First real-time detection of surface dust in a tokamak

C. H. Skinner, A. L. Roquemore, H.W. Kugel, R. Marsala, T. Provost, Princeton Plasma Physics Laboratory,

Motivation:

* High levels of dust in ITER are expected from more intense PMI

and longer pulse duration.

* Dust will have important safety and operational consequences.
»+ 670 kg is ITER limit on mobilizable cold dust (public safety).

* 6 kg is limit on W, Be, C hot dust (vacuum vessel integrity
- a 4 kg H, 2 bar overpressure limit)

* Transport of W dust could prevent fusion burn (limit unknown).
* Dust could obscure diagnostic first mirrors (limit unknown).

- Tritiated dust can levitate

* Tritiated dust is more hazardous than HTO vapor.

ITER plans to:

- Diagnose dust inventory from divertor erosion measurements

(laser rangefinder).

+ Install local dust monitors (so far not demonstrated in tokamaks).

Electrostatic detection of
dust settling on surfaces.

» A 30-50v bias is applied across a grid of interlocking traces

on a circuit board.

* Impinging conductive dust creates a short circuit and

current pulse.

* Current pulse is input to nuclear counting electronics

and converted to counts.

* Number of counts is proportional to mass of dust.
» Current also vaporizes or ejects dust from the circuit board

restoring an open circuit.

- Device works in air or vacuum.

Rev. Sci. Instrum. 75 (2004) 370.
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Detector in action

Complex waveform converted
intfo counts by standard nuclear
counting electronics.

Contains information on
particle size.
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Development Path:

First detector (2004) worked well in air and vacuum.

Sensitivity in vacuum: ~70 pg/cm? = 54 counts.

However average dust level measured on NSTX (by weighing dust
collected on slide) = 5.6 ng/cm?/discharge.

x10% increase in sensitivity needed to measure NSTX dust
(not a problem for ITER dust levels). Three steps:

Lab tests:

1. Increase detector area:
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Microbalance to measure sensitivity:
5 gram capacity with 1 yg readability (fingerprint weighs 40 pg)

2. Finer grids increase 3. Remove low pass RC filter -

sensitivity 30x

detection threshold reduced 50-120x

51lmm grid, 30V bias, 50mV SCA, Linear fit
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Differential detection:

SPAs and RF antenna are a powerful source of noise on NSTX.
First detection circuit suffered from electrical noise pickup.
Differential circuit has high noise immunity.
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Signal validation:

Increased sensitivity also increased potential for electrical noise.
Additional 'blind’ detector measures only electrical pickup.

Mesh cover (125 ym pore) Two
shields from fibers and large
particles that might cause a
permanent short.

environment. Only top grid
(#1) exposed to dust.

Mica cover to
shield bottom
grid (#2).

grids in same electrical

First dust signals

Signal from lab dust source.
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FIRST real-time measurements of
surface dustin ANY tokamak.
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Dust mobilization from
ITER-scale castellations

- Dust on ITER will fall down the gaps between tile castellations.

» The question is whether it is then permanently 'buried’ or could be
mobilized by a disruption.

 If the latter it needs to be included in safety assessments of the dust
iInventory and could contaminate the succeeding plasmas.

- Castellation mockup with gaps that are the same dimensions as the ITER
castellations is loaded with ‘dust’ (carbon particles scraped from ATJ tile)

 Insert it into NSTX using PMI probe and land a disruption close by.
- Weigh and photograph before and after to assess how much dust is lost.

ITPA Div/SOL Experimental Proposal DSOL-21 “/ntroduction of pre-
characterized dust for dust transport studies in the divertor and SOL”

NSTX Experiment;

DISFUptIOn from \NEFITOZ, Shot 1368155, time=271ms

Stored Energy N 17

Stored Energy (k) 136155

Modest particle loss (~ 0.5 mm depth) from gaps.
Significant loss from gap ends or chipped areas

Conclusions:
12% of dust (by weight) was mobilized

Dust at ends of gaps or near surface
imperfections is more mobilizable.
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