
RequestforAmendmenttoLicense24-32675-03E
toreleaseMorganite,Quartzandothergemstones

IdealSource Quality Assurance(ISQA)hasmorethan10yearsexperiencetestingtopaz
(and,diamonds) under thislicenseanditspredecessor24-32675-02E,andhasapproved
thereleaseofmany millions ofcarats.ItmakesuseofasophisticatedNaI(Tl)testing
station,Canberra MCA andspectroscopy software,aswellascustomsoftwaredesigned
tovisualizethedata over theenergyrangeofrelevancetotopaz,andtocalculatethe

,

sum-of-ratiosforeachsample andforeachparcel.Thissoftwarecanbeappliedtoother
gemstonessuchasmorganite todetermine iftheycontainactivationproductsinexcess
ofthosepermittedbyNRCregulations. Atthetimeofouroriginalapplicationsthere
wasnomarketdemandforthese other products andsotheywerenotincluded.
However,morganitehasbecomean important productsinceitwasfoundthatelectron
treatmentcanproduceadesirablecolor with negligible activity.InsofarasNRC
requiresthatstonestreatedbyelectronsbe certified forrelease,andinsofarasnoother
licenseeiscurrentlyactive,wearerequesting permission toamendourlicensetocover
this(andother)gemstone(s).

Morganiteisamemberoftheberylfamilywhichincludes aquamarine andemerald,all
ofwhichhavethechemicalformulaBe3Al2(SiO3)e.Color isimparted toberylby
impurities;inemeraldCrand/orV producethegreencolor, Fe2+isthoughttobe
responsiblefortheblueofaquamarine,whileMnisresponsible forthepinkcolorof
morganite.Neutrontreatmentofmorganiteislikelytoproduce aradioactivity profile
similartothatoftopaz,inasmuchasfirstrowtransitionelements are themostlikely
impuritiesinthisandothersilicateminerals(suchasquartz(SiO2)). In this regard,the
existingsoftwarewouldreadilyidentifytheradioactivityanddetermine if the
concentrationexceedsNRClimits.However,aspreviouslymentioned,most ifnotallof
themorganitecurrentlyonthemarketistreatedonlywithelectronsand,after a

relativelyshortdecay,willshownocontamination.However,thesoftwareemployed for
testingatISQAcanalsoidentifycontaminantsotherthanthoseprincipallyfoundin

neutronirradiatedtopaz;"Mn,"Scandm2Ta.Whileitwillreporttheseas"other",they
arenamed,calculatedandincludedinthesum-of-ratiosusedtodetermineifthestones
qualifyforexemptreleaseintheU.S.

Quartz(SiO2)isalsocoloredbyfirstrowtransitionmetalimpuritiesandincludes
amethyst,citrineandsmokyquartz.Wehavenotreceivedanyrequeststotestirradiated
quartz,butanticipatethattheprofilesandprocedureswillbesimilartothoseappliedto
topazand/ormorganite,shouldsuchamarketarise.
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Proposed procedures:

Forthe most part,topaztestingbyISQAactsasaqualityassuranceprogramin
coordination with theMariaReactorinPoland,wherethetopazissubjecttoneutron
irradiation,is stored fordecayandtestedinaccordancewithNRCguidance.Afterithas
beenestablished that asetofparcelsatMariameetNRCguidelines,usingNaI(Tl)
testingstationssimilar tothatatISQA,5%ofthoseparcelsaresentfortestingatISQA's
facilityinColumbia, MO. Ifthesetestsshowagreementwiththetestsconductedat

'

Maria,inbothsum-of-ratios andspecificisotopeconcentrations,theentirelotiscleared
forrelease.Thus,ISQAtests only 5%ofthetopazirradiatedatMaria.Forotherstones,
(andalsofortopazwithunknown history) ISQAwilltest100%ofthestones.These
testswillbeusedtoshowthatthe gemstone parcelshaveaverageactivitiesbelowthose
allowedbytheNRC,intheformof the sum-of-ratics.

ThedetailsoftheNaI(Tl)teststationatISQA havebeenspelledoutinourlicense
application.Theoperatorsitsinfrontofthe control computer andintroducesthe
samplestobetested,fromthatposition,inlots of notmorethan200gm,whichallows
thesamplecontainertositwithinthesurfaceprofile ofthe3"x3"NaI(Tl)detector.The
massofthesampleisdeterminedatthesametimethat theactivity spectrumiscollected.
Self-shieldingcorrectionsareappliedforlargesamples. This isrepeateduntiltheentire
parcelistested.Theoperator(generallyW.Yelon)isable to monitor thespectroscopic
datatoseeifanypeaksappearthatarenotassociatedwiththe expected impurities(if
any).Theprogramwillgenerallyidentifythosepeaks,although some maybe
ambiguous,i.e.morethanoneisotopemaycontributeatcertaingamma energies. Ifthe
operatorissatisfiedwiththeidentification(basedonchemicalknowledge) thenthe
calculatedsum-of-ratios,fortheentireparcel,willbeacceptedandused to determine

releasability.Ifneedbe,wecanaccessthehigh-resolutionGedetectoratMaria for
unambiguousidentificationofisotopeprofiles.Thissituationishypothetical. In fact,
weexpect,formorganite,toseenoactivity(justaswehavefoundfordiamonds) even

withlargesamplesandlongcountingtimes,becausethesestonesaretypicallyirradiated

withelectronsforcolorenhancement.Ifwefindmorganitesamplesthathavebeen
neutronirradiated,wewillfollwtheproceduresdiscussedbelowfor"other
gemstones".

Dataisstoredforeverysamplemeasured,whichincludesaparcelID,themass,the
activityforeachobservedisotope,andthesum-of-ratics.Attheconclusionofthe
measurementfortheparcel,thedataforeachsampleisstoredalongwiththeaverages
forthatparcel(resultsfile).Wewillcreateaseparatedatabaseforeachtypeof
gemstone,whichwillincludeinformationtoidentifytherequester,thedateoftesting
andanIDthatwillconnectittotheresultsfile.Ashipmentfileisalsocreatedthat
identifiestheparcels(tobe)tested,withtheirsizes,shapes,color(ifappropriate)and
massesofeveryparcel.Atthecompletionof(successful)testing,theinformationinthe
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shipment fileistransferredtothedatabase,andcertificatesaregenerated,thatcertify
that the stones listedonthecertificate(oronanattachment,signedanddatedbyISQA)
havepassed testing accordingtoNRCstandards.Thecertificate,printedonsecurity
paperthat cannot beduplicated,willalwayslistthetotalmassoftheshipmentandwill
benumbered and barcoded.

Othergemstones:
'

Atthepresenttimewehave hadnorequeststotestgemstonesotherthantopaz,
diamondsandmorganite. Should sucharequestbemade,wewouldundertakea '

thoroughevaluationoftheradiation profileofthestonestodetermineifisotopesother
thanthosecommonlyassociated with topazarepresent.Onceallsignificantisotopesare
identified,dosecalculationswillbe carried outtoconfirmthattheNRCexemptlimits
canbeappliedtotheseisotopeswithout modification, andtheconcentrationsincludedin
thesum-of-ratiocalculations.Ifthisisborne out,releasewouldfollowthesame
proceduresasthosecurrentlyappliedtotopaz. Itisclearthatneutrontreatedgemstones
containingheavyelements(suchaszircons)are unlikely tobeincludedinthetypesof
gemstoneseligibleforNRCcertification,astheir irradiation productsarelikelyto
includelonglivedisotopes,withhighenergygamma emissions. Others,especially
silicates,aremorelikelytomeetNRCrequirements.We will informtheNRCofany
newcandidategemstonesfoundtomeetthecriteriasetout inNUREG 1556volume8,
andprovideanydatatheNRCmayrequest,todemonstrate the validity ofthisinclusion.

Summary:

Weintendtoreleaseirradiatedgemstonesaccordingtothecriteriasetforth inNRC
NUREG1556volume8,especiallymorganite,whichisnotcurrentlyspecified for
testingandreleaseunderourpresentlicense.Theinstrumentationandsoftware inplace
attheISQAfacilityinMissouriissufficientlyrobustandflexibletoaccommodate

isotopeprofilesdifferentfromthoseencounteredintopaz,butweexpectthat,inthe case

ofmorganiteandpotentiallyothersilicates,theprofilewillbesimilartothatoftopaz, if
thosestonesareneutronirradfpted.Ifotherisotopesareencountered,theirdoseswillbe

calculatedandtheircontributionwillbeincludedinthesum-of-ratios(Ao/Aum)
calculation,whereAoistheobservedspecificactivityforthatisotopeandAnmisthe
specificactivitylimitforthatisotope.Resultsofthemeasurementswillbesavedin
"result"and"shipment"files,andcertificateswillbeproduced,specifictoeachspecies
ofgemstone,thatdocumentthemassofstonestreatedalongwithsizeandshape
information.A separatedatabaseforeachtypeofgemstonewillbemaintained,witha
recordofallthematerialsubmitted,testedandreleased.Asummaryofourworkwillbe
providedtotheNRCintheannualmaterialtransferreports.Weareconfidentthatwe
canhelpsupportanorderlymarketforradiationtreatedgemstones,whichiscurrentlyin
fluxduetoanabsenceoflicenseesqualifiedtoteststonesotherthantopazanddiamond.
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