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1. Introduction. The Tokamak Fusion Test Reactor began operations with 
deuterium and tritium mixtures in November 1993. A series of high power DT 
experiments injected about 13.3 TBq (360 Ci) of tritium into the torus by 21 D-T neutral 
beam heated pulses, interspersed with 55 D-D pulses. As a result, some tritium was 
implanted into the walls and limiters. These experiments were followed by a short 
tritium cleanup experiment, which had to comply with operational constraints and with 
the need to maintain the high level of machine conditioning achieved. In the cleanup 
experiment, a series of deuterium ohmic shots interspersed with deuterium neutral 
beam injection shots was used to study the removal of tritium from the vessel. 

2. Experimental. 
The discharge se- * 

quence consisted of PARAMETER UNIT VALUE 
two deuterium neu- I 

tral beam fueled 1. Piasma current, I, MA 1.70 
shots, for tritium 

Table 1 lists the discharge parameters in the cleanup experiment. 

diagnostic purposes, 2. Major radius, R, m I 2.62 
by four 3. Minor radius, a,, m 0.97 

ohmic shots, for 
cleanup. This se- 4. Toroidal field, B, T 4.50 
quence was repeat- 
ed 5 times. In 

the beam power 
was varied between 

number of DT-neu- ~ 

5. Deuterium beam power, P,, MW 0 - 7.5 

beam-fueled shots, 6, Beam pulse length, tbeam S 1 .o 

2.5 and 7.5 MW-The 8. Deuterium pre-fill pressure, pD2 Pa 8 x lo4 

7. Flat-top duration, t,, S 1.8 

trans produced by Table 1: 
the D neutral beam 

Discharge parameters of the cleanup experiment. 

injection was measured by a calibrated neutron-activation detection system, based on 
%(n,p) activity, with 10 % accuracy, 7% shot-by-shot precision and a dynamic range 
of five decades [l]. This activation reaction with an energy threshold of 4.1 MeV, allows 
the rejection of any DD neutrons present. The ohmic discharges were adapted from 
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standard TFTR He cleanup shots to have a major radius of 2.62 m. For both beam and 
ohmic shots, the pre-fill gas was deuterium, to increase the tritium cleanup efficiency 
by isotopic exchange and desorption of DT molecules. The plasma major and minor 
radii were such that a very large plasma was created, so to "scrub" the largest possible 
area inside the torus. Figure 1 is a schematic of the TFTR vacuum system. 
Following the high pow- 
er D-T experiments, the 
cryopanels of beam line 
number 1, (NBL 1 in 
figure l), were regener- 
ated. During the cleanup 
experiment only NBL 1 
was open to the torus 
for injection and to pro- 
vide pumping by the 
cryopanels. At the end 
of the cleanup discharg- 
es, NBL 1 was isolated 
from the torus and the 
beam line liquid-helium 
cryopanels were regen- 
erated by puffing about 
600 torr liters of He at 20 
"C into the beam line. 
This raised the cryopa- 
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temperature to Figure 1 : Schematic view of TFTR's vacuum system in use 
above 20 K and relea- 
sed most of the molecu- 
lar deuterium and tritium. 
The pressure in the sealed beam box raised to about 1 torr in this period. The beam 
box was evacuated in about 1 hour and the gas routed, through the pump RP, to one 
of the two Gas Holding Tanks (GHT) of the tritium system. The vacuum lines to the 
GHTs were purged with nitrogen to increase the tritium recovery efficiency. The gas 
received in the GHT was analyzed for quantity by PVT measurements, for gas 
composition by a calibrated quadrupole mass analyzer and for tritium content by 
means of an in-situ calibrated ionization chamber [2], placed in the Tritium Analysis 
Station TAS. 

for this experiment. 

3. Results. After 34 pulses, about 1 TBq It 1.8 TBq (28 Ci zk 50 Ci) of tritium 
was recovered from the beam line cryopanels. The high estimated uncertainty (1.8 
TBq) is typical of measuring the amount of tritium recovered as difference between the 
tritium content of the GHT before and after regenerating the cryopanels. This amount 
represents about 8% of the amount of tritium previously injected by neutral beams into 
the torus during the high power DT experiments. The measurement of the amount of 
tritium recovered is however strongly influenced by the following factors: 1) efficiency 
of NB cryopanel regeneration, 2) efficiency in recovering tritium from vacuum lines by 
nitrogen purges, 3) accuracy of tritium sampling and analysis in the dynamic system 



associated with oberation of fhe GHTs. The importance of these factors is unknown 
for the present measurements. The experience of this experiment suggests that in 
order to carry out measurements of tritium inventory in the torus based on differences 
between input and exhaust, a dedicated system is needed, comprising more than one 
plasma exhaust tank to receive only effluents from the torus and the beam lines. In 
addition, the amount of tritium retained in the torus is much smaller than that 
processed through the GHTs, Le. on the order of 3%, hence such system must have 
an accuracy of the order of 1% or better. 

Figure 2 shows the variation of beam power P,, expressed in MW, of the plasma 
effective charge Z, and of the electron central density ne,, as functions of the shot 
number. The cleanup was executed at ne, = 2.7 x 10’’ m-3, except for one shot where 
the beam power was 2.5 MW. The effective charge Gfi increased during the experiment 
from 2.5 to about 4.3, indicating that the plasma composition was passing from 
deuterium- to carbon-dominated. This was confirmed by the fact that the carbon CII 
light increased slightly while the H,+Da light decreased. The H/(H+D) ratio measured 
spectroscopically, remained constant around 12-14%, a value typical of a well- 
conditioned vessel in TFTR. As a consequence the D, light decreased, an indication 
of a decreased deuterium influx from the wall and limiters. 

Figure 3 is a plot of the number of DT neutrons, NDT, generated by the 1-second beam 
pulse and of the ratio NOTIP,,. The latter accounts for beam power variations and has 
the same decreasing trend as that of NOy The value of No,, indicative of the tritium 
concentration in the plasma, decreased during the experiment from 4 x 10”to about 
1 x lo”, remaining well above the expected T-burnup level of 1 x This decrease 
indicated that the amount of tritium available to the plasma from wall and limiters had 
diminished by the end of the cleanup experiment. After a fast initial decay in the 
number of neutrons, the rate of decay diminished. The tritium concentration in the 
plasma was too small to be detected spectroscopically, i.e. was below 2%. This kind 
of discharge is useful to diminish the tritium recycling for fueling control, but is not 
efficient in removing tritium from low flux, co-deposition areas where most of the tritium 
retained in the torus is expected to be located [3]. For that task, other methods such 
as He/O glow discharge cleaning, are necessary. This conclusion is very important for 
all-carbon machines and for TFTR, especially in view of tritium-abatement needs 
which may arise before decommissioning. 

4. Summary. A simple tritium cleanup experiment was carried out in TFTR 
following the initial high power deuterium-tritium discharges in December 1993. A 
series of 34 ohmic and deuterium neutral beam fueled shots was used to study the 

in each discharge to “scrub” an area as large as possible. Beam-fueled shots at 2.5 
to 7.5 MW of injected power were used to monitor tritium concentration levels in the 
plasma by detection of DT-neutrons. The neutron signal decreased by a factor of 4 
during the experiment, remaining well above the expected T-burnup level. The amount 
of tritium recovered at the end of the cleanup was about 8% of the amount previously 
injected with high power DT discharges. The experience gained suggests that 
measurements of tritium inventory in the torus are very difficult to execute and require 

removal of tritium implanted into the wall and limiters. A very large plasma was created 
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dedicated systems with overall accuracy of 1%. 
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Figure 2: Variation of deuterium neutral Figure 3: Plot of the number of DT 
beam injected power PN, (0), central neutrons N,, (0) and of the ratio of No, to 
electron density ne, (a) and effective beam power PN$MW (I) measured dur- 
charge Z,, (v) during the experiment. ing the experiment. 
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