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The Canadian Association of Petroleum Producers (CAPP) represents companies, large 

and small, that explore for, develop and produce natural gas and oil throughout Canada. CAPP’s 
member companies produce about 80 per cent of Canada’s natural gas and oil. CAPP’s 
associate members provide a wide range of services that support the upstream oil and natural 
gas industry. Together CAPP’s members and associate members are a solution-oriented partner 
to the world’s needs for affordable, clean, safe and secure energy, and an important part of a 
national industry with revenues from oil and natural gas production of about $116 billion a 
year. CAPP’s mission, on behalf of the Canadian upstream oil and natural gas industry, is to 
advocate for and enable economic competitiveness, with environmentally and socially 
responsible performance and is dedicated to advancing reconciliation with Indigenous peoples. 
CAPP is committed to ensuring that Canada is positioned to help meet global climate 
commitments as the supplier of choice in a world that demands a lower carbon energy future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

This publication was prepared for the Canadian Association of Petroleum Producers (CAPP). While it is believed 
that the information contained herein is reliable under the conditions and subject to the limitations set out, CAPP 
does not guarantee its accuracy. The use of this report or any information contained will be at the user’s sole risk, 
regardless of CAPP or its co-funders.  
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1 Overview 

Since crude oil is a complex mixture of hydrocarbon fluids and natural gas, special 
consideration is needed for appropriate classification based upon laboratory samples 
and proper selection of the means of containment as required under the TDG 
Regulations.  

This document provides guidance to consignors on the decision-making necessary to 
meet regulatory compliance with current classification requirements.  
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2 Scope  

Transport of crude oil and related products by rail and tanker truck is regulated by 
Transport Canada under the Transportation of Dangerous Goods (TDG) Act. The TDG Act 
is intended to protect public safety, including first responders, in the event of a 
transportation incident.  

This document provides guidance to consignors on the decision-making necessary to 
meet compliance with the classification requirements of naturally variable crude oil 
products in the Transportation of Dangerous Goods Regulations (TDGR).  

 

  

https://lois-laws.justice.gc.ca/eng/acts/T-19.01/
https://lois-laws.justice.gc.ca/eng/regulations/SOR-2001-286/index.html
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3 Regulations  

The transportation of crude oil and related products is regulated under the federal  

Transportation of Dangerous Goods Act, 1992. The Transportation of Dangerous Goods 
Regulations (TDGR), adopted by all provinces and territories, establishes the safety 
requirements for the transportation of dangerous goods.  

3.1 Dangerous Goods Determination  

Dangerous goods is a material or item with hazardous properties which presents a 
potential hazard to human health and safety, the environment, infrastructure and/or 
their means of transport. Dangerous goods may be solids, liquids, or gases. They are also 
known as hazardous materials.  

It is the consignor's (i.e., shipper) responsibility to determine if a product is regulated as 
dangerous goods. The information related to the classification of dangerous goods can 
mainly be found in Part 2 of the TDG Regulations. Part 2 sets out the classification 
requirements to determine if a product is classified as dangerous goods and, as such, 
regulated.  

A substance is dangerous goods if it is listed by name in Schedule 1 of the TDGR or 
meets the criteria of at least one class of dangerous good as specified in Part 2 of the 
TDGR. Many crude oil and related products are listed in Schedule 1, including UN1267  
PETROLEUM CRUDE OIL, UN1268 PETROLEUM DISTILLATES N.O.S., UN 1993 
FLAMMABLE LIQUID N.O.S, and UN 3494 PETROLEUM SOUR CRUDE OIL, FLAMMABLE, 
TOXIC.  

3.2 Classification on the Basis of Samples  

As of 2014, Special Provision (SP) 92 requires the classification of UN1267 PETROLEUM 
CRUDE OIL, and UN1268 PETROLEUM DISTILLATES based on samples and the production 
of a document containing information on sampling for naturally variable crude oil 
products. N.O.S. SP 92 in the future will also apply to UN 1288 SHALE OIL and UN 3494 
PETROLEUM SOUR CRUDE OIL, FLAMMABLE, TOXIC.  
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Transportation of Dangerous Goods Regulations, Schedule 2  
Special Provision 92  

  

(1) The consignor must classify these dangerous goods [UN1267 and UN1268] 
on the basis of samples.  
(2) The consignor must make available to the Minister, on reasonable notice 
given by the Minister, a document that explains the sampling method and includes 
the following information:  

(a) the scope of the method;  
(b) the sampling apparatus;  
(c) the sampling procedures;  

(d) the frequency and conditions of sampling; and  

(e) a description of the quality control management system in place.  

  

Many methods are available for the sampling of petroleum products. An example 
can be found in American Society for Testing and Materials Standard ASTM D4057- 
12, “Standard Practice for Manual Sampling of Petroleum and Petroleum Products”. 

The frequency and conditions of sampling should allow for the variability of the 

dangerous goods to ensure representativeness. The classification assigned to the 

dangerous goods should reflect the properties of the dangerous goods during 

transport. UN1267, UN1268 
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4 Description of Crude Oil and Related Products  

“Crude Oil” refers to crude petroleum oil and all other hydrocarbons (including diluted 
bitumen and synthetic crude oil), regardless of density, that are recovered or are 
recoverable at a well from an underground reservoir. Crude oil is liquid at the conditions 
under which its volume is measured or estimated and is unrefined (having limited or no 
modification). “Oil”, “crude”, “crude oil”, “petroleum”, and are additional terms referring 
to crude oil and/or types of crude oil. A glossary of terms is available in Appendix A.  

As a rule:  

Å If hydrocarbons in the reservoir are principally in the liquid phase, the first phase is 

liquid and the second phase to develop is gas. The term “oil” is used for both the 

reservoir liquid and the liquid that remains after dissolved gas is liberated when 

pressure is reduced by production and separation. The gas (forming in a separator or 

in the reservoir) is called “solution gas”.  

Å If the hydrocarbons in the reservoir are principally in the gas phase, the second phase 

that develops is liquid. The term “condensate” is used for the condensed liquids 

when temperature is reduced and/or pressure is increased (in the reservoir or in a 

separator).  

Å Some reservoirs contain both phases and go from liquid phase “oil” to a gas phase 

“retrograde gas-condensate or rich gas”.  

Note: Refined petroleum products must be classified in accordance with the usual 
classification scheme of the TDGR, on a consignment-by-consignment basis, instead of 
the general sampling and testing program required by SP 92 (which are the same 
requirements as those in 49-CFR).  

4.1 Crude Oil  

Crude oil is a mixture mainly comprised of pentanes and heavier hydrocarbons that may 
be contaminated with sulphur compounds. It is recovered or recoverable at a well from 
an underground reservoir and includes all other hydrocarbon mixtures recovered or 
recoverable except raw gas, condensate, or bitumen.  

4.2 Condensate  

Condensate comprises pentanes and heavier hydrocarbons that may be contaminated 
with sulphur compounds. It is recovered or recoverable at a well from an underground 
reservoir and may be gaseous in its virgin reservoir state but is liquid at the conditions 
under which its volume is measured or estimated.  
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4.3 Bitumen & Synthetic Crude Oil  

Bitumen (extra heavy oil) is a naturally occurring viscous mixture of hydrocarbons 
heavier than pentane and, in its naturally occurring viscous state, will not flow into a well 
or through a pipeline. Bitumen is not only heavy, but also contains heavy metals, 
corrosive salts, and a significant amount of sulphur. Bitumen is extracted by mining or in-
situ and is primarily located in oil sand reservoirs.  

To transport bitumen to market, it is usually either diluted or upgraded (converted).  

Å Diluted bitumen is non-upgraded bitumen mixed with condensate (typically natural 

gas condensate), or other low-density products, for transport (dilbit). Most diluted 

bitumen is sourced from in-situ facilities.  

Å Upgraded bitumen uses fractionation and/or chemical treatment, removing virtually 

all traces of sulphur and heavy metals, to convert bitumen into synthetic crude oil. 

Synthetic crude oil is an intermediate product derived from bitumen into a 

transportable form. Most upgraded bitumen is sourced from oil sands mining 

operations.  

Å Synthetic crude oil can also be mixed, and used as a diluent, with bitumen to 

create synbit. Synbit is more viscous than synthetic crude.  

Some bitumen may be transported as a solid. If all the solvent is removed from the solid 
bitumen, it likely would not classify as dangerous goods.  

4.4 Flammable Liquid Gasses  

Petroleum gases are not subject to this guidance, but a description has been included for 
context. Petroleum gases are hydrocarbons such as methane, ethane, propane, butane, 
isobutane, and pentane, obtained from the processing of raw gas, condensate, or crude 
oil. These gases are commonly transported as liquefied gas mixtures. Pure gas  
liquids contain at least 90 per cent of a primary molecule in accordance with the US 
Energy Information Administration, 2020.  

Liquefied natural gas or liquid natural gas (LNG) is predominately methane which has 
been cooled to the point of liquefaction (-161 °C) for ease of transport.  

Example of shipping classification includes UN 1971 METHANE, COMPRESSED; or  

NATURAL GAS, COMPRESSED with high methane content.  

Natural gas liquids (NGL) are the heavier hydrocarbons that remain after the methane 
(natural gas) and impurities are removed from the raw gas. Natural gas liquids are 
separated from natural gas through condensation or absorption. NGLs include isobutane, 
ethane, ethene, propene, isobutene, butadiene, pentane, pentene, and pentanes plus, as 
well as propane and butane.  

Example of shipping classification: UN 1965 HYDROCARBON GAS MIXTURE, LIQUEFIED, 
N.O.S  
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Liquefied petroleum gases (LPG) are typically a mixture of the petroleum gases propane, 
butane and isobutane, used for heating, cooking and vehicle fuel. LPG is produced during 
natural gas processing and petroleum crude oil refining.  

Example of shipping classification: UN 1075 LIQUEFIED PETROLEUM GASES which can be 
used for the following products as defined in Part 1.32.1. of the Transportation of 
Dangerous Goods Regulations;  

(a) UN1011, BUTANE;  

(b) UN1012, BUTYLENE;  

(c) UN1055, ISOBUTYLENE;  

(d) *UN1077, PROPYLENE;  

(e) UN1969, ISOBUTANE; and   
(f) *UN1978, PROPANE.  
 
Notes:  
Å *If either UN1077, PROPYLENE, or UN1978, PROPANE, is to be transported on a road 

vehicle or railway vehicle on board a vessel and is identified as LIQUEFIED 

PETROLEUM GASES on the shipping document in accordance with subsection (1), the 

shipping name PROPYLENE or PROPANE, as appropriate, must be shown on the 

shipping document, in parentheses, following the words “LIQUEFIED PETROLEUM 

GASES”.  

Å The shipping name of the dangerous goods listed in (a) to (f) may be shown on the 

shipping document, in parentheses, following the words “LIQUEFIED PETROLEUM 

GASES”.  

4.5 Produced Water  

Produced water is any water that is present in a reservoir with hydrocarbons and/or is 
produced/processed at the surface with the crude oil or natural gas.  

Due to its potential hydrocarbon content, an appropriate sampling and testing protocol is 
needed to determine if produced water meets the criteria of dangerous goods (see 
Appendix B). Depending upon the sampling results, the produced water may meet the 
criteria for other dangerous goods classes as well.  

Produced water that does not meet the criteria of dangerous goods is not regulated 
under the TDGR.  
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4.5.1 Road Transportation of Produced Water  

Highway tanks used to transport produced water are often also used to transport 
petroleum crude oil, condensate and other oil and gas products. Currently, there are no 
regulatory requirements to clean and purge a highway tank, which previously contained 
petroleum crude oil or any other dangerous goods, prior to filling it with produced water. 
As such, there is often a residue of petroleum crude oil in the highway tank.  

When transporting a load of produced water that is not classified as dangerous goods, 
with a residue of petroleum crude oil, the TDGR apply, so you must:  

Å Use a specification highway tank.  
Å Keep the Class 3 safety marks on the highway tank until it is cleaned and purged.  
Å Identify the petroleum crude oil residue on a shipping document. To avoid confusion, 

it is suggested to identify the produced water on a separate shipping document.  
Å Ensure the driver of the vehicle has TDG training.  
 
The requirements of the TDGR do not apply to produced water when:  
Å testing determines that produced water is NOT classified as dangerous goods, and 
Å transported in a highway tank that was cleaned and purged prior to loading.  

For further information, please refer to the Transport Canada Bulletin on Produced 
Water (2020).  

 

https://tc.canada.ca/en/dangerous-goods/produced-water
https://tc.canada.ca/en/dangerous-goods/produced-water
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5 Characterizing Crude Oil and Related Products  

The consignor (shipper) is responsible for characterizing each product. The product 
characterization is then used to define the appropriate handling, treatment, and disposal 
of that product. Characterization is the assessment of the physical, chemical, and 
toxicological characteristics (i.e., properties) of a product. There are three primary 
reasons for characterization:  

Å To identify the occupational health and safety hazards and define the control 

measures needed for worker safety,  

Å To evaluate the dangers related to transportation on public roads and railways, and  

Å To assess the environmental consequences of the product so that appropriate 

emergency preparedness and response measures may be used.  

Product characterization provides information to properly classify the product as per 
regulatory requirements.  

 

 

Figure 5-1 Characterization vs. Classification 

 

When characterizing any product, the Safety Data Sheet (SDS) and previous classification 
for the product should be consulted (if applicable) in addition to laboratory testing.  

 

Characterization 

Identifies the product's physical,  
chemical, and toxicological  

characteristics 

Classification 

Describes the product as per  
regulatory requirements 
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5.1 Characterization for TDG Classification  

Subsection 2.2(1) of the TDG Regulations requires the consignor to classify dangerous 
goods.  
 
Transportation of Dangerous Goods Regulation, Part 2 Classification  

2.2 Responsibility for Classification  

 
(1) Before allowing a carrier to take possession of dangerous goods for transport, the consignor 

must determine the classification of the dangerous goods in accordance with this Part.  

The classification of dangerous goods is normally done by, or in consultation with, a 
person who understands the nature of the dangerous goods such as a manufacturer, a 
person who formulates, blends, or otherwise prepares mixtures or solutions of goods. 

Crude oil and related products need to be analyzed to determine the physical and 
chemical characteristics of the composition prior to it being offered as a product for 
transport by truck or rail. Evaluation of the physical and chemical properties, with 
consideration being given to known or possible hazardous constituents, is critical to 
proper classification.  

The primary hazards of crude oil and related products include volatility, flammability, and 
toxicity.  
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6 Sampling & Testing Program  

A sampling program should periodically test the crude oil or related products to confirm 
classification, assess variability and identify trends.  

The product sampling program should consider the need for both initial and ongoing 
sampling. Routine sampling is required for the transportation of crude oil. It is recognized 
that the analytical results of samples will vary depending on several factors such as 
location, formation, seasonality and weathering, age of the well, production rate, 
production upsets, product blending, and other factors that have the potential to alter 
the composition of the crude oil and other products over time.  

The impact of sampling methods (e.g., static, and dynamic) on the results needs to be 
considered. Procedures need to be in place to ensure Packing Group (PG) assignment 
and package selection are not affected by products introduced downstream of the 
sample point (e.g., butane or diluent). Representative samples should be obtained as 
close as practical to the loading and after the blending point. In all cases, the sample 
should be representative of the product in the means of containment.  

6.1 Sampling Frequency  

Establishing an appropriate sampling frequency is critical to accurate classification of 
crude and related products for transportation on an ongoing basis. It is important that 
the sampling frequency of crude oil and related products captures the inherent 
variability. This may require sampling multiple times during the year, or more frequently 
to obtain consistent data in the sample results and to ensure sufficient data is available 
to allow for classification (see Figure 6-1).  

Additional sampling is required if the results vary such that the Class(es) and/or PG for a 
product change. Repeat sampling until the results provide sufficient data for confidence 
in the assignment of the Class(es) and/or PG. Once consistent data is achieved, less 
frequent testing is needed. However, the frequency should always be set to ensure the 
sampling program will detect any emerging trend.  
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Figure 6-1 Sampling Frequency for Crude Oil and Related Products 
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6.2 Sampling Locations  

Sampling is required at road and rail loading facilities. Sampling locations need to be 
selected so that the results of the testing are representative of the products consigned 
for transport. The figure below illustrates a typical scenario and identifies two points 
identified with an “X” that may be most appropriate to sample.  

 

Figure 6-2 Typical sampling scenario 

The number of samples obtained should take into consideration how the crude oil or 
related product is loaded and the number of trucks or rail tank cars to be loaded. For rail 
transport, they may be as large as unit trains (trains containing a single commodity 
originating at a single origin and terminating at a single destination), or as small as a 
single manifest rail tank car.  

When loading from a single storage tank (assuming that the crude oil or related product 
is mixed), one sample per truck or unit train may be sufficient as the same well-mixed 
product is being loaded into all rail tank cars. This sample could be taken directly from 
the tank, provided there is no introduction of a product from another source into the 
truck or rail tank car. If the storage tank volume exceeds the truck or rail tank car 
volume, then only one sample needs to be taken.  

If a truck, rail car or unit train is being filled by more than one tank, then sampling needs  
to be representative of the entire load. A record detailing which truck or rail tank car is 
filled from which storage tank(s) should be created and retained.    
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6.3 Sample Collection & Handling  

Proper sample collection and handling methods are required to ensure the results are 
representative of the crude oil or related product being loaded. The potential for gases 
and vapours to be released during sample collection and handling will impact the 
sample analysis.  

The terms “live crude oil” vs “dead crude oil” provides an indication of the composition 
of the material to both sampling personnel and laboratory staff.  

Å “Dead crude oil” are crude oils that will not release gases from the sample when 

exposed to normal atmospheric pressure at room temperature.  

Å “Live crude oil” are crude oils that will release gases or vapours from the sample 

when brought to normal atmospheric pressure at room temperature. If a crude oil 

has a vapour pressure that exceeds the atmospheric pressure to which it is exposed 

then it will release gases or vapours, resulting in a loss of components which will 

underestimate the amount of lighter ends.  

Live crude samples collected in open containers and collection systems will result in an 
over-estimation of the flash point and initial boiling point which will lead to inaccurate 
assignment of Class and/or Packing Group. To minimize loss of volatile low molecular 
weight components, live crude oil and related product samples must be collected using 
the closed container methods and collection systems. For example, evacuated cylinders 
or floating piston cylinders are specified for analysis for flashpoint and initial boiling 
point as they retain light ends.  

Some suggested sampling methods include ASTM D8009, ASTM D3700, and ASTM 
D4057.  

ASTM D8009 Standard Practice for Manual Piston Cylinder Sampling for  

Volatile Crude Oils, Condensates, and Liquid Petroleum Products (Closed 

Method)  

This practice allows the collection of a representative sample of crude oil 
and/or condensate that may contain trace volatile dissolved components such 
as methane, ethane, propane, and fixed gases that would normally be lost 
using conventional atmospheric sampling methods. These highly volatile 
components can result in vapour pressure conditions above atmospheric 
pressure. This practice is recommended whenever accurate determination of 
vapour pressure, flash point, or other properties are required and where loss 
of volatile components can affect the test results.  

This practice is intended for capturing samples of crude oil and/or condensate 
for testing for the purpose of classification for transportation of dangerous 
goods as UN Class 3 Flammable Liquids but is not limited to classification 
testing. Other test methods with sensitivities to light end loss may also utilize 
this sampling practice.  
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*ASTM D3700 using a floating piston cylinder is recommended whenever true 
vapour pressures greater than 300 kPa at 50 °C are anticipated.  

ASTM D3700 Standard Practice for Obtaining LPG Samples Using a Floating 

Piston Cylinder (Closed Method)  

This practice covers the equipment and procedures for obtaining a  

representative sample of liquefied petroleum gas (LPG), other natural gas 
liquid (NGL) products that are normally single phase (for example, NGL mix, 
field butane, and so forth), and for volatile (higher vapour pressure) crude oils.  

* Some floating piston cylinders have such tight piston seals that the vapour 
pressure of some high vapour pressure crude oils may not be sufficient to 
allow sampling without a handle to move the piston. An alternative sampling 
practice for UN Class 3 liquids (under 300 kPa at 52 °C) is Practice D8009, which 
utilizes a Manual Piston Cylinder (MPC) sampler.  

ASTM D4057 Standard Practice for Manual Sampling of Petroleum and 

Petroleum Products (Open Method)  

Based on the product, and testing to be performed, this practice provides 
guidance on sampling equipment, container preparation, and manual sampling 
procedures for petroleum and petroleum products of a liquid, semi-liquid, or 
solid state, from the storage tanks, flowlines, pipelines, marine vessels, process 
vessels, drums, cans, tubes, bags, kettles, and open discharge streams into the 
primary sample container.  

This practice covers procedures and equipment for manually obtaining samples 
of liquid petroleum and petroleum products, crude oils, and intermediate 
products from the sample point into the primary container are described. 
Procedures are also included for the sampling of free water and other heavy 
components associated with petroleum and petroleum products.  

Consult the analytical lab to determine the most appropriate sampling container for the 
sample and tests appropriate for the product. All samples are to be submitted with a 
completed chain-of-custody form specifying the analysis requested.  

6.3.1 Competency of Employees  

Sampling methods are critical to ensure accurate laboratory results for the proper 
classification of dangerous goods. Employees involved in sample collection for the 
purposes of classification should be trained and assessed for this critical task.  

Consignors of dangerous goods need to provide appropriate training and competency 
assurance for those collecting samples for TDG classification.  
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6.4 Analytical Methods  

ASTM International is an international standards organization that develops and 
publishes voluntary consensus technical standards. Specific ASTM methods are used to 
determine product characteristics.  

When determining the classification of petroleum products, consignors are responsible 
to choose an appropriate test method, based on the scope of the method and the 
product itself.  

6.4.1 Methods for Determining Volatility  

The vapour pressure of a crude oil, condensate or other related petroleum products is 
an important property that provides an indication of the volatility of the product.  

Crude oil may meet the classification criteria for a Class 2 Gases, Class 3 Flammable 
Liquids, and/or Class 6.1 Toxic Substances under the TDG Regulation. Crude oils may 
contain sufficient light ends to result in a vapour pressure greater than 300kPa @ 50 °C 
(which would meet the criteria of a Class 2.1 Flammable Gas under the TDG 
Regulations).  

Vapour pressure is defined as the pressure exerted by a vapour in thermodynamic 
equilibrium with its condensed phases at a given temperature in a closed system. 
Vapour pressure can be measured as true vapour pressure or Reid Vapour Pressure.  

Å True Vapour Pressure (TVP) - The TVP, or bubble point vapour pressure, is the 

equilibrium vapour pressure of a mixture (including any dissolved gasses that may be 

present) when the vapour to liquid ratio is effectively zero. It is the highest vapour 

pressure which is possible at any specified temperature. As the temperature of a 

petroleum mixture increases, its TVP also increases. (IMO, 2006). The TVP of a given 

oil or fluid is of interest because it defines the point of vapour initiation (i.e. the 

boiling point or bubble point).  

Å Reid Vapour Pressure (RVP) – The RVP is the measure of the absolute pressure 

exerted by a liquid at 100 °F (37.8 °C), at a vapour to liquid ratio of 4:1.  

The vapour pressure indicates the potential for lighter ends to vapourize from the crude 
oil liquid. Products with low vapour pressure are less likely to evaporate; products with 
high vapour pressure are more likely to evaporate from the crude oil liquids. This can 
increase pressure inside the means of containment. As such, controlling the vapour 
pressure helps to prevent costly damage to pipelines or vessels transporting crude oil. 
Vapour pressure also provides guidance on how petroleum facilities need to be built to 
survive a process safety event.  
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Transportation of Dangerous Goods Regulation, Part 1  

Section 1.4 Definitions  

Gas means a substance that at 50°C has a vapour pressure greater than 300 kPa or that 

is completely gaseous at 20°C at an absolute pressure of 101.3 kPa and that is  

a) compressed (other than in solution) so that when it is packaged under pressure for 

transport it remains entirely gaseous at 20 °C;  

b) liquefied so that when it is packaged for transport it is partially liquid at 20 °C;  

c) refrigerated so that when it is packaged for transport it is made partially liquid 

because of its low temperature; or  

d) in solution so that when it is packaged for transport it is dissolved in a solvent.  

A degasification program can remove gas from oil, which reduces its bubble point 
pressure and gas-oil ratio, which in turn significantly increases the safety of product 
transport.  

A product is normally considered "live crude oil" until the vapour pressure can be 
established. There are three methods that are used to determine vapour pressure: 
ASTM D6377, ASTM D6378 or ASTM D7975.  

ASTM D6377 is the preferred method for determination of true vapour pressure for all 

crude oils.  

ASTM D6377 Standard Test Method for the Determination of Vapour 
Pressure of Crude Oil - VPCRx (Expansion Method)  

ASTM D6377 can measure true vapour pressure (TVP) which is when the 
gas/liquid ratio is effectively zero. It is the highest vapour pressure which is 
possible at any specified temperature. This is the most flexible test and is 
suitable for use with all products, including: finished products, crude oil, 
condensate and LPG/NGL. ASTM D6377 is prescriptive in its use of floating 
piston or manual piston cylinders for sampling and the method requires 
transfer of the sample into the apparatus via single-phase transfer. This 
ensures the sample is tested at the conditions in which it was sampled, 
providing unbiased results.  

The method also allows the user to select the conditions for which the test is 
performed to match the conditions for which the results are required. 
Different storage and transport conditions have different vapour/liquid and 
temperature combinations. For example, a floating roof tank effectively has a 
0:1 V/L ratio while a railcar may require 0.25:1 but the vapour pressure is 
significantly different under both conditions. For the purposes of classification, 
a V/L which is representative of transport conditions should be used.  



 

  
6-20 | P a g e  

ASTM D8003 Standard Test Method for Determination of Light Hydrocarbons 
and Cut Point Intervals in Live Crude Oils and Condensates by Gas 
Chromatography  

The most significant advantage of the D8003 test method is that it can be 
employed to identify the composition of products that exhibit out-of 
specification vapour pressures and identify the potential source.  

This test method determines methane (nC1) to hexane (nC6), cut point carbon 
fraction intervals to nC24 and recovery (nC24+) of live crude oils and 
condensates without depressurizing, thereby avoiding the loss of highly 
volatile components and maintaining sample integrity. This test method 
provides a highly resolved light end profile which can aid in determining and 
improving appropriate safety measures and product custody transport 
procedures.  

Equation of state calculations can be applied to variables provided by this 
method to allow for additional sample characterization.  

This test method covers the determination of light hydrocarbons and cut point 
intervals by gas chromatography in live crude oils and condensates with VPCR4 
up to 500 kPa at 37.8 °C.  

ASTM D323 Standard Test Method for Determination of Vapour Pressure of 

[Dead Crude Oils] and Petroleum Products (Reid Method)  

Reid Vapour Pressure (RVP) is defined as the absolute vapour pressure exerted 
by a liquid at 37.8°C as determined by the test method ASTM D323. The Reid 
vapour pressure differs from the true vapour pressure of the sample due to the 
vapour to liquid ratio of 4:1, some small sample vapourization and the presence 
of water vapour and air in the confined space.  

ASTM D323 is only recommended for analyzing “dead crude oil”.  
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6.4.2 Methods for Determining Flammability  

Flammability of crude oil and related products is determined by measuring the flash 
point and initial boiling point. The flash point is used to determine if the product meets 
the criteria for inclusion in Class 3, Flammable Liquids. The consignor must then use the 
flash point and initial boiling point of the product to select the proper packing group. 
Table 1 lists the criteria for Class 3 Flammable Liquids packing groups.  

Table 6-1 Criteria for Assignment of Packing Group for a Class 3 Flammable Liquid 
using Flash Point (closed cup) and Initial Boiling Point 

Packing Group  Flash Point (closed cup)  Initial Boiling Point  

I  ---  ≤35°C  

II  ≤23°C  >35°C  

III  ≥23°C or ≤60°C  >35°C  

 

Å Packing Group I has the highest fire and explosion hazard.  

Å Packing Group III has the lowest fire and explosion hazard.  

Å Products with a flash point ≥60°C are not Class 3 dangerous goods. 

 

6.4.2.1 Initial Boiling Point  

The initial boiling point at a given pressure is defined as the temperature value when the 
first bubble of vapour is formed from the liquid. This initial boiling point for a mixture is 
a function of pressure and composition.  

For crude oil and related products, the initial boiling point is the calculated boiling point 
from test methods ASTM D7900 or D8003, or the temperature at which the first drop of 
condensate falls from the lower end of the condenser tube of the test apparatus in 
ASTM D86.  

The consignor must choose a suitable initial boiling point test that ensures sample 
integrity and minimal loss of all volatile components.  

 

ASTM D7900 or ASTM D8003 are the preferred methods for determination of the initial 

boiling point for crude oils.  
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ASTM D7900 Standard Test Method for Determination of Light Hydrocarbons 
in Stabilized Crude Oils by Gas Chromatography (conducted from 0.5 weight 
%)  

This is automatically calculated as part of the ASTM D7900 Software. The 
advantage of this method is that it is an accurate measurement of boiling point 
based on composition of the product. The disadvantage is that the analysis 
does require sample transfer from original container to a small septum vial 
prior to analysis under controlled (temperature) conditions. This could lead to 
small amounts of lost volatile components.  

ASTM D8003 Standard Test Method for Determination of Light Hydrocarbons 
and Cut Point Intervals in Live Crude Oils and Condensates by Gas 
Chromatography (calculated from 0.5 weight %)  

This can be calculated from the composition of the sample. This is an accurate 
measurement of boiling point based on composition of product. Another 
advantage is that it uses a direct injection of the sample from a sealed and 
phase-controlled container such as a floating piston cylinder or an evacuated 
cylinder under single phase injection. This method is not suitable for heavy 
product and is currently under ASTM review.  

ASTM D86 Standard Test Method for Distillation of Petroleum Products and 
Liquid Fuels at Atmospheric Pressure [Dead Crude Oils]  

This test method involves the atmospheric distillation of the products using a 
laboratory distillation unit to quantitatively determine the boiling range. A 
sample is distilled at ambient pressure. Systematic observations of 
temperature readings and volumes of condensate are made. The temperature 
at which the first drop of condensate falls from the lower end of the condenser 
tube of the test apparatus is recorded as the initial boiling point.  

This test is suitable if the product is demonstrated to be stable and have a 
boiling point above 20°C (room temperature). Although consignors may use 
ASTM D86 to determine the initial boiling point of some refined petroleum 
products, it is not appropriate for determining the initial boiling point of “live” 
crude oils or those containing volatile components such as methane, ethane, 
propane, and butane.  
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6.4.2.2 Flash Point  

Flash point is an important concept in transport, storage and handling because it is a 
gauge of fire hazard for a given liquid. Flash point is the lowest temperature at which a 
flammable liquid can form an ignitable mixture in air near the surface of the liquid. The 
lower the flash point, the easier it is to ignite the liquid.  

ASTM D3828 – Standard Test Methods for Flash Point by Small Scale Closed 
Cup Tester  

These test methods are used to determine the lowest temperature at which the 
test specimen will evolve sufficient vapour to form a flammable mixture with air 
under controlled laboratory conditions. Flash point values are a function of the 
apparatus design, the condition of the apparatus used, and the operational 
procedures carried out and are most useful for assessing the relative fire hazard 
of flammable liquids.  

Method A—Flash/No Flash Test—A test specimen is introduced by a syringe, 
into the test cup of the selected apparatus that is set and maintained at the 
specified temperature. After a specific time, an ignition source is applied, and a 
determination made as to whether a flash occurred.  

Method B—Finite (or Actual) Flash Point—This method essentially repeats 
Method A several times, and by changing the test temperature and test 
specimen several times, determines the flash point.  

A test specimen is introduced into the test cup of the selected apparatus that 
is maintained at the expected flash point. After a specified time, an ignition 
source is applied, and a determination made whether a flash occurred.  

The test specimen is removed from the test cup; the test cup and cover are 
cleaned, and the test temperature adjusted 5 °C (9 °F) lower or higher 
depending on whether a flash occurred previously. A fresh test specimen is 
introduced and tested. This procedure is repeated until the flash point is 
established within 5 °C (9 °F).  

The procedure is then repeated at 1 °C (2 °F) intervals until the flash point is 
determined to the nearest 1 °C (2 °F).  

If improved accuracy is desired the procedure is repeated at 0.5 °C (1 °F) 
intervals until the flash point is determined to the nearest 0.5 °C (1 °F).  

The scope of the ASTM D3828 is from -30 °C to 300 °C, which makes it suitable 
for analyzing all samples that are mentioned in this document.  
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ASTM D93 – Standard Test Method for Flash Point by Pensky-Martens Closed 
Cup Tester  

The brass test cup in the Pensky-Martens closed-cup apparatus is filled as 
specified and is heated and stirred. An ignition source is directed into the test 
cup at regular intervals until a flash is detected. The temperature at which the 
flash occurs is reported as the flash point.  

The scope of the ASTM D93 is limited from 40 °C to 370 °C, which makes it 
unsuitable for analyzing samples that are composed of light hydrocarbons.  

6.4.3 Methods for Determining Toxicity  

Petroleum crude oil is usually classified as UN 1267 PETROLEUM CRUDE OIL. However, 
hydrogen sulphide (H2S), a common toxic component in crude oil, presents a toxicity 
hazard during transportation. H2S is a well-known and identified hazard in the oil and 
gas industry. Occupational hazards associated with handing and transporting crude oil 
containing toxic components are effectively addressed by existing federal and provincial 
WHMIS regulations, and industry best practices. In Canada, TDG regulations are in place 
to protect public safety, as defined in the TDG Act, and provide a classification to 
address crude oil that are flammable and toxic (UN3494 PETROLEUM SOUR CRUDE OIL, 
FLAMMABLE, TOXIC).  

6.4.3.1 Petroleum Sour Crude Oil  

The UN Model Regulations changed in 2008 to allow for a new entry (UN 3494  

PETROLEUM SOUR CRUDE OIL, FLAMMABLE, TOXIC) for petroleum crude oil containing 
hydrogen sulphide in sufficient concentration that vapours evolved from the crude oil 
could present an inhalation hazard. UN 3494 is a Class 3(6.1) and the packing group 
assignment is determined by the flammability hazard and inhalation hazard, in 
accordance with the degree of danger presented.  

In 2014, Transport Canada adopted the crude oil shipping name, UN3494 PETROLEUM 
SOUR CRUDE OIL, FLAMMABLE, TOXIC.  

Consignors must classify their petroleum crude oil in accordance with the existing 
requirements in Part 2 of the TDGR. This means that consignors must ensure that crude 
oil is sampled and tested for toxicity. The toxic components of concern during a crude oil 
release are in the vapour, or gas phase, in the crude oil’s means of containment.  

6.4.3.2 Crude Oil Vapour Toxicity  

Crude oil naturally contains chemicals considered toxic and the effects of these 
individual chemicals should be evaluated. Therefore, the overall toxicity of the vapour 
mixture has to be determined by means of a calculation based on the toxicity and the 
respective concentration of individual components in order to ensure a consistent 
classification. Toxicity may also be determined by other methods prescribed in Part 2 of 
the TDG Regulations. 
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For the purposes of classification under the TDG Regulations, the concentration of the 
toxic gases and vapours that present an inhalation hazard must be measured in the gas 
phase to determine the acute toxicity, or LC50, of the crude oil vapour. The main toxic 
component for inhalation is hydrogen sulfide.  

Other toxic components may also be present in crude oil such as benzene, toluene, 
xylenes; however, they typically do not qualify as acute or immediate risks to life and 
health (i.e. LC50 greater than 5,000 ppm) so they are usually not in scope. NOTE: The 
shipper needs to confirm the classification as per Part 2 of the TDGR. Emergency 
scenarios such as crude oil fires and explosions may also produce toxic air contaminants 
during combustion such as carbon monoxide, carbon dioxide and polycyclic aromatic 
hydrocarbons, however, they are also not relevant to TDG classification.  

6.4.3.3 Determining Vapour Toxicity  

The TDG Regulations provide a method for calculation of vapour toxicity (Part 2.17) 
which uses the LC50 and vapour fraction of toxic components to calculate the LC50 of 
the vapour mixture.  

Transportation of Dangerous Goods Regulation, Part 2.17  

Determination of LC50 of a Mixture of Gases  

 

To determine the LC50 of a mixture of gases when the LC50 of each of the gases is known, use 

5000mL/m3 as the toxic limit and,  

a) if the mixture contains only one gas with an LC50 less than or equal to the toxic limit (called 

“Gas A”), use the following calculation:  

  

LC50 of the mixture = (LC50 of Gas A) ÷ (fraction by volume of Gas A in the mixture)  

or  

 
b) if the mixture contains more than one gas with an LC50 less than or equal to the toxic limit 

(called “Gas A”, “Gas B”, etc.),  

  

i. determine the contributing number (CN) of each of the gases with an LC50 less than or 

equal to the toxic limit using the formula  

CN Gas A = (LC50 of Gas A) ÷ (fraction by volume of Gas A in the mixture)  

  

ii. combine the contributing numbers (CN) of each gas with an LC50 less than or equal to 

the toxic limit using the formula  

T = 1 ÷ (CN Gas A) + 1 ÷ (CN Gas B) + (as needed)  
 

iii. and obtain the LC50of the mixture by dividing 1 by the number T  

LC50of the mixture = 1/T 

The acutely toxic components, like H2S, in petroleum crude oil measured in the liquid 
phase may not accurately predict the H2S concentration in the headspace during 
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transport. However, measurement of the vapour phase concentration of toxic 
components is possible. Regardless, an occupational hazard may be present if toxic 
components are contained in the headspace of the means of containment (this is not 
taken into consideration when assessing TDG classification).  

Consult the analytical lab to determine the most appropriate gas sample container and 
tests. Gas chromatography is a common technique for the analysis of petroleum 
samples. Samples are vapourized in a hot inlet, and separations occur in the gas phase.  

Several standard methods exist for quantification and identification of toxic constituents 
in the crude oil vapour.  

ASTM D5623 Standard Test Method for Sulphur Compounds in Light 
Petroleum Liquids by Gas Chromatography and Sulphur Selective Detection  

Gas chromatography with sulfur selective detection provides a rapid means to 
identify and quantify sulfur compounds in various petroleum feeds and 
products. Often these materials contain varying amounts and types of sulfur 
compounds.  

This test method covers the determination of volatile sulfur-containing 
compounds in light petroleum liquids. This test method is applicable to 
distillates, gasoline motor fuels (including those containing oxygenates) and 
other petroleum liquids with a final boiling point of approximately 230 °C 
(450 °F) or lower at atmospheric pressure. The applicable concentration range 
will vary to some extent depending on the nature of the sample and the 
instrumentation used; however, in most cases, the test method is applicable to 
the determination of individual sulfur species at levels of 0.1 mg/kg to 
100 mg/kg.  

This standard could be adjusted to use an ambient separation and be applied 
to heavier crude oils.  

ASTM D5705 Standard Test Method for the Measurement of Hydrogen 
Sulphide in the Vapour Phase above Residual Fuel Oils  

Residual fuel oils can contain H2S in the liquid phase and this can result in 
hazardous vapour phase levels of H2S in storage tank headspaces. The vapour 
phase levels can vary significantly according to the headspace volume, fuel 
temperature and agitation.  

Measurement of H2S levels in the liquid phase provides a useful indication of 
the residual fuel oil’s propensity to form high vapour phase levels, and lower 
levels in the residual fuel oil will directly reduce risk of H2S exposure. The 
measurement of H2S in the liquid phase is appropriate for product quality 
control, while the measurement of H2S in the vapour phase is appropriate for 
health, safety, and transportation purposes.  
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6.4.3.4 Toxicity Threshold of Petroleum Sour Crude Oil  

The LC50 for H2S gas is recognized as approximately 400-500 ppm over 4 hours1. Using 
the conservative value of 410 ppm to obtain an equivalent LC50 (1 hour) as a vapour 
would be = 2x410 ppm = 820 ppm.  

Vapour Mole Fraction (f) = LC50(H2S) ppm/ LC50(MAX) 5,000 ppm f = 820 ppm/5000 ppm 
= 0.164  

f = 0.164 * 100% of the gas mixture = 16% = 160,000 ppm  

This means that if there is a concentration of 16% H2S or greater in the vapour 
phase/headspace of the means of containment, the classification of UN3494 would be 
required for the crude oil product.  

6.5 Laboratory Accreditation  

Variation in sampling results between laboratories has a significant potential to impact 
the accuracy of classification. Only laboratories accredited for the specific tests required 
for TDG classification are to be used for analysis of crude oil and related products. 
Laboratories completing analytical work for dangerous goods classification should have 
ISO 17025 accreditation and should be audited and accredited by a recognized 
accrediting body such as:  

Å The Standards Council of Canada (SCC) (Crude Oil and Petroleum Products)  

Å The Canadian Association for Laboratory Accreditation (CALA)  

Copies of the laboratory accreditation for the crude oil analyses required should be kept 
in the sampling program. 

 
1 Prior, M.G. et al. Concentration-time interactions in hydrogen sulphide toxicity in rats. Can. J. Vet. Res. Vol. 52 

(1988). p. 375-379.  
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7 Classification of Crude Oil and Related Products  

Product characterization provides necessary information to classify dangerous goods as 
per regulatory requirements under the TDG Regulations. Classification is the first step in 
preparing a crude oil and related product consignment for transport by road and rail.  

7.1 Responsibility for Classification  

The consignor (shipper) has responsibility for classification of dangerous goods prepared 
for transport. The consignor is the person who  

Å is named in a shipping document as the consignor (someone who ships the product),  

Å imports or who will import the dangerous goods into Canada, or  

Å if the previous two do not apply, has possession of dangerous goods immediately 

before they are in transport.  

A person may be the owner, consignor, and carrier of the same consignment, for 
example, a manufacturer who also transports the dangerous goods he or she produces. 
The owner, the carrier, and the customer of the product are not necessarily the 
consignor.  

Classification is normally done by, or in consultation with, a person who understands the 
nature of the dangerous goods such as a manufacturer, a person who formulates, 
blends, or otherwise prepares mixtures of crude oil and related products. Before 
allowing a carrier to take possession of dangerous goods for transport, the consignor 
must determine the classification of the dangerous goods.  
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7.2 Classification  

Classification is the determination of basic shipping information, which includes:  

Å UN number  

Å proper shipping name (as per Schedule 1 in the TDGR)  

Å primary hazard class  

Å subsidiary hazard class(es)  

Å packing group  

The four-digit UN number identifies the substance as dangerous goods (such as 
explosive, flammable, toxic, etc.) following the framework of international guidance for 
transport. Numbers are assigned by the United Nations (UN) Committee of Experts on 
the Transport of Dangerous Goods. UN numbers range from 0001 to 3000 plus. Some 
dangerous goods have their own unique UN numbers, but more typically groups of 
products with similar properties are assigned a common UN number.  

The first step in classifying crude oil and related products is to determine if the product 
meets the definition of a flammable and/or toxic gas. If the product is not a gas, the 
second step is to use the flash point, initial boiling point, and toxicity value to determine 
if the product is a Class 3 flammable liquid and/or a toxic substance as defined in the 
TDG Regulation. Some crude oil and related products may not even be classified as 
dangerous goods.  

As a quick reference, a decision tool has been developed for the assignment of UN 
numbers for various crude oil and related petroleum products (see Figure 7-1).  *Please 
note that if the product meets the criteria of more than one class, the packing group 
assignment would need to be based upon the other class(es) as well. 
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Figure 7-1 Decision Tool for Assigning UN numbers to Crude Oil and Related Products 
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7.3 Proof of Classification  

A proof of classification is a document that is prepared by the consignor and must be 
provided, upon request, to the federal Minister of Transport. The document may be:  

Å a test report,  

Å a lab report, or  

Å a document that explains how the dangerous goods were classified.  

The proof of classification must include the following information:  

Å the date on which the dangerous goods were classified,  

Å if applicable, the technical name of the dangerous goods,  

Å the classification of the dangerous goods, and  

Å if applicable, the classification method used under Part 2 of the TDG Regulations or 

under Chapter 2 of the UN Recommendations.  

A safety data sheet (SDS) can be an acceptable proof of classification if it is specific to 
the product being offered for transport, accompanied by an explanation, under the 
heading "Transportation Information", that describes how the dangerous goods were 
classified and meets the requirements for a proof of classification found in Section 2.2.1 
of the TDGR. 

7.4 Consignor Certification  

Consignor certification on a shipping document is NOT a proof of classification.  
A consignor’s certification is required on every shipping document accompanying 
dangerous goods. Essentially, the consignor’s certification is a statement which certifies 
that the dangerous goods transported are properly classified, packaged, and display the 
appropriate safety marks. In other words, the statement certifies that the shipment is in 
compliance with the TDG Regulations.  
 
Section 3.6.1 of the TDG Regulations requires the following wording:  

“I hereby declare that the contents of this consignment are fully and accurately 
described above by the proper shipping name, are properly classified and 
packaged, have dangerous goods safety marks properly affixed or displayed on 
them, and are in all respects in proper condition for transport according to the 
Transportation of Dangerous Goods Regulations.”  

There are also several other options for wording the consignor certification in 
Paragraphs 3.6.1 (b) to (d) of the TDG Regulations.  
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Consignors often do not prepare all parts of a shipment; however, a consignor’s 
certification is still required, and the consignor must take all necessary measures to 
ensure that the shipment is compliant.  
 
The consignor’s certification can be stamped on the shipping document if it is easy to 
identify, legible and in indelible print.  
 
For additional guidance, Transport Canada has also published a Bulletin on Consignor 
Certification (August 2017).  

7.4.1 Shipping Documents  

The Consignor must provide the carrier a shipping document in hard copy, or they may 
also provide the documentation electronically. The Carrier should be provided 
instructions and guidance that they must have their drivers complete the document if 
doing so on behalf of the Consignor, such as at an unmanned site.  

The Carrier should attach a copy of the original electronic TDG document to their 
replacement document provided all the required information is complete, legible, and 
accurate.  

Consignors should audit and review the Carrier’s completed documents to determine 
their accuracy. Any error(s) identified on a shipping document, whether on the 
Consignor’s or carrier’s document should be identified & rectified as soon as discovered. 
Copies of the completed shipping documents need to be provided to the Consignor and 
held for two years.  

7.4.2 Unmanned Sites  

At an unmanned site, the Consignor responsibilities are the same. The shipping 
document must be created by the consignor and must include the consignor’s 
certification. The consignor can be anyone who is named on the shipping document, 
which could either be the shipper or carrier on the shipper’s behalf.  

This would also include instances whereby the consignor has contracted a third party to 
load highway tanks and in which case, the contractor may/would be responsible for 
completing the consignor certification on behalf of the consignor. The Carrier could also 
replace the Consignor’s document with the Carrier’s shipping document provided all the 
required information is complete, legible, and accurate.  

The Consignor still assumes the full responsibility of the shipment. This includes but is 
not limited to, properly classifying the dangerous goods, proper placards being affixed, 
correct means of containment, etc.  

At unmanned sites the Producer, as the Consignor (or shipper), is still required to 
provide proof of classification and make such documentation available to the regulator, 
upon request.  
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7.4.3 Misclassification  

If an error in classification is noticed or if there are reasonable grounds to suspect an 
error in classification, the consignor must not allow a carrier to take possession of the 
dangerous goods for transport until the classification has been verified or corrected.  

A carrier who notices an error in classification or has reasonable grounds to suspect an 
error in classification while the dangerous goods are in transport must advise the 
consignor and must stop transporting the dangerous goods until the consignor verifies 
or corrects the classification.  

The consignor must immediately verify or correct the classification and ensure that the 
carrier is provided with the verified or corrected classification.  

7.4.4 Document Management  

The consignor must be able to produce a copy of any shipping documents for 2 years 
after the date the shipping document or an electronic copy of it was prepared or given 
to a carrier by the consignor. These records should also include any supporting 
documents related to the product classification, product sampling and product testing 
records (e.g., audit records, inspections, laboratory testing data, any standard operating 
procedures for their program etc.). Documents are usually stored for 5 years.  

Document retention requirements of records, including shipping papers, need to be 
established to meet this requirement.  

7.5 Selection of the Means of Containment  

Once the classification is established, the appropriate means of containment (MOC) for 
loading and transportation can be determined. Several factors influence the selection of 
a means of containment, such as:  

Å Class and packing group of the dangerous goods;  

Å Type and size of the means of containment;  

Å Mode of transport; and Destination.  

Part 5, Means of Containment of the TDG Regulations specifies the requirements for the 
manufacturing, selection, and use of a means of containment.  
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In most cases Part 5 requires that anyone handling, transporting, or offering dangerous 
goods for transport must use containers in accordance with certain Safety Standards (CSA 

or CGSB standards). Along with the TDG Regulations, the standards indicate what 
containers are permitted for a particular dangerous goods and prescribe the 
requirements for the container use and maintenance. The following table summarizes 
the requirements for crude oil and related products:  

Table 7-1 TDG standards governing means of containment 

Means of Containment  Mode of Transport  *Applicable Standard  

Small Means of  
Containment (≤450L)  

Road/Rail  CAN/CGSB-43.146  

Highway Tank  Road  CSA B620 & CSA B621  

Tank Car  Rail  CAN/CGSB-43.147  

Ton Container  Road/Rail  CAN/CGSB-43.147  

Portable Tank  Road/Rail  CSA B620, CSA B621, CSA 622, CSA B625 

& CSA B626  

Intermediate Bulk 

Container (IBC)  
Road/Rail  CAN/CGSB 43.146  

*For the complete standard or regulation title, please refer to the table found in Section 
1.3.1 of the TDG Regulations.  
 
All standardized means of containment bear compliance marks to indicate that they 
were manufactured in compliance with a standard. To remain in standard, some means 
of containment must be periodically inspected, tested, and marked at intervals specified 
by the standard or regulation.  
 
The TDG Regulations must be complied with for all road and rail shipments leaving 
Canada. For road and rail shipments originating in the US, the Code of Federal 
Regulations, Title 49 (CFR 49) must be consulted.  

7.5.1 Potential Effect of Residue Last Contained  

The residue or heel in a selected means of containment is the material that remained in 
a truck or rail car after it was last unloaded.  

The residue or heel of the last contained product in a means of containment requires 
consideration for potential contamination, classification change and/or incompatibility if 
it is being filled with something else.  
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7.6 Program Review & Audit  

The entire process used for classification needs to be subjected to regular review and 
audit to confirm the process is working and that the classification of goods for transport 
is accurate. This includes a review of the consignor’s employee competency, laboratory 
accreditation and reporting, and related documentation. An audit process should be in 
place to mitigate the risk of misclassification and the results should be used to confirm 
the process is acceptable to the consignor. 
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8 Summary  

Since crude oil is a complex mixture of hydrocarbon fluids and natural gas, special 
consideration is needed for appropriate classification based upon laboratory samples 
and appropriate selection of the means of containment as required for public safety 
under the TDGR.  

This document provides guidance to consignors to assist in meeting compliance with the 
classification and transporting requirements in the TDGR.  
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Apendix A DƭƻǎǎŀǊȅ  

A.1 Glossary  

Bitumen: A naturally occurring viscous mixture, mainly of hydrocarbons heavier than 
pentane, that may contain sulphur compounds and that, in its naturally occurring 
viscous state, will not flow into a well.  

Carrier (of the product): The person/organization that transports the product operating 
the truck or rail service.  

Characterization: Is the assessment of the physical, chemical, and toxicological 
characteristics (i.e., properties) of a product.  

Classification: Identifies the product as per regulatory requirements. For the 
Transportation of Dangerous Goods (TDG), it is the determination of basic shipping 
information, including the UN number, the proper shipping name, the primary hazard 
class, the subsidiary hazard class(es), and the packing group.  

Condensate: A mixture mainly of pentanes and heavier hydrocarbons that may be 
contaminated with sulphur compounds, that is recovered or is recoverable at a well 
from an underground reservoir and may be gaseous in its virgin reservoir state but is 
liquid at the conditions under which its volume is measured or estimated.  

Consignor: A person in Canada who is named in a shipping document as the consignor, 
imports or who will import dangerous goods into Canada, or, if the first two items do 
not apply, has possession of dangerous goods immediately before they are in transport. 
The consignor is also called the shipper.  

Crude Oil: A mixture mainly of pentanes and heavier hydrocarbons that may be 
contaminated with sulphur compounds, that is recovered or is recoverable at a well 
from an underground reservoir and includes all other hydrocarbon mixtures so 
recovered or recoverable except raw gas, condensate, or bitumen.  
Å “Dead crude oil” are crude oils that will not release gases from the sample when 

exposed to normal atmospheric pressure at room temperature.  

Å “Live crude oil” are crude oils that will release gases or vapours from the sample 
when brought to normal atmospheric pressure at room temperature. 

Crude Oil and Related Products: Crude oil, condensate, synthetic crude oil, petroleum 
distillates, or a constituent of raw gas, condensate or crude oil that is recovered in 
processing, bitumen with a diluent (dilbit) that is added, or upgraded, for ease of 
transport, or mixtures with enough crude oil or condensate that would pose a 
flammability risk, that is liquid at the conditions under which its volume is measured or 
estimated.  

Customer (of the product): The person/organization that has a contract to purchase the 
product from the owner.  
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Dangerous Good: A product, substance, or organism included by its nature or by the 
regulations in any of the classes listed in the schedule to the Transportation of 
Dangerous Goods Act, 1992. Dangerous goods are also known as hazardous materials.   

Flammable Liquid: Substances that are liquids or liquids containing solids in solution or 
suspension are included in Class 3 Flammable Liquids of the TDGR if they  
Å have a flash point less than or equal to 60°C using the closed-cup test method 

referred to in Chapter 2.3 of the UN Recommendations; or  

Å are intended or expected to be at a temperature that is greater than or equal to 

their flash point at any time while the substances are in transport.  

Despite the description above, liquids that have a flash point greater than 35°C are not 
included in Class 3, Flammable Liquids, if they  
Å do not sustain combustion, as determined in accordance with the sustained 

combustibility test referred to in section 2.3.1.3 of Chapter 2.3 of the UN 
Recommendations; or 

Å have a fire point greater than 100°C, as determined in accordance with ISO 2592; or 
are water-miscible solutions with a water content greater than 90% by mass.  

Flash Point: Is the lowest temperature at which the application of an ignition source 
causes the vapours of a liquid to ignite near the surface of the liquid or within a test 
vessel. The flash point is determined using a suitable closed-cup test method, ASTM 
D3828 or ASTM D93.  

Hazardous Material: A material or item with hazardous properties which, if not properly 
controlled, presents a potential hazard to human health and safety, infrastructure 
and/or their means of transport. Hazardous materials may be solids, liquids, or gases. 
Hazardous materials may also be known as dangerous goods.  

Initial Boiling Point: For mixtures, the initial boiling point at a given pressure is defined 
as the temperature value when the first bubble of vapour is formed from the liquid 
mixture. This initial boiling point for a mixture is a function of pressure and composition.  
Å For crude oil and related products, the initial boiling point is the calculated boiling 

point from test methods ASTM D7900 or D8003, or the temperature at which the 

first drop of condensate falls from the lower end of the condenser tube of the test 

apparatus in ASTM D86.  

Means of Containment: Means a container (MOC) or packaging, or any part of a means 
of transport that is or may be used to contain goods.  

Means of Transport: Means a road or railway vehicle, aircraft, ship, pipeline, or any 
other contrivance that is or may be used to transport persons or goods.  

Offer for Transport: Means for dangerous goods not in transport  
Å to select or allow the selection of a carrier to transport the dangerous goods,  
Å to prepare or allow the preparation of the dangerous goods so that a carrier can 

take possession of them for transport, or  
Å to allow a carrier to take possession of the dangerous goods for transport.  
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Packing Group: Means a group in which dangerous goods are included based on the 
inherent danger of the dangerous goods; Packing Group I indicates great danger, 
Packing Group II indicates medium danger and Packing Group III indicates minor danger.  

Produced Water: Is water present in a reservoir with a hydrocarbon resource and/or is 
produced/processed at the surface with the crude oil or natural gas. Produced water is 
generally considered non-hazardous and non-dangerous.  

Proof of Classification Document: This is a declaration document that is prepared by 
the consignor and must be provided, upon request, to the federal Minister of Transport. 
The document may be:  
Å a test report,  
Å a lab report, or  
Å a document that explains how the dangerous goods were classified.  
The proof of classification must include the following information:  
Å the date on which the dangerous goods were classified,  
Å if applicable, the technical name of the dangerous goods,  
Å the classification of the dangerous goods, and  
Å if applicable, the classification method used under Part 2 of the TDG Regulations or 

under Chapter 2 of the UN Recommendations.  

Refined Petroleum Products: Includes  
Å gasoline-type fuels for use in internal combustion engines;  
Å oil for use as a component in the blending of gasoline-type fuels;  
Å middle distillates, including the products commercially known as kerosene, 

solvents, stove oil, diesel fuel, furnace oil, diesel oil, gas oil, distillate heating oil, 
engine distillates and Nos. 1, 2, and 3 fuel oils; and  

Å heavy fuel oils, including Nos. 4, 5, and 6 fuel oils, bunker “C” oil, “C” grade oil, 
residual fuel oil, heavy bunker oil, intermediate and thin bunker fuels and any 
blend of heavy fuel oils.  

Special Provision: Means an item of Schedule 2 referred to in column 5 of Schedule 1 of 

the Transportation of Dangerous Goods Regulations.  

Shipping Document: These are the documents (electronic or paper) provided by the 
consignor to the carrier before allowing the carrier to take possession of dangerous 
goods for transport. As a minimum, the shipping document must contain:  
Å Consignor’s name and address in Canada  
Å Date of shipment  
Å Description of the dangerous goods in the following order:  

o UN number (e.g., UN1230)  

o Dangerous goods shipping name (e.g., Methanol)  

o If applicable, the technical name in parenthesis immediate after the 
shipping name for dangerous goods subject to Special Provisions 16  

o For liquified petroleum gas that has not been odorized, the words “not 

odorized”  
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o Primary class and subsidiary class (e.g., 3(6.1)), with the compatibility 

group letter, following the primary class, for explosives  

o If applicable, the packing group in roman numerals (e.g., I, II or III)  
o If applicable, the words “toxic by inhalation” or “toxic – inhalation 

hazard” for dangerous goods subject to Special Provision 23  
Å The quantity in metric measurement (e.g., kg or L) for transport originating in  

Canada. 
o For Class 1, Explosives, the quantity must be expressed in net explosives 

quantity (NEQ) in kg. For explosives subject to Special Provision 85 or 86, 
it must be expressed in number of articles or NEQ  

Å The 24-hour number of:  
o an individual who works for the consignor who can provide technical 

information on the dangerous goods without breaking the telephone 

connection made by the caller, or  

o the telephone number of a person who is not the consignor, such as  

CANUTEC, but who is competent to give the technical information. NOTE: 
In order to use the CANUTEC's telephone number, the consignor must 
receive permission, in writing, from CANUTEC, or  

o an organization or agency other than CANUTEC. The shipper must ensure 
that the organization or agency has current, accurate information on the 
dangerous goods the consignor offers for transport and, if the 
organization or agency is located outside Canada, the telephone number 
must include the country code and, if required, the city code.  

Å The consignor’s certification.  
In some cases, more information may be needed as specified in Part 3 of the 
Transportation of Dangerous Goods Regulations and in TDG’s bulletin on shipping 
documents. Special provisions are listed in Schedule 2 of the regulations.  

Unrefined Petroleum Products: Means any crude oil or related products with limited or 
no modification.  

Vapour Pressure: This is the pressure exerted by a vapour in thermodynamic 
equilibrium with its condensed phases at a given temperature in a closed system. 
Vapour pressure can be measured as true vapour pressure or Reid vapour pressure.  
Å True Vapour Pressure (TVP) - The TVP, or bubble point vapour pressure, is the 

equilibrium vapour pressure of a mixture (including any dissolved gasses that may be 

present) when the vapour to liquid ratio is effectively zero. It is the highest vapour 

pressure which is possible at any specified temperature. As the temperature of a 

petroleum mixture increases, its TVP also increases. (IMO, 2006). The TVP of a given 

oil or fluid is of interest because it defines the point of vapour initiation (i.e., the 

boiling point or bubble point).  

Å Reid Vapour Pressure (RVP) – The RVP is the measure of the absolute pressure 

exerted by a liquid at 100 °F (37.8 °C), at a vapour to liquid ratio of 4:1. 
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Apendix B tǊƻǘƻŎƻƭ ŦƻǊ tǊƻŘǳŎŜŘ ²ŀǘŜǊ  

B.1 Sampling & Testing Protocol for Produced Water  

This sampling and testing protocol was developed to assist CAPP members in 
determining if produced water, due to their hydrocarbon content, may meet the 
regulatory criteria under the Transportation of Dangerous Goods legislation as a Class 3 
Flammable Liquid. In some unique cases, produced water may meet the regulatory 
criteria of other classes, so other dangerous goods classes may need to be evaluated.  

Regulatory Requirements  

The transportation of dangerous goods is regulated under the federal Transportation of  

Dangerous Goods Act, 1992. The Transportation of Dangerous Goods Regulations 
(TDGR), adopted by all provinces and territories, establishes the safety requirements for 
the transportation of dangerous goods. A substance is dangerous goods if it is listed by 
name in Schedule 1 of the TDGR or meets the criteria of dangerous goods as specified in 
Part 2 of the TDGR.  

The consignor (shipper) is responsible for determining the classification of dangerous 
goods prior to shipment. Classification is dependent upon the characterization of the 
product and all 9 dangerous goods classes may need to be initially evaluated. However, 
due to their probable hydrocarbon content, an appropriate sampling and testing 
protocol is needed to determine if the produced water meets the criteria of a Class 3 
Flammable Liquid.  

Reference: Transportation of Dangerous Goods Regulation, Part 2 Classification 
Class 3, Flammable Liquids  
2.18 General  
(1) Substances that are liquids or liquids containing solids in solution or suspension are included in 
Class 3, Flammable Liquids, if they  

(a) have a flash point less than or equal to 60ºC using the closed-cup test method referred 
to in Chapter 2.3 of the UN Recommendations; or  
A flash point of 65.6°C, using the open-cup test method referred to in Chapter 2.3 of the UN 
Recommendations, is equivalent to 60°C using the closed-cup test.  
(b) are intended or expected to be at a temperature that is greater than or equal to their 
flash point at any time while the substances are in transport.  
The UN number and shipping name for the dangerous goods referred to in paragraph (b) 
are UN3256, ELEVATED TEMPERATURE LIQUID, FLAMMABLE, N.O.S.  

(2) Despite paragraph (1)(a), liquids that have a flash point greater than 35°C are not included in 
Class 3, Flammable Liquids, if they  

(a) do not sustain combustion, as determined in accordance with the sustained 

combustibility test referred to in section 2.3.1.3 of Chapter 2.3 of the UN 

Recommendations;  
(b) have a fire point greater than 100°C, as determined in accordance with ISO 2592; or 
(c) are water-miscible solutions with a water content greater than 90% by mass.   
SOR/2008-34, s.32. 
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Decision Tree  

The first step is to determine if the produced water meets the criteria of a Class 3  

Flammable Liquid (dangerous goods) and is regulated under TDG as a flammable liquid.  

Å If the produced water does not meet the criteria of a Class 3 Flammable Liquid, or 

the criteria of any other class of dangerous goods, it is not dangerous goods and is 

not regulated under TDG.  

Å If the produced water meets the criteria of a Class 3 Flammable Liquid, further 

classification is needed to determine the appropriate packing group.  
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Figure 8-1 Decision tree for determining if produced water is a Class 3 flammable 
liquid (to be used in conjunction with the protocol) 
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Protocol  

1. As per the decision tree, determine if the produced water meets the criteria of a 

Class 3 Flammable Liquid and is dangerous goods regulated under TDG.  

 

A. Determine the flash point of the produced water:  

- If the flash point is greater than 60°C using the closed-cup method, it is not 

regulated as a Class 3 under the TDGR*.  

- If the flash point is greater than 35°C but less than or equal to 60°C using the 

closed-cup method, the produced water may be regulated under the TDGR (go 
to B).  

- If the flash point is less than 35°C using the closed-cup method, the produced 

water is considered dangerous goods and regulated under the TDGR as a Class 3 

Flammable Liquid (go to 2).  

 

B. Produced water is not considered dangerous goods if it is a water-miscible 
solution with more than 90% water by mass, or the fire point is greater than 
100°C, or if combustion is not sustained. Determine if the produced water is 
dangerous goods by using any one or more of the following exclusion tests:  

  1. Determine the water content of the produced water.  

- If the water content is greater than 90% water by mass and it is a water-
miscible solution, then it is not regulated by TDG.  

- If the water content is less than 90% water by mass or if the solution is 
not water-miscible, the produced water may be considered dangerous goods 
and regulated under the TDGR*.  

2. If the produced water is less than 90% water by mass or if the solution is not 

water-miscible, determine the fire point of the produced water.  

- If the fire point is greater than 100°C, the produced water is not 

regulated under the TDGR.  

- If the fire point is less than 100°C, the produced water may be 

considered dangerous goods and regulated under the TDGR*.  

3. Determine if combustion of the produced water is sustained.  

- If combustion is not sustained, the produced water is not regulated by 
TDG.  

- If combustion is sustained, the produced water may be considered 

dangerous goods and regulated under the TDGR as a Class 3 Flammable 

Liquid*.  

*Produced water that cannot be excluded as dangerous goods is 
regulated under the TDGR.  

 

 

 



 

  
B-45 | P a g e  

2. If the produced water meets the criteria of a Class 3 Flammable Liquid, it is 

regulated under the TDGR (as per #1) usually as UN 1267 PETROLEUM CRUDE OIL. The 
following tests, specific to the hydrocarbon phase only, are required to determine the 

appropriate packing group:  

1. Determine the Initial Boiling Point of the hydrocarbon phase.  

- If the initial boiling point is ≤35°C, then the produced water is included in 

Packing Group I.  
- If the initial boiling point is >35°C, then the produced water may be 

packing group II or III, dependent upon the flash point (go to B).  

2. If needed, determine the flash point of the hydrocarbon phase.  

- If the flash point is < 23°C, then the produced water is included in Packing 

Group II.  

- If the flashpoint is ≥23°C, then the produced water is included in Packing 

Group III.  

 
Sampling & Testing  
Sampling should be performed with sufficient frequency (as determined by the 
consignor) to confirm that the characterization hasn’t changed. Appropriate sampling 
collection procedures are required. The following tables outline the recommended 
testing for produced water.  
 

Table 8-1 Testing Required to Determine if Regulated under the TDGR 

Required Testing  Reference Method  Parameters for Classification  

Hydrocarbon Content  

  

Sediment & Water (S&W) ASTM 

D4007  
Hydrocarbon content of >10% by mass 

may be regulated in water-miscible 

solutions  

Fire Point Test (if >10% 

hydrocarbon by mass)  
ISO 2592  

  

Fire point less than 100°C may be 

regulated  

Sustained Combustibility  

  

See Section 2.3.1.3 of Chapter 2.3 

of the UN Recommendations  
Sustained combustion may be regulated  

Table 8-2 If Regulated, Hydrocarbon-Phase Testing Recommended for TDGR 
Classification 

Recommended Testing  Reference Method  Parameters for Classification  

Initial Boiling Point  

  

ASTM D7900, D8003, or D86 

  

Initial boiling point of > or < 35°C  

Flash Point  ASTM D3828  Flash point of ≥ or < 23°C  
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Additional Considerations (Optional)  

For efficiency of sampling and testing, some producers may decide to align their 

sampling program for produced water to include parameters for both the TDGR and 

WHMIS purposes. For Safety Data Sheet (SDS) development the recommended testing 

includes those tests for classification purposes under TDGR (Table 2), as well as:  

Table 8-3 Additional Tests Recommended for SDS Development 

Additional Testing Recommended 

for SDS  
Reference Method  

  

Parameters for Classification  

Hydrocarbon Content and VOCs  

  

EPA SW846, 8260C R3, D86  

  

- ≥ 10% Hydrocarbon  

- ≥ 1% BTEX  

Hydrogen Sulfide (by Titration) SM 4500-S2-F  - ≥ 10 ppm H2S in liquid 

Total Sulphur  

*as part of ICP Scan – Industrial 

Water – 32 Elements (Dissolved) 

EPA SW-846 6010C - ≥ 0.5 mg/L 

pH  Standard Methods 4500-H+   -  pH value <2 or >10  

Routine Production Water  

  

EPA and GPA Methods  

  

- Chlorides 
- Biological Contaminants 

Viscosity  ASTM D7042 @ 20°C   -  Aspiration Hazard  

  

 


