SR N
F-r - ¥ ¥ F F F F Fr

r i &F 88 rrFrrnro
-5 F

= e |

—

- S = S S — ---
r __._._._-__—'=--_--'._d..—----ﬂ------'-

&, F N T k=%t K & 1 -y

-_—.F-—l--_.---=_-__'d------_--‘

FF f F f rK8 §& | — | —4 .t R R & % K —

g - e [— 1 prp———| T T .

SS ““‘““‘%F@&WEW S

S, T, e, e e e i o =

- s .

i "= =

Longterm Evolution of Impurity Composition and Transient

Impurity Events
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Abstract

This paper covers the aspects of the longterm evolution of impurities in the main plasma and divertor

Monitoring Pulses

A clear drop in the CIIl emissions of a factor 20 is visible
when comparing the CFC JET phase with the JET ILW
operation (compatible with CXRS).

With increasing power the carbon emissions rise.
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Most iImpurity events are comprised of W or Ni,Fe,Cr
potentially originating from machining of

W/Inconel&Steel components

1108 events

of the JET Tokamak with respect to the newly installed ITER-Like Wall (ILW). Three main aspects con- Outer Divertor B
sidered are, firstly, the changes related to the switch over from the carbon dominated JET ( pre 2011) Constant plasma para- 0.015 L B R | | 10" E T IR A - I |
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events causing significant plasma contamination and radiation losses. D' 0.010 [~ . n g 10 ,, 3 i
The main findings comprise of a drop in carbon emissions of a factor of 20, immediate low oxygen con- _ TH - - N% [ oo + F " ] g 2 | 2 -
tent comparable to levels obtained previously after campaign long conditiong due to the beryllium main EQUI“brlum s established g i *+++ . "'I r L Ty |+ g w0 : 041 i
wall. Despite the attempts of reaching steady state divertor conditions after the initial 1600 plasma se- after ~ 300 JET pUlSGS E& 0.005 | £ A i " IP | < . r s ;i
conds the divertor is still evolving due to increasing heating power applied through out the campaign. ? | - i+ * . | E o § . 0.2
T.he levels of carb.on re!egsed are increas?ng While beryll.ium Ievel.s In the depositior.l.dominated Inner Carbon drops by at least a g r + 4+ +(|3:ﬁ|54ffgr?r;n ] é " __0%& . ; E _
divertor are dropping, hinting at a change in Mixed Material/ beryllium layer composition. fact £ 3 duri the initial _ e L 0.0
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Operatlon 1PN O70000 72000 74000 76000 78000 80000 82000 Discharge # ] o
26 evaboration | N | No overall clear trend Is visible.
Methodoloav & Diaanostics - Slight increase in carbon Even after the major ILW shutdown low oxygen levels The number of unidentified events are rising -
dy J levels in both the inner and Inner Divertor are observed iImmediately after restart. They are 10-20 potentially low-Z flakes from desposits
outer divertor (20%) until _"*"] e AR R | lower then usual S L1
| the end of the campaign °E 0025 Cll 515 nm - Z W (738)
Beryllium g - : 20 - Ni/Fe/Cr (284 ) -
' _ : 2 0.020 [ ] 35 T — I |
\ Study and describe the changes con - Beryllium levels are : 3 e e | Others ( 195 )
neCted to the InSta”athn Of the ITER'Ilke Stable In the outer dlvertor NIEI 0.015 - R¢ ] 30 | MK HD divertor 4 (D plasmas] — | 2 15 —
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- Study the impact of spurious impurity / position changes | 38 4 ’ .{%f i 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.05
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N unidentified flakes however radiate less.

( )YTungsten
Monitoring Pulse

10°

1020

1016

10°

correlated with the change in plasma operation

Monitoring pulses display

‘history’, e.g. Be Evaporation

During the ILW campaign the levels of input power are
Increased incrementally from an ohmic initial phase up

losses and impurity accumulation.
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Impurity Events are impacting operation due to radiation

.
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Ohmic  L-Mode H-Mode JPN 83393
osE 15F 15F eof PINIMW] 2 o - - - ‘ to high-power H-Modes ' No conditioning Is seen unless from repetitive operation
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20E 00F 00F 00— = E 10,000 T T T T T T T - Conclusion ,
A] m?  [ph/srenes] W] 0 10 20 30 SEC o T T B M ; ' O Y | The carbon concentration has reduced by at least a factor of 10-20 compared
| e ; = ‘*‘w:i " to the carbon dominated JET. Carbon emissions in the ILW show the same
Three main aspects _ _ ” ‘ g 1000f . co mt TS . trend as with CFC PFCs (albeit at lower levels). No aparrent additional sources
Diagnostics < C : | of carbon were observed, despite a slight increase in carbon in the divertor
L . T LT 5 g | : Yy | emissions - potentially from background carbon still remaining. The divertor
1. Monitoring Pulses (ohmic cond.) ] ; < 5 000} - | composition, especially the inner divertor material mix is still evolving despite
2. Overall trends (divertor phase) | ; 3 | S . the early repetitive operation trying to establish a steady state divertor compo-
3. Impurity Events (statistics) % ; ‘ : é . i | sition. Changes in plasma operation and especially heating power and density
| _ n . | g ~ | JET - ILW ° - are likely to be the root cause for the observed behavior. In contrast to the CFC .
| | o f 2 JET-C © - | : ’ M oo oo O (© plasmas) | JET a large number of impurity events from W and nickel are observed impac-
- Overall trends will show high variability | f 2 MK oD Clvertor | _ N . ting on plasma operation due to large radiation spikes. Repetitive plasma ope- .
due to different plasmas conditions R : g: Av. Ze =1.96 EAV. Ze =1.21 To o e P 25 30 | ration with similar plasmas improves the situation, however a long term condi-
- Monitoring pulses represent identical | IR T T TR | | . tioning is not obs_;erved. Genera_llly, asteady state V\_/lth the LW seems to be rea-
measurement conditions IPN Both the CFC and ILW JET show the same increase In : gg?lg/ gr??r?lttﬁerm\?\(l)z:grm?ag?ger? In divertor and main chamber emissons since
Zorp—1 O 0 | | carbon emissons with power at significant lower levels ' o= e oo cm o o el o
Visible spectroscopy in the Divertor ; L Cimp = (Zimm — 1) 3% Carbon 2% Beryllium Beryllium becomes the main impurity during the ILW operation ; I%ﬁ%?ﬁi&@?ﬁ?ﬁf f?grrtlgSvgrukrg? the EFDA Agreement. The views and opinions expressed harein do not necessany
e T reflect those of the European Commission.

UV spectroscopy in the main chamber
Additional Parameters: CXRS, Z . ,P ., ...

2.0

CXRS measurements:

2-3% Carbon

2-3 % Beryllium
0.1-0.2% Carbon

at JET, a clear conditioning Is visible with respect to oxygen.
No apparent additional carbon sources so far
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