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Microreactor 
Application

Applied Research 

Original Investigation undertaken to 
acquire new knowledge directed 

towards a practical implementation of 
Microreactors
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MARVEL
Microreactor Application Research, Validation and EvaLuation Project

Key Design Features
Thermal Power 100 kW
Electrical Power 20 kWe (QB80 Stirling Engines)
Weight < 5 US ton
Primary Coolant Sodium-Potassium eutectic
Intermediate Coolant Lead-Bismuth eutectic
Coolant Driver Natural Convection, single phase
Fuel HALE(UZrH), 304SS clad, end caps
Moderator Hydrogen
Neutron Reflector Graphite, Beryllium (S200), Beryllium oxide 
Reactivity Control Radial Control Drums, Central Absorber
Primary Coolant Boundary SS316H

MARVEL Team is Innovating in every areas of a microreactor 



Small Reactor...Big Opportunities

Power a remote 
Additive Manufacturing 

Machine

Electricity 

heat

End-user companies 
engaged: 
üDell
üTesla
üElectrify America
üChargepoint
üExxonMobil
üOxeon
üBloom
üFuelcell Energy
üEnvoy Public Labs
üEastman/Kodak
üGSE
üShell
üChevron
üAVEC
üIdaho Power
üSouthern Company 
üHoltec
üBattery 500
üProton Conduction H2
üLIFEPo4

External Program Collaborators 
INL Net-Zero; DOE System Integration & Analysis; DOE Research Reactor Infrastructure Program

Integrated with Private Industry

NQA-1 & Commercial Supply Chain 
Premier Technologies, Petersen Inc., American Fabrication, Materion, Triga International  



MARVEL is at 10% Final Design 

Final Fuel & Core Design
- “longer” TRIGA fuel (catalog # 

419)
- Core barrell-11” NPS Sch 80S
- HALEU from Y12
- Fuel Fab. at TRIGA 

International 
- TNBGC-1 transport relicensing
Central Insurance Absorber 
Rod 
- DID shutdown
- Inherent adjustment for Burnup
- Hot standby heater
- Neutron Source for NI 

calibration



MARVEL is at 10% Final Design 

Primary Coolant Boundary Evolutions

1. Thermal Distribution “Block”à
“Plenum”

• Thermal Stress was significantly 
reduced by updating solid metal 
distribution block to “plenum-style” 
fluid distribution

• Allows sufficient NaK inventory for 
maintaining submerged core, 
during postulated LOCA

2. Intermediate Heat Exchanger 
“S&T”à “finned plate”

• High stress shell and tube design 
was updated to fin tube-in-tube 
design for improved flow rate and 
ease of fabrication 

Fluid Distribution block 
(previous design)  

Fluid Distribution block 
(updated design)  

Hot Annulus
Free Downcomer

Hot Tubes
Insulated Downcomer



MARVEL is at 10% Final Design 

Secondary Guard Vessel Evolutions

3. Expansion loops “pyramid”à
“cone”

• Expansion joints elevated to 
enable  “top-down” assembly

• Enables minimum guard vessel 
volume

4. Guard Vessel “bolted” à joint
• Multi-surface bolts replaced by a 

single-weld design for ease of 
fabrication and assembly

• Higher performance for gas 
retention

• Wider based and lower center of 
gravity for seismic resistance

Low thermal Expansion 
loops (previous design)  

Elevated thermal 
Expansion loops (updated 
design)  

Guard vessel
(previous design)  

Guard vessel
(updated design)  



Procurement, Fabrication, NQA-1 Vendors
• Procurement Agent: MFC

− Four major procurement packages
• Four NQA-1 vendors engaged

− Premier Technologies, Blackfoot, ID
− Petersen Inc., Ogden Utah
− American Fabrication, Idaho Falls, ID
− Avantech, Seattle, WA

• Applicable Codes and Standards
− ASME BPVC Section III Division 5
− Inspections/fab per BPVC code
− AISC N690

• Early Procurement List to DOE underway

PCAT lessons learned and experience shared with potential 
reactor fabricators



Reactor Hardware is Challenging but Achievable



Agenda

• 1:10 – 1:25 MARVEL Interim Design Review .............................................. MW Patterson
• 1:25 – 1:45 MARVEL PCAT ......................................................... Blair Grover, Scott Reed
• 1:45 – 2:00 MARVEL Structural Design Evolution .........................................Luke Andrew
• 2:15 – 2:30 MARVEL Instrumentation & Control System...........................Benjamin Baker
• 2:30 – 2:45 MARVEL Reactivity Shutdown Rod...............Travis Lange, Anthony Crawford 
• 2:45 – 3:05 (NEUP Project 19-16802) Evaluation of Semi-Autonomous Passive Control 

Systems for HTGR Type Special Purpose Reactors ........................... Brendan Kochunas
• 3:05 – 3:25 (NEUP Project 19-17185) Demonstrating Reactor Autonomous Control 

Framework Using Graphite Exponential Pile ................................................. Bren Phillips 
• 3:25 – 3:40 Wrap Up ........................................................................................ Yasir Arafat 


