

- no detectible
emission”
compressors
(tested annually);
and

- a compressor that
is equipped with a
closed vent system
to capture and
transport leakage
from the
compressor back to
a process or fuel
gas system or to a
control device.
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Component 
Standard 

(e.g., monitoring frequency; description of 
alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Valves, 
gas/vapour or 
light liquid 
service 

(existing) 

Summary of 40CFR60 subpart VV (see 
section 60.482-7 for more detail): Monitor 
monthly. After two consecutive months of no 
leaks, a valve may be monitored quarterly. 
Provisions made to allow use of qualified 
previously generated monitoring data to use 
less frequent monitoring.  

If leak detected, monitor valve monthly until 
leak is not detected for two consecutive 
months.  

Alternatively, may wish to comply with 
section 60.483-1 or 60.483-2 (see below for 
more detail). 

10,000 ppm 

Repair as soon 
as practicable, 
no later than 15 
calendar days 
after detection. 

First attempt 
within 5 calendar 
days of 
detection. 

Best practices 
for first attempt 
include, 
- tightening of
bonnet bolts;
- replacement of
bonnet bolts; 
- tightening of
packing gland 
nuts; and/or 
- injection of
lubricant into 
lubricated 
packing. 

Also for new 
facilities, when 
repaired, monitor 
at least once 
within first 3 
months of repair. 

Exemption for, 

- for "no
detectable
emissions"
valves or those
designated as
“leakless” (with
respect to
40CFR63
subpart H,
exemption
applies to
phase III) and
measures less
than 500 ppm
initially and
annually,
thereafter.

- for “unsafe-
to-monitor”
valves and
“difficult-to-
monitor valves.

See relevant 
sections of 
40CFR60 
subpart VV, 
VVa and/or 
40CFR63 
subpart H for 
more details 
with respect to 
the above 
exemptions. 

Valves, 
gas/vapour or 
light liquid 
service 

(new… 
constructed 
between 
July 14 1994 
to Nov 7 2006 
or alternate 
for existing) 

Summary of 40CFR63 subpart H (see 
section 63.168 for more detail):  In phases I 
and II, monitor each valve quarterly. 

If ≥ 2% leaking valves at a plant site with 
less than 250 valves in organic HAP service: 
monitor quarterly. 

Also, for Phase III (ie, starting February 18, 
1998 for new and February 18, 2001 for 
existing petroleum refineries in the US).  

Phase I: 
10,000 

Phase II: 
1,000 

Phase III: 
1,000 

Percent Leaking (%) 
Monitoring 
frequency With 

connector 
monitoring 

Without 
connector 
monitoring 

≥ 5 ≥ 4 

Monthly or 
implement quality 
improvement 
program 

< 5 < 4 Quarterly 

< 4 < 3 
Quarterly or once 
every two 
quarters 

< 3 < 2 
Quarterly or once 
every four 
quarters 

Valves, 
gas/vapour or 
light liquid 
service 

(new… 
constructed 
after Nov 7 
2006) 

Summary of 40CFR60 subpart VVa (see 
section 60.482-7a for more detail):  

Same as for existing facilities.  Note lower 
leak definition and 40CFR60 subpart GGGa 
includes the need to comply with monitoring 
procedures (using a leak detection of 
10,000ppm) for connectors if there is 
evidence of a leak. 

500 ppm 
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Pressure 
relief devices 
in 
gas/vapour 
service 

(existing) 

and 

(new… 
constructed 
between 
July 14 1994 
to Nov 7 2006 
or alternate 
for existing) 

and 

 (new… 
constructed 
after Nov 7 
2006) 

 Summary of 40CFR60 subpart VV 
(see section 60.482-4 for more detail) 
and 40CFR63 subpart H (see section 
63.165 for more detail) and 40CFR60 
subpart Vva (see section 60.482-4a for 
more detail): Monitor within five days of 
a pressure relief device release.  Shall 
be operated with no detectable 
emissions, as indicated by an 
instrument reading of less than 500 
ppm above background.   

Any pressure relief device that is 
equipped with a rupture disk upstream 
of the pressure relief device shall have 
the disk replaced within 5 calendar 
days after each pressure release. 

500 ppm 
designation for 
“no detectable 

emissions“ 
- 

Any process 
relief device 
that is routed to 
a process or 
fuel gas system 
or equipped 
with a closed 
vent system 
capable of 
capturing and 
transporting 
leakage 
through the 
pressure relief 
device to a 
control device. 

Any pressure 
relief device that 
is equipped with 
a rupture disk 
upstream of the 
pressure relief 
device. 
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Sampling 
connection 
systems 

Existing  and 
New 

Summary of 40CFR60 subpart VV 
(see section 60.482-5 for more detail) 
and 40CFR63 subpart H (see section 
63.166 for more detail) and 40CFR60 
subpart Vva (see section 60.482-5a 
for more detail):  Each sampling 
connection system shall be equipped 
closed-purge, closed loop or closed-
vent system. 

Not 
applicable Not applicable - 

Open ended 
valves or 
lines 

Existing and 
New 

Summary of 40CFR60 subpart VV 
(see section 60.482-6 for more detail) 
and 40CFR63 subpart H (see section 
63.167 for more detail) and 40CFR60 
subpart Vva (see section 60.482-6a 
for more detail):  
• Each open-ended valve or line

shall be equipped with a cap, blind
flange, plug or a second valve.

• The cap, blind flange, plug or
second valve shall seal the open
end at all times except during
operations requiring process fluid
flow.

• Each open-ended valve or line
equipped with a second valve
shall be operated in a manner
such that the valve on the process
fluid end is closed before the
second valve is closed .

Not 
applicable Not applicable 

Open-ended valves or 
lines in an emergency 

situation which are 
designed to open 

automatically in the 
event of a process 

upset. 
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Component 
Standard 

(e.g., monitoring frequency; description 
of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Pumps and 
valves in 
heavy liquid 
service, 
pressure 
relief valves 
in light liquid 
or heavy 
liquid 
service, and 
connectors. 

Existing and 
New 

Summary of 40CFR60 subpart VV (see 
section 60.482-8 for more detail) and 
40CFR63 subpart H (see section 63.169 for 
more detail) and 40CFR60 subpart VVa (see 
section 60.482-8a for more detail): 
• If evidence of a potential leak is found by

visual, audible, olfactory or any other
detection method at pumps, valves, and
connectors in heavy liquid service and
pressure relief devices in light liquid or
heavy liquid service, one of the following
steps shall be taken

1. The visual, audible, olfactory or other
indication of a potential leak shall be
eliminated; or

2. The equipment shall be monitored
within 5 days.

10,000 
ppm 

Leaks repaired 
within 15 calendar 
days; with a first 
attempt made 
within 5 calendar 
days.  

First attempts shall 
include tightening 
the packing gland 
nuts; and ensuring 
that the seal flush 
is operating at 
design pressure 
and temperature; 
and for valves 
tightening or 
replacement of 
bonnet bolts and 
injection of 
lubricant into 
lubricated packing. 

- 

Delay of 
repair 

Existing and 
new 

Summary of 40CFR60 subpart VV (see 
section 60.482-9 for more detail) and 
40CFR63 subpart H (see section 63.171 for 
more detail) and 40CFR60 subpart VVa (see 
section 60.482-9a for more detail): 
• If it is technical infeasible to repair within 15

days without a process unit shutdown.
• For equipment where leaks have been

detected and the equipment is isolated
from the process and does not remain in
organic HAP service.

• Repair of valves can be delayed if the
emissions caused by immediate repair
would be greater than the fugitive
emissions due to delay of repair and, when
repaired, purged materials are collected
and destroyed.  Delay of repair for a valve
beyond the next shutdown will be allowed
in the supply of valves has been depleted;
and the next process unit shutdown occurs
within six months.

• Delayed repair of pumps is allowed if repair
requires replacing the existing seal system
involves a better performing one; a dual
mechanical seal system; or a replacement
pump that does not have an externally
actuated shaft penetrating the pump
housing; or involves installing a closed-vent
system and control device.  Also, repair is
to be completed no later than 6 months
after the leak in the pump was detected.

• Delay of repair requirements are no longer
applicable if two consecutively monthly
readings are below the leak definition.

- - - 
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Closed vent 
systems and 
control 
devices 

Existing and 
New 

(40CFR63, 
subpart H is 
applicable to 
new or 
reconstructed 
facilities that 
commenced 
operation 
between July 
14 1994 and 
November 7 
2006) 

Summary of 40CFR60 subpart VV (see 
section 60.482-10 for more detail) and 
40CFR60 subpart VVa (see section 
60.482-10a for more detail): 
• For vapour recovery systems (e.g.,

condensers and absorbers):
recover 95 percent or greater of
VOC emissions vented to these
devices; or to an exit concentration
of 20 ppmv on a dry basis,
whichever is less stringent.

• For enclosed combustion devices:
reduce 95 percent or greater of
VOC emissions vented to these
devices;  or to an exit concentration
of 20 ppmv on a dry basis
(corrected to 3 percent oxygen),
whichever is less stringent; or to
provide a minimum residence time
of 0.75 seconds at a minimum
temperature of 816 oC.

• For flares: comply with the
requirements in paragraphs c) to f)
in section 60.18 of 40CFR60
subpart A – general provisions.

• Monitoring requirements: for the
above-noted parameters. 

• Inspection requirements (for the
closed vent system and/or vapour
recovery system):
o for hard-piping systems, - initial

inspection using Method 21 and
annual visual inspection;  and

o for ducting – initial and annual
inspections using Method 21.

40CFR63 subpart H (see section 
63.172 for more detail) 
• Same as above except for the

alternate residence and
temperature time for,
o enclosed combustion devices:

minimum residence time of 0.50
seconds at a minimum
temperature of 760 oC; and

o flares: comply with paragraph b)
of section 63.11 of 40CFR63
subpart A.

500 ppm 

Leaks repaired 
within 15 
calendar days; 
with a first 
attempt made 
within 5 
calendar days. 

Exemptions of 
inspection and repair 
requirements: 
• Delay of repair is

allowed if the repair
is infeasible without
a process unit
shutdown or if
emissions resulting
from immediate
repair would be
greater than a
delay of repair.

• Exempt from
inspection if the
closed vent or
vapour recovery
system is operated
under a vacuum.

• Unsafe to inspect
situations and there
is a written plan to
inspect as
frequently as
practicable during
safe-to-inspect
periods.

• Any parts of the
system that are 
designated as 
“difficult to inspect” 
such as when 
inspecting 
personnel would 
need to be elevated 
more than 2 
metres; less than 
3.0 percent  of the 
closed vent 
systems at a facility 
are designated as 
difficult to inspect; 
and there is a 
written plan that 
requires inspection 
at least every five 
years. 
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Component 
Standard 

(e.g., monitoring frequency; description 
of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Alternative 
means of 
emission 
limitation: 
connectors in 
gas/vapour 
service and 
light liquid 
service (i.e., 
section 
63.649 of 
40CFR63 
subpart CC). 

Existing and 
New 

(40CFR63, 
subpart H is 
applicable to 
new or 
reconstructed 
facilities that 
commenced 
operation 
between July 
14 1994 and 
November 7 
2006) 

As noted above under” Valves, gas/vapour 
or light liquid service”, frequency of 
monitoring of valves (when connector 
monitoring is also conducted) is as follows: 
% leaking valves ≥ 5%... monthly monitoring; 
% leaking valves < 5%... quarterly monitoring; 
%leaking valves <4%... semi-annual monitoring; 
%leaking valves <3%... annual monitoring. 

Connector monitoring options 

• Random 200 connector alternative:
o A random sampling program for

accessible connectors of 2.0 inch
nominal diameter and larger.

o Randomly measure 200 applicable
connectors within the first 12 months
of the Phase III compliance date.

o Frequency of further random
sampling of 200 leaks from
connectors:

% leaking connectors ≥ 2%... semi-annual; 
% leaking connectors > 1% and < 2%... annual 
%leaking connectors >0.5% and < 1%... bi-annual; 
% leaking connectors < 0.5%... every 4 years. 

• Summary of connector in light liquid
service inspection alternative:
o Similar to above but connectors in

light liquid service can be assessed
for leaks based upon whether or
not the amount of liquid dripping is
greater than three drops per
minute.

• 40CFR63 subpart H standard for
connectors in gas/vapour service and in
light liquid service (see section 63.174 of
this subpart for more detail):
o Within 12 months and thereafter

every year (for % leaking greater
than 0.5%); bi-annual (for % leaking
less than 0.5%).

o Connectors that have been opened
or had the seal replaced shall be
monitored within three months.

1000 ppm 

500 ppm 
(in the case 

of 
application 

of 40CFR63 
subpart H) 

Leaks repaired 
within 15 
calendar days; 
with a first 
attempt made 
within 5 calendar 
days.  

After repair the 
leak shall be 
monitored within 
the first three 
months after the 
repair. 

- 
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak Definition 
(ppm) 

Repair 
Requirements Exemptions 

Alternative 
standards for 
valves – 
allowable 
percentage of 
valves leaking 
(i.e., section 
60.483-1 of 
40CFR60 
subpart VV). 

(existing) 

and 

(new… 
constructed 
after Nov 7 
2006) 

Summary of 40CFR60 subpart VV 
(see section 60.483-1 for more 
detail) and 40CFR60 subpart VVa 
(see section 60.483-1a for more 
detail): This is an alternative 
approach to section 60.482-7 
(standards for valves in gas/vapour 
service and light liquid service). 
• Comply with an allowable

percentage of valves leaking to
or less than 2.0 percent.

• Must notify the Administrator.
• Performance test initially (i.e.,

monitored using Method 21
within 1 week) and annually and
upon request.

• The leak percentage (i.e.,
greater than 10,000 ppm) shall
be determined by dividing the
number of valves for which leaks
are detected by the number of
valves in gas/vapour service
within the facility

10,000 ppm 

500 ppm 
(for new… 
constructed 
after Nov 7 

2006) 

Leaking valves 
must be repaired 
in accordance 
with, 

Leaks repaired 
within 15 calendar 
days; with a first 
attempt made 
within 5 calendar 
days; and 

First attempts to 
include, 
• tightening or

replacing of
bonnet bolts;

• tightening of
packing
gland nuts;

• injection of
lubricant into
lubricated
packing.

- 

MOECC – Standards Development Branch:  July 2016 Page 159 



Rationale Document: Petroleum Refining Industry Standard 

Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Alternative 
Quality 
Improvement 
programs  for 
valves 

(new… 
constructed 
between 
July 14 1994 to 
Nov 7 2006 or 
alternate for 
existing) 

Summary of 40CFR63 subpart H (see section 63.175 for more detail): 

• Section 63.175 of 40CFR63 subpart H  (quality improvement program for valves) is an
alternative approach that is applicable in Phase III (i.e., starting February 18, 1998 for new
and February 18, 2001 for existing petroleum refineries in the US) of the implementation of
40CFR63 subpart H. This is intended as an alternative approach for chemical facilities (e.g.,
facilities that can consistently demonstrate less than 2 percent valves leaking can conduct the
leak detection and repair monitoring at a quarterly frequency instead of a monthly frequency)
but it is also an option for petroleum refineries since this section in 40CFR63 subpart H is
referenced in 40CFR63 subpart CC.

The requirements in 40CFR63 subpart CC, section 63.649 (alternative means of emission 
limitation: connectors in gas/vapour service and light liquid service) is anticipated to an alternative 
approach that is more likely to be used by petroleum refineries than section 63.175 of 40CFR63 
subpart H. 
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Quality 
Improvement 
programs  for 
pumps 

(new… 
constructed 
between 
July 14 1994 to 
Nov 7 2006 or 
alternate for 
existing) 

Summary of 40CFR63 subpart H (see section 63.176 for more detail): 

• Section 63.176 of 40CFR63 subpart H is a mandatory quality improvement program for
pumps, in Phase III, at facilities where more than 10 percent of pumps (on a six month rolling
average) are leaking.  This program requires,
o compliance with the other pump standards (i.e., section 63.163 of 40CFR63 subpart H as summarized

above);
o a data collection and record-keeping effort including pump type, service characteristics (such as

discharge pressure, temperature, flow rate, corrosivity and annual operating hours), maximum
instrument readings at each observation in ppm, if a leak is detected the repair methods used and a
description of any maintenance or quality assurance program that has been implemented to improve
emission performance;

o inspection all pumps or pump seals which exhibited frequent seal failures;
o data analysis (to be completed within 18 months) to identify systemic problem areas and remedies

and be used as a basis for identifying superior performing pump or pump seal technology;
o a trial evaluation program (in the event that the data analysis program does NOT identify superior

performing pumps and/or pump seal technology and to be conducted for a 6 month period not later
than 18 months after initiation of the quality improvement program) to assess the feasibility of using
pump designs and/or seal technologies that others have identified as having low emission
performance;

o development and implementation of a pump quality assurance program that details purchasing;
specifications and maintenance procedures; and

o replacement, beginning at the start of the third year,  at the rate of 20 percent per year of pumps
and/or pump seal technology that are not deemed superior emission performance technology.
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Component Description 

Record-keeping 
and Reporting 

(existing) 

Generally, 40CFR63 subpart CC references the record-keeping and reporting requirements of 
40CFR60 subpart VV (existing) and 40CFR63 subpart H (newly constructed or reconstructed 
between July 14 1994 and Nov 7 2006): 

Summary for 40CFR60, Subpart VV (for existing).  See sections 60.486 and 60.487: 

Record-keeping (see section 60.486): 
• Measurement/compliance survey information:

o A list of identification numbers for equipment that is subject to the equipment leak standards (sub-
divided by equipment type).

o A list of equipment that is designated as leak-less.
o A list of equipment that is designated as unsafe or too difficult to monitor.
o A schedule of monitoring.
o The percent valves leaking from each test/survey.
o The background level and maximum instrument reading during each compliance test/survey.
o Design criteria (and any changes to the criteria) for equipment that is subject to equipment leak

standards if the criteria is relevant to ensuring compliance.

• Information related to identified leaks including,
o Weatherproof tagging of all leaking equipment.
o The date that the leak was detected and the dates where repair was attempted.
o The “above 10,000 ppm” measurement reading after each repair attempt.
o The date of the successful repair of the leak.
o The expected date of successful repair if the leak is not repaired within 15 days.
o The signature of the owner/operator who decided that a repair could not be completed until a

shutdown occurred.
o The date of the next shutdown.

• Information related to closed vent systems and control devices including design criteria and
specifications, detailed schematic diagrams, and any changes.

Reporting (see section 60.487): 
• Semi-annual reporting where the initial report shall include process unit identification; number

of valves, pumps, compressors that are subject to the requirements.  Subsequent reports
shall include,
o The number of valves, pumps and compressors where leaks were detected.
o The number of valves, pumps and compressors that were not repaired within the required time-

frames.
o The facts that explain each delay of repair.
o Dates of unit shutdowns.
o Revisions to past reported information.
o Notification of an election to comply with an alternative standard.
o Reporting of the results of performance tests (see section 60.8 of 40CFR60 subpart A – General

Provisions).
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Component Description 

Record-keeping 
and Reporting 

(new… 
constructed 
between 
July 14 1994 to 
Nov 7 2006 or 
alternate for 
existing) 

Generally, 40CFR63 subpart CC references the record-keeping and reporting requirements of 
40CFR60 subpart VV (existing) and 40CFR63 subpart H (newly constructed or reconstructed 
between July 14 1994 and Nov 7 2006): 

Summary for 40CFR63, Subpart H (for new; from July 14 1994 to Nov 7 2006).  See sections 
63.181 and 63.182: 

Record-keeping (see section 63.181): 

• Measurement/compliance survey information:
o A list of identification numbers for equipment that is subject to the equipment leak standards (sub-

divided by equipment type); and identification of the equipment on a site-plan.
o A list of equipment that is designated as leak-less.
o A list of equipment that is designated as unsafe or too difficult to monitor.
o Information related to dual mechanical seal systems (including design  criteria and any changes to

these requirements).
o A schedule of monitoring.
o The percent valves leaking from each test/survey.
o The background level and maximum instrument reading during each compliance test/survey.
o Design criteria (and any changes to the criteria) for equipment that is subject to equipment leak

standards if the criteria is relevant to ensuring compliance.

• Information on closed vent systems and control devices including information on design
criteria; outages.

• Completion of visual inspections including the date of inspection.

• Information related to identified leaks including,
o Weatherproof tagging of all leaking equipment.
o The date that the leak was detected and the dates where repair was attempted.
o The “above 10,000 ppm” measurement reading after each repair attempt.
o The date of the successful repair of the leak.
o The expected date of successful repair if the leak is not repaired within 15 days.
o Delay of repair information including the reason for the delay.
o The signature of the owner/operator who decided that a repair could not be completed until a

shutdown occurred.
o Records of any visual , audible or olfactory evidence of fluid loss.
o The date of the next shutdown.

• Information related to closed vent systems and control devices including design criteria and
specifications, detailed schematic diagrams, and any changes.

• Quality improvement program technology reviews ; measurement results including the
percent leaking valves each quarter; and evidence of required replacement of valves and
pumps.

Reporting (see section 63.182): 

• Similar reporting and notification requirements to 40CFR60, subpart VV (sections 60.486 and
60.487).
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Component 
Standard 

(e.g., monitoring frequency; 
description of alternatives) 

Leak 
Definition 

(ppm) 

Repair 
Requirements Exemptions 

Record-
keeping and 
Reporting 

(new… 
constructed 
after 
Nov 7 2006) 

The record-keeping and reporting requirements for new US petroleum refineries (newly 
constructed or re-constructed after Nov 7 2006) our outlined in 40CFR60 subpart VVa . 

Summary of 40CR60 Subpart VVa (sections 60.486a and 60.487a): 

Record-keeping requirements (see section 60.486): 

• Requirements are similar to the requirements in 40CFR60 subpart VV (section 60.486) and
40CFR63 subpart H (see section 63.181).  The following summarizes the additional
requirements under 40CFR60 subpart VVa,
o Operator identification, monitoring equipment identification, date of monitoring and instrument reading.
o Calibration related information for the monitoring instrument.
o Repairs/adjustments to the monitoring equipment.

Reporting requirements (see section 60.487): 

• Requirements are similar to the requirements in 40CFR60 subpart VV (section 60.486) and
40CFR63 subpart H (see section 63.181).
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Appendix E: 
Program for Sarnia Nov 5-6th 2014 Monitoring Workshop 
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