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PUR-1: Upgrade to Fully Digital I&CNew technologies…new challenges

New reactor concepts => 
Significantly different requirements 
than existing fuel cycle facilities

Digitalization => New architectures 
and new vulnerabilities

New technologies => Quantum computing
Adversaries now have access to new tools 
with unprecedent capabilities



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

Objectives:
1. Develop a modular digital twin platform with various levels of 

automation using a remote workstation with AI/ML algorithms
2. Train AI/ML using physics-based microreactor models and real-

time digital operation data collected from PUR-1
3. Perform testing and evaluate performance



Semi-autonomous Architecture



1960 - 2017

Introducing PUR-1

Fully Digital I&C
Reactor Pool

Operator Console



1960 - 2017

2019 - present

Before and after…
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Towards a Real-Time Cyber-Physical Digital Twin

Physical Digital/Cyber



9

Towards a Real-Time Cyber-Physical Digital Twin

PUR-1
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Towards a Real-Time Cyber-Physical Digital Twin

PUR-1 RMSS

OT/IT Comms
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Towards a Real-Time Cyber-Physical Digital Twin

PUR-1

Control rack

RMSS

OT/IT Comms
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Towards a Real-Time Cyber-Physical Digital Twin
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Digital/Cyber Remote Station
RTP 3000 TAS N+
Nuclear grade PLC
16 CH AI/AO
32 CH DI/DO

Power 
distribution 
unit

Actuator control
UPS APC/1500

Siemens S7 PLC

Real-time diagnostics

R-TIME GUI

Field 
Programmable 
Gate Array

IT Monitoring Stats:
2000 parameters
1kHz sampling

To GPU
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Installing and Testing AMDR

Support 
structure

Actuator

Guide tubes

AMDR

Completed 
May 2023
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Datasets for Benchmarking





Semi-autonomous Architecture
Completed We are here



Acknowledgements

This research is being performed using funding received from 
the DOE Office of Nuclear Energy’s Nuclear Energy University 
Programs under contract DE-NE00009268. 

We also thank Rick Vilim from ANL, and John Jackson, Yasir 
Arafat, and Ben Baker at INL for fruitful discussions and expert 
input.



19Questions?


	AI/ML for a Digital Twin of the Purdue Reactor PUR-1���2023 ASI Workshop
	Team Info
	PUR-1: Upgrade to Fully Digital I&C
	Goals & Objectives
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

