
Recent Achievement of the non-inductive current drive
and sustainement of steady plasma 1)-8)
28 GHz Electron Cyclotron Current Drive (ECCD) effect 
was clearly observed in ohmically heated plasmas with 
feedback regulation of Center Solenoid (CS) coil current in 
inboard off-axis heating scenario. Recharging phenomena 
in the CS coil power supply were observed by superposed 
28 GHz injection. In non-inductive current drive 
experiments only by the 28 GHz injection, 54 kA plasma 
current was sustained for 0.9 sec. High non-inductive 
plasma current of 66 kA was also attained by the 28 GHz 
ECH/ECCD in the Spherical Tokamak (ST) configuration. 
Density jump across cutoff density of 8.2 GHz was 
observed in the superposed 28 GHz and the 8.2 GHz 
injections. The 50 kA plasmas were sustained by the 8.2 

GHz superposed injection into the 28 GHz target plasma if 
the vertical field was enough high. The high density/current 
experiments have been conducted, concerning Electron 
Bernstein Wave Heating and Current Drive (EBWHCD) 
with the 8.2 GHz injection.

Successful production of high plasma ( � 1) 
and its long pulse sustainment by fully non-inductive (NI) 
current drive with the help of a modest power (< 100 kW) 
Electron Cyclotron Waves is demonstrated. We found that 
(i) high plasma is naturally self organized to form a 
stable natural Inboard Poloidal field Null (IPN) equilibrium, 
(ii) a critical , which defines the transition boundary from 
Inboard Limiter (IL) to IPN equilibria and (iii) a new 
feature of plasma self organization to enhance its negative 
triangular shape to sustain high . This result shows a 
relatively simple method to produce and sustain high 
plasma close to the equilibrium limit in a stable 
configuration exploiting its self organization property.

Hydrogen wall pumping is studied in steady state 
tokamak operation (SSTO) of QUEST. Duration of SSTO 
is up to 10 minutes. Wall pumping is dominant during most 
SSTO, the wall pumping rate  is 1-6×1018 H/s and after 
plasma termination wall started to release H2, release rates 
were in range of 1020 H/s. H2 retention in the fully metal 
tokamak during SSTO is found to be around 70-80% of 
injected particles. PdCu membrane probes are used to 
measure plasma driven permeation of atomic hydrogen (H) 
at different positions. Incident H flux was numerically 
calculated using TMAP7 diffusion code. Assumption that 
H flux is proportional to H was used to fit permeated curve.
Wall release/retention rate was calculated for SSTO. He 
release rate is used as an indicator of the wall behaviour.

A new analysis method to realize steady state 
tokamak operation SSTO has been examined in QUEST 
with all metal wall baked at 100°C. Using particle flux 
perturbations driven by particle source H2 and plasma-wall 
interaction PWI the system functions of processes of 
retention and release into/from the wall are determined both 
in time and frequency domains. The system function for the 
particle circulation has been determined by perturbation 
technique and independent measurement of partial pressure 
and permeation flux. The temporal evolution of system 
function, especially very low frequency component, must 
be controlled in order to sustain the steady-state discharge.
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It is of a great importance to reduce tritium retention in 
the plasma-facing materials (PFMs) of a future fusion reac-
tor as well as ITER from viewpoints of not only controlling 
the fuel particle balance in the reactor core but also safety 
and economy of tritium. The surface of PFMs is eroded by 
chemical and physical sputtering due to bombardments of 
various particles, and consequently results in formation of 
deposition layers on different surface of PFMs. For this rea-
son, trapping and release behavior of tritium in/from the 
PFMs should be varied by exposure to fusion plasmas.
Namely, it is important to study the effects of exposure to 
plasmas for tritium retention.

In order to clarify such effects, many investigations have 
been carried out so far by using deuterium and/or tritium. 
However, most of these studies have been done using sam-
ples exposed to atmosphere after exposing to plasmas. Ex-
posure to atmosphere makes unclear interesting properties of 
plasma-exposed surface owing to adsorption of oxygen, wa-
ter vapor, carbon dioxide and so on. Therefore, it is need to 
expose to tritium without air exposure after plasma exposure 
experiments. So, we have constructed a specially designed 
apparatus connected with QUEST.

Samples used in this study were made of type 316 stain-
less steel (SS316) plate, and the size was 15x15x0.5 mm. 

After plasma exposure in QUEST, the sample was trans-
ferred to Toyama University without air exposure and it was 
set in a tritium exposure device along with a non-exposed 
SS316 sample. After vacuum pumping at room temperature, 
the evacuation was additionally continued at 373 K. Evacu-
ation at a low temperature is to lower annealing effect of 
plasma exposure as possible. After heating in vacuum, trit-
ium gas of 1.3 kPa was exposed to the samples for 4 hours 
at 300 K. The amount of tritium in surface layers and dis-
tribution of tritium on the surface were measured by 

-ray-induced X-ray spectrometry (BIXS) and an imaging 
plate (IP) technique, respectively.

Figure 1 shows the tritium distribution of plas-
ma-exposed and non-exposed sample as a reference one.
Red dotted lines in the IP figures show the position analyzed 
tritium concentration and the results are described below the 
IP figures. Line analysis indicates that the tritium concentra-
tion for plasma-exposed sample becomes higher than that
for non-exposed sample. Increase in the tritium retention 
was also confirmed by BIXS measurements.

After the experiment of tritium exposure at 300 K, the
samples were again set in the tritium exposure device. They 
were again exposed to tritium gas at 300 K after heating at 
623 K in vacuum. Clear increase in the tritium retention was 
observed for both samples as shown in Fig. 2. Additional 
heat treatment in vacuum gave rise to the increase. These 
results are shown in Table 1. As clearly seen form the table, 
increase in the heating temperature in vacuum brings about 
the increase in tritium retention, but it was seen that the dif-
ference in tritium retention between plasma exposed sample 
and w/o plasma exposed one became smaller.
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Fig. 1 Comparison of tritium distribution.

Table 1 Summary of BIXS and IP measurements.

Fig. 2 IP images after heat treatment at 623 K in vacuum
and exposure to tritium gas at 300 K.
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