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2. STREAM

3. Runaway electrons during startup

» Conditions for existence
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Tokamak burn-through



Burn-through: reaching a fully ionized plasma
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B Goals
» Raise temperature to reach full ionization
» Raise current to form closed flux surfaces
B Struggle between heating and radiation losses
B Time scale in ITER: ~ 100 ms after breakdown
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STREAM



STREAM: the STartup Runaway Electron Analysis Model 4/ 13

B Uses the DREAM libraries
B 0D model containing
» Electric field/current evolution
» Energy balance
» lon charge states
» Runaway electron fluid
B Implements some additional physics
» Neutral screening effect
» Transition from open — closed flux surfaces
» Electron cyclotron heating



STREAM: the neutral screening effect
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STREAM: Particles and heat 6/13
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STREAM: Confinement and Plasma-Wall Interaction 7/ 13
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STREAM: Electric field 8/13

While DREAM solves the Ampére-Faraday equation, STREAM must solve the
same set of circuit equations as DYON:

dr, dLyan
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Pros

B Generalized wall model
Cons

B No poloidal flux



STREAM: Runaway electrons 9/13

Generation
dnre
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Confinement
Parallel transport (dominant before closed flux surfaces)
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Startup runaways



Baseline scenario: ITER 10/ 13

B Prefill pressure: 0.8 mPa B Ry=565m
B Initial ionization: 0.2% B Br=265T
B Vessel volume: 1000 m? B No impurities
B Temperature (efi): 1/0.026 eV B No conducting structures
B Plasma current: 2.4kA B No PWI
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Startup runaways 11/ 13

B Case A —baseline
> Ppresil = 0.8 mPa
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Startup runaways 11/ 13

B Case A —baseline
P> Dprefill = 0.8 mPa
B Case B - low prefill
> Dprefill = 0.08 mPa
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Startup runaways 11/ 13
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Startup runaways 11/ 13
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Startup runaways: effect of gas fuelling 12/ 13

Idea
Start with low density to achieve burn-through, then raise
density to prevent runaway generation.
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Idea
Start with low density to achieve burn-through, then raise
density to prevent runaway generation.

B Baseline ITER case (with pyrerin = 0.08 mPa)
B Inject neutral D for 2 seconds, constant rate
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Startup runaways: effect of gas fuelling 12/ 13

Idea

Start with low density to achieve burn-through, then raise
density to prevent runaway generation.

B Baseline ITER case (with pyrerin = 0.08 mPa)
B Inject neutral D for 2 seconds, constant rate
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Conclusions



Conclusions and outlook 13/ 13

Conclusions
B Runaway electron generation occurs after burn-through
B Runaways can prevent further (Ohmic) heating
B Gas fuelling after burn-through could be effective in suppressing Dreicer seed

Outlook

B Include basic ECH model
B Couple to Fokker—Planck equation

» Superthermal electrons
» Effect of runaways on heating and ionization

Paper on arXiv
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