Request for Amendment to License 24-32675-03E
to release Morganite, Quartz and other gemstones

Ideal Source Quality Assurance (ISQA) has more than 10 years experience testing topaz
(and diamonds) under this license and its predecessor 24-32675-02E, and has approved
the release of many millions of carats. It makes use of a sophisticated Nal(T1) testing
station, Canberra MCA and spectroscopy software, as well as custom software designed
to visualize the data over the energy range of relevance to topaz, and to calculate the
sum-of-ratios for each sample and for each parcel. This software can be applied to other
gemstones such as morganite to determine if they contain activation products in excess
of those permitted by NRC regulations. At the time of our original applications there
was no market demand for these other products and so they were not included.
However, morganite has become an important product since it was found that electron
treatment can produce a desirable color with negligible activity. Insofar as NRC
requires that stones treated by electrons be certified for release; and insofar as no other
licensee is currently active, we are requesting permission to amend our license to cover
this (and other) gemstone(s).

Morganite is a member of the beryl family which includes aquamarine and emerald, all
of which have the chemical formula Be;Al(SiO3)s.  Color is imparted to beryl by
impurities; in emerald Cr and/or V produce the green color, Fe®" is thought to be
responsible for the blue of aquamarine, while Mn is responsible for the pink color of
morganite. Neutron treatment of morganite is likely to produce a radioactivity profile
similar to that of topaz, inasmuch as first row transition elements are the most likely
impurities in this and other silicate minerals (such as quartz (Si0,)). In this regard, the
existing software would readily identify the radioactivity and determine if the
concentration exceeds NRC limits. However, as previously mentioned, most if not all of
the morganite currently on the market is treated only with electrons and, after a
relatively short decay, will show no contamination. However, the software employed for
testing at ISQA can also identify contaminants other than those principally found in
neutron irradiated topaz; >*Mn, “Sc and **Ta. While it will report these as “other”, they
are named, calculated and indluded in the sum-of-ratios used to determine if the stones
qualify for exempt release in the U.S.

Quartz (Si0,) is also colored by first row transition metal impurities and includes
amethyst, citrine and smoky quartz. We have not received any requests to test irradiated
quartz, but anticipate that the profiles and procedures will be similar to those applied to
topaz and/or morganite, should such a market arise.
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Proposed procedures:

For the most part, topaz testing by ISQA acts as a quality assurance program in
coordination with the Maria Reactor in Poland, where the topaz is subject to neutron
irradiation, is stored for decay and tested in accordance with NRC guidance. After it has
been éstablished that a set of parcels at Maria meet NRC guidelines, using Nal(Tl)
testing stations similar to that at ISQA, 5% of those parcels are sent for testing at ISQA’s
facility in Columbia, MO. If these tests show agreement with the tests conducted at
Maria, in both sum-of-ratios and specific isotope concentrations, the entire lot is cleared
for release. Thus, ISQA tests only 5% of the topaz irradiated at Maria. For other stones,
(and also for topaz with unknown history) ISQA will test 100% of the stones. These
tests will be used to show that the gemstone parcels have average activities below those
allowed by the NRC, in the form of the sum-of-ratios.

The details of the Nal(T1) test station at ISQA have been spelled out in our license
application. The operator sits in front of the control computer and introduces the
samples to be tested, from that position, in lots of not more than 200 gm, which allows
the sample container to sit within the surface profile of the 3”x3” Nal(T1) detector. The
mass of the sample is determined at the same time that the activity spectrum is collected.
Self-shielding corrections are applied for large samples. This is repeated until the entire
parcel is tested. The operator (generally W. Yelon) is able to monitor the spectroscopic
data to see if any peaks appear that are not associated with the expected impurities (if
any). The program will generally identify those peaks, although some may be
ambiguous, i.e. more than one isotope may contribute at certain gamma energies. If the
operator is satisfied with the identification (based on chemical knowledge) then the
calculated sum-of-ratios, for the entire parcel, will be accepted and used to determine
releasability. If need be, we can access the high-resolution Ge detector at Maria for
unambiguous identification of isotope profiles. This situation is hypothetical. In fact,
we expect, for morganite, to see no activity (just as we have found for diamonds) even
with large samples and long counting times, because these stones are typically irradiated
with electrons for color enhancement. If we find morganite samples that have been
neutron irradiated, we will fol]iow the procedures discussed below for “other
gemstones”.

Data is stored for every sample measured, which includes a parcel ID, the mass, the
activity for each observed isotope, and the sum-of-ratios. At the conclusion of the
measurement for the parcel, the data for each sample is stored along with the averages
for that parcel (resulis file). We will create a separate data base for each type of
gemstone, which will include information to identify the requester, the date of testing
and an ID that will connect it to the results file. A shipment file is also created that
identifies the parcels (to be) tested, with their sizes, shapes, color (if appropriate) and
masses of every parcel. At the completion of (successful) testing, the information in the
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shipment file is transferred to the data base, and certificates are generated, that certify
that the stones listed on the certificate (or on an attachment, signed and dated by ISQA)
have passed testing according to NRC standards. The certificate, printed on security
paper that cannot be duplicated, will always list the total mass of the shipment and will
be numbered and bar coded.

Other gemstones:

At the present time we have had no requests to test gemstones other than topaz,
diamonds and morganite. Should such a request be made, we would undertake a
thorough evaluation of the radiation profile of the stones to determine if isotopes other
than those commonly associated with topaz are present. Once all significant isotopes are
identified, dose calculations will be carried out to confirm that the NRC exempt limits
can be applied to these isotopes without modification, and the concentrations included in
the sum-of-ratio calculations. If this is borne out, release would follow the same
procedures as those currently applied to topaz. It is clear that neutron treated gemstones
containing heavy elements (such as zircons) are unlikely to be included in the types of
gemstones eligible for NRC certification, as their irradiation products are likely to
include long lived isotopes, with high energy gamma emissions. Others, especially
silicates, are more likely to meet NRC requirements. We will inform the NRC of any
new candidate gemstones found to meet the criteria set out in NUREG 1556 volume 8,
and provide any data the NRC may request, to demonstrate the validity of this inclusion.

Summary:

We intend to release irradiated gemstones according to the criteria set forth in NRC
NUREG 1556 volume 8, especially morganite, which is not currently specified for
testing and release under our present license. The instrumentation and software in place
at the ISQA facility in Missouri is sufficiently robust and flexible to accommodate
isotope profiles different from those encountered in topaz, but we expect that, in the case
of morganite and potentially other silicates, the profile will be similar to that of topaz, if
those stones are neutron irradiated. If other isotopes are encountered, their doses will be
calculated and their contribution will be included in the sum-of-ratios (A/Asim)
calculation, where A, is the observed specific activity for that isotope and Ajn is the
specific activity limit for that isotope. Results of the measurements will be saved in
“result” and “shipment” files, and certificates will be produced, specific to each species
of gemstone, that document the mass of stones treated along with size and shape
information. A separate data base for each type of gemstone will be maintained, with a
record of all the material submitted, tested and released. A summary of our work will be
provided to the NRC in the annual material transfer reports. We are confident that we
can help support an orderly market for radiation treated gemstones, which is currently in
flux due to an absence of licensees qualified to test stones other than topaz and diamond.
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