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Abstract – This paper presents the Canadian Nuclear Safety Commission’s (CNSC) regulatory 
requirements for nuclear fuel facility licensees to report any situation or incident that results or is likely to 
result in a hazard to the health or safety of any person or the environment and to submit its incident 
investigation report with cause(s) of the incident and corrective actions taken or planned. In addition, the 
paper presents two recent safety-related incidents that occurred at a uranium conversion facility in Canada 
along with their consequences, causes, corrective actions and any lessons learned. The first incident 
resulted in a release of uranium hexafluoride (UF6) inside the UF6 cylinder filling station and the second 
one resulted in a spill of uranium tetrafluoride (UF4) slurry inside the UF6 plant. Both incidents had no 
impact on the workers or the environment. 

1. Introduction 

The Canadian Nuclear Safety Commission (CNSC) is a federal agency whose mandate is to regulate the 
use of nuclear energy and associated materials in Canada. CNSC’s regulatory philosophy is founded upon 
two principles: 

Those persons and organisations that are subject to the Nuclear Safety and Control Act and its associated 
Regulations are directly responsible for ensuring that the regulated activities that they engage in are 
managed so as to protect the health, safety and security of Canadians and the environment; and to 
implement Canada's international commitments on the peaceful use of nuclear energy. 

The CNSC is responsible to the public for regulating persons and organisations that are subject to the 
Nuclear Safety and Control Act and its associated Regulations in order to assure that they are properly 
discharging their obligations. 

The CNSC’s Directorate of Nuclear Cycle and Facilities Regulation regulates Canada’s uranium mining, 
processing and fuel fabricating facilities, and other nuclear facilities. The uranium mining facilities are 
located in the province of Saskatchewan, and the uranium refining, conversion and fuel fabrication 
facilities are located in the province of Ontario, in Canada.  

Each fuel cycle facility licensee has regulatory reporting requirements which include the obligation to 
report to the CNSC any situation or incident that results or is likely to result in a hazard to the health or 
safety of any person or the environment. The licensee submits a preliminary report immediately and a final 
report within 21 days after becoming aware of the incident or situation. In all cases, the licensee is required 
to remedy the hazardous situation (or non-compliance) in a timely manner and to take all necessary 
measures to prevent recurrence. CNSC staff reviews these event reports to ensure that the licensee has 
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effectively implemented corrective actions and lessons learned in the established time period. Depending 
on the safety significance of the reported incident and efforts made by the licensee to achieve compliance, 
additional enforcement actions may be taken by the CNSC. 

2. Two Recent Safety Related Incidents at a Canadian Uranium Conversion Facility  

2.1 First Incident: Release of UF6 during Filling of a 48X UF6 Cylinder 

Description of Processes 

The UF6 production plant consists of a chemical process that converts uranium trioxide to the final UF6 
product.  

The final transportation packages are generally one of three types, a 48X (10 tonne UF6 capacity), a 48Y 
(14 tonne UF6 capacity) or a 30B (2 tonne UF6 capacity). All of these transportation packages are designed, 
inspected and maintained in accordance with ANSI N14.1: American National Standard for Packaging of 
Uranium Hexafluoride for Transport. The cylinder type involved in this event was a 48X. 

Transportation cylinders are inspected upon receipt and transferred into the UF6 plant for filling. There are 
three side-by-side loading stations in the cylinder filling room. At the filling station, the cylinder is placed 
on a carriage and is connected to the UF6 drop line by means of a threaded flexible connection referred to 
as a pigtail, which is insulated and steam heat traced. After the pigtail has been connected to a cylinder, it 
is pressure tested to ensure that there are no leaks. Remotely operated drop line valves and a cylinder valve 
closer can be activated in the cylinder filling control room in the event of a leak at the cylinder filling area.  

Description of Incident  

On June 20, 2010 at approx 02:00 hours, while transferring liquid uranium hexafluoride (UF6) from a cold 
trap into a 48X cylinder at the filling station A, the solid piping connection to the flexible pigtail 
connection leaked. The leak was evident as smoke which is formed when UF6 comes into contact with 
moisture in the air. The cylinder filling operator immediately stopped the transfer, switched the cylinder to 
a cold trap that was under vacuum to draw any material in the line back into the cold trap. Although the 
transfer was stopped, the smoke in the cylinder filling bay area exited into the adjacent cylinder filling 
room. 

The emergency ventilation was activated and contact made with plant supervision and management to 
notify them of the incident. A decision was made to shut down the UF6 plant until the cause of the leak 
could be determined and corrective actions, if necessary, could be implemented. Recognizing that 
additional resources would be required to disconnect the pigtail using A-suits, the Emergency Response 
Team (ERT) was placed on stand-by and the emergency response vehicles were brought to the UF6 plant as 
a precautionary measure  

A plan was developed and implemented to have the ERT enter the cylinder filling bay wearing A-suits and 
tighten the nut on the connection of the pigtail to the hard-piped drop line. The drop line and pigtail would 
then be pressurized and the pressure would be observed for two minutes. If the pressure did not drop, then 
it could be assumed that the tightening of the connection had eliminated the leak. This activity was 
successfully completed; the pigtail was disconnected from the cylinder and a metallurgical engineer was 
called in to assess the faulty connection. 

The metallurgical engineer examined the connection and concluded that the problem was related to the 
tightening of the pigtail connection at the drop line end.  
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A review of the events was conducted and it was established that after the initial pressure test was 
performed, the cylinder carriage was moved to ensure proper operation of the cylinder valve closer. This 
movement occurred with the pigtail connected. There was no pressure test performed after this activity was 
completed to ensure that this had no impact on the integrity of the pressure connections.  

Based on the examination of the pigtail connection and the review of events, additional work instructions 
were developed to ensure that both ends of the pigtail were pressure tested before a transfer and the plant 
was restarted.  

Implications and Actual Consequences of the Incident  

In this instance, the immediate detection and response by the operator limited the impact to the in-plant 
uranium levels. The system contained the uranium and fluoride materials and directed them through the 
emissions control systems. Based on the following monitoring data, no impacts to the environmental and 
the health and safety of workers are expected:  

(a)  Uranium and fluoride emissions from the main facility stack for this period were 
approximately 5 g U/h and 29 g HF/h. These are significantly below the licensed action levels 
of 50 g U/h and 330 g HF/h. 

(b)  In-plant airborne uranium levels immediately after the event were elevated and ranged from 
3.8 to 6.4 Derived Air Concentrations (DAC). A DAC is equivalent to100 µgU/m3. With the 
application of emergency ventilation system, these levels returned to normal levels within a 
few hours as confirmed by the sampling results of the next shift.  

(c)  Post-shift urinalysis results for operating and ERT personnel were below the urinalysis 
screening levels of 13 µg U/L and 4 mg F/L. The highest results were 5 µg U/L and 2.3 mg 
F/L. These are normal levels indicating no impact on workers. 

Causes of Incident 

Upon successfully completing the pressure test, the operator attempted to install the automatic valve closer 
and felt that it would not be fully engaged if it was required to be operated. The operator then moved the 
cylinder carriage with the pigtail connected. It is most likely that the pigtail to drop line connection was 
loosened at this point. No pressure test was performed after this move. A review of the operating procedure 
indicates that the procedure does not require a leak test be conducted as the last step prior to filling a 
cylinder. 

Upon examination of the connection, it was concluded that the problem was related to the tightening of the 
pigtail connection at the drop line piping end,  

Human performance (operator’s care) for high risk activities like cylinder filling was also identified as one 
of the causes of this incident. 

Corrective Actions Taken to Prevent such Incidents  

As requested by CNSC staff, the cylinder filling operating procedure was revised by the licensee to require 
the operators to conduct a leak check on both connections to the pigtail and to stipulate that any 
adjustments to the cylinder, carriage or pigtail after the leak check will necessitate that a leak test be 
repeated prior to filling the cylinder. This remedial action is considered adequate to prevent a recurrence of 
such a leak. 
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The preventive maintenance routine for installing a new pigtail was revised to ensure that it is re-tightened 
after it is installed and allowed to heat up to operating temperature conditions. 

In addition, detailed operating instructions for high risk activities in the plant were developed by the 
licensee and posted in the field to improve human performance (operator’s care). 

Lessons Learned from the Incident 

Based on the above incident investigation, the following lessons were learned by the licensee: 

1. All high risk activities that require additional controls and operator’s care are clearly 
identified and effectively communicated to operators by the licensee management. 

2. Licensees provide redundant controls for high-risk operations and ensure that such controls 
are maintained as designed. 

3. Development and posting of work instructions near the high risk operational activities will 
reduce the likelihood of operator error while performing these activities. 

4. Operating procedures for high risk activities are maintained up to date and followed by the 
operators. Any deviations from the procedure are to be first discussed with and approved by 
the supervisor before proceeding.  

5. Human performance issues are considered during the incident investigation and corrective 
action process.  

6. Operating procedures or work instructions are improved based on human performance issues 
discovered during incident investigations  

2.1 Second Incident: Release of UF4 Slurry from a Diaphragm Valve  

Brief description of the UF4 production system:  

Uranium tetrafluoride slurry (UF4) is produced as an intermediate product in the uranium hexafluoride 
(UF6) plant.  

The piping material specification for the lines conveying this slurry specifies carbon steel components with 
polypropylene lining because of corrosive nature of the slurry. The slurry lines are designed for a pressure 
of 150 psig at 220o F. The slurry tank is a rubber lined, carbon steel vessel. 

Description of Incident 

During normal operating conditions, on March 12, 2010 at approximately 17:45, an UF4 slurry release was 
detected by an operator during the shift changeover. The UF4 slurry leak occurred due to failure of a 
diaphragm valve in a slurry line. Three indicator alarms associated with the UF4 slurry production system 
were triggered during the period when the spill incident occurred. However, the production operations of 
the production circuit were only shutdown after an area operator discovered the slurry leak during a routine 
round. The areas affected by the slurry leak were roped off and posted as respirator areas. The spilled 
slurry was allowed to be dried up naturally before initiating and completing the clean-up. 

Implications and Actual Consequences of the Incident 

There were no environmental impacts from this event. No worker received an uptake of uranium or 
fluoride as a result of this event.  
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•  Causes of Incident; 

•  The investigation of the failed valve indicated the following causes of the event; 

•  The slurry leak occurred due to a process created leak path in the body of a diaphragm valve; 

•  The failed valve body was the result of the erosion action of the normal UF4 slurry being 
conveyed through the piping system; 

•  No preventive maintenance (PM) was performed on the valve to ensure its integrity; 

•  Corrective Actions Taken to Prevent Such Event. 

As requested by CNSC staff, the licensee reviewed the findings and recommendations of the event 
investigation and took the following corrective actions: 

Created a PM procedure to routinely inspect piping and valves used in the UF4 slurry service. 

All short radius elbows in current piping handling the UF4 slurry have been removed.  

Installed additional HF detectors in the UF4 slurry production circuit to early detect and alarm any leaking 
equipment.  

Lessons Learned from the Incident: 

Based on the above investigation of the incident, the following lessons were learned and implemented by 
the licensee as requested by CNSC staff:  

1. The licensee should apply its existing in-service inspection requirements for safety critical 
piping and equipment to the piping and equipment in the UF4 slurry production circuit as well, 
even though all piping and vessels in UF4 service are lined with plastic because of the 
corrosive and abrasive nature of the UF4 slurry.  

2. The licensee should revise its in-service inspection and PM procedures to include periodic 
inspection of piping and equipment handling UF4 slurry at the conversion facility. 

3. Any piping and equipment handling UF4 slurry should be designed with a particular focus on 
performance and leak detection.  

3. CONCLUSIONS 

From CNSC’s perspective as a regulator, these 2 incidents demonstrated that: 

Preventive maintenance and in-service-inspection procedures must be applied uniformly to all piping and 
equipment used in the UF6 production circuits. 

Systematic verification of leak checks is made after making any changes to piping connections in the UF6 
production circuits. 

Where there is a potential for leaks of hazardous substances in the UF6 production circuits, early leak 
detection and alarm device must be provided for early intervention by a control room operator or 
emergency response to stop the leak. 

Human performance issues must be considered during incident investigations and corrective action 
processes at the conversion facility. 

Lessons learned from each incident must be implemented in a timely manner as part of continuous 
improvement process at a conversion facility.  
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