18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New MexicoTritium Decontamination of TFTR D-T Graphite Tiles Employing UltraViolet Light and a Nd:YAG LaserC. A. Gentile, C. H. Skinner, K. M. Young, L. Ciebiera, S. W. Langish,A. von Halle, C. W. KennedyPrinceton Plasma Physics Laboratory, Princeton University, Princeton, New Jersey, 08543 USAS. O�hira, W. M. ShuJapan Atomic Energy Research Institute,Tritium Engineering Laboratory, Tokai, Ibaraki 319-1195, JapanAbstract — The use of an ultra violet lightsource (wavelength = 172 nm) and aNd:YAG Laser for the decontamination ofTFTR D-T tiles will be investigated atPPPL. The development of this form oftritium decontamination may be useful forfuture D-T burning fusion devices whichemploy carbon plasma facing componentson the first wall. Carbon tiles retainhydrogen isotopes, and the in-situ tritiumdecontamination of carbon can be extremelyimportant in maintaining resident in-vesseltritium inventory to a minimum. A testchamber has been designed and fabricated atPPPL. The chamber has the ability to bemaintained under vacuum, be baked to 200�C, and provides sample ports for gasanalyses. Tiles from TFTR that have beenexposed to D-T plasmas will be placedwithin the chamber and exposed to eitherUV light source or the ND:YAG Laser. Theexperiment will determine the effectivenessof these two techniques for the removal oftritium. In addition, exposure rates and scantimes for the UV light source and/orNd:YAG Laser will be determined fortritium removal optimization from D-T tiles.IntroductionThe ability to remove tritium fromthe surface of carbon tiles by ultra violetlight and with lasers will be studied in ajoint effort with members of PPPL andJAERI. Tritium accumulates with carbon inco-deposited layers on plasma facingcomponents exposed to D-T plasmas. Thisphenomena is the dominant route for tritiumretention in tokamaks and may severelyimpact the operational schedule for futurelong pulse machines with carbon plasmafacing components [1]. At present there isan urgent need to develop efficienttechniques to remove tritium from plasmafacing components. In support of thisproject an ultra violet (UV) light source witha wavelength of 172 nm has been suppliedby JAERI. A Nd:YAG laser (in the kilowattrange) is being procured by PPPL to alsosupport this experiment. Tritium is releasedfrom materials at elevated temperatures thusit may be attractive to transiently heat theco-deposited layer on the tile surface by aNd:YAG laser beam. The laser couldtransiently heat the surface to hightemperatures (up to 2,000 �C). Initial testswill be performed to determine the optimallaser intensity and duration. A pyrometerwill be set up to monitor the surfacetemperature and interlocked with the laser toprevent over heating. An optical headcapable of scanning the laser beam across asurface is planned to be implemented andtested. A remotely controlled scanner willbe positioned to raster the laser beam. Thesurface temperature and heating locationwill be monitored including the tritiumreleased.During October 1999 36 TFTR D-Tlimiter tiles were collected from the TFTRvacuum vessel. These tiles are expected tocontain 1 — 2 Ci of tritium (as previously

18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New Mexicomeasured from tiles collected from a similarlocation in the TFTR vacuum vessel) co-deposited on the top ~ 1 - 50 microns of thesurface of the tile. These tiles will be usedfor the tritium decontamination study.Currently a large fraction of tritium (~ 7,500Ci) held in the TFTR vacuum vessel iscontained in the co-deposited layer of thelimiter tiles. The retention of tritiumcontained in the co-deposited layer is aproblem for any fusion device employing acarbon based first wall. The ability torelease this tritium for recovery and possiblereuse is of importance in maintaining sitetritium inventories to quantities whichactively support the operation of the device.Tenaciously held tritium is of no use to theoperation of a fusion reactor and increasesthe quantity of unusable tritium at the site.In addition there are safety considerationsfor maintaining the first wall with as low aninventory of tenaciously held tritium aspossible. Thus it is imperative that the levelof tenaciously held on-site tritiuminventories co-deposited on the surface ofthe first wall be kept to a minimum. Inaddition it is highly advantageous thattritium removed from the first wall beperformed in a manner which maintains theformation of tritiated water to levels as lowas possible. Heating first wall surfaces witha laser or exposure to UV light may providea reasonable method for the removal oftritium.Experimental ConfigurationAn experimental chamber has beenfabricated which provides for safelysubjecting a tritiated carbon tile to either aUV light source and laser beam (Fig. 1.).The chamber employs a sapphire windowwhich minimizes UV light absorption thusallowing greater than 70% of UV light toenter the chamber and interact with thesurface of the tile.C. Pressure and temperaturewill be set to optimize tritium removal rates.Carbon tiles (Fig. 2) that have beenexposed to TFTR D-T plasmas will beplaced in the chamber and can be positionedin virtually any geometry required tooptimize the interaction with both UV andlaser light.

18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New MexicoExperimental PlanPrior to placing the tile into the testchamber for UV light and laser exposure thesurface of the tile will be analyzedemploying non-destructive methods. Amatrix of 24 thermo luminescent dosimeters(TLD�s) will be first positioned on thesurface of the tile to measure tritiumactivity. After TLD measurements thesurface will then be measured with an openwall tritium monitor. After tritiummeasurements have been made employingthese non-destructive methods the tile willbe placed in the chamber and subjected toeither UV light or laser energy. Duringexposure to UV light or laser discreetmapped sections on the surface of the tileare exposed to the energy source. Duringexposure the quantity of tritium that isliberated from the tile surface will bemeasured with a tritium calibrated ionchamber. During the exposure time thepressure in the chamber can be lowered to ahigh vacuum range (less than 1 x 10-6 torr)or increased to greater than 2 atmospheres.The dynamic temperature range of thechamber is 20 �C to 200 �C.C in a special bakeoutoven to collect and tritium remaining in thetile.Future PlansIt is expected that one third of thetiles collected during the October 1999TFTR vacuum vessel entry [4] will besubjected to UV light and laser irradiation todetermine the effectiveness of these energysources in releasing tritium from the co-deposited layer.References[1]G. Federici et al., �In-vessel tritiumretention and removal in ITER�,Journal Nuclear Material, pgs. 266-269(1999).[2]C. H. Skinner, H. Kugel, D. Mueller, B.L. Doyle, W. R. Wampler, �Tritiumremoval by CO2 laser heating�.Proceedings of SOFE 97, 17th IEEEINPSS Symposium on FusionEngineering, Oct. 6-9, 1997.[3]Y. Kameo, K. Aoki, T. Gorai, T.Hirabayashi, �Development of laserdecontamination technique for metalwastes�. Water Chemistry 1998P r o c e e d i n g s P g s . 5 7 1 - 5 7 4 , Kashiwazaki, Japan 1998.[4]C. H. Skinner, C. A. Gentile, K. M.Young, �Observations of flaking of co-deposited layers in TFTR�, Proceedingsof the Symposium of Fusion Energy,presented at 18th IEEE/NPSSSymposium on Fusion Engineering,Albuquerque, New Mexico, Oct. 25 —29, 1999.