3.1.3.3. Physics Operations

Physics Operations issues evaluated for the three BPX’s include the experimental operations plan, operational issues which impact the divertor, first wall, and structure,  in-vessel tritium inventory, equilibrium operating flexibility and achievability, and controllability of the target equilibria. The principal difference among the three devices under assessment is their different level of operational design maturity. ITER’s operational plan is consistent with its mature level of engineering design, and is capable of supporting its scientific and technical objectives of long pulse burning plasma study integrated with reactor-relevant technology. The FIRE operational plan is consistent with its pre-conceptual level of design maturity, and is likely to be capable of supporting its scientific and technical objectives of burning plasma study with AT control on timescales of 1-3 current relaxation times. Ignitor is at an early stage of operational planning, although at an advanced stage of technology development in some areas (e.g. magnets). Some key elements of the operational plan have yet to be addressed with significant analysis. 

The present devices differ in many features of their operational plans, consistent with their different missions and costs. For example, ITER provides 12000 full-power equivalent 400 second (~2.6CR) pulses in its operational plan. FIRE provides 3000 full-power equivalent 20 second (~2.0CR) pulses. Ignitor provides 600 full-power equivalent 4 second(~0.92CR) pulses. Ignitor can produce extended pulses with derated parameters of 12 seconds, FIRE can produce 35-second extended pulses, and ITER can produce 3000-second extended pulses.
Type I ELMs and disruptions are divertor lifetime-limiting issues in both FIRE and ITER, whose baseline operating regime is presently the ELMy H-mode. Unmitigated full-performance disruptions produce melted or ablated layers of ~100 (m in all three devices. Assuming complete loss of the melt/ablation layer, the divertor or first wall lifetime is limited to approximately 100 discharges in each device from either ELMs or disruptions. ELM-free operation or conversion to type II ELMs are candidate solutions for ELM loads, and disruption mitigation distributes the thermal load to the entire first wall. Ignitor is likely to experience first wall melting even in mitigated disruptions. EM loads in Ignitor exceed the plastic yield limit of the vessel. EM loads in FIRE VDE scenarios are below allowables, but the addition of neutron heating-induced thermal stresses in the vessel produces a total stress near cyclic allowables in the present design. Redesign is underway to reduce the total stress. ITER loads are well within allowables in all disruption scenarios. Runaway electron generation remains a problem for all three devices, but can be completely suppressed with impurity gas injection, which also reduces halo current loads.

Retention of tritium in the initially-installed ITER C divertor requires shutdown and/or cleaning after ~100 shots. The ITER baseline plan includes replacement of the C targets with W before entering full power DT operations, while R&D efforts plan to alleviate T retention by use of such methods as dedicated C/T cold traps. Detailed scenario and control analysis has yet to be done for some aspects of FIRE and Ignitor operations. Rampup and rampdown scenarios in Ignitor are particularly problematic.
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