18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New MexicoA Visual Detection System for Determining Tritium Surface DepositionEmploying Phosphor Coated MaterialsC. A. Gentile, S. J. Zweben, C. H. Skinner, K. M. Young, J. Parker, L. Ciebiera,S. W. Langish, A. von Halle, C. W. KennedyPrinceton Plasma Physics Laboratory, Princeton University, Princeton, New Jersey, 08543 USAK. IsobeJapan Atomic Energy Research Institute,Tritium Engineering Laboratory, Tokai, Ibaraki 319-1195, JapanAbstract — A method for visually observingtritium deposition on the surface of TFTRD-T tiles is being investigated at PPPL. Agreen phosphor (P31, zinc sulfide: copper)similar to that used in oscilloscope screenswith a wavelength peak of 530 nm waspositioned on the surface of a TFTR D-Ttile. The approximately 600 gram tile,which contains approximately 1.5 Ci oftritium located on the top ~ 1 - 50 micronsof the surface, was placed in a two literlexan chamber at Standard Temperature andPressure (STP). The phosphor plates andphosphor powder were placed on the surfaceof the tile which resulted in visible lightbeing observed, the consequence of tritiumbetas interacting with the phosphor. Thistechnique provides a method of visuallyobserving varying concentrations of tritiumon the surface of D-T carbon tiles, and maybe employed (in a calibrated system) toobtain quantitative data.IntroductionA detector for visually observingtritium deposited on the surface of TFTRD-T limiter tiles has been developed atPPPL. The detector employs phosphorcoated onto a thin glass plate or a mylar filmmatrix. The phosphor surface is positionedon or slightly (~ 1 mm) above a tritiatedcarbon based limiter tile. Visual tritiumdetection occurs when tritium beta particlesemitted from the surface of the tile[1]interact with the phosphor coated material.The surface of the TFTR limiter tiles containvarying concentrations of tritium whichhave been co-deposited [2].The distribution of tritium on thesurface of the tile has been found to be non-uniform, and requires analysis to understandthe dynamic distribution of this material.The interaction of tritium beta particles withP31 phosphor leads to the generation of avisible light with a wavelength peak of 530nm [3]. The employment of a visualdetection method for determining tritiumconcentrations on the surface of materials isof considerable interest. Visual detectionsystems for tritium employing phosphor asthe active medium provide a non-destructive, fast, reproducible, andinexpensive method for visually observingtritium concentrations on surfaces.Experimental results employing thisconfiguration show a relatively strongproduction of photons, which were easilyobserved by the unaided (dark adapted) eye.An added benefit to this detectionconfiguration is that it is not susceptible togamma radiation in mixed radiation fields.

18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New MexicoSystem ConfigurationA ~ 600 gram TFTR limiter tile (Fig.1.) which contains ~ 1.5 Ci of tritium in thetop ~ 1 - 50 microns [4] of the surface wasplaced in an air filled two liter cylindricallyshaped lexan chamber at STP. On thesurface of the tile were placed P31 phosphorcoated plates with a zinc sulfide:coppercomposition.Figure 2. Lexan Observation ChamberA control surface which employed anon-tritiated surface similar to that of the tilewas also positioned in the room in a similarfashion with phosphor. The control wasplaced next to the lexan observationchamber and remained black with no signsof visible light during the extent of theexperiment.Currently a more sensitive (lightimager) configuration is being fabricated,which is expected to visually detect muchlower concentrations of tritium. The newsystem (Fig. 3) employs a highly sensitivecharge-coupled device (CCD) [5] which isinternally cooled to 10 �C. The siliconbased CCD (model KAF1400) imager isextremely sensitive to visible light. Incrystalline silicon, the atoms are covalentlybonded to form a lattice structure. Photonsgenerated by the interaction of tritium betaparticles on phosphor can penetrate thelattice and break these covalent bonds, thusgenerating an electric charge. Sensitivity ofthe system is further enhanced in that chargecan be accumulated over an extended periodof time (by increasing the exposure time).Using a system configuration whichemploys a CCD imager can greatly increasethe sensitivity of the visual tritium detector.A CCD imager also has the advantage ofbeing coupled to a computer, thus providinga system with potential for betterquantitative measurements.System calibration can beaccomplished by configuring a tritiumcalibrated surface activity source under thephosphor plate. As is in the case with atritiated tile, the beta particles impacting thephosphor fixed to the plate will generatevisible light. The intensity of the light isproportional to the number of beta particlesstriking the phosphor which is a function ofthe tritium activity on the calibration source.Calibration surface activity sources areavailable from commercial vendors in

18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New Mexicovarious tritium concentrations andgeometries.

18th IEEE/NPSS Symposium on Fusion EngineeringOctober 25 — 29, 1999, Albuquerque, New MexicoTokamak Fusion Test Reactor BumperLimiter Tiles Post D-T operations.Presented at the 5th InternationalSymposium on Fusion NuclearTechnology Rome, September 19-24,1999.[3]Phosphor Resource Manual forIndustrial and Military Cathode Raytubes, Section 3 Standard Phosphors.[4]Skinner, C. H., Gentile, C. A., Menon,N. M., Barry, R. E., �Flaking of co-deposited hydrogenated carbon layers onthe TFTR Limiter�. Nuclear Fusion,Vol. 39, No. 9 (1999).[5]I. Youle, A. A. Haasz, �Profiling withtritium imaging�, Journal of NuclearMaterials 248, pgs. 64 — 71 (1997).