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Presenter
Presentation Notes
Reference to discussion: February 2012 DIS-12-02 Process for Establishing Release Limits and Action Levels at Nuclear Facilities 

Also attached to the presentation is the result summary of the AL evaluations for OPG.




What are Action Levels?

Action Levels are precautionary 
limits which are put in place to 
ensure that regulatory limits 

associated with airborne emissions 
and liquid releases are not 

exceeded. 

Presenter
Presentation Notes
What is an Action Level? Simply speaking, Action Levels are precautionary limits which are put in place to ensure that regulatory limits associated with airborne emissions and liquid releases are not exceeded.    
Technically an Action Level is defined (in CSA N288.8) as “a specific rate, activity, or concentration of a contaminant or physical stressor that, when reached, might indicate a loss of control of part of an Environmental Protection Program and will require a specific action be taken.”  
Note, although Action levels most typically pertain to radiological releases, the CNSC may directly regulate conventional contaminant releases (like hydrazine, pH and total residual chlorine) and physical stressors (like waste heat) which are effectively administered by provincial ECAs and their limits.  



Function of Action Levels

Identify
Identify quantity or concentration 

deviations from normal range of releases.

Act
Provide process control feedback to return 

to normal operation.

Notify
Report to the CNSC with investigation results and 
actions to ensure no Loss of Control takes place. 

Feedback 
Re-evaluate Action Levels and controls as 

determined.
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Presentation Notes
ALs are incorporated into the Licence Conditions Handbook (LCH) and are set below the licence limits. 
The purpose of ALs is to ensure that licensees demonstrate adequate control by maintaining releases within the normal operating range for their facility. 
In this case, ALs demonstrate a licensee’s responsibility with respect to maintaining and ensuring oversight and control of its internal processes.
An AL serves as an early warning system indicating when releases may be deviating from the norm. It is meant to trigger licensee action if there is a risk of loss of control in the licensee’s radiation or environmental protection program, and to initiate action to restore control if such measures are indicated.
The exceedance of an AL must be reported to the CNSC within a period specified in the licence, with details of the nature of the exceedance and the steps being taken to investigate. 
A detailed report on the results of the investigation and the actions taken to ensure there has been no loss of control must also be provided within a specific period of time following the initial notification. 
A report of exceeding an AL triggers increased regulatory oversight at a level that corresponds to the nature and severity of the event. 

Action levels serve to:

Identify when the quality or concentration of releases that are controlled by the system may be deviating from the normal operating range and thereby indicate a potential Loss of Control (before an actual loss of control occurs); 
Identify fluctuations in concentrations of contaminants that are not controlled by the system but that may be deviating from their normal operating range (e.g., a change in waste stream characteristics); 
Provide for process control feedback such that timely actions may be taken to return the process to normal operating range. 
Report to the CNSC with investigation results and actions to ensure no Loss of Control takes place. 
The performance of the licensee in controlling releases feeds back for the improvement of controls generally.   






Historical methodology used
 Exposure-based release limits are set below levels required 

to protect human health and the environment. 

 Exceeding a limit does not necessarily imply that either the health of 

the public or of an ecosystem is at risk.

Derived Release Limit (DRL):  Releases limited to less than the 

public dose limit of 1 mSv/year to a “representative person”.

(Old) Action Level: Ratio of ~10% of the DRL used as a suitable 

exposure-based criterion for the Action Levels. 
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Presentation Notes
Historically, exposure-based release limits are established with the objective of ensuring that releases to the receiving environment stay below certain levels, in order to meet desired human health or environmental quality criteria. For nuclear substances, this level has traditionally been based on a constraint on the doses of radiation to which a “representative” person may be exposed, at a minimum ensuring that the public dose limit of 1 mSv/year as set out in the Radiation Protection Regulations established under the NSCA is not exceeded. The is referred to as the DRL or Derived Release Limit.  For an action level, OPG previously adopted ~10% DRL as a suitable exposure-based criterion.  The actual release limit is derived using conservative exposure-pathway modelling from the source of the release to a “representative person”, a process referred to as derived release limits modelling. 




Reason for changing methodology
• Replaces older, inconsistent approaches by Licencees
• Provides transparency  and structure  with a standard 

statistical approach based on predicted or operating 
history

Structured, 
Consistent, 
Transparent

• Was focused on the protection of humans from radiation 
• Now includes protection  of the environment  from both 

nuclear and hazardous substances

Expanded 
Mandate

• Included under broader changes to Nuclear Safety and 
Control Act (year 2000)

• Regulatory framework now includes regulatory guides, 
policies and standards, including the CSA N288 series

Regulatory 
Framework
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ALs demonstrate a licensee’s responsibility with respect to maintaining and ensuring oversight and control of its internal processes. 
The methodology for establishing or calculating ALs has not always been applied consistently for nuclear and hazardous substances across all licensed nuclear facilities. As such, the CNSC proposed that a standardized methodology for calculating and applying ALs and that the proposed methodology be statistically based on predicted (new facilities) or actual operating performance. 

With the coming into force of the Nuclear Safety and Control Act (NSCA) in 2000, the CNSC’s mandate was expanded from the protection of humans from radiation to include the protection of the environment from both nuclear and hazardous substances. 
Since then, the CNSC has been developing and enhancing its regulatory framework and tools for environmental protection, including multiple regulatory guides, policies and standards, including the CSA N288 series.  Environmental Action Levels in the Licensing Conditions Handbook now reference CSA N288.8-17.

With the changes, the regulatory framework has evolved into a more transparent and structured process supported by an environmental policy committed to consistency 







Core Principles 
for new CNSC 
Regulatory 
Approach

New Methodology

Core 
Regulatory 
Principles

Combined 
technology or 

exposure based 
screening 

approach (most 
stringent applied)

Sector-  
specific 

technology-  
based 
release 
limits 

Case-  
specific 

technology 
based 
release 
limits 

Effluent/ 
emission 
design 

objectives for 
new facilities 

(BATEA)

Action levels 
demonstrate 

adequate 
control 

Exposure  
based 
release 
limits
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The CNSC’s proposed approach are based on the following six principles: 
Principle 1: Adoption of a combined technology/exposure-based approach 
It is proposed that release limits be established based on effective and demonstrated pollution prevention/control technologies OR the limits required to meet risk-based and scientifically defensible ambient environmental quality guidelines, whichever are more stringent. The exception would be when an exposure-based limit is not technically attainable and the residual risk does not pose an “unreasonable risk”. In such cases, a case specific technology-based limit may be adopted as an interim limit (see Principle 3). 
Principle 2: Sector-specific technology-based release limits 
When developing a technology-based release limit, the CNSC will consider any relevant sector-specific TBRLs from other jurisdictions. This type of limit would be applied uniformly across an industrial sector. 
Principle 3: Case-specific technology-based release limits 
Where no relevant sector-specific limit exists, the CNSC would consider case-specific technology-based limits, based on a review of an individual plant’s existing performance. 
Principle 4: Exposure-based release limits 
Exposure-based release limits would be based on attaining federal/provincial environmental quality criteria at the end of an appropriate mixing zone and/or more complex site-specific environmental risk assessments informed by environmental monitoring data. 
Principle 5: Effluent/emission design objectives for new facilities 
It is proposed that new facilities incorporate into their design the best available technology and techniques economically achievable (BATEA), where feasible, to attain effluent/emission design objectives. 
Principle 6: Action levels to demonstrate adequate control 
Action levels are to be used to demonstrate that “adequate control” of the regulated facility is maintained by controlling releases to a the “normal operating range” and are to be based on a facility’s predicted or actual operating performance. In the context of environmental protection, this is defined by the accepted facility design and would demonstrate that the licensee’s environmental protection programs are being implemented accordingly. 
To define the “normal operating range” and to identify if the operation is outside of it, ALs are to be derived using statistical methods that consider the variability of the contaminant levels in the releases, and that represent performance at the upper end of the facility’s normal operating range for which an exceedance could indicate potential loss of control.




New methodology

 New Action Levels (and planned Licence Release 
Limits) are based on the control technology in 
place and are not exposure (dose) based. 

These limits do not inherently consider 
environmental constraints (which are otherwise 
considered) but assume that the application of 
“best practices” offers some level of protection. 

Action Levels are set below levels protecting human 
health and the environment. 

For this reason, exceeding a limit does NOT 
necessarily imply that either the health of the 
public or of an ecosystem is at risk. 







EXPOSURE BASED 
Limits (e.g., DRL)  

TECHNOLOGY-  
BASED Limits 

(Best Practices, 
e.g., Action 

Levels and LRL)  
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se
s

 

Normal 
Operating Range 

of Licensee  

Area of potential 
health effects  

Upper range of 
no observable 

effects

Technology-based Release Limits
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Technology-based release limits are based on consideration of the available pollution prevention / control technologies and techniques and establish a minimum level of treatment of substances that may be released into the environment, as determined by technology and economics. These limits do not inherently consider environmental constraints or sensitivities, other than the assumption that the application of “best practices” offers some level of protection. 

Exposure Based Release Limits and most Technology Based Release Limits are set below limits required to protect human health and the environment. For this reason, exceeding a limit does not necessarily imply that either the health of the public or of an ecosystem is at risk. The objective of such limits is to minimize the overall quantity and concentration of contaminants released to the environment to ensure that Canada’s principles of pollution prevention, under the Canadian Environmental Protection Act, and the principle of adequate precaution to control releases, under the NSCA are being respected. 




Action Levels are developed for DN and PN operations.

Application at OPG facilities

 ALs are to be reviewed periodically based on 
installation and optimization of new control 
technology or after implementation of major 
process changes. 
ALs may be adjusted (at least every 5 years) 
to reflect the actual performance, if the 
facility continues to operate below licence 
limits. 
Temporary ALs are possible typically for some 
exceptional, planned outage conditions.




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Action levels reports are developed for each nuclear facility following the CSA N288.8 standard, and action levels are provided for each significant radiological pathway at DN and PN.  Reports are technically reviewed by the CNSC, and recommendations are incorporated.  Emissions change over the course of the life of the station – systems age, processes are introduced, tritium concentrations vary with upgrader performance – so the retrospective data set needs to be reanalyzed every 5 years or less and the action levels revised.   Some processes are new or one time, such as outage conditions with exceptional activities, so these are analyzed by the station proactively for planned release scenarios, so that an email submission to the CNSC can be made for a temporary Action Level.  OPG strives to anticipate and plan all releases, so that a Loss of Control event is avoided.   



Meaning of Action Level exceedances

An AL serves as an early warning system to indicate when releases may 
be deviating from the norm. It is meant to result in action by the 
licensee to determine if there is a risk of “loss of control” in the 
licensee’s radiation or environmental protection program. 

Should an AL be exceeded, OPG will:

 determine if there has been a “loss of control” by implementing an 
investigation, 

identify the cause of the exceedance, and 

take action to restore the effectiveness of the radiation and 
environmental protection program. 





Note: Exceeding an AL is by no means a violation of the licence or 
regulations. The demonstration of appropriately responding to ALs is itself a 

demonstration of responsible operation and oversight.
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Using Action Levels for Operational Control

Previously we noted the Loss of Control definition.  It is: a specific rate, activity, or concentration of contaminant … that when reached, might indicate a Loss of Control of an environmental protection program and will require a specific action to be taken.”  This means that the Environmental Protection Program is expected to anticipate higher releases and mitigate them as possible. Failure to do so is an indication to the regulator of potential Loss of Control.  A LOC determination has significant operating and financial impacts, such as for the determination future Action Levels to the external party assessment of risks. 

OPG notes: All events which exceed and assessed Action Level, whether or not actually involving a Loss of Control, are reported to the regulator; however, an anticipated, planned event exceeding an AL will motivate approaching the regulator ahead of time, to request a temporary, higher AL.  An example of this process may be outage planning meetings with the regulator; or a protocol for email notifications and approval (like used by Bruce Power).  Also, ongoing Loss of Control events exceeding an AL may be anticipated after the initial event, and these could be subject to negotiation for a temporary AL, so that only one report is needed over the course of several reporting weeks.  

Hypothetically, how we consider programs like the Maintenance run-to-failure program, or system health reports, could influence Loss of Control evaluations to determine environmental Action Levels, since these programs all anticipate and monitor failures in a planned way. 




Reference: CSA N288.8-17 
Illustration

Action Levels and “Loss of Control”
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Administrative Controls 
above “IIL” and “Admin 
Level”  

Potentially expected “Loss 
of Control” above AL  

Derived Release Limit  

Upper Range of 
Normal 97.5% 

Cutoff  

~ 1 in 5 years 
Reportable Event > 

AL = lowest LOC 
event  

Range of “Normal” 
Operation  

IIL or Admin Level (SCR)  

Action Level (Report)  
Annual, sometimes not 

discernable events expected 
below AL (not reported)  

1 in 10 years 
MPER  Event
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Some of the following may be considerations when selecting the Action Level cut off:
AL events are discernible and elicit actions to mitigate emissions. 
Action Levels are less than the MPER (Maximum Probable Emission Rate) and DRL. 
It is greater than normal operational release range (IIL, 97.5% cut off) and not higher than previous Loss of Control events.
Magnitude based release Loss of Control events are used by OPG, rather than alternative, frequency-based LOC events (like Bruce Power).
A judgemental multiplier of the Normal Operating Range (NOR) cut off is used to select AL

In some cases, multiple system failures must occur before a Loss of Control of the Environmental Protection Program is assessed.  For example, elevated releases from a unit stack alone may not justify setting an Action Level, but when coupled with failed filter system, would indicate at Loss of Control event to be used for an Action Level assessment. MPER events that are identified for each site can also provide some examples for Loss of Control events. 

Examples from DN OPG events considered loss of control 
Problems isolating an ACU coil leak in unit 3 and the processing restrictions in the TRF/HWMB upgrader.
Outage work on the caladeria tubes resulted in nitrogen ingress, which resulted in the formation of nitric acid.  The acid released the CO2 from the bicarbonate solution. (C14 scrubber later installed.)
Rupture disc failure in the Tritium Immobilization System resulting in high releases of tritium.
Munter dryers not operational during outage resulting in high tritium releases
Mis-valving incident resulting in high release of tritium.
Residual elemental tritium remaining in the stack and oxidizing to HTO

Examples from DN OPG events above proposed AL not considered Loss of Control 
Counting statistics - PIN monitor cart temporarily installed, with higher Minimum Detection Limit than the out of service, regular monitor, resulting in high emissions. 
Sample contamination - Airborne tritium contamination of water samples leading to high reported waterborne tritium releases.
Increased activity - Increased downgraded water being sent to Active Liquid Waste (ALW) for discharge as a result of HWMB capacity issue
Instrument limitation – Ludlum 2929 replacement instrument reports much high MDA values than regular Berthold analyzer.





Type Radionuclide 1 New AL 1 2019 AL New/2019 AL(%) 

HTO 7.01 E+02 5.49E+03 12.8% 

C-14 8.93E+OO 1.45E+02 6.16% 

Iodine 1.85E-04 1.53E-01 0.12% 

Noble Gas 2.70E+02 1 .44E+03 18.8% 

Particulate 1.59E-04 2.32E-02 0.69% 

Airborne 

Emission 

HTO 3.81 E+03 1.70E+05 2.24% 

Gross Beta- 

6.74E-01 4.03E-01 167% 
Garnrna 

C-14 Not required 8.11E+OO N/A 

Waterborne 

Ernission 
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Result Summary

Action Levels for Pickering

Units:
- All airborne effluents, except for noble gases: Ci/week
- Noble gases effluents: Ci-MeV/week
- All waterborne effluents: Ci/month

Presenter
Presentation Notes
Compare the new AL’s against the existing AL’s at OPG facilities, and how the existing 10% of DRL value (at 100% New/2019 AL ratio) is exceeded in the analysis.
Note C-14 waterborne releases are batch releases at PN and DN so do not incur an AL. 




Type Radionuclide 1 New AL 1 2019 AL New/2019 AL(%) 

Airborne 

Emission 

HTO 4.01E+02 2.67E+03 15% 

HT 1.03E+03 4.45E+04 2.3% 

C-14 2.92E+OO 6.55E+01 4.5% 

Iodine 1.65E-04 9.SSE-02 0.2% 

Noble Gas 8.91 E+01 2.05E+03 4.3% 

Particulate 1.22E-04 3.28E-02 0.4% 

HTO 3.16E+03 1.39E+06 0.2% 

Gross Beta- 

Gamma 
2.16E-01 7.55E+OO 2.9% 

C-14 Not required 1.51E+02 N/A 

Waterborne 

Emission 
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Result Summary

Action Levels for Darlington

Units
- All airborne effluents, except for noble gases: Ci/week
- Noble gases effluents: Ci-MeV/week
- All waterborne effluents: Ci/month

Presenter
Presentation Notes
These results indicate the influence of CNSC feedback on HTO and C14 waterborne parameters to include these AL parameters in the report.  The CNSC compared PN results to DN results and sought consistency by incorporating AL’s for DN HTO waterborne releases, even if releases are found low for the data survey period.  
OPG argued that for the non-batch HTO releases, impacts were negligible (<0.1%) for analysis.  Even without an AL, there would still be admin levels and other program requirements (e.g., Liquid Emission Response Procedure, commitment to local Water Supply Plant, etc.) in place for monitoring but CNSC inferred that this is strong evidence of a necessary environmental management system, hence an AL.
ALs for DN and PN are accepted by CNSC, and will be implemented starting in January 2024.  NSS-W AL values, while technically correct with respect to CSA N288.8-17, do not satisfy the License Condition 9.1 to have a set of action levels. OPG is in compliance with the licence and will work with CNSC to resolve the NSS-W discrepancy.   
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Result Summary

Action Levels for WWMF
All airborne releases at WWMF have MPERs < 0.1% DRL 
 Analysis indicates a negligible risk for environmental 

releases.
 Airborne ALs are, therefore, “not warranted” and Internal 

Limits (i.e., IILs) will still be in place for the facility.

WWMF waterborne releases:
 The Environmental Risk Assessment confirmed no 

radiological adverse effects to the environment.
 Sub-surface drainage monitoring will continue to be 

covered under the Groundwater Monitoring program.

Presenter
Presentation Notes
Airborne releases are excluded from analysis as they provide a negligible contribution to environmental risks but will continue to be subject to facility’s internal investigation levels. 
For waterborne releases at WWMF, the ERA has not confirmed any radiological adverse effect to the environment.
Surface runoff and sub-surface groundwater monitoring is removed from the effluent monitoring program. 
Although the CNSC concurs with the Environmental Action Level report findings, it has noted that OPG must also comply with Licence Condition 9.1 to maintain “a set of action levels” and report exceedances within 7 days.  For now, OPG maintains Action Levels at 10% of the DRL. OPG follows the licence and will work with CNSC and stakeholders to resolve the discrepancy when applying CSA N288.8-17.   
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