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Goals & Objectives

Goal: Experimentally validate semi-autonomous control and
demonstrate its use in PUR-1 and VSLIMM.

Objectives:

1. Develop a modular digital twin platform with various levels of
automation using a remote workstation with Al/ML algorithms

2. Train Al/ML using physics-based models and real-time digital
operation data collected from PUR-1

3. Perform testing and evaluate performance



Towards a Real-Time Cyber-Physical Digital Twin
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Digital/Cyber Remote Station
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Modeling and Simulation
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Semi-autonomous Architecture

Completed



Initial Results — Anomaly Detection

Cyber event
detection

Normal Interpretation of
operation results identifying
source of FDI
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Initial Results — Load Following

Load Following Control Rod Movements - Cos
Demand

0 20000 40000 60000 80000 100000
Time (s)
ss2-position

ss1-position rr-position

Rod Position (cm)

Load Following Control Rod Movements - Step

70

Function Demand

60
50

40
30
20

-0 @

20000

ss1-position

40000 60000
Time (s)
ss2-position

80000

rr-position

100000



Future Work

Use of OpenMC model to train surrogate forecasting model.

Validation of control loop, completed by using control loop with DL model
to operate physics-based model as reactor surrogate, and vice-versa.

Implementation of control loop with other forecasting models (point
kinetics, DL models trained using OpenMC data, other ML architectures)

— Emphasis on runtime, loop should run at 1hz minimum

Combination of lightweight forecasting models into ensembles
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