SEPARATING TRUTH
FROM FICTION AT
PARCHIN: NEUTRON
ACTIVATION CAN'T BE
SCRUBBED AWAY
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Neutrons passing through steel would
occasionally collide with a cobalt-59
nucleus, producing easily detectable
cobalt-60 if trigger experiments were
carried out in the steel chamber at
Parchin. (From a Wikimedia Commons
illustration of the 1911 Rutherford
experiment where alpha particles were
sent through a thin gold foil.)

Both Marcy, here, and b, over at Moon of
Alabama, have roundly criticized the cartoon
released on Sunday by AP’s George Jahn
purporting to depict a chamber at Iran’s Parchin
site where various groups accuse Iran of
carrying out work aimed at an explosive trigger
device for a nuclear weapon. David Albright,
working through his Institute for Science and
International Security, has been near the
forefront in most of these accusations, with one
of his accusations coming out in December of
2009 (pdf). As described in his 2009 piece,
Albright accuses Iran of attempting to replicate
A.Q. Khan's uranium deuteride (UD3) initiator
for a bomb, which “works by the high explosives
compressing the nuclear core and the initiator,
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producing a spurt of neutrons as a result of
fusion in D-D reactions. The neutrons flood the
core of weapon-grade uranium and initiate the
chain reaction.”

Prior to the release of the cartoon, Albright
had claimed on May 8 that he had detected
activity aimed at “cleansing” the Parchin site.

I debunked that claim the next day, by pointing
out that all traces of radioactivity cannot be
washed away and that Albright’s claims would
mean that the waste water carrying the
radioactivity was allowed to drain freely onto
the grounds surrounding the building, where the
radioactivity could be found without much
effort. Albright repeats those claims in Jahn’s
article accompanying the cartoon, and he brings
in another expert to support his claims that
residue from testing a trigger device could be
scrubbed:

A cleanup “could involve grinding down
the surfaces inside the building,
collecting the dust and then washing the
area thoroughly,” said David Albright,
whose Institute for Science and
International Security in Washington
looks for signs of nuclear
proliferation. “This could be followed
with new building materials and paint.

“It could also involve removing any dirt
around the building thought to contain
contaminants,” Albright said in a
statement emailed to selected
recipients. “These types of activities
could be effective in defeating
environmental sampling.”

Fitzpatrick, the other nuclear
nonproliferation expert, also said a
cleanup could be effective.

“In the past, the IAEA has been able to
catch out Iran by going to a building

that Iran tried to clean and they still
found traces of uranium,” he said. “And
Iran learned from that and they learned
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that ‘boy you have to scrub everything
really clean; get down into the drains
and grind away any possible residue.”

Earlier in the article, Fitzpatrick (who

is Mark Fitzpatrick, director of the Non-
Proliferation and Disarmament Program of the
International Institute for Strategic Studies)
mentions that Iran is specifically accused of
using uranium in the explosives research. Also,
the article claims that the equipment associated
with the chamber includes “a neutron detection
system outside the explosion chamber to measure
neutron emissions”.

Albright and Fitzpatrick completely overlook a
very important basic aspect of the nuclear
physics involved here. If they really are going
to claim that uranium is being used and that
bursts of neutrons capable of initiating a
nuclear reaction are the goal of the
experiments, then the neutrons originating from
the uranium and from the neutron bursts would
result in neutron activation of the steel
container itself. Neutron activation occurs when
the nucleus of an atom absorbs a neutron,
forming a new, radioactive, form of the original
atom.

The most common neutron activation product in
steel is production of cobalt-60 from the
naturally occuring cobalt-59 in the steel.
Cobalt-60 has a half-life of over five years and
is very easily detected due to the high energy
beta and gamma radiation released by it and its
decay products. It is critically important to
note that this neutron activation occurring
within the steel of the container would not be
just on the inside surface of the chamber. The
collisions of neutrons with cobalt-59 nuclei in
the steel would occur throughout the full
thickness of the steel, because at the scale of
a neutron, the metal atoms comprising the steel
are mostly empty space. Thus, the neutrons pass
through the steel, only occasionally colliding
with a metal nucleus. If the collision is with a
cobalt-59 nucleus, then cobalt-60 can be formed
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as the nucleus absorbs a neutron. (See this
helpful tutorial from Florida State University
showing the classic 1911 Rutherford, Geiger and
Marsden experiment where alpha particles are
shot through a gold foil. The concept for
neutrons going through steel is essentially the
same.)

Neutron activation of steel resulting in
cobalt-60 was used in efforts to reconstruct the
radiation doses at various locations around the
atomic bombs dropped on Japan (pdf).
Furthermore, neutron activation of steel in
nuclear reactor facilities is a major
consideration in the decommissioning of these
facilities (pdf).

With those thoughts in mind, we now have tools
with which to evaluate subsequent developments
surrounding the chamber at Parchin. The claims
from Albright and Fitzpatrick appear to be aimed
at setting the stage for accusations that Iran
carried out trigger research at the facility,
even using uranium, but subsequently removed all
radioactive traces of that work. Such an
accusation could be made after IAEA gaining
access to the site but failing to find traces of
radioactivity. However, the neutron activation
information above would make such an accusation
highly dubious, as it would be impossible to
remove all traces of neutron activation of the
steel from which the chamber is constructed.

On the other hand, should Iran remove the
chamber, then that would be suggestive that they
were unable to remove neutron activation
evidence and thus unable to hide evidence of
trigger research. Further, analysis of the metal
itself, if access to the chamber is granted,
would be very informative about Iran’s
intentions when the chamber was constructed.

The AP cartoon article claims the chamber was
constructed in the early 2000's by Azar AB
Industries. It is doubtful that this Iranian
company has experience working with steel
intended for nuclear uses. The cobalt
concentration in the steel used for this chamber
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should be compared to the cobalt concentration
in other steel materials produced by Azar AB
Industries, because steel intended for use in
nuclear activities is intentionally engineered
to be low in cobalt content:

Due to the ability of cobalt to absorb
neutrons, severe restrictions are placed
on its concentration in steels destined
for atomic energy applications. Levels
of 0.01 and 0.005% Co maximum and Llower
are commonly listed by the N.R.C.

If the chamber was constructed of steel that is
artificially low in cobalt content, then that
would suggest that Iran intended the chamber to
be used in trigger device development. On the
other hand, if no evidence of neutron activation
is found upon analysis of the chamber and if it
is found to be comprised of steel no different
in cobalt content from other steel produced by
Azar AB Industries, that would be very strong
evidence that the chamber had always been
intended for nanodiamond work and no trigger
work involving uranium was carried out.

Update: It seems relevant to note how far
neutrons can penetrate in steel. The
illustration above for the Rutherford experiment
is for a very thin foil of gold. Penetration of
neutrons into steel depends on the speed at
which the neutrons are travelling. The ability
of radiation to penetrate into an object is
measured as the half-value layer, which is the
thickness of the material that is needed to stop
half of the radiation that is incident on it.
For neutrons, we have this for passage through
steel or iron:

10-100 keV neutrons = 0.36 cm
100-500 keV neutrons = 2.73 c¢m
1 MeV neutrons = 3.45 cm

The neutrons emitted in uranium decay are in the
250-560 keV range, so up to one fourth of
neutrons emitted by uranium would travel as far
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as 5 cm, or two inches, into the steel of the
chamber walls. I have not seen an estimate of
the chamber wall thickness, but this rough
calculation should suffice to demonstrate that
virtually the entire thickness of the chamber
walls would be subject to neutron activation.



