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Big data, Machine
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Sensors and Instrumentation
Reliable, cost-effective, real-
time, accurate, and high-
resolution measurement of the
performance of existing and
advanced reactors core and
plant systems

Advanced Control
Systems

Sensor Performance
Modeling

Material Science



Technology Maturation Using DOE Testing Infrastructure

Low sensor TRL Technology
Easier Access

Lower Cost Tests
Separate effects testing
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Example Microreactor Characteristics




Gap Analysis

Unique Aspect

Regulatory Requirements

Operating Environment

High Consequence
Highly Coupled

Evolving Knowledge

Lack of Operating History

Gap

AI/ML control requires the development of a special
form of model that meet regulatory requirements.

Given the high autonomy requirement, it is necessary
to deploy methods that introduce better awareness of
the plant and compensate for sensors failure

Need to understand the broader plant condition and
challenges, and make a risk-informed decision on the
best action to take.

Multi-input and multi-output control need to handle
high level of non-linearity and interface continuous
and discrete states.

Control methods performance is dependent on the
accuracy associated with the estimated control model

Useful history to feed into optimization the control
methods design and development does not exist.

Control Requirement

Introduce layered approach of control that enables Al/ML-assisted control
but cannot compromise the main control role that meets regulatory
requirements

Couple to low and high-fidelity digital twins that create a virtual knowledge of
lost plant information and indirectly feeds into the control function of the
reactor

Incorporate risk elements into control methods to achieve optimal
performance

Interface the various means of control including Al/ML-assisted control
methods that can handle multi-input multi-output high level of non-linearity
and digital control for discrete states control.

Interface the various means of control including Al/ML-assisted control
methods that can empirically and gradually model the process and adjust the
control method as knowledge is gained.

Leverage hybrid systems (using digital twins and hardware in the loop) to
generate synthetic operating history. This requires a provision to interface
with a pool of software and physical technologies.

Enable a limited provision for human intervention, especially during the initial
operation of reactors.
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Approach to Meet the Control Requirements
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Approach to Meet the Control Requirements
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Full Demonstration of an Autonomous Reactor




Control and Optimization Modular Modeling Application for Nuclear Deployment (COMMAND)




FY24 Accomplishments




Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research
in each of DOE's strategic goal areas: energy, national security, science and the environment.
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