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PRODUCTION OF Pu-238 AT THE SAVANNAH RIVER PLANT

Paul L. Roggenkamp, Senior Consultant
E. I. du Pont de Nemours and Company, Inc.

Capability exists at the Savannah River Plant (SRP) of the
Department of Energy to produce about 50 kg of Pu-238 annually for
use as the source of heat for radioisotope powered electric
generators. The factor that limits the Pu-238 production is the
availability of Np-237 which is the target nuclide in which
neutrons are captured to produce Pu-238 by the subsequent decay of
the Np-238 neutron capture product. Capacities of processing
facilities at SRP match the 50 kg/yr with varying margins up to 50

percent.

Pu-238 is being considered as the heat source for electric
power generation for the Boost Surveillance and Tracking System for
the Strategic Defense Initiative. The Pu-238 heat source would be

coupled with a dynamic energy conversion system.

The SRP reactors are ideal reactors for isotope production.
The heavy water moderator provides excellent neutron economy.
Reactor fuel is highly enriched uranium contained in tubular
elements which are separate from the target elements whether the
product be Pu-238, Pu-239, tritium or other nuclide species. The
use of fuel and target elements that are separate generally
simplifies the isotope recovery process. Over the years a great

variety of isotopes have been produced.




For the production of Pu-238, the target nuclide is Np-237,
To manufacture the neptunium targets, Np02 powder is compacted
with aluminum powder to form a billet core which is assembled with
aluminum components into a composite billet. The composite billet
is extruded into a target tube having the NpO;-Al cermet core and
aluminum cladding. The target tube is irradiated in the production
reactor lattice where it displaces one of the depleted uranium
target assemblies used for Pu-239 production. Up to one—-fourth of
the depleted uranium target assemblies may be replaced at any one
time, During irradiation to produce specification plutonium at
about 83% Pu-238, about 25% of the Np-237 is transmuted by neutron
capture with about 16% remaining as Pu-238. The 9% difference is

in higher mass plutonium isotopes and fission products.

The Pu~238 product is recovered from the Np-237 targets
chemically (Ref. 1). After cooling, the targets are dissolved in
nitric acid in a special section of the chemical reprocessing
canyon. The plutonium, neptunium, and fission products and
aluminum are partitioned by ion exchange techniques. 1In a
facility with manipulator handling capability, the plutonium and
neptunium nitrates are converted to oxides. The neptunium is
recycled to target assemblies and the plutonium is sent to the heat
source fabrication facility where it is formed into spheres each
containing a nominal 112 grams of Pu-238, the spheres are then

enclosed within an iridium shell.




The Np-237 feed material is produced gratuitously in the

course of making the Pu-239 and tritium major products of SRP. The
primary source of Np-237 is the enriched uranium fuel which is
recycled for economic reasons. About 16% of neutron absorptions in
U-235 result in the formation of U-236, which upon uranium recycle
accompanies the U-235 back into the reactor. The U-237 that
results from neutron capture in U-236 decays to Np-237. A
secondary source results from an (n,2n) reaction on the U-238
target material for Pu-239 production. The Np-237 is recovered
during reprocessing of both the enriched uranium fuel and the

depleted uranium targets.

The curreat inventory of Np-237 is about 400 kg, which with
the annual production rate of Np-~237 of about 80 kg, will sustain
an annual Pu-238 production rate of about 50 kg. The unit cost of
the Pu-238 is about $1200 per gram for manufacture and about $400
per gram for heat source fabrication exclusive of the cost of

the iridium shell material.

l. G. A, Burney, Pu-238 Processing at Savannah River Plant, ANS
Transactions 45, 247 (1983).

The information contained in this article was developed during
the course of work under Contract No. DE-AC09-76SR00001 with the
U.5. Department of Energy.
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Capability exists at the Savannah River Plant (SRP) of the
Department of Energy to produce about 50 kg of Pu-238 annually for
use as the source of heat for radioisotope powered electric
generators. The factor that limits the Pu-238 production is the
availability of Np-237 which is the target nuclide in which
neutrons are captured to produce Pu-238 by the subsequent decay of
the Np-238 neutron capture product. Capacities of processing
facilities at SRP match the 50 kg/yr with varying margins up to 50

percent.

Pu-238 is being considered as the heat source for electric
power generation for the Boost Surveillance and Tracking System for
the Strategic Defense Initiative. The Pu-238 heat source would be

coupled with a dynamic energy conversion system.

The SRP reactors are ideal reactors for isotope production,
The heavy water moderator provides excellent neutron economy.
Reactor fuel is highly enriched uranium contained in tubular
elements which are separate from the target elements whether the
product be Pu-238, Pu-239, tritium or other nuclide species. The
use of fuel and target elements that are separate generally
simplifies the isotope recovery process. Over the years a great

variety of isotopes have been produced,




For the production of Pu-238, the target nuclide is Np-237.
To manufacture the neptunium targets, NpOs powder is compacted
with aluminum powder to form a billet core which is assembled with
aluminum components into a composite billet. The composite billet
is extruded into a target tube having the NpOy-Al cermet core and
aluminum cladding. The target tube is irradiated in the production
reactor lattice where it displaces one of the depleted uranium
target assemblies used for Pu-239 production. Up to one-fourth of
the depleted uranium target assemblies may be replaced at any one
time. During irradiation to produce plutonium at about 83% Pu-238
(specification is > 83,52 Pu-238), about 25% of the Np-237 is
transmuted by neutron capture with about 16% remaining as Pu-238.
The 9% difference is in higher mass plutonium isotopes and fission

products.,

The Pu-238 product is recovered from the Np-237 targets
chemically (Ref. 1). After cooling, the targets are dissolved in
nitric acid in a special section of the chemical reprocessing
canyon. The plutonium, neptunium, and fission products and
aluminum are partitioned by ion exchange techniques. 1In a
facility with glove box containment, the plutonium and neptunium
nitrates are converted to oxides. The neptunium oxide is recycled
to target assemblies and the plutonium oxide is sent to the heat
source fabrication facility where it is formed into pellets each
containing a nominal 112 grams of Pu-238, the pellets are then

enclosed within an iridium shell.
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The Np-237 feed material is produced gratuitously in the
course of making the Pu-239 and tritium major products of SRP. The
primary source of Np-237 is the enriched uranium fuel which is
recycled for economic reasons. About 16X of neutron agbsorptions in
U-235 result in the formation of U-236, which upon uranium recycle
accompanies the U=235 back into the reactor, The U-237 that
results from neutron capture in U~236 decays to Np-237. A
secondary source results from an (n,2n) reaction on the U-238
target material for Pu-239 production. The Np-237 is recovered
during reprocessing of both the enriched uranium fuel and the

depleted uranium targets,

The current inventory of Np-237 is about 400 kg, which with
the annual production rate of Np-237 of about 80 kg, will sustain
an annual Pu-238 production rate of about 50 kg. The unit cost of
the Pu-238 is about $1200 per gram for manufacture and about $400
per gram for heat source fabrication exclusive of the cost of

the iridium shell material.

1. G. A, Burney, Pu-238 Processing at Savannah River Plant, ANS
Transactions 45, 247 (1983).

The information contained in this article was developed during
the course of work under Contract No. DE-AC(09-765R00001 with the
U.S., Department of Energy.
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PRODUCTION OF Pu-238 AT THE SAVANNAH RIVER PLANT

Paul L. Roggenkamp, Senior Comsultant
E. I. du Pont de Nemours and Company, Inc.

Capability exists at the Savannah River Plant (SRP) of the
Department of Energy to produce about 50 kg of Pu-238 annually for
use as the source of heat for radioisotope powered electric
generators. The factor that limits the Pu-238 production is the
availaBility of Np-237 which is the target nuclide in which
neutrons are captured to produce Pu-238 by the subsequent decay of
the Np-238 neutron capture product. Capacities of processing
facilities at SRP match the 50 kg/yr with varying margins up to 50

percent.

Pu-238 is being considered as the heat source for electric
power generation for the Boost Surveillance and Tracking System for
the Strategic Defense Initiative. The Pu-238 heat source would be

coupled with a dynamic energy conversion system.

The SRP reactors are ideal reactors for isotope production.
The heavy water moderator provides excellent neutron economy.
Reactor fuel is highly enriched uranium contained in tubular
elements which are separate from the target elements whether the
product be Pu-238, Pu-239, tritium or other nuclide species. The
use of fuel and target elements that are separate generally
simplifies the isotope recovery process. Over the years a great

variety of isotopes have been produced.




For the production of Pu-238, the target nuclide is Np-237.
To manufacture the neptunium targets, NpQ, ewida is compacted
with aluminum powder to form a billet core which is assembled with
aluminum components into a composite billet. The composite billet
is extruded into a target tube having the NpOy-Al cermet core and
aluminum cladding. The target tube is irradiated in the production
reactor lattice where it displaces one of the depleted uranium
target assemblies used for Pu-239 production. Up to one-fourth of
the depleted uranium target assemblies may be replaced at any one
time. During irradiation to produce specification plutonium at
about 83% Pu-238, about 25% of the Np-237 is transmuted by neutron
capture with about 16% remaining as Pu-238. The 9% difference is

in higher mass plutonium isotopes and fission products.

The Pu-238 product is recovered from the Np-237 targets
chemically (Ref. 1). After cooling, the targets are dissolved in
nitric acid in a special section of the chemical reprocessing
canyon. The plutonium, neptunium, and fission products and
aluminum are partitioned by ion exchange techniques. In a
facility with manipulator handling capability, the plutonium and
neptunium nitrates are converted to oxides. The neptunium is
recycled to target assemblies and the plutonium is sent to the heat
source fabrication facility where it is formed into spheres each
containing a nominal 112 grams of Pu-238, the spheres are then

enclosed within an iridium shell.




The Np-237 feed material is produced gratuitously in the
course of making the Pu-239 and tritium major products of SRP. The
primary source of Np-237 is the enriched uranium fuel which is
recycled for economic reasons. About 16% of neutron absorptions in
U-235 result in the formation of U-236, which upon uranium recycle
accompanies the U~235 back into the reactor. The U-237 that
results from neutron capture in U-236 decays to Np-237. A
secondary source results from an (n,2n) reaction on the U-238
target material for Pu-239 production., The Np-237 is recovered
during reprocessing of both the enriched uranium fuel and the

depleted uranium targets.

The current inventory of Np-237 is about 400 kg, which with
the annual production rate of Np-237 of about 80 kg, will sustain
an annual Pu-238 production rate of about 50 kg. The unit cost of
the Pu-238 is about $1200 per gram for manufacture and about $400
per gram for heat source fabrication exclusive of the cost of

the iridium shell material.

1. G. A. Burney, Pu-238 Processing at Savannah River Plant, ANS
Transactions 45, 247 (1983).

The information contained in this article was developed during
the course of work under Contract No. DE-AC09-76SRO0001 with the
U.S. Department of Energy.
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