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Encapsulate and reuse expert knowledge

Design Model

Safety Engineering



Model-Based Safety Assessment

● Knowledge separation

● Laymen can build models

● Tailored safety analysis applications

● A closer link between the plant and the 
safety model (digital twin)
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Models close to the design
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Monte Carlo 
simulation 
(YAMS) 

Fault trees 
(RiskSpectrum 
PSA)

Solvers
System model

ModelBuilder – Platform 

Knowledge base – Figaro
(a component library)



Knowledge Base Definition (Fragments)
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Control Logic Modeling

● Instrumentation & Control: intelligent voting

● Spent Fuel Pool: water level and temperature control

● Heterogenous power production: resource scheduling

● We present the control logic and how it can be encoded in a knowledge base.
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Examples from real-life models



I&C: Intelligent Voting

● Detectable failures

● Modified voting logic
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I&C: Intelligent Voting

● Modeling:

– Drag and drop the component 
to the model scheme.

– Drag and drop detector 
components.

– Connect the voting component 
to detectors.

● Automatic fault tree 
generation will include 
intelligent voting.
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A component class for a voting system



Spent Fuel Pool: Water Level and Temperature Control

Lloyd's Register 12



Spent Fuel Pool: Water Level and Temperature Control

● A hybrid analysis – discrete failures together with continuous variables

● Solved by Monte Carlo simulations

● Time discretization: clock ticks

● Discrete events can occur also between ticks
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Reactor Water System (RW)



Spent Fuel Pool: Water Level and Temperature Control

● Event-driven

– Failures, repairs

– Clock

● State evaluation

● Decisions

● Commands to other components (RW)
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Control System for RW



Spent Fuel Pool: Water Level and Temperature Control
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Plant state update



Spent Fuel Pool: Water Level and Temperature Control

● The control component 
can check and set the state 
of RW.

● State: ‘required’

● Actual start is handled by 
RW with corresponding 
failure modes.
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Control of RW



Heterogenous Power Production: Resource Scheduling

● Consumer: a variable demand

● Renewables: wind, photovoltaic

● Gas turbine back-up

● A repair policy
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A heterogenous power plant



Heterogenous Power Production: Resource Scheduling

● Event driven:

– Changing demand

– Changing production

– Failures/repairs

● Gas turbines started only 
if needed

● Variable set-point 
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A control flow chart for production scheduling



Heterogenous Power Production: Resource Scheduling

● Power of first order 
quantifiers:

– One set of rules

– Any number of gas turbines

● Communication:

– Sending start requests

– Setting the production point

– Switching off (directly)
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Control station: starting and stopping gas turbines



Heterogenous Power Production: Resource Scheduling
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A state machine for each power producing component
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Heterogenous Power Production: Resource Scheduling

● Depending on the state

– A local property

● Requested output

– Set by the control logic

● Maximal output

– A local property
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Gas turbine: production determined locally



Heterogenous Power Production: Resource Scheduling

● A standard failure mechanism in Figaro

– A failure time distribution

– Effects of a failure

● Different failure modes

● Repair modeling

– FIFO per repair crew
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Failure modeling



Heterogenous Power Production: Simulation Results
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Conclusions

● Model-Based Safety Assessment

● Figaro - a generic and powerful modeling language

● Can incorporate various features for control logic modeling

– Variable number of ‘related’ components

– State machines

– Flow charts

– Time discretization for continuous variables

● Applicable to both fault tree generation and simulations

24

Control Logic Modeling in RiskSpectrum ModelBuilder


