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Presenter
Presentation Notes
Good Morning.

I will be discussing the crashworthiness of DOT-111 tank cars and standards for tank head, shell, top fittings, and bottom outlet valve protection.  
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Previous Investigations

• 1991 Safety Study
• 1992 Superior, Wisconsin
• 2003 Tamaroa, Illinois
• 2006 New Brighton, Pennsylvania
• High incidence of tank failure

Presenter
Presentation Notes
In several previous investigations beginning with a 1991 NTSB safety study, as well as derailments that occurred in Superior, Wisconsin, in 1992; Tamaroa, Illinois, in 2003; and in New Brighton, Pennsylvania, in 2006; the NTSB has noted that compared to other specification tank cars, the DOT-111 tank cars have a high incidence of tank failure when involved in accidents. 

[Click]
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Need for Better Tank Cars

• 69% of tank cars are DOT-111
• Transports wide spectrum of 

hazmat commodities
• 40,000 DOT-111’s used to 

transport denatured fuel ethanol
• Ethanol is the most frequently 

transported hazardous material

Presenter
Presentation Notes
The need for better protection of hazardous materials transported in DOT-111 tank cars is demonstrated by the fact that variations of this tank car comprise about 69 percent of the nation’s tank car fleet and are used to transport a wide spectrum of bulk flammable and corrosive hazardous materials. About 40,000 tank cars are dedicated to transporting  ethanol alone. Over the last 5 years, ethanol has become the most frequently transported hazardous material by rail. The most recent AAR data available indicates that about 219,000 car loads of ethanol are shipped annually. 

[Click]




4

Presenter
Presentation Notes
This photograph taken east of the Mulford Road grade crossing shows some of the piled up DOT-111 tank cars in this accident.  Thirteen of the tank cars lost about 324,000 gallons of ethanol due to head and shell breaches, damaged top fittings, or damaged bottom outlet valves.  

This represents a release of about 75 percent of the product carried in the 15 derailed tank cars in the pileup. This photograph also demonstrates a consequence of this accident in which several of the tank cars came to rest in and near a tributary of the Rock River and released a significant volume of product that resulted in one of the largest fish kills in Illinois history.  

[Click]
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Tank Heads and Shells

Presenter
Presentation Notes
The most common cause of ethanol release in this accident was tank head failure due to impacts received from couplers and draft sills of adjacent tank cars. Such was the case with the tank car depicted in this photograph at the red arrow.  The tank came to rest next to an accident victim’s automobile.  Breached tank car heads and shells result in the release of most, if not all, of the products carried in those cars, followed by substantial postaccident fires.   

DOT-111 tank cars, such as those that were involved in this accident, have a minimum plate thickness of 7/16 inch with no provision for a head shield.  An AAR task force conducted a statistical analysis of tank car accident data which suggested that the greatest reduction in hazardous materials release from DOT-111 tank cars could be achieved through a combination of thicker tank heads and shells, shell jackets, and head shields.  

[Click]
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Top Fittings Protection
• DOT-111 housings not 

effective in preventing 
impact damage

Presenter
Presentation Notes
The tank cars involved in this accident were equipped with top fittings that permit pressure relief, venting, and unloading of the contents. Top fittings project from the tank and are vulnerable to damage in derailments where the fittings may impact the ground or other objects with the entire weight and momentum of the tank behind it.  

As shown at the red arrow in the right photograph, although the tank cars in this accident were provided with protective housings that were fabricated in accordance with existing hazardous materials regulations, they were not strong enough to protect the fittings from impact damage, and the result was substantial loss of product.  

In the case shown in the left photograph, the protective housing separated from this tank car.  Within the red circle can be seen where the venting and loading valves were sheared away allowing about 26,000 gallons of product to discharge from the car.

[Click]
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Post Accident AAR Actions
• All new DOT-111 for ethanol and crude 

oil service beginning October 1, 2011:
– Increase head and shell thickness
– Normalized steel
– ½-inch thick head shield 
– Top fitting protection

Presenter
Presentation Notes
As a result of the accident in Cherry Valley, Illinois, the AAR studied several options for increasing the crashworthiness of DOT-111 tank car designs and published new construction standards in a Casualty Prevention Circular, with the intent to revise the AAR Manual for Standards and Recommended Practices for tank cars that are used to transport ethanol and crude oil.  

Beginning on October 1, 2011, the new AAR standard for DOT-111 tank cars requires tank heads and shells to be constructed of thicker steel.  The new specification also requires that heads and shells be constructed of normalized steel, and in all cases a ½-inch-thick half head shield must be provided. 

The AAR has also mandated a more robust housing or rollover skid for protection of top fittings.

[Click]
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Hazmat Unit Train Operations
• Certain hazardous materials are 

transported by unit train

• Virtual pipeline

• Risks are greater because of high 
concentration of hazardous materials

• Increasing  number of unit train 
shipments

Presenter
Presentation Notes
The new AAR tank car construction specifications are targeted to DOT-111 tank cars that are used to transport those hazardous materials, ethanol and crude oil, that are typically transported by unit train.  A unit train can be visualized as a virtual pipeline, with  70 to 100 fully loaded tank cars transporting a single commodity.  

The risks are greater in unit train operations because hazardous materials are transported in high density.  For example, a unit train comprised of tank cars with capacities of 30,000 gallons typically transports more than 2 million gallons.   

Because of mandated increases in the amount of ethanol blending into the nation’s motor fuel supply and the lack of sufficient pipeline capacity to transport ethanol and crude oil, the number of unit trains transporting these commodities is expected to significantly increase in the coming years.  

[Click]
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Existing Tank Cars Not Addressed

• AAR actions do not address existing 
fleet

• Impediments to retrofitting or phase 
out

• Long service life
• Safety benefits not realized if old 

and new tank cars are commingled

Presenter
Presentation Notes
Staff recognizes and appreciates AAR’s actions to enhance the survivability of new tank cars built for ethanol and crude oil service.  However; these actions do not address the existing fleet of about 40,000 tank cars used in ethanol service and would not ensure that all tank cars used to transport these hazardous materials are adequately protected.  

Both the AAR and the FRA have cited cost-benefit and added weight considerations as impediments to retrofitting or phasing out the use of existing tank cars that do not meet new design standards.  While the service life of DOT-111 tank cars is estimated to be between 30 and 40 years, with the average age being only about 8 years, this represents the potential for inadequately protected tank cars to release products in accidents for many years. Staff therefore believes that the safety benefits of new specification tank cars will not be realized if new and old specification tank cars are commingled in service because the containment of hazardous materials in accidents is reliant upon the weakest tank car. 

[Click]
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DOT-111 Design Inadequacies
• Tank head and shell puncture 

resistance systems and increased 
materials thickness may have 
reduced the severity of the accident

• Housings for protection of DOT-111 
top fittings are inadequate  to 
withstand the forces of a derailment

Presenter
Presentation Notes
Staff also believes that tank head and shell puncture resistance systems such as head shields, tank jackets, and increased materials thicknesses may have reduced the severity of the accident.  

Staff further believes that requirements for the top fittings protective housings for the DOT-111 tank cars involved in this accident were inadequate because the protective housings were not able to withstand the forces of the derailment. 

Staff has proposed recommendations to address these issues.

[Click]
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Bottom Outlet Valves
• 3 bottom outlet valves opened and 

released  product 

• Handles supposed to remain closed 
during transit and break free in an 
accident

• Alternatively handles can be located 
above the skid structure

Presenter
Presentation Notes
The tank cars involved in this accident were equipped with optional bottom outlet valves to facilitate quick unloading at terminals.  In this accident, three bottom outlet valves opened as a result of valve operating handles being bent and pulled away from their securement brackets, thus causing release of the product.   

The hazardous materials regulations require that bottom outlet valve operating mechanisms ensure positive closure during transit, but do not address the accident performance of operating handles. According to the AAR specifications, bottom outlet valve handles are supposed to bend or break free on impact, or in the closed position must be located above the bottom surface of the skid structure that protects the bottom outlet valve from impact damage.   

[Click]
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Operating Handle Failures

CIT Configuration GE/Trinity Configuration

Presenter
Presentation Notes
The photographs in this slide show the bottoms of two tank cars that came to rest lying on their sides with the valve operating mechanisms indicated by red arrows. The left photograph shows the bottom outlet valve operating handle in the CIT Rail configuration that failed to break free in the accident. The right photograph shows a GE and Trinity-configured bottom outlet valve where the handle became buried in the soil and rotated to the open position by motion of the tank. With the outlet nozzles sheared away, it is clear to see that there is nothing to prevent product from draining out of the tank cars.  

[Click]
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Operating Handle Failures (Cont.)
• Valve operating mechanisms compliant with 

current design requirements

• Handles became caught by objects and 
debris and caused valves to open

• Operating handles too robust and did not 
break free on impact 

• Existing standards and regulations 
insufficient to ensure that bottom outlet 
valves remain closed during accidents

Presenter
Presentation Notes
Although the two types of valve operating mechanisms used on the tank cars involved in this accident were compliant with the current design requirements, this was ineffective in preventing the handles from becoming caught by objects, debris, or soil and causing the valves to open.  Further, the operating handles were too robust and did not break away on impact and were therefore free to be manipulated by the forces of the derailment. 

Therefore, staff believes that existing design standards and regulations with regard to the accident protection of bottom outlet valves on tank cars do not address the valve’s operating mechanisms and are therefore insufficient to ensure that valves remain closed during accidents.  
 
Staff has proposed a recommendation to address this issue.     

[Click]
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Presenter
Presentation Notes
This concludes my presentation.  The next presentation will be given by Dr. Matt Fox and he will further discuss DOT-111 tank car design issues.
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