5th International Symposium on Fusion Nuclear TechnologyRome, September 19 - 24 1999In-Situ Tritium Measurements Of The Tokamak Fusion Test Reactor BumperLimiter Tiles Post D-T OperationsC.A.Gentile, C. H. Skinner, K. M. Young, M. Nishi 1, S. Langish, S. O’hira 1, A. von Halle,D. Mueller, L. Ciebiera, D.Shaltis, T. Yamanishi 1, T. Hayashi 1 W. M. Shu 1, A. Carpe,K. Isobe 1, E. Kearns, Y. Iwai 1, C. Bunting, Y. Kawamura 1Princeton Plasma Physics Laboratory, Princeton University, Princeton , New Jersey, 08543 USA1Japan Atomic Energy Research Institute,Tritium Engineering Laboratory, Tokai, Ibaraki 319-1195, JapanAbstract - The Princeton Plasma Physics Laboratory (PPPL) Engineering and Research Staff incollaboration with members of the Japan Atomic Energy Research Institute (JAERI), TritiumEngineering Laboratory have commenced in-situ tritium measurements of the TFTR bumperlimiter. The Tokamak Fusion Test Reactor (TFTR) operated with tritium from 1993 to 1997.During this time ~ 53,000 Ci of tritium was injected into the TFTR vacuum vessel. After thecessation of TFTR plasma operations in April 1997 an aggressive tritium cleanup campaignlasting ~ 3 months was initiated. The TFTR vacuum vessel was subjected to a regimen of glowdischarge cleaning (GDC) and dry nitrogen and "moist air" purges. Currently ~ 7,500 Ci oftritium remains in the vacuum vessel largely contained in the limiter tiles. The TFTR limiter iscomposed of 1,920 carbon tiles with an average weight of ~ 600 grams each. The location anddistribution of tritium on the TFTR carbon tiles are of considerable interest. Future magneticallyconfined fusion devices employing carbon as a limiter material may be considerably constraineddue to potentially large tritium inventories being tenaciously held on the surface of the tiles.In-situ tritium measurements were conducted in TFTR bay L during August andNovember 1998. During the bay L measurement campaign open wall ion chambers and ultrathin thermoluminscent dosimeters (TLD) affixed to a boom and end effector were deployed intothe vacuum vessel. The detectors were designed to make contact with the surface of the bumperlimiter tile and to provide either real time (ion chamber) or passive (TLD) indication of thesurface tritium concentration. The open wall ion chambers were positioned onto the surface ofthe tile in a manner which employed the surface of the tile as one of the walls of the chamber.The ion chambers, which are (electrically) gamma insensitive, were landed at four positions pertile. The geometry for landing the TLD�s provided measurement at 24 positions per tile. Theinstrumentation was positioned on the tiles (96 tiles in each bay) by technicians who manipulatedthe boom and end effector from outside the vacuum vessel port. In addition to obtaining bay Ltile measurements, 3 bumper limiter tiles were collected from the vacuum vessel for furtheranalysis. During the bay L measurement campaign it was observed that several of the tiles in thelower third of the bumper limiter exhibited considerable surface flaking.

I. IntroductionThe Tokamak Fusion Test Reactorwhich is located at The Princeton PlasmaPhysics Laboratory in Princeton, New Jerseyoperated for the time period of 1983 through1997. During the final four years of TFTRoperations, 1993 to 1997 approximately 53,000 Ci of tritium was injected into the TFTRvacuum vessel mainly through neutral beaminjection [1,2]. When TFTR finishedoperation in preparation for final shut downan aggressive three month campaigncommenced for the purpose of recoveringtritium inventory which was deposited onthe internal surfaces of the > 80,000 litervolume vacuum vessel [3]. The TFTRvacuum vessel tritium cleanup campaignincluded; baking out the vacuum vessel to150 …C, glow discharge cleaning withdeuterium as the working gas (and later witha mixture of 10 % oxygen in helium),purging the vacuum vessel with dry nitrogenat pressures from 20 to 600 torr, and �moistair� purging with 40 % relative humidity air[2,4]. During the three month tritiumcleanup campaign approximately 40 kCi oftritium was recovered from the vacuumvessel. Following the vacuum vessel tritiumcleanup campaign several vacuum vesselpurges and vacuum vessel vents wereperformed in support of the in vessel surfacetritium measurements. Two years after theTFTR vacuum vessel cleanup campaignapproximately 7,500 Ci of tritium stillremains tenaciously held on the 1,920carbon tiles and stainless steel interior of thevacuum vessel. It was known from earliermeasurements of TFTR and other fusiondevices during deuterium operations thatcarbon based limiter tiles have an affinityfor accumulating hydrogen isotopes [5,6].The accumulation of tritium onto the carbonlimiter is facilitated by the formation of aco-deposited layer of tritium and carbonwhich becomes deposited at various depthson the surface of the tile depending on thelocation in the vacuum vessel.Surface measurements of the distribution oftritium on the limiter tiles were needed tocollect empirical data for developing amodel for the accounting of tritium both inTFTR and in future fusion devices fortritium material control and accountingpurposes. Accurate tritium accountability intokamaks and other tritium burning fusiondevices is critical in maintaining the invessel tritium inventory to quantities whichcomply with site specific criteria andassociated safety analysis. It was thesereasons that motivated the need to performsurface tritium measurements of the TFTRlimiter.II. Measurements TechniquesThe in-situ surface measurements ofthe bay L TFTR limiter tiles were collectedto measure the tritium activity on the surfaceof the bumper limiter tiles. Techniciansworked from outside the TFTR vacuum portwith a remote handling boom and were ableto �land� tritium surface detectionequipment on the surface of limiter tilesmounted on the inner wall at the small majorradius. Three measurement techniques wereused to collect the tritium surfacemeasurements. The first was the deploymentof an open wall ion chamber which, whenlanded on the surface of the tile, completedthe ion chamber geometry as the surface ofthe tile became the dynamic wall of the ionchamber. The ion chamber was effectivelyplaced at four different locations on eachtile. The second surface measurementtechnique used ultra thin (50 micron)thermoluminscent dosimeters which, whenplaced directly on the surface of the limitertile, gave a strong (passive) signal, the resultof tritium beta decay emanating from thesurface of the tile. In addition the TLD�swere positioned in a matrix holder such that24 discrete locations could be measured foreach tile in the limiter (Fig. 1).

Figure 3. TFTR carbon limiter tileflakingIII. ResultsThe bay L limiter wall is composed of 96carbon tiles configured in four columns with24 tiles per column. Typical tile dimensionsare ~8 cm wide, ~ 12 cm long, ~ 3.5 cmdeep with an average weight ofapproximately 600 grams per tile. Duringthese measurements the open wall ionchamber was positioned at four locations pertile and data was collected from each of themeasured locations. Surface measurementsemploying the open wall ion chamberranged from 25mCi / cm2 to 400mCi / cm2with the majority of the measurementsranging between 110mCi / cm2 to 220mCi /cm2. The bay L limiter is missing 11 tiles incolumn C, the result of an interventionduring the summer of 1997 into the vacuumvessel, employing remote tools to collectbay L limiter tiles for external analysis. Agraphical representation of the bay L tritiumsurface measurements is shown in figure 4.

tritium contained in the carbon tile isentrapped in the surface flakes. Since thefirst observation of tile flaking (November1998) in the bottom third of the bay Llimiter it has since been observed in otherbays during later vacuum vessel openings.Currently the flaking is more pronouncedand can be observed in the middle and topsections of the TFTR limiter tiles.Figure 6. Unidentified depositsV. ConclusionData obtained by the in-situ bay L tritiumsurface measurement and subsequentbakeout of the tiles indicate that thedeposition of tritium in the TFTR vacuumvessel is not homogenously distributed. Theformation of flakes on the surface of the limiter tiles have been analyzed and containa relatively high concentration of tritium.Further in-situ and external vesselmeasurements and analysis are required tobetter understand the dynamics of thedistribution of tritium in a magneticallyconfined tokamak configuration.Instrumentation employed for in-situ surfacetritium measurements in carbon lined (D-Tfusion) vacuum vessels need to becompatible with the highly tritiumcontaminated dust environment.VI. AcknowledgmentsThe authors would like toacknowledge the efforts of the PPPPLHealth Physics Staff for safely andefficiently controlling radiologicalconditions associated with the in situ tritiummeasurements of the TFTR bay L limitertiles. Funding for the in-situ measurementswas provided by JAERI through the AnnexIV to the JAERI / DOE ImplementingArrangement on Cooperation in FusionResearch and Development, and by USDOEContract numbers DE-AC02-76CH03073and DE-AC05-96OR22464.VII. References[1] Gentile, C.A., Kalish, M., et al., �TheOperation of The TFTR Tritium System�17th IEEE/NPSS Symposium FusionEngineering. Vol. 1, No. 97CB36131.[2] Mueller, D., Blanchard, W., et al.,�Tritium Retention and Removal on TFTR�.17th IEEE/NPSS Symposium FusionEngineering. Vol. 1, No. 97CB36131.[3] Nagy, A., Amerescu, E., et al., �TritiumRecovery from the TFTR Vessel� 17thIEEE/NPSS Symposium FusionEngineering. Vol 1, No. 97CB36131.[4] Hosea, J., et al �The Tritium Fuel Cycleon TFTR and Related Issues� Presented atIEA Workshop, Tritium Experience in LargeTokamaks; Application to ITER. PrincetonPlasma Physics Laboratory, Princeton, N.J.March 16 - 18, 1998 Nuclear Fusion, Vol.39 page 271 (1999).[5] Wampler, W.R., et al., �Deposition ofcarbon, deuterium, and metals on the walland limiters of the Tokamak Fusion TestReactor�. Journal Vacuum ScienceTechnology. A6, 2111-2115. (1998).[6] Wampler, W.R., Doyle, B.L., Pontau,A.E., �Hydrogen and deuterium in graphitelimiters from TFTR, PDX and PLT�.Journal of Nuclear Materials. 145 - 147, 353- 356. (1987).[7] Wampler , W.R., Doyle, B.L., �Low-energy beta spectroscopy using pin diodes tomonitor tritium surface contamination�.Nuclear Instruments and Methods in PhysicsResearch. A 349 473 - 480. (1994).[8] Skinner, C.H., Gentile, C.A., Menon,M.M., Barry, R.E. �Flaking of co-depositedhydrogenated carbon layers on the TFTRlimiter�. Nuclear Fusion, Vol. 39, No. 9.(1999).