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Disposal of Fissionable Material
From Dismantled Nuclear Weapons

Introduction

The reduction in tensions between the United
States and the Soviet Union has improved the
prospects for nuclear disarmament, making it
more likely that significant numbers of nuclear
warheads will be dismantled by the United
States and USSR in the foreseeable future. Thus,
the question becomes more urgent as to the dispo-
sition of the weapons materials, highly enriched
uranium (U235) and plutonium (Pu23^). It is
timely, therefore, to develop specific plans for
such disposal.

Previous papers1"4and other papers in this
AAAS Session5-6 examine the options available
for disposing of weapons material, and they iden-
tify the use of nuclear power reactors to "burn up"
these fissionable materials as the most economi-
cal option and one that has been demonstrated
technologically. Further, it is an option that as-
sures that the fissionable weapons-grade mate-
rial will not be retrieved to reinitiate the nuclear
weapons race nor diverted into military use by
other nations or terrorist groups.

The overall process for disposal of weapons
materials by the "burnup" option involves the
following steps: (1) removing the weapons

material from the warheads, (2) converting the
material to a fuel form suitable for power
reactors, (3) "burning it up" as a power reactor
fuel, and (4) removing the spent fuel and placing
it in a permanent repository. This paper exa-
mines these four steps with the purpose of
answering the following questions.
• What facilities would be appropriate for the
disposal process? Do they need to be dedicated
facilities, or could industrial facilities be used?
• What is the present projection of the eco-
nomics of the burnup process, both the capital in-
vestment and the operating costs?
• How does one assure that fissionable materi-
als will not be diverted to military use during the
disposal process?
• Is the spent fuel remaining from the burnup
process proliferation resistant?
• Would the disposal of spent fuel add an ad-
ditional burden to the spent fuel permanent repos-
itory?

The suggested answers are those of the author
and do not represent a position by the Electric
Power Research Institute.

Dedicated Facilities vs Industrial Facilities

The first step is common to all disposal op-
tions and would best be carried out in a dedicated
weapons dismantling facility under government
auspices and strict verification. The specific
elements of this step have been defined and eval-
uated and are verifiable.7

The input to the second step is the fissionable
material from the warheads, which is in two
forms: highly enriched U235 and Pu239 metals.
The form in which the power industry uses thesc-
isotopes is slightly enriched (~3%) U235 oxide
and mixed U-Pu oxide in which the Pu content is
less than 20%. The slightly enriched U235 fuel is
the one used in today's U.S. commercial power re-
actors and in many Soviet power reactors. Al-
though the U-Pu oxide fuel is not in commercial

use at this time, demonstrations have been car-
ried out in commercial power reactors (utilizing
mixed U-Pu oxide) that have established the
practicality of recycling Pu produced in these re-
actors. Therefore, if the weapons' fissionable
materials are converted in the second step to the
conventional fuel forms of slightly enriched U235

and mixed U-Pu oxide, existing commercial light
water nuclear power systems can be used to burn up
weapons material, and dedicated facilities
would not be necessary for the third step. It seems
apparent that a major capital investment for
dedicated facilities is not needed for the
"burnup" stage of disposal if conventional fuel
forms are utilized.
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U.S. commercial facilities do not exist for the
second step of converting the weapons material
into these conventional fuel forms. The conver-
sion of U235 from the highly enriched to the
slightly enriched form is straightforward but has
no place in a commercial enterprise since the di-
rect route of enriching from natural uranium to the
slightly enriched form is far less expensive than
enriching to high levels and then blending back
to slightly enriched levels. Commercial facili-
ties to refabricate mixed U-Pu oxide fuel assem-
blies existed in the U.S. in the 1960s and the
early 1970s, but their operations have been oils-
continued as government policy discouraged com-
mercial Pu recycling and as the costs of recycling
rose to unacceptable levels.

U.S. Department of Energy (DOE) facilities
have the capability of converting Pu metal into
U-Pu oxide and can convert highly enriched ura-
nium metal into slightly enriched oxide. Similar
capabilities exist in the Soviet Union. Thus, from
the standpoint of technological capability, the
second step could be carried out in government fa-
cilities in the U.S. or in the Soviet Union with
minimal new capital investment. Such functions
could be subcontracted to commercial firms in
France, the United Kingdom, or Japan, but from
the standpoint of proliferation control, it is
undesirable to carry out these processes in
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commercial facilities if government facilities are
available.

The lack of U.S. commercial facilities and
consideration of fissionable material control
would suggest that government facilities should
also fabricate the U-Pu oxide into fuel assemblies
ready for loading directly into power reactors.
Such facilities exist in the DOE's national labo-
ratories and in the Soviet Union. The slightly
enriched oxide could be furnished in a bulk UF$
form to commercial nuclear fuel firms to fabricate
into fuel assemblies. Thus, capital cost and pro-
liferation control make preferable the option of
using dedicated government facilities for these
conversion processes. Proliferation control could
be further enhanced, although at some incre-
mental capital cost, by colocating the Pu metal-
to-oxide conversion and mixed U-Pu oxide
fabrication.

If government facilities, modified as appro-
priate, are used for the dismantling and conver-
sion processes and if existing power reactors are
used for the "burnup" process as shown schemati-
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ing costs of the "burnup" processes in existing
power reactors.
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Economics of Weapons Material Burnup in Power Reactors

There is a reasonable experience base on
which to make economic estimates of generating
energy from the fuel prepared in the government
facilities, as described above. S. M. Stoller
Corporation studied8 the economics of using this
weapons-derived fuel in light water reactors
based on existing fabrication experience. The
mean unit prices assumed for the fuel cycle
commodities and services are given in Table 1.

Once the slightly enriched fuel is blended by
these government facilities, the economics are
identical to existing nuclear fuel commercial
practice, and the value of the fuel would be de-
termined by the existing market price of uranium,
slightly enriched to -4%, contracted from U.S. or
foreign facilities. Today that price is approxi-
mately $940 per kilogram of enriched U, or
$400,000 per fuel assembly (425 kg), not including
fabrication costs. This price, adjusted to the pre-
vailing market price at the time, would be paid
by the utilities to the government and could be
used by the government to allay the cost of dis-
mantling and blending and/or for oiher purposes.
The utility would provide that U to vendors for
fabrication into fuel assemblies at an added cost
of approximately $100,000 per assembly. Thus,
each slightly enriched U fuel assembly would be
worth about $500,000 at today's prices.

The value of mixed U-Pu oxide fuel assem-
blies is not as straightforward. The mixed-oxide
fuel fabrication facilities in operation or under
construction in Belgium, France, Germany and the
United Kingdom are the best basis to establish
costs for this fuel form. Although the isotopic
composition of the plutonium used in weapons

differs somewhat from that recovered from spent
nuclear fuel as utilized in these facilities, there
appears to be no significant technical impediment
to using this weapons-derived material in these
commercial fabrication facilities and, therefore,
the economics would not be significantly changed.

Summarizing from the Stoller study,8 the cost
of fabricating Pu-U mixed-oxide fuel is signifi-
cantly greater than that for fuel containing only
slightly enriched uranium. This is due to a num-
ber of factors including the additional require-
ments for protection of the plant workers, safe-
guard requirements, and the relatively small size
of mixed-oxide fuel plants. These costs are offset
by the savings in enriched uranium expenses when
plutonium is substituted as the fissionable mate-
rial. The approach taken in this study was to de-
termine the indifference value of the mixed-
oxide fabrication price, i.e., that price for mixed-
oxide fuel assemblies that would make it equal to
the price of slightly enriched uranium fuel
assemblies. This indifference value is then com-
pared to the projected price of mixed-oxide fabri-
cation to determine whether, from a purely eco-
nomic standpoint, it is reasonable to pursue use of
weapons plutonium as a reactor fuel.

The analysis was performed for the reference
case set of assumptions outlined above, and then
sensitivity studies were conducted to explore the
impact of changes in these assumptions. The ref-
erence case assumed that one-third of the fuel
assemblies in each reload batch would be mixed
U-Pu oxide and that a standard annual reload
pattern would be employed.

Table 1. Assumptions for fuel cycle analyses.

Commodities and Services Prices
— Uranium concentrates:
— Conversion services:
— Enrichment services:
— Uranium fuel fabrication:
— Tails assay:
Further Assumptions
— Government provides weapons-derived plutonium oxide at no cost
— Interest rates, carrying charges, and present worth factors based on a

rate of 7% per year as appropriate for the constant dollar analyses performed

$16 per pound U3Qg
$5 per kilogram of U
$103 per separative work unit
$220 per kilogram of U
0.3 weight percent
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The resulting indifference price for mixed-
oxide fuel assemblies for this reference case is
$1200 per kilogram of heavy metal. That is, if
the mixed-oxide fuel containing the weapons plu-
ionium can be fabricated at a cost of $1200 per
kilogram of heavy metal, the overall fuel cycle
costs would be identical to those of an equivalent
all-uranium fuel cycle. The utilities would allay
these costs to the extent of paying approximately
$500,000 per fuel assembly, adjusted to the mar-
ket price of uranium assemblies at that time mi-
nus any special handling costs associated with
Pu-bearing assemblies as discussed below.

The indifference values calculated for the
reference case and the sensitivity cases yield the
following conclusions. The indifference cost of
mixed-oxide fabrication lies at the lower end of a
fairly wide range estimated for new mixed-oxide

facilities under construction in Europe, assuming
the plutonium is provided as plutonium oxide.
The economics are insensitive to the proportion of
plutonium-bearing assemblies in the reload
batch. Although a significant rise in the cost of
slightly enriched uranium is not likely over the
next decade, any such increase raises the indif-
ference value and improves economics.

The fact that the indifference value falls at
the bottom of the range of present costs of assem-
blies from commercial facilities gives a more pes-
simistic picture of the value of the plutonium
weapons material than was projected years ago
when reprocessing and refabricating costs were
expected to be sufficiently low so that mixed-
oxide plutonium uranium fuel could be recycled
economically in present-day commercial thermal
nuclear reactors.

Safeguards Considerations

If the dismantling of nuclear weapons and the
conversion of the fissionable material to conven-
tional fuel forms is handled by the government,
the impact on the civilian sector in the area of in-
creased safeguards requirements would be mini-
mized. The handling of the uranium fuel would
be no different from present commercial practice,
and the impact for that fuel form would be negli-
gible. The plutonium recycle activities underway
commercially in Europe and in Japan are meeting
International Atomic Energy Agency (IAEA)
standards for fissionable material control. The
controls associated with monitoring fuel assembly
handling only, as proposed in this paper, are rel-
atively modest in comparison. Further, the
United States has opened its commercial reactors
to IAEA safeguards inspections. Thus, the incre-
mental costs of safeguarding the burnup process as
defined above would be relatively small, and it
would be expected that such costs would be al-
layed by the government in return for the services
rendered in disposing of the weapons material.

On the other hand, if responsibility for the
conversion and fabrication of the weapons-
derived Pu fuel were delegated to private indus-
try, a major increase in safeguard controls would
have to be instituted, entailing a significant in-
crease in costs and a negative impact on the effi-
ciency and productivity of the conventional
power production operations. Again, these costs
could be allayed by the government, but the

impact on efficiency and productivity would be
difficult to quantify and would no doubt lead to
contentious negotiations. Safeguards and related
economic considerations strongly suggest retaining
the fuel conversion processes within government
facilities.

Of course, the safeguards considerations
would still apply to the government operations.
Both the U.S. and Soviet governments would
have a strong interest in maintaining strict ac-
countability of the fissionable material in the
process to verify that there is no clandestine recy-
cling of the material back to the weapons com-
plex, as well as to protect against diversion of the
material to other powers or to terrorists. The con-
trols could either be administered bilaterally or
through the IAEA, although the process of relat-
ing the amount of fissile material to the number
of warheads would no doubt be done bilaterally.
In any event, it is judged that the costs of the
safeguard services would be lower and would be
more easily carried out in dedicated government
operations than in the commercial power indus-
try. Colocation of these dedicated operations of
Pu metal conversion and mixed U-Pu fabrication
would eliminate the transport of the weapons Pu
in the form of liquid or powaer, which is more
subject to diversion than large, fabricated compo-
nents.

A final safeguards consideration is the poten-
tial for recycling residual plutonium from the
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spent fuel emerging from the burnup process.
Table 2 shows Stoller's8 calculations of the Pu
isotopic composition of spent fuel when the fuel is
mixed Pu-U oxide coming from the dismantling
and processing of plutonium weapons material.
These values are compared with the Pu isotopic
composition of spent fuel from normal commercial
reactors when the unspent fuel is made from
slightly enriched uranium. The total quantity of
plutonium is greater in the mixed-oxide fuel from
weapons "burnup," but it can be seen from Table 2
that the fraction of fissile plutonium is lower and

that the "parasitic" isotopes fraction is higher.
Thus, the spent mixed-oxide fuel is even less of a
diversion target than the uranium fuel.
Therefore, the weapons-derived spent fuel is no
more of an issue from a safeguards standpoint
than that which exists today for commercial
spent fuel, i.e., as long as the plutonium remains
in the spent fuel, its high radioactivity and bulk
make it impractical to divert to military pur-
poses. Further, even it it were reprocessed, the
nonfissile plutonium isotopic content make it
extremely difficult to use for weapons.

Table Z Proportions of plutonium isotopes in spent fuel (weight %).

Isotope

Pu239
Pu24O
Pu24t
Pu2«
Total fissile

All uranium
assembly

58
24
13
5

71

Mixed U-Pu
oxide assembly

46
31
18
5

64

Disposal of Spent Fuel From the Burnup Process

The final step in the overall disposal cycle of
weapons materials through burnup in power reac-
tors is that of storage of the spent fuel after the
burnup has been completed. The isotopic composi-
tion, as discussed above, is essentially the same
as in commercial spent fuel so the only impact on
a permanent spent fuel repository would be the
additional volume of spent fuel assemblies that
would need to be deposited. Since these assem-
blies in effect substitute for conventional assem-
blies in the production of power, the volume of
material the repository would need to handle is
the same for the same amount of power produced.

Given that conclusion, one is faced with the
following interesting paradox: The only step in
the overall cycle of burning up weapons material
that has not been proven is the permanent dispo-
sition of the spent fuel coming out of the burnup
process, since that step has not yet been accom-
plished for the spent fuel coming from commercial
reactors. Could it be that the opposition, in the
name of public safety, to the storage of spent fuel
in a permanent central repository is the only
technical step not in place for getting rid of
nuclear weapons material and the potential
public risk it represents?

Conclusion

Except for the ultimate disposal of the resid-
ual wastes, the burnup of weapons fissionable ma-
terial in power reactors is technologically feasi-
ble and economic. Strict accountability of the
fissionable material can be maintained in the
initial phases of dismantling and converting to

conventional fuel forms by implementing those
processes under government (U.S. and USSR)
auspices. The burnup of the weapons material
can then be handled by the power industry under
existing IAEA standards and surveillance. The
residual spent fuel from the process is very
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similar in isotopic content to commercial nuclear burning up at least one reload of weapons-derived
spent fuel and, therefore, poses no greater require- fuel—one in uranium and one in uranium-pluto-
ments for safeguards control or waste disposal. nium form.

Two primary actions are warranted in light • Accelerated progress on a permanent reposi-
of the issues defined in this paper: tory for spent fuel.
• Demonstration with existing facilities of the
total process of dismantling, converting, and
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