Request for Amendment to License #24-32675-02E
Submitted by William B. Yelon, Ph.D.
Testing Irradiated Diamonds

During the past year it has become apparent, through requests to Ideal Source Quality
Assurance (ISQA), that manufacturers and wholesalers of irradiated diamonds are aware
of the NRC regulations concerning irradiated gemstones. As far as I know, no licenses
have been issued that will allow these dealers to comply with the regulations. This
application is intended to address this lack, at least with respect to diamonds irradiated
with electrons. The topaz license is limited to those stones over which we have direct
supervision (and perform annual audits over) during their production to assure that the
statistical methods employed are valid, by controlling the origin, treatment, cooling and
testing procedures at their origin. In the case of irradiated diamonds, testing will be
performed for any suppliers of wholesale stones.

In the original application for the ISQA licenses it was stated that we did not have
sufficient data to identify the potential radioactive by-products in neutron irradiated
diamonds, in the same fashion that has been applied successfully in neutron irradiated
topaz. The isotope profile for topaz has been well established through more than 20 years
of experience (and confirmed in 4 years of testing by ISQA). One result of that testing
has been confirmation that neutron irradiated and electron irradiated topaz can be readily
distinguished by the total absence of activation in the latter group, if the electron energy
is less than about 15 MeV, compared with readily observable activity in neutron
irradiated topaz, even when those stones have been subject to long decay times. Based
on that, we believe (and have confirmed in limited testing) that electron treated diamonds
can be easily tested to confirm that no activation is present, and hence these stones meet
NRC standards and can be safely released for retail sale in the U.S.

The proposed testing uses the same equipment presently employed for topaz testing,
which relies on a well calibrated and shielded Nal(T1) detector. It has been found, using
5-10 gm batches (25-50 cts) of topaz , that activities exceeding 1 Bq/gm are easily
measured using 30 sec. counts. The essential feature of the method, (after efficiency and
energy calibration) is the determination of background, measured over 1800 sec., prior to
any testing session. Determination of topaz activity is performed by subtracting this
background (proportional to measuring time) from the observed spectrum, after which
any excess activity, (above background) is quantified, using matrix calculations to
distinguish the isotopes present.
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Fig. 1 Side and top schematic views of the Nal(TI) testing station used for topaz
release and for the proposed diamond release tests.

Figure 1 shows a schematic of the detector and shielding. Below the measuring platform
the detector is surrounded by 2” of lead. The three sided cave surrounding the measuring
platform is made from 2” thick lead bricks, the top of which is also covered, by 2” thick
lead bricks. The entire interior surface of the cave is covered by Cu sheet to reduce
Compton scattering. It has been found that this well shielded detector system, coupled
with the Canberra Genie2K software, modified for fitting low activities, is easily capable
of establishing 1 bq/g activities from the isotopes typically present in topaz using 30 sec.
counts on 10 g samples. Background measurements performed with this system routinely
resolve K-40 (from bricks and other geological sources) and radon decay products.
Figure 2a shows the data collected from an 1800 sec. background measurement. Figure
2b, in the window labeled background, those activities, as well as that of Ta-182 and Sc-
46 are reported. These last two are seen because, at the time of measurement, 14 Kg of



topaz, being tested for release in Aug. 2012, were present in the office, at a distance of
about 2m from the testing station. In their absence, no topaz mineral signals are seen.
This result emphasizes the need to take a background measurement at the start of every
testing session, as the environment may change from day to day.
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Figure 2. Background measured for 1800 seconds (with 14 Kg of neutron irradiated
topaz in the vicinity). The isotope profile is reported in the section labeled background.

Proposed procedure:

We propose to test and release electron irradiated diamonds through a simple procedure
as justified above. The testing will employ 5-10 gm batches counted for 120 sec. to
improve statistics relative to those employed for topaz testing (where the isotope profile
is well established). If and only if no signal is observed (above background) will the
parcel be cleared for release. Any evidence for radioactivity will be taken to imply that
these stones have been treated with neutrons. In that case, the data will be analyzed using
the isotope library in the Canberra Genie2K software and stored until sufficient
information is obtained to develop a “standard” activation profile for diamonds, similar to
that employed for topaz. If such a profile is established, the same methods as employed
for topaz will be applied for diamonds. Prior to that, however, the data will be provided
to the NRC in a further application for license amendment. Until such time, stones that
show evidence for neutron irradiation will be returned to their owners with a statement
that they are not eligible for sale in the U.S.
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Figure 3. 30 second background.

B Gamma - 3X3NAI

[ 1dle [ Channel: 938 : 1903.9 keV Counts: 0 Preset:_30/30.00
e
Expand On
Clear

ROl Index:

Datasource

TIME INFO
Acq. Start: 12/7/2011 10:41:59 M Elapsed Preset
Next Dead Time: 0.00% Live [secs.): 30000 0
Comp. Preset Region:  Real [secs.): 30000 0
0- 0 [channels) Total [ents. ) 0.00 i

For Help. press F1

Figure 4. 30 second measurement of sky blue, electron treated, topaz (10.4 gm).
Analysis reports no activity.
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Figure 5. 30 second measurement of neutron treated, 18mm square cushion blue topaz
(11.2 gm, 2 pieces). Analysis reports 2.9 Bq/gm Ta-182, (cursor marks most prominent
energy peak position). No other activity reported.

Figure 3 shows a 30 second count for an empty measuring cup. No activity is reported in
the analysis of these data, although some area is present in the region associated with Ta-
182, due to the peaked background seen in figure 2. Figure 4 shows a 30 second count
for 10.4 gms of sky blue (10 MeV electron irradiated) topaz. There is no statistically
meaningful difference between these data and those shown in figure 3, and once again, no
activity is reported by the data analysis program. Figure 5 shows data for 18mm square
cushion neutron irradiated blue topaz (2 pieces, 11.2 gm). Additional counts are seen in
the low energy region 0-300 KeV, and the data analysis reports 2.9 Bq/gm of Ta-182.
The differences between the data of figures 4 and 5 are representative of those we would
expect for electron and neutron irradiated diamonds, respectively, and form the basis for
providing release certification for electron irradiated diamonds.

Stones that have cleared the “no signal” test will be returned to their owners with a
certificate providing details of the quantity and date tested, along with information about
their size and shape, if uniform, or listed as “various” if not. ISQA will keep full records
of all shipments and testing results, similar to those stored for the topaz tests. These
records will be fully available to the NRC, and will be reported to the NRC, in summary
form, in the annual materials transfer report.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


