
—ABSTRACT—

Maximizing Temperatures of Delivered Heat from
the Advanced High-Temperature Reactor

Charles W. Forsberg
Oak Ridge National Laboratory*

P.O. Box 2008
Oak Ridge, TN 37831-6165

Tel:  (865) 574-6783
Fax:  (865) 574-0382

E-mail:  forsbergcw@ornl.gov

Per F. Peterson
University of California, Berkeley

4153 Etcheverry, Berkeley, CA 94720-1730
Tel:  (510) 643-7749

E-mail:  peterson@nuc.berkeley.edu

Paul Pickard
Sandia National Laboratories

P.O. Box 5800; Albuquerque, NM 87185
Tel:  (505) 845-3046

E-mail:  pspicka@sandia.gov

File Name:  ICAPP.2004.Hightemp.Abstract
Abstract Date:  October 9, 2003

Abstract Due Date:  October 15, 2003
Word Limit:  400; Actual words: 394

Abstract Prepared for
2004 International Congress on Advances in Nuclear Power Plants (ICAPP ‘04)

Embedded International Topical Meeting
2004 American Nuclear Society Annual Meeting

Pittsburgh, Pennsylvania
June 13–17, 2004

The submitted manuscript has been authored by a contractor of the U.S. Government
under contract DE-AC05-00OR22725. Accordingly, the U.S. Government retains a

nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or allow others to do so, for U.S. Government purposes.

_________________________

*Oak Ridge National Laboratory, managed by UT-Battelle, LLC, for the U.S. Department of Energy
under contract DE-AC05-00OR22725.



—ABSTRACT—

Maximizing Temperatures of Delivered Heat from
the Advanced High-Temperature Reactor

C. W. Forsberg P. F. Peterson Paul Pickard
Oak Ridge National Laboratory University of California Sandia National Laboratories
P.O. Box 2008 4153 Etcheverry P.O. Box 5800
Oak Ridge, TN 37831-6165 Berkeley, CA 94720-1730 Albuquerque, NM 87185
Tel:  (865) 574-6783 Tel:  (510) 643-7749 Tel:  (505) 845-3046
forsbergcw@ornl.gov peterson@nuc.berkeley.edu pspicka@sandia.gov

The advanced high-temperature reactor (AHTR) is a new reactor concept that uses a high-temperature
coated-particle fuel for which significant fuel failure does not occur until the temperature exceeds
1600EC.  This is the same basic fuel used in modular high-temperature gas-cooled reactors (MHTGRs).
However, the AHTR coolant is a fluoride molten salt with a boiling point near 1400EC.  The reactor
operates at atmospheric pressure as a pot-type reactor.  For power production, the reactor is coupled to a
helium Brayton cycle.  The electrical efficiency is projected to be 48% with a molten salt reactor exit
temperature of 750EC.  The reactor is designed to have the same level of passive safety as an MHTGR.
The reactor vessel is located within a silo with a passive decay heat cooling system similar to that of the
General Electric S-PRISM sodium-cooled fast reactor.  In an accident, the molten salt couples the decay
heat from the reactor core with that of the vessel wall.  Decay heat from the reactor vessel then radiates to
a guard vessel, which is cooled by natural circulation of air.  In this configuration, the AHTR can use
passive safety systems with nominal power levels projected to be in excess of 2000 MW(t).

An evaluation examined raising the temperature to 1000EC.  This would increase electrical efficiency
(exceeding 55%) or allow coupling to multiple hydrogen production systems.  The higher temperatures
allow for higher nominal reactor power levels or a smaller reactor vessel and primary system because the
performance of the decay heat removal system improves with temperature.  The decay heat removal rates
are partly dependent upon radiation of heat from the vessel, a process that depends upon temperature to
the fourth power.  At a nominal 2400 MW(t), the AHTR already has a net electrical output (1100 to
1300 MW(e) depending upon thermodynamic efficiency) in the same class as modern LWRs.

The critical technologies for such high temperatures are the material of construction for the reactor vessel
and the intermediate heat exchangers.  Because of the unique importance of the reactor vessel to reactor
safety, its requirements are the most demanding.  Two classes of high-temperature materials are being
investigated:  high-temperature nickel-based alloys and carbon–carbon composites.  These different
materials options are described.

This paper considers the issues, implications, and potential improvements (capital costs, etc.) in the
AHTR as the peak exit coolant temperature is raised.


