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Digital Engineering and 
Advanced Construction at the 
National Reactor Innovation 
Center: The Digital Thread’s 
Impact in Nuclear Lifecycle 
Optimization

From digital engineering tools to embedded structural 
sensors, the use of modern tools to democratize the 

data and sensor fusion to inform health and 
maintenance decisions for the reactor and facility.



Agenda
• Digital Engineering At INL

• Overall implementation
• Digital Engineering At NRIC

• NRIC DOME & LOTUS implementation
• Advanced Construction Technology Initiative (ACTI)

• Digital Twin
• Digital Thread
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Digital Engineering at the INL
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• Automatic 3D Building Generation from 
MBSE (FY 24-25)
• Encourage the use of systems 

planning & architecture
• Automate transformation of 2D 

planning schematics into 3D building 
models

• Build the first nuclear facility-scale digital 
twin (FY24-26)
• Real time visualization of facility and 

reactor status & behavior to support 
operations

• Facilitate demonstrator interaction 
with real test bed information and 
performance

• Continue Windchill Momentum 
and Instantiate Production 
Environment (FY 23-24)

• Solidify existing software 
integrations and package 
capabilities as NRIC DEN: Digital 
Engineering for Nuclear for 
broader industry use (FY24-25)

• Improve and Expand the use of 
DOORS requirements 
management. 

• Continue to expand the 
interconnected tools across INL 
functions via Deep Lynx

We want to fully establish:
• Early Systems Engineering investment to lay groundwork for the right data-driven 

engineering process, and begin cultural transformation
• Combine with software integration to realize “NRIC Digital Engineering Ecosystem”



Systems Engineering

Requirements Engineering

Product Lifecycle Management

3D CAD 
Digital Twin

3D BIM 
Digital Twin

Construction 
Management INL Asset Suite

Data Warehouse:
Deep Lynx

Structural Analysis
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Data Warehouse:
Deep Lynx
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Plant Layout, Design,
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Assy & Test
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Digital Procurement
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Digital tools such as scheduling, Mind 
Mapping, Requirements Management, 
Product Lifecycle management (PLM), 
Enterprise Resource planning (ERP) , 
and Enterprise Asset Management 

(EAM) all interact to allow for effective 
Systems Engineering and Program 

Management of complex interrelated 
projects.

These tools setup a baseline 
framework from which an Integrated 
Project Team operates to quickly and 
robustly execute on difficult tasks for 

any project.

Model Based Systems Engineering 
(MBSE) tools such as Innoslate allow 

us to understand system layouts, 
architectures, behaviors, and 

interactions. These can become 
models for system activities, system 
performance, asset requirements, 

and interface definitions.

Plant Layout and Design tools such as 
Revit BIM, CREO schematics, AutoCAD 
and others allow for systems engineers 

and Subject Matter Experts to 
collaborate on plant designs, layouts, 
relative locations, process planning, 

and operations planning to understand 
how a plant will be used in its Concept 
of Operations throughout its lifetime. 
All artifacts from all disciplines will be 
stored, related, linked, and controlled 
in Windchill, our PLM tool. Drawings 
and other engineering data is then 
passed to EDMS and Asset Suite.

System and component design tools 
such as CREO Parametric, 

SolidWorks, or Aveva all allow the 
design teams to create detailed 

engineering for the physical design 
and layout of each component in 

the overall plant design.
This is the basis of the physical 
aspects of the Digital Twin. This 

provides the geometry, pipe lengths, 
duct lengths, and electrical wiring 
layouts to allow for system level 

analysis of the performance of each 
system as they are further 

developed.

Reactor Design tools including the 
3D CAD modeling tools and reactor 
physics modeling through NEAMS 

tools allow for the nuclear 
engineers to properly design and 

analyze their ideas quickly and make 
adjustments to as many physical 

parameters as they need to 
optimize the reactor core design. 
These rapid changes and updates 

can cascade throughout the design 
process through interconnected 

tools using API’s and Deep Lynx as 
the conduit for processing the 

metadata among the tools.

System Analysis tools such as 
Matlab, Simulink, HYSYS, Easy 5, and 
other system level tools can be used 
to provide facility level performance 
data and modeling. Once validated 

against the real facility, this 
becomes the second level of Digital 

Twin with both the physical and 
functional aspects of the combined 

reactor and test bed model available 
to verify if the system can meet 
expected requirements during 
various phases of operation.

Digital Procurement activities are 
executed through Asset Suite, Ariba, 
and several other tools that can be 
interconnected to our engineering 
tools via Deep Lynx to ensure the 
proper BOM, specifications, and 

other metadata are consistent and 
correct throughout the 
procurement processes.

Digital Manufacturing processes can 
be connected to our engineering 

and design tools to produce 
manufacturing data such as tubing 

bend machine tables, harness 
layouts, CNC machining code, 

additive manufacturing models, and 
other data required to further 

automate our processes and ensure 
consistent, high-quality components 

and structures are developed 

Assembly and Test of the DOME and 
the reactor can be managed 

through our Digital Thread using 
tools such as DOORS and the  

Quality Manager module.  Test plans 
can be authored and executed 

through the digital tools, capturing 
test data and reports that are then 

tied to the requirements, the 
designs, the 3D models, and the 

procurement activities. This 
provides tracing and tracking of the 

full suite of artifacts to ensure  a 
safe and reliable test bed.

Construction of the testbed and 
installation and commissioning of 
the experimental reactors will be 

performed through a combination 
of our PLM system and Procore, a 

construction specific digital 
collaboration tool, with the 

Engineering Procurement and 
Construction (EPC) company. 

Procore will connect with Windchill 
and EDMS to allow for the 

constructor to work quickly on field 
issues while also maintaining 

control of the design engineering 
documentation.



Manufacturing Engineering

Field Engineering

Design Engineering

Issue new equipment specifications, new 
drawings, new requirements for 
components.

Issue new equipment specifications, new 
drawings, new requirements for 
installations, systems, and interfaces.

Using the Digital Thread : Connecting Engineering, Manufacturing, 
and Construction
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Advanced Construction Technology Initiative (ACTI)
Phase I – In-Progress

“Demonstrate Technologies to Significantly Reduce the Cost and Schedule for Construction of Advanced Reactors.” 

• Steel Brick demonstration of structural capability.
• Prototype developed, constructed, and tested.
• No test failures. Exceeded all expectations.



Advanced Construction Technology Initiative (ACTI)
Phase II - scaled, in-field demonstration
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1. Steel Bricks  system, next generation SC modules, for Seismic 
Category 1 structures including containments and novel techniques 
to integrate the modules into the basemat to avoid conventional 
structural attachment problems (e.g., AP1000 construction at Vogtle).

2. Advanced condition and performance monitoring techniques for 
implementing construction and in-service surveillance programs to 
address 10 CFR 50.65 Regulatory Inspection and Monitoring 
requirements as part of the Reliability Integrity Management (RIM) 
plan

3. State-of-the-art Digital Twin replica of the structure to integrate 
sensor data, artificial intelligence, machine learning, and data 
analytics. Provides real time feedback to the digital twin models for 
analysis and validation.

Embedded sensors and 
streaming data. 

3D TEKLA Model
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