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Abstract
In the GEM*STAR [1] accelerator-driven subcritical reactor that
we plan to build, the accelerator allows subcritical operation (no
Chernobyls), the molten salt fuel allows volatiles to be
continuously removed (no Fukushimas), and the fuel does not
need to be enriched or reprocessed (to minimize weapons
proliferation concerns). The molten salt fuel and the relaxed
availability requirements of process heat applications imply that
the required accelerator technology is available now. The
thermal-spectrum, graphite moderated GEM*STAR reactor can
be used without design modification with different fuels for
process heat or electricity generation. These fuels include
thorium, spent nuclear fuel, weapons-grade Pu239 or U233, and
natural un-enriched or depleted uranium. The first application
most likely to be funded is to burn 34 tonnes of weapons-grade
plutonium according to the year2000 Plutonium Management and
Disposition Agreement between the US and Russia.

First Application: Utilization and
Destruction of Weapons-grade Pu
The figure to the left and the one below it show conceptual
pictures of a GEM*STAR unit and its application to use and
destroy W-Pu. A 2.5 MWb accelerator generates 500 MWt,
reducing 30 g of W-Pu to 7.5 g per hour and adding the neutron
generating isotopes Pu240 and Pu242. The figure below shows
the isotopes of the original W-Pu (back row-red) compared to the
outputs of GEM*STAR (green), the Russian BN800 Fast Breeder
(dark red), and the US MOX plan using Light Water Reactors
(yellow). By passing the fuel through the reactor a second time,
additional benefits can be seen. However, in the case of MOX, the
fuel has to be chemically reprocessed to remove fission products.
GEM*STAR does not require reprocessing for a second pass.
GEM*STAR does better because of the effectiveness of the
thermal neutron spectrum both to produce Pu240 and Pu242, and
to be less sensitive to fission products than MOX-LWR. Pu242 is
even more effective than Pu240 to cause premature explosions in
that it is a neutron emitter with a lifetime longer than Pu239. The
bottom figure below shows that even the small remnant after two
passes in GEM*STAR is useless for weapons.
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The Alternative Reactor Technology Comprising Graphite, Molten Salt,
and Accelerators,” Handbook of Nuclear Engineering, Springer
Science+Business Media LLC (2010).

The hot secondary salt loop can also feed the CLF Tank
(RIGHT) to convert CH4 and H2O into H2 and CO for the F-T
process (generation of petroleum products)

Isotope remnants after treatment

Introduction
Muons, Inc. and ADNA Corp. are developing GEM*STAR
(Green Energy Multiplier * Subcritical Technology Alternative
Reactor) to serve multiple roles. The same design can be used
to convert fertile Th232 or U238 into fissile U233 or Pu239
respectively, and to control the fission process itself. By
concentrating on process heat to convert natural gas to diesel
fuel, the demands on the accelerator are reduced and the
potential profits relative to electricity production are increased.
An attractive first application is the burning of excess weaponsgrade plutonium slated to be destroyed by the 2000 U.S.Russian Plutonium Management and Disposition Agreement.
GEM*STAR involves interfacing known technologies, where:
1) A Superconducting RF (SRF) LINAC produces a powerful
proton beam
2) that strikes a spallation target to generate neutrons to drive
3) a GEM*STAR Accelerator-Driven Subcritical Reactor (ADSR)
fueled with molten salt eutectic mixtures of U, Th, Pu, and Li
fluorides
4) to heat a secondary salt loop to convert natural gas and
carbon into feedstock for the Fischer-Tropsch generation of
petroleum products.
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Subcritical operation - The LINAC provides extra
neutrons for fission
Volatile radioactive elements are continuously
purged to reduce potential accident release sources
by a factor of a million
Molten salt fuel (MSF) can include natural thorium,
natural uranium, depleted uranium, spent fuel from
Light Water Reactors, or Excess weapons-grade
plutonium (W-Pu).
Nuclear proliferation issues reduced – The MSF
does not need to be
 enriched or
 reprocessed to remove fission products or
higher actinides
MSF technology was demonstrated at the ORNL
Molten Salt Reactor Experiment (MSRE)
MSF technology operates at high Temperature,
needed for process heat and electrical power
generation efficiency

Four GEM*STAR units like this can process 34 tons of W-Pu,
producing 80 billion gallons of diesel at <$2/g al to provide the
DOD with most of what it needs for 30 y.

Utility of remnants for weapons
Benefits of GEM*STAR for
Weapons-grade Pu Disposition










Accelerator with 4 GEM*STAR units


2 GWt Concept
1 GeV SRF Proton Linac
Beams merged/split with crab cavities
Each reactor has its own 2.5 mA source
Sources can be ~100 MeV cyclotrons

Isotopes 240 and 242 are neutron emitters that turn weapons-grade
plutonium into commercial grade. W-Pu has less than 8% Pu240.





Burned W-Pu never useful for weapons
Burned W-Pu never decays back to weapons
useful material
Conversion to non-W-Pu in minutes
Pu isotopic mixture can be reduced from 34 tons
to 0.2 tons if desired
Also converts Commercial Pu (C-Pu) to-nonweapons-useful material
Never requires a critical mass - no control rods
No reprocessing or enrichment required
No conversion to MOX; simple conversion of Pu
metal and PuO2 to PuF3
Fission energy converted to diesel and sold as
green fuel to DOD
No stored large volatile fission product
inventory as in LWRs (Fukushima)
Liquid fuel moved by He pressure; no radiation
exposure to humans
Operates at atmospheric pressure - No pressure
vessel
Passive recovery from a loss of coolant accident
(LOCA)

The effectiveness of utilizing and destroying W-Pu is a
compelling case for GEM*STAR to be the first acceleratordriven subcritical reactor. Th and SNF are next.

