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This experiment involves irradiating natural thorium metal (half life 14 billion years) in the BLIP in order to produce the therapy isotope Ac-225. The irradiations will be at energies between 140 to 200 MeV for periods ranging from a few hours to one week or more, at beam currents less than or equal to the maximum available. Thin Th-232 foils will be encapsulated in Al cans using existing target design used for making Cu-67. After irradiation the target cans will be moved to the TPL hot cells by standard operating procedures. In the hot cell the capsule will be opened, the Th foils removed and placed individually in an existing Type A shipping container. The containers will then be shipped to ORNL for processing.

An RRPL safety approval form detailing the hazards was filled out. The potential leakage of radioactive isotopes into the BLIP cooling water was discussed with M. Clancy who saw no added issues to the already contaminated BLIP water.

In an effort to reduce any powder formation and contact with air during irradiation, the Thorium foils will sealed in Al cans inside the glove box in an argon gas environment.
MCNPX calculations were carried out to determine the complement of produced isotopes. A  hazard analysis of the potential contamination in the event of a target loss in transportation between BLIP and Bldg 801 was also provided.

A concern was raised regarding the potential for producing aggregate recoil particles for high specific activity alpha emitters and migration through the system filters.

The following are the action items that should be addressed before a second meeting of the subcommittee.
· Provide a procedure for the target fabrication and sealing process in the glove box (Mausner/ Medvedev) and consult with Tuozzolo if necessary
· Provide a means to assure the target is sealed and consult with the vacuum group (Mausner/ Medvedev). One suggestion is to use helium instead of argon for ease of leak testing.
· Consider providing an additional (secondary) containment of the foil before irradiating (Cullen) 

· Consult with ORNL and LAMF for best practices in handling such material.
Post review 

Estimate of potential for contamination in order to support the action items in the meeting minutes.

 

The total Ac225 (half life 10 days) alpha-chain radioactivity after irradiation will be 68.5 mCi x 4 alphas (Ac225 activity in equilibrium with 5 shorter-lived daughters, 2 with branching; Fr221, At217, Rn217, Po213 and Bi213), which is 6.1E11 dpm alpha.  The Rn217 branch and its daughter alpha activity is in equilibrium with the Ac225 activity in the irradiated foil and is 3E7 dpm.  Short-lived Rn activity will continuously emanate as a gas from a bare foil while Ac225 decays for many weeks.  The Rn emanation would result in airborne Pb209, a 3.25-hour beta emitter.

 

A 0.96 g Th foil 0.005 inches thick is 0.141 g/cm2 mass-density thickness.  The range of escaping, recoiling alpha-emitting nuclei such as Fr-221 is given as 17E-6 g/cm2 in Th foils (Ref 1).  Thus, the total escape-layer-mass for recoils is about 1.1E-4 g in a BLIP irradiated Th foil.  If one has 6.1E11 dpm in 0.96 g of irradiated Th, then one gets an 7E7 dpm or 70,000,000 dpm in the escape layer.  One can assume that half the recoils on each side of the foil leave the Th surface from each side’s escape layer and  go to air.  I cannot determine how many alpha-emitting nuclei transfer their recoil energy into breaking chemical bonds and recoil as an aggregate of atoms instead of a single alpha-emitter nucleus (e.g., Fr221).  Assuming all alpha disintegrations result in a recoiling aggregate containing at least one Ac225 atom leaving the surface, then 7E7 dpm in the escape layer in an irradiated Th foil in the open for one second could cause measurable levels of alpha-emitting aggregates to recoil onto nearby surfaces (e.g., 50 dpm Ac225 or about a million atoms of Ac225). 

 

Assuming only a recoiling nucleus comes from the escape layer, then the contamination is in the form of shorter-lived alpha emitters.  An escaping Fr221 nucleus decays in a chain to 2 alpha-emitting daughters and several beta-emitting daughters.  The recoiling Fr221 nucleus would travel approximately 0.01 cm in air, which I estimated using Ref 1 and using the ratio of air density to Th density.  An aggregate of atoms would travel less far in air, but once airborne, either an escaping aggregate with Ac225 atoms or an escaping Fr221 nucleus would move with the air stream.  Therefore, one could think that a bare BLIP-irradiated Th foil, if left in the open for tens of minutes, could result in 1E6 to 1E7 dpm of dispersible alpha-emitter contamination spreading throughout a hot cell and ventilation ducting.  This alpha contamination, if in the form of aggregates, would decay with the 10-day Ac225 half life, and likely be detectable on surfaces for many weeks.   If in the form of single nuclei recoils like Fr221, then the contamination on surfaces would last for several hours.

 

Table 2-2 in the RadCon Manual indicates the removable alpha level for designating a Contamination Area is any surface with equal to or greater than 20 dpm removable alpha-emitter per 100 cm2.  I suggest the most restrictive level of 20 dpm per 100 cm2 applies since the Ac225 chain is associated with an extinct natural decay chain (Neptunium Series) and not directly characterized in Table 2-2, but the applicable limit is a matter for RCD to decide.   
Ref 1 - Separation of the alpha-emitting radioisotopes actinium-225 and bismuth-213 from thorium-229 using alpha recoil methods, F. H. Ruddy, A. R. Dulloo, J. G. Seidel, B. Petrovic, Nuclear Instruments and Methods in Physics Research B 213 (2004) 351–356.
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