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Historical Work 
(circa 2022) Low-effort AI “art” 

added by me
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Qualification vs Characterization
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Identifying Requirements

Requirements come from a stakeholder, 
such as the regulator. These are then 

derived into more detailed and actionable 
requirements by the design organization.
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Developing the Hierarchy Structure
Stakeholder Requirements

▪ Level 1: Regulator Mission Statement

▪ Level 2: Fundamental Safety Functions 
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The System Being Evaluated
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Developing the Hierarchy Structure
Derived Requirements

▪ Level 3: Identification of Interfacing Systems
– What systems are needed to support the fundamental safety function?
– i.e. Heat removal is supported by fuel flowing through the reactor vessel

▪ Level 4: Identification of Functional Requirement 
– What must take place within the system to achieve the objective?
– i.e. Reactor vessel interfaces must facilitate convective heat transfer

▪ Level 5: Mechanistic Objectives 
– What physics are at play in the system achieving the objective?
– i.e. Convective heat transfer in the reactor vesselis partially determined by the 

flow regime, calculated using the Reynold’s number

▪ Level 6: Fuel Properties
– What properties of the fuel interact with the physics under consideration?
– i.e. the Reynold’s number is dependent on density and dynamic viscosity
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Branch of the Hierarchy – Visualized
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Objectives Hierarchy Branch for the MSRE

Inlet Piping Line 102 is 
the pipe segment 
between the heat 

exchanger and the core
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Properties showed up multiple times. 

How do I get a single envelope value?
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Calculus*

𝑆(𝑓, 𝑢) =
𝑢

𝑓

𝜕𝑓

𝜕𝑢 𝑢
 

“S, is conveniently defined as the dimensionless 
fractional variation of the observed system 

response, f(u), resulting from a given fractional 
variation of a selected input, u”

*Hand calculation results in limited accuracy due 
to the tightly coupled multiphysics interactions 

not captured with analytical methods.
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Or GOTHIC

Evaluate each safety function’s objectives against the properties that contribute to determine how 
values become bounding on different timescales. Build the envelope around your limiting combinations.
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Measurement Uncertainty

▪ Measure them precisely

▪ MSRE operated safely and successfully 
with modest uncertainties

“For most cases, the uncertainty represents 
considerably more than either “goodness of 
fit” of an interpolation or internal 
consistency available from thermodynamics. 
Instead, the uncertainty may be considered 
as the largest probable combination of 
systematic and random errors associated 
with the value given for the property.” 
(Cantor, 1968)

▪ Optimize your margins by valuing 
uncertainty reduction vs cost

Ok… properties identified and bounded. Now what happens?
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Applying the Method

▪ Useful insights are not 
limited to the licensing 
phase of a project

▪ This method assists 
throughout design 
maturation
– Replace Level 1 with any 

Mission Statement

– Decompose into discrete 
enabling functions

– Follow the process and 
develop the insights
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So… Is my fuel qualified for use?

▪ I don’t know, we have to gain acceptance of the method first!

▪ Appropriate sensitivity studies and uncertainty measurement help 
define your margins

▪ If you operate within the bounding polyhedron governing your 
properties, your fuel is, at least, satisfying the safety functions
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Together…Shaping the Future of Energy®
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