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Presenter
Presentation Notes

Bakken crude is a very light volatile type of crude that acts more like refined products such as gasoline when involved in fire. It also contains a variety of other chemicals such as benzene and hydrogen sulfide, creating additional dangers to first responders, especially respiratory.  Additionally, Bakken has a higher gas content, higher vapor pressure, lower flash point and boiling point and thus a higher degree of volatility than most other crudes in the U.S., which correlates to increased ignitability 
and flammability. 

There have been eight major accidents in 2013 and 2014 combined:
July 6, 2013 – Lac Megantic, Quebec: 47 deaths, 63 of the 72 tank cars derailed, the blast pattern was over half a mile, 30 buildings were destroyed (slide photo)
October 19, 2013 – Gainford, Alberta: No injuries, 100 people evacuated, 13 cars
     derailed 
November 8, 2013 – Aliceville, Alabama: No injuries, 30 cars carrying North
     Dakota crude oil derailed 
December 30, 2013 – Casselton, North Dakota: No injuries, 1,400 people evacuated, 34 cars derailed 
January 7, 2014 – Plaster Rock, New Brunswick: No injuries, 17 cars derailed
January 20, 2014 – Philadelphia, Pennsylvania: No injuries, 7 cars derailed 
February 13, 2014 – Vandergrift, Pennsylvania: No injuries, 21 cars derailed
April 30, 2014 – Lynchburg, Virginia: No injuries, 15 cars carrying crude oil derailed 
May 9, 2014 – LaSalle, Colorado: No injuries, 6 cars carrying crude oil derailed






Content 
• Where is Bakken oil coming from? 

• How is it being transported? 

• Bakken chemistry 

• Response issues 

• Recent incidents 

• Question & Answer Session 



Objectives 
 Provide background information on Bakken 

crude oil production and transportation methods 

 Provide information on recent regulatory efforts 
to deal with Bakken crude oil transportation 
methods and routes 

 Provide an overview of Health and Safety issues 
facing first responders 

 Provide case studies of recent incidents  
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Speakers 
 Mike Faulkner, U.S. EPA  
 Ed Levine, NOAA 
 Brian Schleiger, U.S. EPA   
 TBD, U.S. DOT  
 Josee Boudreau, Environment Canada 
 Christine Petitti, OSHA 
 Brian Kovack, U.S. EPA  
 Greg Powell, U.S. EPA  
 Patrick Lambert, Environment Canada 
 Jordan Garrard, U.S. EPA  
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NOAA 
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Bakken Oil Formation 

Presenter
Presentation Notes
The Bakken formation occupies about 200,000 square miles and underlies parts of Montana, North Dakota, Saskatchewan and Manitoba. It is named after Henry Bakken, a farmer who owned the land where the formation was initially discovered.



Bakken Oil Production 

Presenter
Presentation Notes
In November 2013, over 10,022 Bakken wells produced 29 million barrels of oil, over 900,000 barrels of oil daily. 

Source: U.S. Energy Information Administration (EIA)




Jim Gehrz/The Columbian 

Presenter
Presentation Notes
Williston, North Dakota Mayor E. Ward Koeser with jar of Bakken crude.



Presenter
Presentation Notes
Source: North Dakota Pipeline Authority (NDPA) 2014



There are other oil sands products you need to 
be aware of transported by rail and pipeline: 

 • Oil sands (tar sands): Naturally-occurring combination 
of bitumen, clay, sand, and water 

• Bitumen: Semi-solid raw petroleum product resulting 
from in-situ partial biodegradation of crude oil reserve 

• Diluent: Any lighter viscosity petroleum product used to 
dilute bitumen for transportation 

• Dilbit: Diluted bitumen, bitumen mixed with any diluent 
for transport 

• Synbit: Bitumen combined with synthetic crude oil 

• Dilsynbit: Synbit combined with a diluent 



U.S. EPA  
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By Pipeline…. 

Photo: Huffington Post 

Presenter
Presentation Notes
This is a photo of the TAPS, included here just to illustrate that we are talking about pipelines. 

North Dakota, now the No. 2 oil-producing state behind Texas, lacks sufficient pipelines to carry away its growing Bakken region output. 

Limited pipeline capacity and geography of refineries favoring light crude has increased use of rail. 




Presenter
Presentation Notes
Pipelines carrying Bakken crude. Note: the Portland-Montreal pipeline does not currently carry Bakken Crude oil.  There is also a proposal out to reverse the flow to the east, but this has not happened yet. 

Source: Canadian Association of Petroleum Producers



 
Pipeline Break 

Photo: NTSB 

Presenter
Presentation Notes
Enbridge's ruptured pipeline. When this part of oil pipeline burst near Talmadge Creek in July 2010, hundreds of thousands, perhaps millions of gallons, of diluted bitumen oil spilled into the creek and into the Kalamazoo River. 

Source: National Transportation Safety Board



Environment Canada 
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By Rail…. 

Presenter
Presentation Notes
More than two-thirds of crude oil is shipped by rail in unit trains. At the terminus of the rail shipment, oil has to be trucked or loaded onto barges for the final delivery to refineries. Unit trains are comprised of a single commodity throughout the entire train. While observing a long string of rail cars containing hazardous materials may indicate all other cars in the train are the same, the only way to be certain is to access the hazardous materials shipping documents. 

Information from the Railway Association of Canada (RAC) indicates that shipments of crude by rail have risen exponentially in recent years. In 2009, railways moved only 500 carloads of crude, while current estimates are in the range of 130,000 – 140,000 carloads per year. With an estimated average of 600 barrels per carload, that amounts to about 230,000 barrels per day. The continuing development of these oil reserves is expected to result in an even greater volume of crude oil being transported by rail in future years.  (Source:  Report and Recommendations of the Transportation of Dangerous Goods General Policy Advisory Council (GPAC), Emergency Response Assistance Plan (ERAP) Working Group Relating to Class 3 Flammable Liquids, January 31, 2014)

CN Rail line and Tundra Energy Marketing Ltd., have signed a memorandum of understanding to construct a crude oil railroad tank car loading terminal near Cromer, Manitoba, to meet the needs of Bakken crude oil producers in Manitoba and Saskatchewan. The terminal will initially load 30,000 barrels of crude oil per day into tank cars (about 50 cars worth) starting in the second quarter of 2013. The facility will have the potential to accommodate a unit train of 100 tank cars, with each train carrying approximately 60,000 barrels (about 2.5 million gallons) per day of crude oil.  (Source: William C. Vantuono, Editor-in-Chief, RailwayAge) 






U.S. DOT 
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 U.S. Oil Transport by Rail  



New tank cars are being built to 
meet shipping demands 

Image Credit: American Railcar Industries 

Presenter
Presentation Notes
Railroad tank cars used to transport hazardous materials are regulated by the U.S. Department of Transportation (DOT). Almost all flammable liquids move in DOT specification 111 series tank cars (DOT 111). A DOT 111 built after October 2011, and intended to transport flammable liquids like crude oil and ethanol, will have enhanced safety features such as additional tank thickness, jacket protection, head shield protecting the ends of the tank, roll-over protection to prevent sheering of valves on top of the car and possibly thermal protection to protect the car in a fire. (Source: 2014 CSX Emergency Response to Unit Train Incidents)

The U.S. Department of Transportation recently issued an Emergency Order requiring all shippers to test product from the Bakken before it is transported to ensure the crude is transported in the proper packing group. The DOT uses nine different hazard classes as a guide to properly classify each material, and the material type determines one of three possible packing groups. http://www.dot.gov/sites/dot.gov/files/docs/Amended%20Emergency%20Order%20030614.pdf







 
 

PHMSA Safety Alert 
 • Emergency responders should remember that 

light sweet crude oil, such as that coming from 
the Bakken region, is typically assigned a packing 
group (PG) I or II 

• The PGs mean that the material’s flashpoint is 
below 73 degrees Fahrenheit and, for PG I 
materials, the boiling point is below 95 degrees 
Fahrenheit  

• This means the materials pose significant fire risk 
if released from the package in an accident 

Presenter
Presentation Notes
January 2, 2014: The Pipeline and Hazardous Materials Safety Administration (PHMSA) issued this safety alert to notify the general public, emergency responders and shippers and carriers that recent derailments and resulting fires indicate that the type of crude oil being transported from the Bakken region may be more flammable than traditional heavy crude oil. 

PHMSA Operation Safe Delivery website: http://www.phmsa.dot.gov/hazmat/osd/emergencyresponse



DOT Emergency Order 
• Trains carrying large amounts of crude oil from 

the Bakken region are required to notify State 
Emergency Response Commissions (SERCs) of 
their trains' operation through their states, if the 
trains are carrying more than 1 million gallons of 
Bakken crude, or about 35 tank cars  

• This notification must include estimated volumes 
of Bakken crude oil, frequency of anticipated train 
traffic, and the route the train is taking  

• The railroad must provide contact information for 
at least one responsible party at the railroads to 
the SERCs 
 

Presenter
Presentation Notes
Source: DOT docket number dot-ost-2014-0067

http://www.fra.dot.gov/eLib/Details/L05225  link to Emergency Order
     



OSHA 
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Bakken Crude Oil                         
Safety Data Sheet (SDS) 
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Bakken Crude Oil Properties    
(@60° F) 

• Specific Gravity 0.7 – 0.8 : floats on water 

 

• Vapor Density  2.5 – 5.0:   heavier than air 

 

• Vapor Pressure, 280-360 mmHg: moderate 
volatility 
• Water 12.5 mmHg 

• Gasoline 400 mmHg 
 

Presenter
Presentation Notes
Vapor pressure is the pressure exerted by a vapor in thermodynamic equilibrium with its condensed phases (solid or liquid) at a given temperature in a closed system. A substance with a high vapor pressure at normal temperatures is referred to as volatile. Vapors with density heavier than air can hug ground and travel to an ignition source.




Bakken Crude Oil Properties 
Gases (Light Crude) 

Gases 
• Higher concentrations of light end petroleum 

hydrocarbons (i.e., methane, ethane, propane and 
butanes) 

 

• The dissolved gases and light ends:  
• Increase the vapor pressure 

• Lower the flashpoint   

• Lower the initial boiling point 
 

• H2S may be present in high concentrations (vapor) 
 

 

Presenter
Presentation Notes
Cited from American Fuel & Petrochemical Manufacturers (AFPM) M 2014 paper, “A Survey of Bakken Crude Oil Characteristics Assembled for the U.S. Department of Transportation”





Bakken Crude Oil Properties 
Flammability 

Flammability 

• NFPA Flammability = 3-4 (sample -3) 
• Sensitive to static discharge 
 

• Explosive Limits variable: 
• LEL  0.4%   (sample - 0.1%) 
• UEL 15.0% (sample – 4.5%) 

 

• Flash point : - 40°to 212° F 
• - 74° to 122° F (AFPM data) 
• Recent sample < 74° F 

Presenter
Presentation Notes
LEL: Lower Explosive Limit
UEL: Upper Explosive Limit

Flash-Point data – Continental Resources MSDS 2013, Conoco Phillips SDS 2014
Flammability, Enbridge MSDS, various literature searches

When LEL & UEL are not determined, a call to the company is critical.



U.S. EPA 
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Health & Safety – H2S 
 

Reminder • Colorless, flammable, toxic gas, rotten egg odor, 
quick olfactory fatigue 
 

• Heavier than air, soluble in water and oil 
 
• Explosive in air: 4.3 - 45.5% concentration 

(volume) 
 

• Auto ignition at 500°F 
 

• Odor threshold 0.13 ppm 
 



H2S Concentration &           
Health Effects 

   



Health & Safety – H2S   
 

• Olfactory fatigue – Sense of smell becomes rapidly fatigued and can 
not be relied upon to detect H2S 

 

• 100 ppm, IDLH – Olfactory fatigue in 3-5 minutes; altered respiration, 
coughing, drowsiness 

 

• 200 ppm – Olfactory fatigue shortly; stinging eyes and throat, death 
after 1-2 hours exposure 

 

• 500 ppm – Dizziness, stinging eyes and throat, self rescue impossible, 
loss of muscle control, death 

 

• 1000 ppm – Unconscious at once, death within minutes 



Why is Bakken oil dangerous? 

Presenter
Presentation Notes
Bakken oil vaporizes much more quickly than other crude oils. The oil contains more light ends, it is more flammable, and more volatile than other crude oils. Note that the State of North Dakota is considering regulations that could be promulgated in the near future to require tank cars to offgas, which could make it less volatile. 



Bakken Crude Oil Properties 
Component Comparison with Fuels 

SV
O

CS
 

Napthalene 340 ppm  20,000 ppm / / / / 
2-Methylnapthalene 860 ppm / / / / / / 
Phenanthrane 150 ppm / / / / / / 
1-Methylnapthalene 630 ppm / / / / / / 

V
O

CS
 

Benzene 1,400 ppm  49,000 ppm / / 1,380 ppm 

Toluene 3,100 ppm 250,000 ppm / / 2,860 ppm 
Ethylbenzene 740 ppm 30,000 ppm / / 1,120 ppm 
m,p-Xylene 3,600 ppm / / / / 4,290 ppm 
o-Xylene 1,200 ppm / / / / / / 
1,3,5-Trimethylbenzene 870 ppm / / / / / / 
1,2,4-Trimethylbenzene 2,700 ppm / / / / / / 
Isopropylbenzene 200 ppm / / / / / / 
n-Butylbenzene 170 ppm / / / / / / 
Napthalene 275 ppm / / / / / / 

Oil Type Bakken Crude Gasoline Diesel WTI Crude 

Presenter
Presentation Notes
Data on gasoline, Diesel, West Texas Intermediate (WTI) Crude compiled from multiple sources



U.S. EPA 
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Spill Response Considerations 
Monitoring Equipment 
Monitoring Equipment • For Spill:  

• 4 or 5 gas monitors for O2, LEL, H2S 

• PID/FID for VOCs (FIDs may be more sensitive) 

• Chemical-specific monitors for benzene 
• Colorimetric tubes 

• PID with benzene tube 

• Additionally, for fire:  
• Particulate monitors for Polynuclear Aromatic 

Hydrocarbons (PAHs) sampling  

• Monitors or sampling equipment for particulates (smoke)  



Spill Response Considerations 
Safety 
Safety 

• Air monitoring - Spill 
• O2 

• Explosive Levels – LEL/UEL 

• H2S 

• Benzene 

• Organic vapors (VOCs) 



Spill Response Considerations 
Safety 
Safety • Air monitoring - Fire 

• O2 

• CO 

• Explosive Levels – LEL/UEL 

• H2S 

• Benzene 

• Organic vapors (VOCs) 

• Sulfur and Nitrogen Oxides 

• Particulates - smoke 



Exposure Guidelines 
Component ACGIH NIOSH OSHA 

Petroleum 
(8002-05-9) 

Not established CEIL: 1800 mg/m3 
TWA: 350 mg/m3 
 

Not established 

Hydrogen sulfide 
(7783-06-4) 
[Oregon <1] 

TWA: 1 ppm 
STEL: 5 ppm 

CEIL: 10 ppm CEIL: 20 ppm 

Benzene 
(71-43-2) 
[Oregon 0.25 ppm] 

TWA: 0.5 ppm 
STEL: 2.5 ppm 

TWA: 0.1 ppm 
STEL: 1 ppm 

TWA: 1 ppm 
STEL: 5 ppm 

Ethylbenzene 
(100-41-4) 

TWA: 20 ppm TWA: 100 ppm 
STEL: 125 ppm 

TWA: 100 ppm 

Toluene 
(108-88-3) 

TWA: 20 ppm TWA: 100 ppm 
STEL: 150 ppm 

TWA: 200 ppm 
CEIL: 500 ppm 

Presenter
Presentation Notes
The permissible exposure limit (PEL or OSHA PEL) is a limit for exposure of an employee to a chemical substance or physical agent. A PEL is usually given as a time-weighted average (TWA), although some are short term exposure limits (STEL) or ceiling limits (CEIL).

The NIOSH recommended exposure limits (RELs) are listed first in this section.  For NIOSH RELs, "TWA" indicates a time-weighted average concentration for up to a 10-hour workday during a 40-hour workweek.  A short-term exposure limit (STEL) is designated by "ST" preceding the value; unless noted otherwise, the STEL is a 15-minute TWA exposure that should not be exceeded at any time during a workday.  A ceiling REL is designated by "C" preceding the value; unless noted otherwise, the ceiling value should not be exceeded at any time.

TWA concentrations for OSHA PELs must not be exceeded during any 8-hour workshift of a 40-hour workweek.  A STEL is designated by "ST" preceding the value and is measured over a 15-minute period unless noted otherwise.  OSHA ceiling concentrations (designated by "C" preceding the value) must not be exceeded during any part of the workday; if instantaneous monitoring is not feasible, the ceiling must be assessed as a 15-minute TWA exposure.



Environment Canada 
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Lac-Megantic, Quebec 
 

AP Photo: The Canadian Press, Paul Chiasson Photo: Michael Forlan/Twitter 

Presenter
Presentation Notes
At 01:15 on July 6, 2013 an unmanned runaway Montreal, Maine and Atlantic operated train derailed in the center of the Town of Lac-Megantic, Quebec, Canada. The train contained 72 railcars of petroleum crude oil UN 1267 originating from the Bakken shale oil deposit of North Dakota. The train was destined for the Irving Oil refinery in Saint John, New Brunswick. Only the 10 rear railcars remained upright on the tracks.  Almost all the derailed railcars were damaged and many were significantly damaged with large breaches. Each railcar contained approximately 26,000 gallons of crude oil with the estimated total spill volume of about 1,600,000 gallons. The fire and explosions began almost immediately following the derailment and continued for more than a day. The initial response to the fire involved the local volunteer fire department but rapidly increased to include nearby fire services including those from Maine and the larger Cities from across Quebec. Water and foam were used to control and eventually suppress the flames.  Three days following, on Monday, July 8, 2013 fire fighters were able to address the remaining hot spots. In all 2000 residences of a town of 6000 had to evacuate their homes.  Tragically, 47 people lost their lives. Most of the downtown core of the town was destroyed. 






 The incident at Lac-Megantic possessed all the traditional health and safety concerns 
of working at an emergency plus a number of other issues. 
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Lac-Megantic, Quebec 
 

Lac-Mégantic oil spill, Source: Montreal Gazette Chaudière River oil spill, Source: Sun News Network Cleanup operations on Chaudière River, Source: 
CTVNew.ca 

 Lac-Megantic, Quebec   
 Sherbrooke, Quebec is the closest 

large city  
 The State of Maine border is 

approximately 12 miles away   
 On-site response by many agencies 

during the incident 
 No local infrastructure existed to 

support the response  
 The oil spill response Emergency 

Operations Center was located in 
community of St. George 
 
 

Presenter
Presentation Notes
Photo Description – A GoogleEarth map and pictures of the crude oil which flowed from the derailment site to Lac-Mégantic and the Chaudière River. 

In order to more clearly understand the issues related to health and safety it is necessary to provide some information from a logistical perspective. The community is located in the Province of Quebec near the State of Maine Border. Tourism, pulp and paper and the railway are prominent industries. Most of the roads in the area are 2 lane highways. The City of Sherbrooke, Quebec is approximately a 1.5 hour drive. Quebec City and Montreal are each about 1 hour additional driving distance. Lac-Mégantic did not possess sufficient infrastructure to support the required multi-agency response. The Emergency Operations Center was located in the community of St. George approximate 27 miles away. Thus, regardless of the location of ones operations center, health and safety planning had to take into consideration considerable travel times to reach and support field workers. 

The incident at Lac-Mégantic possessed all the traditional health and safety concerns for emergency response personnel who are required to respond on-site at an emergency. Slip, trip, fall, traffic and heavy equipment, drowning, inclement weather, acoustic, falling from elevation, falling objects, heavy lifting, remote work sites and restricted access, biological hazards like vector borne diseases, etc., are examples. Work within the red zone was restricted to those directly involved in addressing the immediate public safety issues as well as the police investigation. In the yellow zone workers employed typical health and safety protocols for this type of incident and could safely manage their activities however, there was a large number of groups with heavy equipment operating throughout the yellow zone. Further down the Chaudière River, health and safety concerns more commonly linked to remote site work, took on a higher priority. 





 Examples of specific  H&S concerns 
were as follows:  
 
 Intense, sustained fire  and 

numerous explosions during the 
initial days as well as risk of the 
further fire and explosions 
throughout recovery operations 
until all derailed railcars and crude 
oil were addressed 
 

 The presence of volatile organic 
compounds (VOCs), especially 
benzene, as well as particulates 
from the burning crude oil 
 

 Forensic investigation and 
evidence collection 
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Lac-Megantic, Quebec 
 

Lac-Mégantic recovery operations, Source: Macleans.ca 

Lac-Mégantic recovery operations, Source: 
LeDevoir.com 

Lac-Mégantic recovery operations, Source: 
Cnews.canoe.ca 

Presenter
Presentation Notes
Some examples of specific health and safety concerns at Lac-Megantic noted by Environment Canada (EC) personnel dealing with the oil spill: 

EC environmental emergency staff were deployed to the site on the morning of July 6, 2013.  Crude oil had already reached the lake and river. Local fire and police officials had established and secured the site safety zones. The odor from the crude oil and fires was notable even outside the secured site safety zones. Initial chemical information on the crude oil including material safety data sheets was lacking but obtained several days later. 

The fires were intense and continued for approximately two days following the initial derailment as each derailed railcar was a potential further fuel source for the fire.  The fire destroyed structures near the derailment site down to their concrete foundations. Automobiles involved in the fire were almost unrecognizable. The fire created fractured rock and twisted the metal frame of the boardwalk near the lake. 

There were numerous explosions during the first day. A risk of further fire and explosions existed throughout the recovery operations and for several weeks until all derailed railcars and crude oil were addressed. Crude oil was present in the railcars, saturated the ground and was present in pools in the foundations of houses within the red zone. 

The presence of volatile organic compounds (VOCs), especially benzene was an immediate and ongoing health and safety concern. In additional to the red zone, VOCs were recorded in the yellow and green zones as well as by the oil spill response crews working along the full length of the lake and river. The Province of Quebec deployed their Trace Atmospheric Gas Analyzer (TAGA) mobile air monitoring vehicle in support to the response. Private contractors were also used to assist with air monitoring. 

Various agencies including the police and fire departments were undertaking investigations. All workers, regardless of the zone in which they were undertaking their operations, were required to take appropriate health and safety protocols for workers who could come into contact with evidence. 






U.S. EPA 
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Aliceville, Alabama 

Photo: Bill Castle/Associated Press 

Presenter
Presentation Notes
A tanker train derailed and caught fire outside of Aliceville, Ala. on Friday, Nov. 8, 2013. Ninety (90) tanker cars were carrying Bakken crude. Twenty six (26) tanker cars derailed into a wetland at the head waters of a tributary of Lubbub Creek.  Lubbub Creek discharges into the Tombigbee River. Due to the danger and difficulty first responders faced getting to the tanker cars, the cars that were on fire were left to burn themselves out.  ��Monitoring was conducted for VOCs, Benzene, Toluene, Xylene, NO2, SO2, H2S, CO, and particulates.  Air monitoring indicated particulate concentrations as high as 2 mg/m3 and benzene concentration of 0.3 ppm.  Perimeter air monitoring indicated peak particulate concentrations of 385.1 ug/m3 and VOCs concentrations 2.6 ppm downwind of the derailment.  


�
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Night Operations 

Presenter
Presentation Notes
While moving a rail car, after all fires were extinguished, a pressure relief device on the railcar activated and a flash fire ignited. A second flash fire occurred approximately 20 minutes later.  All operations were ceased and a safety stand down for the evening was issued, canceling night operations. 
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Containment 

Presenter
Presentation Notes
Responders were able to place containment boom downstream, to contain oil that had discharged from the tanker cars, from entering the tributary of Lubbub Creek.   




Photos: John Wathen 

Extent of  
Contamination 



U.S. EPA 
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Bakken Oil Summary 
• Flammable and more volatile than other crude oils 

because of dissolved gases and other petroleum 
hydrocarbon light ends 

• May contain hydrogen sulfide in high concentrations 
• Transported by rail and pipeline, in addition to trucks 

and vessels 
• New regulations are being developed to deal with the 

volatility of this flammable oil 
• Emergency personnel need to be aware of the 

chemical and physical characteristics as well as the 
health and safety issues associated with a Bakken oil 
spill response 
 
 



Reference Material 
 “Railway Investigation Report, R13D0054”, Transportation Safety Board of Canada, 

ISBN 978-1-100-24860-8, August 19, 2014, http://tsb.gc.ca/eng/enquetes-
investigations/rail/2013/r13d0054/r13d0054.asp.  

 “Preliminary Findings and Recommendations”, State of California, Interagency Rail 
Safety Working Group, June 10, 2014. 

 Association of American Railroads, Movement of Bakken Crude by Rail, July 11, 
2014 meeting minutes. 

 “Properties, Composition and Marine Spill Behaviour, Fate and Transport of Two 
Diluted Bitumen Products from the Canadian Oil Sands”, Environment Canada, ISBN 
978-1-100-23004-7, November 30, 2013, 
http://www.ec.gc.ca/Publications/default.asp?lang=En&xml=D6AB8B67-73F5-
48B6-B3D1-AAE1B06FF9A2.  

 “Bakken Petroleum:  The Substance of Energy Independence”, Written Statement of 
Timothy P. Butters, Deputy Administrator, The Pipeline and Hazardous Materials 
Safety Administration, U.S. Department of Transportation, Before the 
Subcommittees on Energy and Oversight, Committee on Science, Space, and 
Technology, U.S. House of Representatives, September 9, 2014.  

 Banerjee, Dwijen K., OIL SANDS, HEAVY OIL, & BITUMEN: From Recovery to 
Refinery.  ISBN 978-1-59370-260-1; PennWell Corp., Oct 22, 2012 
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Presenter
Presentation Notes
 “Railway Investigation Report, R13D0054”: The Transportation Safety Board is Canada’s federal agency that investigates rail, air and other types of incidents. Much like the NTSB. They completed their investigation of the Lac-Megantic incident and their report is posted on the website listed on the slide. 

“Properties, Composition and Marine Spill Behaviour, Fate and Transport of Two Diluted Bitumen Products from the Canadian Oil Sands”: The Environment Canada oil spill R&D group is heavily engaged in a research program to better understand all aspects of the environmental issues related to diluted bitumen. The initial report was released with a significant amount of chemical composition information on two of the dilbit crude oils. It is available at the website listed on the slide.

Banerjee: This reference covers the upstream, midstream and downstream aspects of the heavy oil industry.  It provides an understanding of unconventional oils for industry engineers, R&D Researchers, refiners, managers, graduate students and spill responders within petro-chem industry.


Additional References:

CTV News (Montreal), Monday, July 8, 2013 6:54AM EDT 
http://montreal.ctvnews.ca/death-toll-climbs-to-13-in-lac-megantic-dozens-remain-missing-1.1357650

Farrell, Sean, Firefighting in Canada, September 2013 http://www.firefightingincanada.com/content/view/16620/210/

Woods, A., Toronto Star News, Published August 14, 2013
http://www.thestar.com/news/canada/2013/08/14/lac_megantic_air_water_quality_returning_to_normal_quebec_says.html

Développement durable, Environnement et Lutte contre les changements climatiques, Province of Québec, Tragédie ferroviaire à Lac-Mégantic, September 2014 
http://www.mddelcc.gouv.qc.ca/lac-megantic/index.htm









    

Questions?  
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