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Explosive Properties of
Reactor-Grade Plutonium

J. Carson Mark®@

The following discussion focuses on the question of whether a terrorist organization or
a threshold state could make use of plutonium recovered from light-water-reactor fuel
to construct a nuclear explosive device having a significantly damaging yield. Ques-
tions persist in some nonproliferation policy circles as to whether a bomb could be
made from reactor-grade plutonium of high burn-up, and if so, whether the task would
be too difficult for a threshold state or terrorist group to consider. Although the infor-
mation relevant to these questions is in the public domain, and has been for a consider-
able time, it is assembled here for use by policy makers and members of the public who
are concerned about preventing the spread of nuclear explosives.

INTRODUCTION

Plutonium-239 is produced in nuclear reactors through neutron capture by U-
238 and two successive B-decays. In addition to the isotope Pu-239, the pluto-
nium extracted from reactor fuel will contain other plutonium isotopes formed
as a result of successive neutron capture or (n, 2n) reactions. At very low
burn-up, the fractional amounts of the secondary isotopes are very small. For
example, the fraction of Pu-240 may be a few percent of the total plutonium,
with the fraction of Pu-241 being approximately an order of magnitude
smaller, and that of Pu-242 an order of magnitude smaller still. Such pluto-
nium is characteristic of that used for weapons.

In commercial reactors, burn-ups are much higher than in reactors dedi-
cated to production of weapons plutonium, and at higher burn-ups the frac-
tional amounts of the heavier isotopes increase, as shown in figure 1 for light-
water reactors. At a burn-up of 33,000 MWd te~! (characteristic of most pres-

a. Director, Theoretical Division, Los Alamos National Laboratory, 1947-1972.

This article is adapted from an earlier paper, *Reactor-Grade Plutonium’s Explosive
Properties.” prepared by Dr. Mark for the Nuclear Control Institute, Washington DC,
and published in its series, NPT at the Crossroads: Issues Bearing on Extending and
Strengthening the Treaty, August 1990.






