
INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC

INL/EXP-22-68375-Revision-0

Equipment Procurement and
Final Design for the
MARVEL High-Grade Heat
Extraction System (HGHES)
August 2022

William Justus Campbell



DISCLAIMER
This information was prepared as an account of work sponsored by an

agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.



INL/EXP-22-68375-Revision-0

Equipment Procurement and Final Design for the
MARVEL High-Grade Heat Extraction System (HGHES)

William Justus Campbell

August 2022

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy

Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



www.inl.gov

HGHES Breakdown and Design 

• The HGHES is designed to attach to the reactor at one of the 
Stirling engine locations as show in Figure 1. The heat from the 
reactor is then transported to a Thermal Storage Unit (TSU) 
through a helium coolant system.

• Shown in Figure 2, the system has two loops: a main thermal 
transport loop from the High-Grade Heat Exchanger (HGHX) to 
the TSU and a secondary blower loop to maintain the flow of 
the entire system.
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MARVEL Reactor: Design and Requirements

• MARVEL or Microreactor Applications Research Validation and Evaluation, is 
to be a first-of its kinds reactor that will create a testbed for future 
microreactors. 

• One of the prime requirements for the MARVEL reactor is the ability for it to 
deliver high grade heat to end-users, in the form of the HGHES.

Design and Equipment Challenges

• All equipment involved with the system had 
to handle the high pressures (51 bar) and 
high temperatures (450C-530C) associated 
with the helium coolant.

• Due to the small scale, the thermal storage 
unit had to be specially designed to fit the 
smaller thermal output of the reactor

• Major collaborations were done with 
vendors on all major equipment pieces:

– Blowers

– Heat Rejection Units (HRU)

– Commissioning Heater (H-1)

– He/He Recovery HX

– Thermal Storage Unit
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Figure 1: MARVEL reactor 3D model

Figure 2: HGHES PFD
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