
I Nunes  1  Overview of JET 2013 Programme  25 January 2013 

Overview of the JET 
2013 Work Programme 
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Context	
  for	
  the	
  JET	
  Campaigns	
  

Coherent	
  approach	
  in	
  a	
  mul7-­‐annual	
  “JET	
  programme	
  in	
  support	
  of	
  ITER”	
  based	
  
on	
  the	
  full	
  exploita7on	
  of	
  the	
  ILW	
  
	
  Phase	
  I:	
  	
  	
  Experimenta1on	
  with	
  an	
  ITER-­‐like-­‐Wall	
  (2011-­‐2012)	
  
	
  Phase	
  II:	
  	
  Develop	
  plasma	
  scenarios	
  approaching	
  ITER	
  relevant	
  condi1ons	
  (2013-­‐2014)	
  
	
  Phase	
  III:	
  Integrated	
  experimenta1on	
  in	
  deuterium-­‐tri1um	
  (2015)	
  

EP2	
  Enhancement	
  Programme	
   J.	
  Paméla,	
  
Fusion	
  Engineering	
  Design,	
  2007	
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§  The ITER-like Wall at JET 
§  Upgrades/Protection to operate a Be/W machine 
§  Results from 2012 operation 
§  Planned strategy for 2013 

Outline	
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ITER	
  Predic7ons:	
  Reduc7on	
  in	
  Fuel	
  Reten7on	
  with	
  
Change	
  of	
  First	
  Wall	
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J.	
  Roth	
  et	
  al.	
  	
  
JNM	
  2009	
  

ITER §  Critical issues: safety and 
lifetime or fuel retention and 
first wall erosion 

§  Predic1ons	
  made	
  from	
  CFC	
  
devices,	
  laboratory	
  experiments	
  
and	
  modelling	
  

D:T	
  ra7o	
  50:50	
  
(without	
  cleaning)	
  

~1	
  year	
  	
  
full	
  DT	
  	
  
opera1on	
  

Reduc1on	
  to	
  of	
  	
  a	
  factor	
  	
  
10-­‐50	
  expected!	
  

Note:	
  limit	
  recently	
  increased	
  to	
  1kg	
  T	
  

J.	
  Roth,	
  S.	
  Brezinsek	
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Plasma-­‐Wall	
  Interac7on	
  Issues	
  

§  Be wall erosion and transport 
§  Be-W material mixing 
§  Be:D layer formation and retention 
§  Re-erosion of (mixed) layers  
§  Material Transport to remote areas 
§  W erosion and prompt deposition 

§  Be/W Melt layer motion, loss  
   and stability  
§  Metallic dust formation 

Steady-state operation  

Transients 

Important PWI questions for ITER will be addressed in JET with the ILW   

G. Matthews  

G	
  Ma5hews,	
  S.	
  Brezinsek	
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!

Bulk	
  W	
  LBSRP	
  

§  	
  Surface	
  temperature	
  limit:	
  ini1ally	
  1200oC	
  
(avoid	
  recrystallisa1on),	
  later	
  2200oC	
  

§  	
  Wedge	
  temperature	
  (600oC,	
  	
  
or	
  72	
  MJ/m2)	
  

§  	
  Springs	
  (under	
  inves1ga1on,	
  probably	
  
350oC,	
  or	
  <60	
  MJ/m2)	
  

Material constraints 

Be	
  main	
  chamber	
  limiters	
  
§  Risk	
  factor:	
  mel1ng	
  ~1240oC	
  
§  Eddy	
  forces	
  à	
  castela1ons	
  
§  Thermal	
  stress	
  à	
  slices	
  

!

I.	
  Nunes,	
  P.	
  de	
  Vries,	
  P.	
  Lomas	
  

Ph.	
  Mertens	
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JET ITER-like Wall 

7	
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Dump	
  
Plate	
  

Inner	
  
Wall	
  
Guard	
  
Limiters	
  

Mushrooms	
  

Saddle	
  coil	
  
protec7on	
  

Saddle	
  Coil	
  
Protec7ons	
  

Poloidal	
  
Limiters	
  

LH	
  +	
  ICRH	
  
Protec7on	
  

Beryllium	
  

Normal	
  NBI	
  IW	
  
Cladding	
  

(out	
  of	
  view)	
  

Magne7c	
  
covers	
  

B&C	
  
7les	
  

W-­‐coated	
  CFC	
  

Divertor	
  

Re-­‐ionisa7on	
  
Protec7ons	
  

Restraint	
  Ring	
  
Protec7ons	
  

Normal	
  NBI	
  Inner	
  
Wall	
  GL’s	
  	
  

(out	
  of	
  view)	
  

ILW = 2880 installable items, 15828 tiles (~2 tonnes Be, ~2 tonnes W) 

Bulk	
  W	
  

Bulk	
  W	
  

Inner	
  Wall	
  
Cladding	
  

Inconel+8µm	
  Be	
  

Recessed	
  
Inner	
  Wall	
  
Guard	
  
Limiters	
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JET	
  NBI	
  system	
  	
  

§  Two	
  neutral	
  beam	
  injector	
  boxes	
  
§  Each	
  equipped	
  with	
  8	
  Posi1ve	
  Ion	
  Neutral	
  

Injectors:	
  PINIs	
  è	
  grouped	
  into	
  tangen1al	
  
and	
  normal	
  banks	
  	
  

[CIRIC et al., FED, 86, 2011]  

§  In parallel with ITER-like wall installation è NBI system upgraded 
–  1st goal: Increase NBI power from 24MW to 34MW è PINIs converted to 125kV PINIs 

with modified ion source, accelerator configuration & refurbished power supplies  
–  2nd goal: Increase NBI pulse duration  at full power from 10s to 20s  è  beam duct 

changed to actively cooled beam duct 

View of the JET 
vessel from inside 

the new beam 
“duct” 
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Three	
   systems	
   monitor	
   the	
   wall	
   loads	
   in	
   real	
   1me;	
   the	
   wall	
   load	
   limiter	
   system	
  
(WALLS)	
   [15],	
   the	
   plant	
   enable	
  window	
   system	
   (PEWS)	
   and	
   the	
   new	
   system,	
   the	
  
vessel	
  temperature	
  map	
  (VTM).	
  	
  

Ac7ve	
  protec7on	
  for	
  ILW	
  (I)	
  

Inner wall NBI footprints  

WALLS: 
§  Determines and controls the topology and 

location of the plasma boundary based on 
real-time magnetic measurements.  

§  Models the power deposition and the thermal 
diffusion on individual plasma facing 
components using the information of the plasma 
current and the instantaneous injected power, 
thus moni tor ing the sur face and bulk 
temperatures of the PFCs.  

PEWS: 
§  Predicts/protects the surface temperature of 

shine through t i les using RT densi ty 
measurements and algorithm for temperature 

PIW	
  team	
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§  Specifically	
  designed	
  to	
  receive	
  the	
  data	
  from	
  the	
  IR	
  and	
  

near-­‐IR	
  cameras	
  installed	
  for	
  the	
  protec1on	
  of	
  the	
  ILW.	
  	
  	
  
§  ROIs	
  are	
  analysed	
  and	
  its	
  measured	
  temperature	
  

processed	
  in	
  real-­‐1me	
  
§  Alarm	
  issued	
  to	
  RTPS	
  if	
  any	
  of	
  the	
  opera1ng	
  limits	
  is	
  

reached	
  
§  RTPS	
  co-­‐ordinates	
  the	
  responses	
  for	
  various	
  systems	
  

issuing	
  a	
  request	
  for	
  an	
  ac1on	
  appropriate	
  to	
  the	
  alarm	
  

Ac7ve	
  protec7on	
  for	
  ILW	
  (II)	
  

PIW	
  team	
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FILW_PM_1122_R016_I_1_d_B_EP2PBReport_121219 Page 7 of 14 

Melting has occurred on the top tiles of 6D, 5D and 1D. This may have happened during the 
limiter power handling experiments but this is not totally clear and further investigation is in 
progress. The worst melted limiter is 6D which is shown below and is the only tile where the 
melt occurs on tile 23 as well as 22 – this is already a planned repair. More mysterious is a 
melt just below mid-plane of 7B in row 14. A similar melt seems to be starting in the same 
place on 8B. 

 

OWPL 6D top (B22122) 

 

OWPL 7BR10 (A4L2533) 

 

Only the top Langmuir probes on OWPL 1D are visible due to a protection cover. No damage 
is seen but we recommend removing the cover to allow a full inspection of the rest of the 
limiter. 

2.2.1 LHCD 

No damage and nothing abnormal to report.  

2.2.2 ICRH Poloidal Limiter (ICRH PL) 

No damage and nothing abnormal to report. Deposition is visible in shadowed areas as  

2.2.3 TAE Antennae Protection 

No damage and nothing abnormal to report. Note that these are relatively close to the plasma 
and difficult to optimise narrow tiles. 

2.2.4 A2 Antennae Protection 

These consist of a total of 60 carrier assemblies, 40 horizontal and 20 vertical placed in 4 
positions around the vessel (Octant1/2 – Octant 2/3 – Octant 5/6 – Octant 6/7). Each position 
consists of 5 vertical Bump Assemblies, 5 Upper Tile assemblies & 5 Lower Tile Assemblies. 

No damage and nothing abnormal to report. Deposition is visible in shadowed areas as 
elsewhere.  

2.2.5 ILA Private Limiter and septum tiles 

No damage and nothing abnormal to report.  

2.2.6 ILA Crossbeam 

No damage and nothing abnormal to report.  

2.2.7 RF Flux Excluders 

Flux excluders have been fitted between the A2 antennas and the neighbouring poloidal 
limiters to provide a path for mirror currents of the antenna straps. In total 8 RF Flux Excluders 
have been installed, 5 next to wide poloidal limiter beams, 2 next to EP1 ICRH poloidal limiter 
beams and 1 next to the narrow poloidal limiter. Each assembly consists of 5 brackets 

§  Error on the temperature calibration of the protection cameras allowed 
temperatures > 1260oC on the tiles surface leading to melting 

Mel7ng	
  

plasma load 

Langmuir 
probe 
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Waiting for the first pulse with ITER-like Wall
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§  Results from 2012 operation 
§  Plasmas Surface Interaction 

§  Fuel retention 
§  W sources and transport 

§  Plasma Physics  
§  Breakdown 
§  Disruptions 
§  Pedestal and ELMs 
§  Confinement  

§  Operational issues 
§  Plasma scenarios 

Results	
  from	
  2012	
  opera7on	
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Residual	
  Carbon	
  

Main	
  chamber	
  CIII	
  and	
  outer	
  divertor	
  CII	
  edge	
  fluxes:	
  
§  Residual	
  C	
  dropped	
  with	
  ILW	
  installa1on	
  by	
  one	
  order	
  of	
  magnitude	
  (sta1s1cal)	
  
§  Dedicated	
  JET-­‐C/JET-­‐ILW	
  comparison	
  pulses	
  show	
  a	
  drop	
  of	
  about	
  a	
  factor	
  20	
  

§  Comparable	
  C	
  reduc1on	
  also	
  observed	
  in	
  core	
  and	
  edge	
  concentra1ons	
  by	
  CXRS	
  	
  
§  Averaged	
  Zeff	
  dropped	
  from	
  1.9	
  	
  (JET-­‐C)	
  to	
  1.2	
  (JET-­‐ILW)	
  

S.	
  Brezinsek	
  	
  
PSI2012	
  

CC=0.50%	
  

CC=0.05%	
  

x20	
  

core	
  C	
  concentra/on	
  

S.	
  Brezinsek	
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Breakdown	
  
§  For	
  C-­‐wall:	
  rela1on	
  between,	
  density,	
  C	
  content	
  and	
  radia1on	
  
§  For	
  ILW:	
  much	
  lower	
  radia1on	
  (and	
  C	
  content)	
  	
  

§  No	
  non-­‐sustained	
  breakdowns	
  due	
  to	
  de-­‐condi1oning	
  events	
  with	
  ILW	
  
§  Radia1on	
  lower	
  (except	
  for	
  N	
  seeding	
  experiments)	
  
	
  

tBURN 
 Sustained C-wall 
 Non-sustained C-wall  
 Sustained ILW 
 Non-sustained ILW 

tBURN 

§  No trends were found with O or Ne levels  P.	
  De	
  Vries	
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Fuel Retention 

•  Measured fuel retention is more than an order of magnitude lower with the 
ILW 

•  Consistent with predictions made before the installation of the ILW and 
with the model which is being applied to ITER 

S.	
  Brezinsek	
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73342	
  (CFC)	
  vs.	
  82539	
  (ILW)	
  @	
  2.5MA/2.7T	
  low	
  delta	
  

Pnb 

gas 

WDIA 

Prad tot 

Prad bulk 

Prad div 

Baseline scenario – CFC vs. ILW 

J.	
  Bucalossi,	
  E.	
  Joffrin	
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73342 NBI/PTOT
Seq=123 (0)

82539 NBI/PTOT
Seq=107 (3)

73342 EFIT/WDIA
Seq=185 (0)

82539 EFIT/WDIA
Seq=25 (0)

73342 SCAL/H98Y
Seq=215 (0)

82539 SCAL/H98Y
Seq=169 (0)

NBI	
  

WDIA	
  

H98y,2	
  

§  Same	
  scenario	
  but	
  ILW	
  has:	
  

§  lower	
  stored	
  energy	
  

§  20-­‐30%	
  lower	
  confinement	
  

§  Both	
  CFC	
  and	
  ILW	
  have	
  PIN/PL-­‐H=1.5	
  

Baseline scenario – CFC vs. ILW 
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A.	
  C.	
  C.	
  Sips	
  

Demonstrating the ITER baseline operation at q95=3 
 

A.C.C. Sips1,2, J. Schweinzer3, G. Jackson4, S. Wolfe5, J. Hobirk3, H. Hoehnle6, A. Hubbard5, E. Joffrin7,  
C. Kessel8, P. Lomas9, T.C. Luce4, E. de la Luna10, I. Nunes11, J. Stober3,  JET EFDA contributors*, the ASDEX 

Upgrade team3, the DIII-D team4, the C-Mod team5 and the Integrated Operation Scenario Topical Group of the ITPA 
1) EFDA-CSU, Culham Science Centre, Abingdon, OX14 3DB, UK. 
2) European Commission, Brussels, B-1049, Belgium. 
3) Max-Planck-Institut für Plasmaphysik, EURATOM-Association, D-85748, Garching, Germany. 
4) General Atomics, San Diego, USA. 
5) Massachusetts Institute of Technology, Plasma Science and Fusion Center, Cambridge, USA. 
 
E-mail contact of main author: george.sips@jet.efda.org 

6) Institut für Plasmaforschung, University Stuttgart, D-70569 Stuttgart, Germany. 
7) Association Euratom-CEA, Cadarache 13108 Saint Paul Lez Durance, France. 
8) Plasma Physics Laboratory, Princeton University, Princeton, USA. 
9 EURATOM/UKAEA Fusion Association, Culham Science Centre, Abingdon OX14 3DB, UK. 
10) Laboratorio National de Fusion, Asociation EURATOM-CIEMAT, Madrid, Spain 
11) Euratom/IST Fusion Association, Centro de Fusao Nuclear, Lisboa, Portugal. 
* See the Appendix of F. Romanelli et al, Proceedings of the 24th IAEA Fusion Energy Conference  2012, San Diego, US. 

SUMMARY 
• The IOS-TG has coordinated experiments at q95~3  

(AUG, C-Mod, DIII-D and JET-CFC). 
 

• At Pin/PLH~1, H-modes with H98~1 and fGW>0.8  
(but at low ELM frequency, and not stationary). 
 

• At Pin/PLH=2, many discharges at H98~1 (max. H98=1.2).  
However, fGW ≤  0.85. 
 

• RF power: AUG≤60%,  JET≤20%. 
Only C-Mod has 100% ICRH H-modes at q95~3. 
 

• A drop in li(3) up to ~0.7 with increasing plasma beta up to N~2.5.  
 

• The maximum achievable H98 increases with beta. Maximum at q95~3: 
N>2.5, H98=1.4-1.5 (AUG, DIII-D), similar to hybrid regimes at q95~4.  
 

• Remarkable similarity is observed in the data from the various devices.   
 
 
INTRODUCTION 
In ITER 15MA at q95=3 is planned: 500MW fusion power, Q=10, H98=1, 
N=1.8  and plasma density of fGW ~0.85 [1]. 
 
Using IPB98(y,2) confinement scaling: 
• At fixed fGW: Wth  Ip1.34 [2]  less fusion power.  
• Less heating of the plasma (Pin), drop in Wth  Pin

0.61. 
 
 
 
 
 
 
 
 
 
 
 
 
• At Ip=13.5MA (q95=3.33), drop in Q~6.3 unless H98=1.15.  
• At Ip= 16.5MA (when possible, q95=2.75) Q nearly 16 for H98=1.0,  
     or Pfus~500MW can be obtained with H98=0.88. 
 
 
EXPERIMENTS AT q95~3 
 
Alcator C-Mod : (details in [6]) 
• Operated with a Mo first wall at q95=3-3.2. 
• ITER plasma shape at Ip=1.3MA/BT=5.3T and Ip=0.65MA/BT=2.7T.  
• At Ip=0.65MA used 2nd harmonic ICRF heating at 80GHz: Up to 5MW.  
• Discharges at the highest input power use neon seeding.  
• Operation at BT=2.7T (κ~1.75):  H98=0.8-0.95, βN<2.1 and fGW<0.79.  
 
 
 

AUG: 
• Operated with a C-wall and full W-wall. Database of ~200 discharges. 
• Ip=0.8-1.2MA and BT =1.7-2.1T.  
• At 1.1MA/1.8T using ECRH at 140GHz (in X3 mode).  

At 1.2MA/2.0T using ICRH at 30MHz (boron-coated limiter tiles).  
• At u=0.26, l=0.43: H98=1.01, βN=1.96 and fGW=0.79 at q95=3.14.  
• So far no nitrogen seeding [8] was used in discharges at q95~3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DIII-D:  (see details in [5])  
• ITER demo discharges: Ip=1.47MA, BT=1.92T, ITER shape, q95=3.1.   
• H98=1.1, N=1.8 with fGW slowly rising to 0.65, 4-4.4MW NBI heating.  
• Long pulse operation (10 resistive timescales).  
• Database of ~100 discharges [10]. 
• The most stable discharges operate at N~2. 
 
JET (carbon wall data only): 
• Wide range of plasma currents Ip=1.4-4.5MA. 
• Carbon wall data only (2008-2009). Database of 627 discharges. 
• Up to 25MW of NBI heating and up to 3.6MW ICRH. 
• Two shapes: At u~0.2, l~0.33 and at u~0.4, l~0.4.  

 
 

 
 

ITR/P1-11 

24th IAEA FEC, 8-13 October 2012, San Diego USA George Sips 

Table I: Variation of ITER 
baseline performance at 
15MA, 13.5MA and 16.5MA. 
Assuming N=1.8, 
Pfus=500MW and Q=10 at 
15MA. IPB98(y,2) scaling 
with H98=1 is used to 
compute values for 13.5MA 
and 16.5MA, 50MW 
additional heating. 

Fig. 1: AUG #28134 (full W wall) 
at 1.2MA/2T at triangularity, 
av=0.35, with ICRH at 30MHz, 
q95=3.14,  βN=1.96, fGW=0.79, 
H98=1.01. The discharge hits a 
flywheel generator I2t limit in the 
ramp down; the resulting stop 
sequence disrupts. 

Fig. 2a: JET with CFC walls, high delta 
(av=0.43). 2.4MA/2.4T, q95=3.28, βN=1.77, 
fGW=0.81, H98=0.9 and Pin/PLH=1.71. 

Fig. 2b: JET with CFC walls, low delta 
(av=0.25). 2MA/2T, q95=3.25, βN=1.52, 
fGW=0.7,H98=1.1 and Pin/PLH=1.1. 
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Radia7on	
  in	
  the	
  core	
  at	
  low	
  gas	
  fuelling	
  
#81913 

T e
 (k

eV
) 

Po
w

er
 

(M
W

) 
2.5MA/2.7T 

PNBI 

Time(s) 

Te (0) 

Te (ρ~0.85) 

Prad bulk 

Prad tot 

T.	
  Pue5erich	
  

Standard baseline scenario 

3 
 
 
2 
 
 
1 
 
 
0 

Te (keV) 

tim
e 

Progressive increase of radiation on central 
chords from ~49s  core temperature collapse 
~51s, and build up of radiation 
 
Edge radiation ~cte in time 
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13 cyan 
14 black 
15 blue 
 
 
 
 
 
21 green 
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3 black 
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Another example, with strong asymmetry 

kb5h 

JPN82880 

kb5v 

Radiative collapse prevented by increasing: 
ü Gas fuelling 
ü Additional heating 
 ELM frequency  Impurities flushed out 
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T.	
  Pue5erich	
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Controlling	
  W	
  accumula7on	
  -­‐	
  gas	
  

§  PIN/PL-­‐H~1.5	
  

§  Strike	
  point	
  sweeping	
  implemented	
  
to	
  reduced	
  the	
  temperature	
  on	
  the	
  
bulk	
  tungsten	
  1le	
  (<1200oC)	
  	
  

§  Confinement	
  strongly	
  affected	
  by	
  
the	
  gas	
  only?	
  H98~0.7-­‐0.8	
  

§  By	
  increasing	
  the	
  gas	
  fuelling	
  is	
  possible	
  to	
  control	
  the	
  W	
  accumula7on	
  and	
  
increase	
  plasma	
  current	
  safely	
  	
  

§  Stationary H-mode established with the ILW up to 3.5 MA and 27 MW 
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83479 NBI/PTOT
Seq=17 (0)

83479 ICRH/PTOT
Seq=8 (2)

83479 BOLO/TOPI
Seq=40 (0)83479 EDG8/TBEI
Seq=48 (0)

PROC/FUEL
PROC/NEAV

83479 KS3/ZEFH
Seq=93 (1)

83479 EFIT/BTNM
Seq=20 (0)

83479 SCAL/H98Y
Seq=96 (0)

NBI	
  
ICRH	
  

Prad,	
  total	
  

Dα	



Fuelling	
  ele/s	
  x	
  1022	
  

nex1019m-­‐3	
  

Zeff	
  

βN	
  H98y,2	
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§  Increasing	
  power	
  è	
  high-­‐frequency	
  
Type-­‐I	
  ELMs	
  can	
  be	
  achieved	
  (rather	
  
than	
  using	
  high	
  gas	
  fuelling	
  rate)	
  	
  

§  confinement	
  also	
  improves	
  
§  H98~0.9	
  
§  fGr	
  ~	
  0.9	
  
§  Zeff	
  ~	
  1.2	
  –	
  1.4	
  

Controlling	
  W	
  accumula7on	
  –	
  power	
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E. de la Luna - 24th IAEA Fusion Energy Conference, San Diego, 8-13 October 2012 17/XX 

ELM frequency control in JET-ILW 

Kicks: ELM control without affecting 
any other plasma parameter (no 
added impurities or density) 

 

•Kicks (increase in fELM) can help in 
reducing W core accumulation in 
gas fuelled H-mode  plasmas in JET 
with Be/W wall 

•Te,ped colder with the Be/W wall  
kick size larger than in previous exp. 
− Be/W (gas fuelled) : Te,ped < 0.6 keV 
− CFC (unfuelled): Te,ped ~ 1 keV 

                                 

Kicks exp. in JET with Be/W have just started 

[Beurskens-EX-P7-20] 

Controlling	
  W	
  accumula7on	
  –	
  kicks	
  

§  Applying	
  kicks	
  è	
  high-­‐frequency	
  
Type-­‐I	
  ELMs	
  can	
  be	
  achieved	
  
without	
  affec1ng	
  density	
  

§  No	
  change	
  in	
  confinement	
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Hybrid	
  H-­‐mode	
  

§  Hybrid	
  H-­‐modes	
  have	
  been	
  
re-­‐established	
  with	
  the	
  ILW	
  

§  C-­‐wall	
  hybrid	
  discharges	
  in	
  
high	
  d	
  configura1ons	
  have	
  
been	
  transiently	
  reproduced.	
  

§  H98~1.2-­‐1.3	
  at	
  βN~3	
  
achieved,	
  similar	
  to	
  the	
  C-­‐
wall	
  	
  

§  Dura1on	
  of	
  high	
  
performance	
  phase	
  typically	
  
limited	
  by	
  MHD	
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Pedestal	
  confinement	
  lower	
  in	
  ILW	
  

low delta less pedestal degradation than high delta? 

Hybrid low δ Hybrid high δ 

Baseline low δ Baseline high δ 
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§  Reduced	
  performance	
  is	
  due	
  to	
  
reduced	
  confinement	
  in	
  the	
  edge	
  
transport	
  barrier	
  

§  Adding	
  nitrogen	
  (required	
  also	
  for	
  
divertor	
  power	
  handling)	
  improves	
  
the	
  confinement!	
  

§  So	
  far,	
  only	
  in	
  high	
  triangularity	
  
configura1ons	
  

1.20.80.4024680Te, ped (keV)Ne, ped (1019m-3)CFCtype III ELMsJET-C fuelled onlyJET-ILW fuelled onlyJET-ILW fuelled + N2CFCtype I ELMsJG12.241-11c2.5MA/2.6-2.7T d ~ 0.4

!

Seeded	
  ELMy	
  H-­‐mode	
  

G.	
  Maddison,	
  C.	
  Giroud	
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§  Low radiation fractions and high 
vessel reaction forces makes 
disruption mitigation a necessity at 
JET (for Ip>2.5MA). 

§  Massive gas injection (MGI) has been 
used as an active mitigation tool. 

Disruptions 

§  With the ILW a much smaller fraction 
of the energy is radiated, which results 
in much longer current quenches. 

§  The longer current quench results in 
significant increases the swing or 
reaction force on the vessel. 

M.	
  Lehnen	
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Melt	
  damage	
  ager	
  disrup7ons	
  	
  	
  
§  Mel1ng	
  associated	
  with	
  VDEs	
  at	
  low	
  Ip=1.5MA	
  or	
  Emag=6MJ	
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Disrup7on	
  forces	
  
§  For	
  the	
  same	
  halo	
  current	
  frac1ons	
  è	
  wide	
  range	
  of	
  Fv	
  
§  But	
  Fv	
  scales	
  with	
  the	
  1me	
  integrated	
  halo	
  force	
  (impulse)	
  

§  Longer	
  current	
  quench	
  will	
  result	
  in	
  a	
  larger	
  vessel	
  reac1on	
  force*	
  

P	
  de	
  Vries,	
  S	
  Gerasimov	
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Top	
  Priori7es	
  for	
  2013:	
  
§  Transient	
  melt	
  experiments	
  takes	
  highest	
  priority	
  for	
  ITER	
  	
  
§  Limita1on	
  of	
  opera1onal	
  space	
  by	
  W	
  and	
  W	
  control	
  
§  Runaway	
  electron	
  threshold	
  and	
  mi1ga1on	
  
§  Experiments	
  aimed	
  at	
  understanding	
  ILW	
  confinement	
  behaviour	
  
§  Experiments	
  related	
  to	
  fuel	
  removal	
  from	
  co-­‐deposits	
  
§  Request	
  for	
  a	
  Hydrogen	
  campaign	
  in	
  2014	
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Special	
  Lamellae	
  Geometry	
  

B

 

Large potential melt volume 

Melt motion? 

82703/JETPPF/EFIT/0 t=56 s

Major radius [m]

H
ei

gh
t [

m
]

2.4 2.6 2.8

-1.2

-1.4

-1.8

-1.6§  Evaluate	
  the	
  behaviour	
  of	
  W	
  
mel1ng	
  by	
  transients	
  

§  Evaluate	
  the	
  behaviour	
  of	
  re-­‐solified	
  
shallow	
  melt	
  damage	
  

§  Study	
  the	
  possibility	
  impact	
  of	
  
transient	
  mel1ng	
  on	
  the	
  main	
  
plasma	
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V Riccardo      Design, Manufacture and Initial Operation of the Beryllium Components of the JET ITER-Like Wall 25/9/12

A slide-away event caused the 
first melt damage, within 100 
plasma pulses from first plasma.

Control issue resolved + location away from normally used portion of limiter.

Breakdown + Slide-away
Runaway electrons 
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Baseline	
  Scenario	
  

2.5MA 
2.75MA 
3MA 
3.25MA 
3.5MA 

C-wall 

ILW 

Confinement properties 	
  
§  Dimensionless	
  scaling	
  of	
  βN,	
  ν*,	
  ρ*	
  

and	
  βp	
  
§  Confinement	
  dependence	
  with	
  

divertor	
  geometry	
  
§  Confinement	
  dependence	
  with	
  

triangularity	
  
§  Control	
  of	
  W	
  accumula1on	
  
§  Opera1on	
  on	
  ver1cal	
  target:	
  	
  

reduces	
  W	
  source	
  but	
  confinement	
  
s1ll	
  low	
  

§  Compare	
  hybrid	
  with	
  baseline	
  
scenario	
  to	
  understand	
  confinement	
  

§  Pedestal	
  stability	
  



I Nunes  34  Overview of JET 2013 Programme  25 January 2013 

    
 

    0.0
    0.5
    1.0
    1.5
    2.0

10
7    

W

    
 

    0.0
    1.0
    2.0
    3.0
    4.0
    5.0

10
14

   
p/

sc
m

2s
r

    
 

0
2
4
6
8

10
12

    
 

1.1
1.2
1.3
1.4
1.5

48 50 52 54
s

0.5

1.0

1.5

JET Data Display

----
Printed by: inunes
Wed Jan 23 2013 16:50

83498 NBI/PTOT
Seq=15 (0)

83498 ICRH/PTOT
Seq=11 (2)

83498 BOLO/TOPI
Seq=36 (0)83498 EDG8/TBEI
Seq=47 (0)

PROC/FUEL
PROC/NEAV

83498 KS3/ZEFH
Seq=75 (1)

83498 EFIT/BTNM
Seq=19 (0)

83498 SCAL/H98Y
Seq=78 (0)

NBI	
  
ICRH	
  

Prad,	
  total	
  

Dα	



Fuelling	
  ele/s	
  x	
  1022	
  

nex1019m-­‐3	
  

Zeff	
  

βN	
  H98y,2	
  

ITER scenario integration	
  
§  Low	
  r*	
  and	
  n*	
  
§  ITER	
  ramp-­‐up/ramp-­‐down	
  
§  Access	
  to	
  H-­‐1	
  close	
  to	
  PL-­‐H	
  
§  Termina1on	
  :	
  	
  

§  exit	
  from	
  H-­‐mode	
  
§  flux	
  consump1on	
  

§  ELM	
  mi1ga1on	
  techniques:	
  
§  Kicks	
  
§  Pellets	
  

§  Power	
  load	
  control	
  with	
  extrinsic	
  
impuri1es	
  

Baseline	
  Scenario	
  

Ver1cal	
  target	
  (1les	
  3	
  and	
  7)	
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•  Type III ELMs established with N2 seeding 
(frad > 50% up to 80%) 

•  The inner divertor is completely detached 
between type-III ELMs; the outer divertor is at 
least partially detached 

•  Confinement degradation for Type-III H-mode 
for  frad > 65%. 

#82310,  
2.2T/2.0MA, HT3L 

•  JET ILW: D-fuelling+ N-seeding 
scans: fRAD ≤ 0.6 

•  ITER:  fRAD > 80% 
•  DEMO: fRAD~ 97% is needed 

Detachment control using fuelling and 
extrinsic impurities 
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Hybrid	
  and	
  Advanced	
  Tokamak	
  Scenario	
  
Development	
  

ELMy 
H-mode 
(q95~3) 

steady 
state 

(q95~5) 
hybrid 
(q95~4) 

advanced 
inductive 
(q95~3) 

ITER 

•  Hybrid	
  scenario	
  extension	
  low	
  
ρ*	
  and	
  ν*	
  /	
  op7misa7on	
  
- Open	
  the	
  opera1ng	
  space	
  
further	
  
- Op1mise	
  performance	
  
- Wall	
  compa1bility	
  	
  

•  Confinement	
  proper7es	
  /	
  
Scenario	
  overlap	
  
- q-­‐profile	
  
- Edge	
  q	
  
- beta	
  

•  	
  Steady	
  state	
  scenario	
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Wall	
  condi7oning	
  

Assess need or not for GDC during ILW pre-conditioning based on bakeout 
at 200oC 
§  ITER design is challenging à GDC nodes must be placed in port plugs 
§  evidence from first ILW campaign that the need for further deuterium GDC 

following restart of operations is much reduced in comparison with the all-
C device 

Planned experiment 

Will need one week of operation campaign è not yet approved 


