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MARVEL Technology Review:

Utilization of MARVEL:    
Advanced Sensors and Controls 
Deployment 

October 20, 2022 - 10:15

Troy Unruh – INL Measurement Science Department / Advanced 
Sensors and Instrumentation  



DOE Advanced Sensors and Instrumentation (ASI) program
Mission, Vision, Goals, and Strategic R&D



ASI technology maturation mechanisms



Various ASI program achievements on sensors and sensor 
systems for irradiation experiments



Sensor maturation using DOE testing infrastructure & MARVEL?



ASI Focus Activities and Near-Term Outcomes & MARVEL?



• MARVEL operational instrumentation 

− Observe trends

− Noise analysis using independent loop 
comparisons

− Analog/digital comparisons

• Radiation hardened electronics  

Sensor testing

Various MARVEL operational sensors

ORNL Front End Digitizer 

(FREND)



• Neutron detector tubes accessible 

− Share space with neutron detectors

• Sealed Primary

− Very limited inside guard vessel

− “Replace” Central Insurance Absorber with 
instrumentation after operational history 
established

Additional sensor testing

In place of CIA? 



Beyond sensors, ASI has several related R&D areas that can 
benefit from MARVEL



ASI Focus Activities and Near-Term Outcomes & MARVEL?



ASI - Digital Technology for Advanced Reactors

Integrating Digital Twins with Advanced Controls

− Digital Twins introduce significant opportunities in:

• Enhanced anomaly detection

• System state quantification and predictions

• Improved AI/ML assisted control systems 
performance

− Communications enable seamless integration 
of new technologies, network architectures and security 
options

− Advanced controls support introduction of:

• Performance-based control algorithms

• Fault-tolerant controls for semi-autonomous 
plant operation

• Artificial Intelligence and Machine Learning 
assisted solutions that improve plant performance 
utilizing operating history and physics-based 
models



ASI Digital Technology for Advanced Reactors, ANL/INL FY23

• Advanced Controls

− Show how a Digital Twin (DT) can be used to 
design and inform a controller of the state of a 
process to switch to different operations modes 
and to demonstrate this use case using ANL’s 
Parameter-Free Reasoning Operator for 
Automated Identification and Diagnosis (PRO-
AID) at Mechanisms Engineering Test Loop 
(METL), a non-nuclear liquid sodium flow facility

− Control method (high performance, digital, or 
AI/ML based) demonstration using existing models

• MARVEL

• METL 

• MAGNET 

• etc. Mechanisms Engineering Test Loop (METL)



MRP - Microreactor Automated Control System (MACS) 
• MACS will use digital twins to automatically control 

microreactor hardware based on inputs from multiple 
sensors that could include measurements of reactor 
power, temperature, control element position, and heat 
rejection 

• Development and demonstration activities will leverage 
existing designs for microreactors (initially MARVEL) to 
develop, test and demonstrate a high fidelity and robust 
MACS that can operate with minimal need for human-in-
the-loop action 

• Experimental demonstrations will focus on actuating 
microreactor-relevant hardware such as control element 
drive mechanisms, based on a simulated response from 
sensor inputs and the hardware in the loop simulator

• Operations training aid will allow operators to manipulate 
surrogate MARVEL control hardware prior to startup

Physical Digital Twin under construction



MFC-720 (TREAT)

MFC-724 

(TREAT Control 

Building)

Enable remote operations and/or monitoring of MACS/MARVEL

Human System Simulation 

Laboratory (HSSL)

ORNL campus

• Remote operation could be “bootstrapped” with in-person 
operator oversight and facility monitoring 

• Verify secure operation and evaluate cybersecurity 
concerns
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