3.1.1.5
Boundary Modeling of Burning Plasma experiments

The existence of a Burning Plasma Experiment (BPX) would provide both an opportunity to learn the details of boundary physics in a reactor plasma regime, and a challenge to design plasma facing components which provide sufficient control to permit meaningful operation of the experiment. We define the boundary region as lying between ~95% of the last closed flux surface (LCFS) to a limiting surface outside the LCFS. This covers the region which is typically described as the pedestal for H-mode devices such as ITER-FEAT and FIRE, and the scrape off layer (SOL). The ability to model this region of a tokamak plasma has advanced tremendously over the last decade with the development of 2D fluid plasma models which contain much of the physics expected to be important. The research effort, driven by the perception of a serious divertor heating problem for the ITER device, led to the development of the “detached divertor” concept in which the power load on the wall designed to receive the exhaust power is reduced by enhanced radiation via impurities. The nature of these detached divertors have been thoroughly summarized by Stambaugh[1], and can be only briefly summarized here. The basic idea is to use impurity radiation to not only spread the exhaust power over a large surface area, but to reduce the electron temperature in the SOL sufficiently to obtain three body recombination sufficient to reduce the ion current to material walls, and the concomitant heating which arises from recombination within the wall. It has been generally found that the exhaust power from a high power burning plasma device would be sufficient to destroy any material surface if care isn’t given to designing the exhaust surfaces to operate in some variant of the detached plasma mode. 

Adequate design of a system to deal with the exhaust of power and particles from a burning plasma experiment must address many issues. These include: control of exhaust power to prevent destruction of plasma facing surfaces; prevention of impurities used to radiate the power from transporting to the confined plasma and reduce fusion power production; control of primary fuel neutrals recycling from walls; and removal of fusion ash to prevent dilution and reduction of fusion power. The challenge of a BPX for boundary physics is to provide a divertor design sufficient to permit adequate control of the power exhaust to prevent destruction of plasma facing components. The exciting opportunity a BPX offers is to understand how control of the power and particle exhaust can permit optimization of the plasma parameters in the pedestal region, and thus permit optimization of core plasma performance in enhanced confinement modes. Progress made in boundary physics on existing devices permit optimism that the physics of this important region of the plasma is adequately understood to permit design of divertors sufficient for initial operation of the BPX. Two issues which are potentially critical for the initial design of a BPX are control of transient phenomena such as disruptions, and ELMs in H-mode operation, and tritium retention associated with tritium co-deposition with carbon. These are both very active areas of research in the world’s fusion program.
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