
Opportunities for Generation-IV 
Reactor Designers through Advanced 

Manufacturing Techniques

Dr. Isabella J. van Rooyen, INL, USA
25 May 2021

 

           
  



GEN IV International Forum

Some Housekeeping Items

Listen through your computer Please select the “mic and speakers” radio button on the right-hand audio and pane 
display

Technical Difficulties Contact the Go To Webinars Help Desk: 888-259-3826

To ask a question Select the “Questions” pane on your screen and type in your question

Share with others or watch it again A video/audio recording of the webinar and the slide decks will be made available at 
www.gen-4.org

Please take the survey
A brief online survey is available at 
https://docs.google.com/forms/d/e/1FAIpQLScAp56S74P_Hkt3-
crNNg5xkPqSzouX6NU8CdJFRyhHABMc7g/viewform?usp=sf_link.  

http://www.gen-4.org/


To Ask a Question

To Open the 
Go To 
Webinar  
Control Panel

Click Here

Write question in bottom box 
and hit “Send”
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Meet the Presenter
Dr. Isabella J. van Rooyen holds a PhD in physics, an MSc in metallurgy, and an MBA. She is the 
National Technical Director for Advanced Methods for Manufacturing Programs for the Department of 
Energy-Nuclear Energy Enabling Technologies.  She is also a distinguished staff scientist at the Idaho 
National Laboratory (INL) where she has led as principal investigator (PI) a variety of research projects 
for nuclear applications through competitive awards by industry strategic partners, lab-directed 
research funds, National Scientific User Facility (NSUF), and the Nuclear Engineering University 
Program (NEUP).   These research projects focus on tristructural isotropic (TRISO)-coated particles, 
U3Si2, integrated fuel fabrication processes, high-temperature compact heat exchangers, SiC-ODS 
alloy gradient nano-composite cladding, fission product transport mechanisms, additive manufacturing 
qualification reviews, and advanced manufacturing methods. Dr. van Rooyen also led the advanced 
electron microscopy and micro-analysis examinations for the Advanced Gas Reactor TRISO fuel 
development program from May 2011–January 2021. 
Dr. van Rooyen’s engineering and scientific exposure includes hands-on experience in a wide variety 
of pursuits; examples include heat treatment, surface treatments and coatings, welding procedures, 
casting processes, powder fabrication, and consolidation processes. Prior to joining INL in 2011, Dr. 
van Rooyen held various technical leadership roles in the nuclear, aerospace, and automotive 
industries in South Africa, most notably the research at Pebble Bed Modular Reactor (PBMR) 
Company and NECSA and DENEL Aviation.  Dr. van Rooyen has more than 50 peer-reviewed journal 
publications, more than 40 conference papers and presentations, over 100 company-specific technical 
and scientific reports, seven invention disclosures, one additive manufacturing patent awarded in 
2020, one patent in process of issuing, and five patents filed on additive manufacturing in 2018–2020.
Email: isabella.vanrooyen@inl.gov
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Nuclear at a Glance

• From clean energy generation to economics, U.S. nuclear is definitely contributing to America’s energy mix and our GDP
• In this pandemic environment, nuclear reactors keep air clean; removing thousands of tons of harmful air pollutants that 

contribute to acid rain, smog, lung cancer and cardiovascular disease.
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Office of Nuclear Energy: Mission Pillars
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• Advance nuclear power to meet the nation's energy,  environmental, and national security needs.
• Resolve technical, cost, safety, security and regulatory issues  through research, development and demonstration.
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Office of Nuclear Energy

5



GEN IV International Forum

Advanced Methods for Manufacturing (AMM)
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DOE-NE AMM Focus Areas: FY2021
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Connections of AMM program to other R&D programs, NRC, Industry
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Evaluate AMM Program Award Impact  
(NEET Awards 2011-2019)

AMM Techniques Materials
LPBF

Technology Innovations for Fission Batteries: Fission Battery Webinar 
Series; February 24, 2021
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Communication
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Additive Manufacturing Projects – Code Case
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Non-Destructive Testing
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Development of Innovative Manufacturing Approach for ODS Steel 
Cladding Tubes using a Low Temperature Spray Process
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SMR RPV Manufacturing & Fabrication Technology Development
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Overall industry goal is to produce a code-acceptable SMR Reactor 
Pressure Vessel (RPV) within 12 months 

18-month schedule reduction
40% cost reduction

R&D project objective is to manufacture the major components for a 
2/3 scale (44’ long x 6’ in diameter) NuScale RPV utilizing:

Powder Metallurgy/ Hot Isostatic Processing (PM/HIP)
Electron Beam Welding
Diode Laser Cladding
Cryogenic Machining

Partners include EPRI, the UK’s Nuclear Advanced Manufacturing 
Research Center (NAMRC), Carpenter Powder Products, Synertech, 
TWI, Sheffield Forgemasters, Sperko Engineering and others

Mockup EB weld of 
lower head

SMR Reactor Pressure Vessel Manufacturing & Fabrication Technology 
Development – EPRI (10/01/2017 – 09/30/2021)
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Examples: AMM SBIR PROJECTS
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Irradiation Performance Testing of Specimens Produced by 
Commercially Available Additive Manufacturing Techniques
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Enhancing irradiation tolerance of steels via nanostructuring by 
innovative manufacturing techniques
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What Next?
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Translate Challenges into Opportunities

Strong research focus needed 
• not only just solving individual / specific manufacturing technique and materials problems, 
• identifying strategic path forward in technologies, capabilities or other resources that will 

broadly benefit application operating in harsh service conditions.  
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Gaps or Technology Challenges
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Manufacturing Process Digital-Twin Conceptual Architecture

21



GEN IV International Forum

Digital Twin Business Values
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Source: Deloitte analysis
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Vision
NEET ASI Research results in advanced 
sensors and I&C technologies that are 
qualified, validated, and ready to be 
adopted by the nuclear industry

The Advanced Sensors and Instrumentation (ASI) program
DOE NEET Crosscutting Technology Development

Mission
Develop advanced sensors and I&C that 
address critical technology gaps for 
monitoring and controlling existing and 
advanced reactors and supporting fuel cycle 
development
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Pattrick Calderoni
National Technical Director, Advanced Sensors and Instrumentation
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Capital costs of nuclear and the opportunity for AMM 
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Advanced Methods for Manufacturing
• About 50% of the cost of existing NPPs is from civil 

works - buildings, foundation, etc., which are mainly 
made of concrete

• Plenty of R&D is needed in concrete construction, that 
is, efficient ways for modular construction that ensures 
safety, economy, and quality assurance
– Maximize off-site construction
– Use existing supply chains as much as possible
– Avoid the need for specialized technicians such as 

nuclear-quality welders
– Not much need for new types of concrete, per se

• These problems have long been solved in the non-
nuclear industry (e.g., high-rise buildings)
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State of practice
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Chandu Bolisetti: chandrakanth.bolisetti@inl.gov
Efe Kurt: efe.kurt@inl.gov

mailto:Chandrakanth.Bolisetti@inl.gov
mailto:efe.kurt@inl.gov
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Deployment of new construction technologies in nuclear
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Technological Innovations in Reinforced 
Concrete

• Reinforced concrete structures may have to be used as 
secondary/tertiary containment for fission batteries

• Technologies that provide adequate structural 
performance, modularity, rapid assembly, and radiation 
shielding are needed

• Some innovations include:
• Advanced manufacturing of reinforcement cages, including 

development of materials that can replace steel and can be 
additively manufactured

• Manufacturing “foldable and transportable” reinforced 
concrete structures?

• “Smart” concrete with embedded sensors
• Concrete with superior radiation shielding properties 

to reduce (or eliminate) EPZs
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Chandu Bolisetti: chandrakanth.bolisetti@inl.gov
Efe Kurt: efe.kurt@inl.gov

Technology Innovations for Fission Batteries: Fission Battery Webinar Series; February 24, 2021

mailto:chandrakanth.bolisetti@inl.gov
mailto:efe.kurt@inl.gov
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LWRs vs. Advanced Reactors

• Current LWR containments are designed for high pressures
• They need an air-tight containment that can withstand high 

pressures and temperatures. Modular construction of these 
containments is therefore challenging and is one of the reasons 
why non-nuclear concrete technologies are not used. 

• Many advanced reactors involve passive safety systems and 
are operated at (or near) atmospheric pressures

• There are upcoming regulatory changes that are more risk-
informed and performance-based and can leverage ‘functional 
containment’ provided by the fuel itself (e.g., TRISO fuel)

• Given these developments it might be possible to adopt non-
nuclear concrete technologies (e.g., precast concrete) that have 
existing supply chains and decades of experience
– However, they still need to be adopted to the nuclear domain and 

demonstrated adequately
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Chandu Bolisetti: chandrakanth.bolisetti@inl.gov
Efe Kurt: efe.kurt@inl.gov
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Advanced Methods for Manufacturing

New materials can take decades before being adopted into the nuclear industry 
• Therefore, we need to adopt technologies that already have a head start 
• Non-nuclear industry is an obvious place to look (existing experience and supply chain)
• Advanced reactors will have structure with lower safety requirements (with LMP-based 

recommendations like functional containment): these structures are good candidates for 
technologies from non-nuclear construction 
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Chandu Bolisetti: chandrakanth.bolisetti@inl.gov
Efe Kurt: efe.kurt@inl.gov
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Thimble Plugging Device
Exelon’s Byron unit 1 in 2020.(Westinghouse 
and ORNL

Advanced Manufacturing use in Commercial Nuclear Power Plants
Fuel Assembly Channel Fasteners
Brown’s Ferry in Alabama, (Oak Ridge National 
Laboratory in partnership with Framatome and 
Tennessee Valley Authority).
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https://www.ornl.gov/news/additively-manufactured-
components-ornl-headed-tva-nuclear-reactor

https://world-nuclear-news.org/Articles/Westinghouse-3D-
printed-component-installed-in-ind

https://www.ornl.gov/news/additively-manufactured-components-ornl-headed-tva-nuclear-reactor
https://world-nuclear-news.org/Articles/Westinghouse-3D-printed-component-installed-in-ind
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Advanced Manufacturing use in Commercial Nuclear Power Plants
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Chemical and Volume Control System (CVCS) 
safety valve
Korean Atomic Energy Research Institute (KAERI) 
Match Class 1 safety
20MPa in a 3" diamter volume at 650C. 
The chromium and nickel component fabricated by 
using Direct Energy Deposition with a 5-axis CNC 
machine. 

Impeller
Siemens, Krško nuclear power plant in Vrbina, Slovenia.

https://3dprintingindustry.com/news/korean-researchers-3d-print-
highly-resistant-large-format-nuclear-safety-valve-183362/

https://3dprintingindustry.com/news/siemens-3d-prints-
part-nuclear-power-plant-107666/

Original, obsolete water impeller, Siemens’ 3D printed 
prototype and the resulting 3D-printed replacement

https://3dprintingindustry.com/news/korean-researchers-3d-print-highly-resistant-large-format-nuclear-safety-valve-183362/
https://3dprintingindustry.com/news/siemens-3d-prints-part-nuclear-power-plant-107666/
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Surface Technologies: Large Potential
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• Spray coatings (e.g., plasma spray techniques), vapor deposition (e.g., CVD, PECVD, Laser CVD 
etc.), and sputter coating deposition processes are major techniques.  

• Diffusion coating, Ni-dispersion coating, electric arc wire spray coating, electroplating, electroless 
plating, electrospinning, hot dipping, powder coating, ion implantation, anodizing, galvanizing, thin 
film vacuum coating, laser Cladding, friction surfacing, and resistance seam welding coatings are also 
notable.

High-velocity oxy-fuel process at Caterpillar expended to spray 
coat half-scale waste packages with SAM1651 amorphous 
metal.. https://doi.org/10.1007/s11661-009-9830-4

Physical Vapor Deposition (PVD) obliquely deposited molybdenum thin films

Grüner et al., 2018
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Engineered Gradient Materials and Composition

– Ni-Alloy N; Zr-Cr;  Grade 91-316L
– Interface behavior

• Thermal barrier coatings

• Material composition for additive-manufacturing processes
– Materials are designed, for example, to enable the fabrication processes, e.g., flowability for casting 

compositions
– Is there a specific minor composition adjustment necessary for additive-manufactured materials?

• Surface behavior, corrosion properties, and irradiation behavior of additive- manufactured 
components

• AMM provides opportunities to discover and develop new materials

34
Technology Innovations for Fission Batteries: Fission Battery Webinar Series; February 24, 2021

• Multicomponent replacement with one integrated design (eliminates welding) and thin 
functional-gradient layer
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Qualification Processes

35Technology Innovations for Fission Batteries: Fission Battery Webinar Series; February 24, 2021
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Workshop
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Modeling Framework 
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ART Advanced Materials – Providing Materials Solutions to Enable 
Design, Construction, and Operation of Licensable Advanced Reactor 
Systems
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Dr Sam Sham

• Coolant compatibility
• Radiation
• Mass transfer
• Materials surveillance
• Etc.

• Material, design, fabrication, 
installation, examination, testing, 
overpressure protection, inspection, 
stamping, and certification

• In-service inspection
• Etc.
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The Transformational Challenge Reactor Program is applying additive 
manufacturing (AM) and artificial intelligence (AI) to deliver a new approach 

39Benjamin R. Betzler, Ph.D. 
Director, Transformational Challenge Reactor tcr.ornl.gov
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The agile design and development approach employed by TCR is 
intended to accelerate deployment
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The agile design and development approach employed by TCR is 
intended to accelerate deployment
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TCR core is composed of highly advanced, safe and robust 
constituents 
• TCR fuel has multiple inherent 

barriers to radionuclide release 
and is encapsulated in refractory 
and oxidation resistant SiC

• TCR uses the H-bearing 
moderator with highest known 
thermal stability 

• Additively and conventionally 
manufactured Grade 316 stainless 
steel act as the hydride sheath 
and provides assembly structure 
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For nuclear energy applications, the environmental and irradiation conditions 
must be correlated to materials’ evolution and degradation in service
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FY-21 NMDQi Plans for Rapid Qualification 
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INL/CON-21-61741

Michael McMurtrey, Mark Messner, Allen Roach
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High Impact Materials & Manufacturing Technology Challenges
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Conclusions
• Bring together diverse set of manufacturing methods and materials with harsh environmental 

working capabilities to identify common barriers, technical pathways to addressing these 
challenges.

• How do we measure or gauge applications of new advanced manufacturing methods?
 Technology readiness level
 Qualification routes
 Standards/Codes
 Risks 

• Determining requirement & performance specifications

• How do we measure & communicate the impact of our research

• Learn from other industries and countries

46
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Contact Information
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Questions?
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Upcoming Webinars
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Date Title Presenter
24 June 2021 In Service Inspection and Repair 

Developments for SFRs and Extension to 
Other Gen4 Systems

Mr. François Baque, CEA, 
France

27 July 2021 Evaluating Changing Paradigms Across 
the Nuclear Industry

Ms. Jessica Lovering, 
Carnegie Mellon University, 
USA

26 August 2021 Graded Approach: Not just Why and 
When, but How

Mr. Vince (Alois) Chermak, 
INL, USA
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