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Design Guidelines for SFR Safety Approach
• GIF Safety Design Criteria Task Force (SDC-TF) completed

first SFR Safety Design Guidelines report in 2016
- Guidelines on safety approach and design conditions for Gen-IV

SFRs
- Recommendations on compliance with Safety Design Criteria
- Design options for SFR-specific safety challenges

» Engineered safety features to lower the probability and limit the 
consequences of design basis accidents

» Passive/inherent safety features for reactivity control and core cooling 
during design extension conditions
- Prevention and mitigation measures against infrequent/limiting 

events such as ATWS, loss of decay heat removal function, and 
reactor coolant level reduction

» Accident conditions that need to be practically eliminated
- Limited cases when a mitigation measure is not included
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Review of Design Guidelines
• ”Safety approach" design guidelines were distributed 

externally for review
- OECD/NEA's Ad-hoc Group on the Safety of Advanced

Reactors (GSAR)
» Comments received on 12 October, 2018

- International Atomic Energy Agency (IAEA)
» Comments received on 22 March 2018

• Leveraging the important feedback, GIF task force will 
finalize the resolutions of comments from GSAR and IAEA 
(with corresponding revisions) in upcoming meeting in
Paris on April 3-4, 2018
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Overview of GSAR Comments
• Purpose and scope of design guidelines
• Relation between plant states and DiD levels
• Reactivity characteristics of SFRs in general, sodium void 

worth in particular
• Delineation of recommendations for DEC and residual risk 

events
• Unintended effects of passive reactivity feedback

mechanisms
• Mitigation measures during accidents with core damage
• Specific practically eliminated accidents

- Accidents that could lead to core uncovering
- Complete loss of decay heat removal
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Examples of GSAR Comments
Purpose and scope of design guidelines
• “Explain how the document should be used”

- Guidance on how to comply with the GIF SFR Safety 
Design Criteria with examples for best practices

• “What are DBA design limits?”
- Peak fuel/clad/coolant temperatures, time-at-temperature, 

cladding strain
• “Provisions to protect containment against direct thermal 

effects of sodium fires should be included”
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Examples of GSAR Comments (cont.
Relation between plant states and levels of defense-in-depth
• “Define DEC as being the 4th level of DiD”
• “Level 4 DiD is not limited to DEC”
• “WENRAs DECA/DECB classification should be adopted”

- Referred to as prevention/mitigation situations in GIF report 
(follows IAEA convention)

• “Frequency limits for plant states”
- Specified for AOO and DBA, but not for DEC and residual 

risk events due to differences in national regulations
• “Dose limits”

- Defined by each national regulatory authority
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Examples of GSAR Comments (cont.
Reactivity characteristics of SFRs
• “Average vs. minimum margin to boiling”

- Not considered a significant factor for accident progression
• “Coolant density change could be a positive reactivity 

contribution”
- Net reactivity (with contributions from all feedback effects) 

should be negative to foster the potential for inherently safe 
behavior
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Examples of GSAR Comments (cont.
Decay heat removal
• “Coolant level considerations should include decay heat 

removal paths (not just to keep the core covered)”
• “Core temperature increase and overall heat capacity are 

not closely linked for loop type SFRs”
- Rate at which the temperature increases depends on the

overall heat capacity of the system for both pool and loop 
type systems

• “Independence of decay heat removal provisions for 
AOO/DBA and DEC”

• “Failure of DHR circuits should not induce a bypass of the 
containment”
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Examples of GSAR Comments (cont.
Design Extension Conditions
• “DEC definition and frequency is needed”

- Accident with lower probability than DBAs and involve the 
failure of more than one SSC important to safety or part of a 
safety system, including the initiators that result in severe 
accident conditions as considered for the development of 
design measures for Level 4 of DiD

- Analyzed with best-estimate methodology
• “Emphasis on inherent/passive safety to reduce reliance 

on electric power and external water sources”
• “SSC integrity during DEC will be limited to those that are 

still functional”
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Examples of GSAR Comments (cont.
Practically eliminated accidents
• “Use consistent definitions with WENRA and IAEA”

- Physically impossible or extremely unlikely with a high level 
of confidence

• “What is the criteria for what should be mitigated vs 
eliminated? How are these scenarios selected?”

• “Tradeoff between practical elimination and mitigation 
should be discussed”

• ”If a design can be modified to make a scenario impossible 
or reduce its frequency, why limit the total number of 
practically eliminated cases?”
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Examples of GSAR Comments (cont.
Practically eliminated accidents (cont.)
• “Requirements on ‘sufficient design margins' are too 

vague. Are the available design rules appropriate or do we 
need more stringent ones?”
- Since PE of an accident require a high-level of confidence, 

its analysis will require including the uncertainties
• “How do you quantify high level of confidence?”

- Degree of confidence is a subject between the applicant and 
regulator. A commonly used approach is to apply 95/95 
tolerance limits to account for the uncertainties (assuring 
that there is at least a 95% probability within 95% 
confidence level that the probability of the subject accident 
is below the limit).
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Examples of GSAR Comments (cont.
Practically eliminated accidents (cont.)
• “Large gas flow through the core should include gas 

entrainment fro cover gas and fission gas release”
• “Considerations for collapse of core support structure

should include high radiation dose to avoid operation in 
brittle domain. Minimum ductility should be preserved with
negligible creep”

• “What are the credible factors leading to complete loss of 
DHR function?”
- Initiating events, external hazards, common cause failures
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Examples of GSAR Comments (cont.
Practically eliminated accidents (cont.)
• “Core uncovering due to sodium inventory loss”

- In case of a RV leakage, the GV should be designed also 
considering the failure of pressure control to keep the core
covered and decay heat removal paths open 

• “In case the double failure of RVs and GVs cannot be
practically eliminated, provisions should made be available 
either for early detection of sodium leakage combined with 
the ability to rapidly unload fuel assemblies from the 
reactor before the core is uncovered”

• “How feasible is quantification of analysis uncertainties of 
core damaged states?”
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Examples of GSAR Comments (cont.
Practically eliminated accidents (cont.)
• “List of PE cases should be established in the frame of 

detailed design and safety analysis”
- PE list in the report provides examples not intended to be

comprehensive and not implied to be generically applicable 
to all SFRs

• “Practical elimination of hydrogen generation should be 
considered”
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Examples of GSAR Comments (cont.
Reactivity control systems
• “Why limit single failure criterion to one shutdown system?” 

- Second means of reactivity control is required to be
independent, diverse, and capable of maintaining safe 
shutdown, but not with a margin for a failure

• “Shutdown systems could be replaceable: it's designer's 
choice”

• “Reactivity worth of flow-response devices should be
limited to tolerate risk from an unintended increase in
coolant flow at low power”
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Examples of GSAR Comments (cont.
Other general comments
• “Robustness of reliability analyses on innovative systems 

is doubtful”
- SDG is not intended to target just the first-of-a-kind SFRs

and there is already substantial SFR operational experience
with relevant reliability data sufficient to support PRA

• “Diversity vs. duplication should be explained”
- Duplication = Redundancy

• “Mitigation provisions against sodium ejection -Is there a 
criteria for decision making?”
- If sodium ejection is a concern, the containment must

maintain its function against the loads of pressure and heat
that can be generated by sodium combustion
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Examples of GSAR Comments (cont.)
Other general comments (cont.)
• “How to prevent common cause defects in manufacturing?”

- Different source for the materials, dissimilar manufacturing 
methods, different manufacturers, varying testing and 
inspection methods

• “Elimination of the need for off-site emergency response, 
doesn't imply that the off-site emergency plan is not 
required”
- Off-site emergency plan is still envisioned for Gen-IV SFRs, 

even if the goal is elimination of the need for it
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Overview of IAEA Comments
• Consistency of definitions with revised SSR 2/1 and IAEA

glossary
• Consistency in terms used throughout the documents
• Recommendations regarding containment integrity missing
• Reactivity characteristics of SFRs in general, sodium void 

worth in particular
• “Subchannel blockage” as DBA vs. TIB as DEC
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Examples of IAEA Comments
• “Report may use definitions that are not exactly the same 

as those in SSR 2/1 to account for the specificities of 
SFRs; but, in such cases SSR 2/1 should not be used as a 
reference”

• “Some of the definitions in the GIF document are based on 
the 2007 version of IAEA safety glossary whereas 2016 
revision is available”

• “Report uses “accident initiators”, “potential initiating 
events”, “postulated initiating events” and similar terms 
interchangeably (not clear if they imply an AOO, DBA or 
DEC); terminology should be consistent.”

• “Define unprotected accidents”
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Examples of IAEA Comments
• “ ‘DECs should include initiators that result in severe 

accidents’: Design cannot allow initiating events to lead 
directly to a severe accident through reliance on preventive 
measures”

• Several concerns in Ch-5 on positive sodium void reactivity
- “Core damage should be prevented by applying a passive 

shutdown device/measure ee and by reliance on inherent 
safety with net negative reactivity feedback at elevated 
temperatures”

- “Sodium void worth is relevant during transition phase too”
• Elaborate why SFR core “is not in most critical condition” and 

what phenomena can lead to the reactivity increase
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Examples of IAEA Comments
• “Include a list of authors or SDG-TF members”
• “Quantification of key criteria” is not addressed as requested by 

GIF PG and SIAP
• 500-550°C is the typical sodium bulk outlet temperature; the

maximum sodium temperature is essentially higher
• “ ‘Functional extension of the design measures dedicated to 

AOO/DBA to cope with DECs' is inconsistent with requirement 
for independence of provisions for various DiD levels”

• “Cooling of containment is not considered”
• Numerous editorial suggestions, wording improvements, and 

requested clarifications
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Update of Design Guidelines
• Leveraging the important feedback from GSAR and IAEA, 

GIF task force will finalize the resolutions of comments 
(with corresponding revisions) in upcoming meeting in 
Paris on April 3-4, 2018

• Updated ”Safety approach" design guidelines will be 
submitted for EG/PG approval hopefully in 2018
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