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Disclaimer 
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 The information contained herein is for discussion 
purposes only and does not represent the final NRC 
position.   

 The information contained in this “presentation” has 
not been fully verified and is subject to material 
updating, revision and further amendment. 
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Problem Statement
 Lack of guidance regarding the designation and 

management of design features as a part of the ISA 
process and their relationship to Items Relied on for 
Safety (IROFS).  

 Design features are not defined in the regulations nor 
the SRP (NUREG-1520). 

 The term “credible” is not defined in 10 CFR Part 70.
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Background: 70.61 Performance Requirements

Credible  Events Not Credible  Events

Stop
No Further 

Evaluation is 
Necessary 

Low Consequences

Intermediate 
Consequences

High Consequences

Unlikely

Highly Unlikely

§70.61(e) requires that each engineered or administrative control or control system necessary to 
comply with the performance requirements of §70.61(b) through (d) shall be designated as an item 
relied on for safety (IROFS). 
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Subcritical (if 
criticality is credible)
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Terms Not Defined in the Regulations
 Credible* (or not credible)
 Unlikely*
 Highly Unlikely*
 Engineered Controls
 Control Systems
 Administrative Controls
 Design Features**

The abovementioned terms(except design features) are defined in NUREG-1520, “Standard Review Plan 
for the Review of a License Application for Fuel Cycle Facility”. 

* § 70.65(b)(9) the licensee must provide a description of the definitions of unlikely, highly unlikely, and 
credible as used in the evaluations in the integrated safety analysis.

** Design Features are not defined in NUREG-1520.
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Structures, Systems and Components 
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 Engineered Controls
 Active Controls
 Passive Controls

 Control Systems

 Design Features

If any of the items listed above are used to reduce the likelihood of a credible event to meet 
the performance requirements of  70.61 the item should be designated as an IROFS. 
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Engineered Controls
 Engineered Control—engineered controls are active or passive 

devices used to control a process variable (or dynamic process 
parameter) (e.g. Flow, Pressure, Temperature, Level, Time, 
Composition, pH, viscosity, etc…).  

 Active Engineered Control—active engineered control is a physical 
device that uses active sensors, electrical components, or moving 
parts to control a process variable (e.g. air operated valves, 
automatic pumps). 

 Passive Engineered Control—passive engineered controls are devices 
that use only fixed physical design features to control a process 
variable without any required human action (e.g. restricting flow 
orifices).   
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Design Features
 Design features are passive safety features used to eliminate a particular hazard

through the fundamental conceptual design choices made for the facility.    The 
safety function is accomplished by a fundamental property of the design (e.g. 
construction of material, geometry, etc…).  If a design feature is altered or 
modified, it could have a significant effect on safe operation (e.g. vessels, 
containers).   

 The main difference between a passive engineer control and a design feature is 
that design features are not used to manipulate a process variable.   For 
example, a vessel can be used to hold a fixed total volume, but it can not be used 
to manipulate the amount of substance inside the tank at a particular time 
because the vessel can not control the amount of material coming in or coming 
out from the unit.   Even though the tank can not  manipulate a process variable 
to maintain a safe process condition, it can be used to eliminate a particular 
hazard (such as corrosion). 

 Design features might be used to make an event “not credible” if appropriate 
justification is provided. Passive features have a connotation of superior 
performance that cannot be accepted without evaluation and justification. 
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Design Features Characteristics
 If a design feature is used to make an event “not credible” it should have the 

following characteristics: 

 No credible (or extremely unlikely) failure mode 

 No reliance on external mechanical and/or electrical power, signals or forces.   

 No moving mechanical parts or parts that can be detached.  

 Changes in geometry (such as thermal expansion) are not possible if the safety 
function depends on geometry.  

 Design features should be self-contained or self-supported.  

 Material of construction of process equipment must be compatible with the raw 
materials, intermediate products, end products of the process and the surroundings. 

 If the passive feature doesn’t have the abovementioned characteristics it can not be 
used to make an event not credible and might have to be designated an IROFS.
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Engineer Controls vs. Design Features
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Restriction Orifice Plate
Classification: Passive 
Engineered Control
Safety Function: Restrict the 
flow rate to a certain value
Controlled Variable: Flow
Measured Variable: None
Manipulated Variable: Flow

Air Operated Valve
Classification: Active Engineered 
Control
Safety Function: Control fluid 
transport
Controlled Variable: Flow
Measured Variable: Volumetric flow 
rate
Manipulated Variable: Air supplied 
to the valve to control 

Stainless Steel Tank
Classification: Design Feature
Safety Function: Safe 
containment of an specific 
volume or mass of material
Controlled Variable: None
Measured Variable: None
Manipulated Variable: None
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Requirements
 Regulations in §70.22 (a)(7) require that a license application shall contain a description of equipment and 

facilities that will be used by the applicant to protect health and minimize danger to life or property.   

 Design features are used by the licensee to protect health and minimize danger to life and property therefore, they 
should be described in the license documentation.  

 An acceptable description for the design features should include the safety function of the design feature and the 
design characteristics that make it extremely unlikely to fail .   The licensee should provide a convincing argument to 
demonstrate that design features are sufficiently effective, reliable and available to meet the specified design basis.  

 If a design feature fails, the licensee must report to NRC to comply with the requirements of §70.50(b)(2).

 Regulations in §70.52 (a) require that each licensee shall afford to the Commission at all reasonable times 
opportunity to inspect special nuclear material and the premises and facilities wherein special nuclear material 
is used, produced, or stored.   
 Therefore, design features are subject to the same inspection requirements used for other structures, systems, and 

components.  

 The licensee should request NRC approval before a design feature is altered or removed without at least an 
equivalent replacement of the safety function.    If a design feature is replaced by an IROFS, NRC preapproval 
should be requested by the licensee.  This is not a Part 70 requirement, but it is a good practice, that should be 
adopted by licensees. 

 The licensee shall establish a configuration management system to evaluate, implement, and track each change 
to the site, structures, process, systems, equipment, components, computer programs, and activities of 
personnel (to meet the regulatory requirements of 70.72(a) and (b)). 
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Management Measures
In order to maintain reliability of design features management measures are 
recommended.   These management measures could be graded. 

 Configuration Management—to ensure consistency in the facility design and 
operational requirements, the physical configuration, and the facility documentation. 
Any design features contained in replacement items (like-for-like or equivalent) 
should be subject to verification, including essential attributes to confirm the 
existence of the design features. For example: for the stainless steel tank, when 
appropriate, verification activities may include activities such as, dimensional 
inspection, NDE, hydrostatic testing, and material confirmation. Any plant 
modification or changes made during operation affecting the tank will be subject to 
verification activities that confirm that the design features remain as described in the 
ISA or licensing application. (Configuration Management is required to comply with 
§70.72(a)).

 Maintenance—the licensee should inspect, test and maintain design features to a 
level commensurate with the items’ importance to safety. 

 Training and qualification—personnel who perform activities relied on for safety must 
be trained and tested so as to provide reasonable assurance that they understand 
and recognize, the importance of the design features. 
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Management Measures (cont’d)
 Procedures—the licensee should have procedures in place for activities affecting design 

features. The following is only provide for example purposes and is by no means a 
complete list of procedures applicable for performing activities related to design 
features – it is noted that most of these procedures exist and would need to be revised 
to address their applicability to design features: training, procurement, inspection, 
document control, surveillance, design changes/control, corrective action, reporting 
failures, testing, audits, records. Etc.

 Audits and assessments—should be used to provide reasonable assurance of the 
continued availability and reliability of design features.  

 Incident Investigations-The licensee should investigate abnormal events related to 
design features and complete appropriate corrective actions.  If a design feature fails, it 
should be considered an IROFS and the probability of failure should be estimated again 
based on the incident.  

 Records Management—the licensee should keep records related to training, 
maintenance and failure of design features.  

 Other QA Elements—the licensee should address other QA elements that would be 
applied to design features as appropriate. 
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Example for Criticality Prevention
 IROFS
 Engineered Controls (active and passive) used to 

control process parameters (e.g. volumetric flow, 
concentration)

 Administrative Controls
 Control Systems 
 Passive features that can not be designated as design 

features because they don’t make the event not 
credible. 

 Design Features
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Example:
 A criticality safe vessel that has a favorable geometry in a benign environment 

in which corrosion or other material degradation is not credible. 
 The vessel is of such robust construction (e.g., thick, stainless steel, steel 

surrounded by concrete, tank that was dimensionally inspected, tank was 
hydrostatic tested) that  has insignificant possibility of leaking in service, and 
there is no credible mechanism for the material to accumulate in an 
unfavorable configuration. 

Failure Modes: 
-Geometry changes
-Corrosion
-Bulging
-External rupture
-Unsafe configuration
-Overpressurization
-Backflow
-Leaks

-Rupture caused by 
external force

Prevention Feature
Design Feature
Design Feature
Design Feature
Design Feature
IROFS
IROFS
IROFS
IROFS or Design 
Feature
-IROFS

P
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Recommendations
 Develop an ISG to: 
 Provide an acceptable definition of design features, 

engineered controls and unmitigated accident sequences. 
 Discuss acceptance criteria for Design Features. 

 And/or Update NUREG-1520 to: 
 Update “not credible” definition. 
 Update engineered controls definition
 Define design features and discuss acceptance criteria. 
 Provide a discussion on graded management measures. 
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Challenges
 This change could be viewed as a new staff position (backfit). 

 OGC might have a legal objection with the definition of the new terms. 

 Benefit to the licensees is not obvious: 
 The licensee has the responsibility to prove that the safety function of the 

design features will not be degraded (e.g. apply NQA-1, prove that the 
probability of failure is lower than 10-6, etc.).  

 No direct regulatory support since design features are not explicitly 
defined in the regulations. 

 Additional requirements might be necessary for new facilities, to be 
consistent with the regulations in 70.64. 

 Development of an ISG could take up to 2 years.  CRGR (possible backfit) 
and ACRS might want to be involved.  
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Summary
 Design features used to make an event “not credible” 

should be described in application or the ISA Summary. 

 Engineer controls, controls systems, and administrative 
controls used to limit the risk of a credible event must be 
designated IROFS. 

 If a design feature has a credible (or not insignificant) 
failure mechanism the feature must be considered an 
IROFS and the accident sequence prevented by the 
feature should be considered credible. 
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