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We use a one-dimensional multifluld transport code to .investigate

some of the critical physics considerations for long burn times in a

tokamak fusion reactor. Among these are the effects of helium ash

build-up, toroidal field ripple, and fueling in the presence of a

divertor. Particle and energy transport models are based on extrapola-

tions from present day devices.

In a natural continuation of our work on start-up scenarios

we have begun to examine the details of an extended burn in a tokamak

reactor. In the absence of trapped-particle modes, another mechanism

must be found to limit the thermal excursion after ignition and provide

a stable thermal burn. Possibilities include radiation, MHD activity,

and enhanced ion conductivity due to toroidal field ripple.

Radiation losses may be enhanced by "doping" the plasma with impurities

in order to lower the operating temperatures and increase power output.

However, the presence of impurities at startup makes it difficult to

reach ignition, and removal of the impurities is uncertain, so we discard

this approach. MHD activity might very well control the operating

temperature by enhancing transport losses when a maximum 3 is reached.

Enhanced ion thermal conduction due to toroidal field ripple provides an

externally controlled limit to thermal runaway and thus is the mechanism

we investigate here.
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Toroidal field ripple can cause a loss of fast ions due to

vertical drift out of the plasma. This loss is primarily an energy loss

for the thermal ions and can be modeled with an increase in the ion

thermal conductivity in the WHIST code with the routine RIPPLE. '

We use a general form for the ripple:

6(r, 8) = e"Se2{6(0) + [5(a) - <5(0)](r/a)3}

where 6(0) = peak to average ripple on axis

5(a) = peak to average ripple at r • a

In order to self consistently model the ripple conduction losses for

a particular device, more detailed design analysis should be done.

Loss of fast alphas and beam ions, and the impact of depletion of the

ion tail on the reaction rate are also affected by the ripple but are

not included in this analysis.

Figure 1 shows a typical start-up and burn for a reactor with a

rather small ripple. Somewhat larger ripples may be tolerated by

increasing the density. This reduces the ignition temperature, thereby

reducing the ripple diffusion at ignition. The machine parameters used

are those of INTOR, namely: major radius = k.8 m, minor radius = 1.2 m,

elongation * 1.5, toroidal field on axis = 5.0 T, plasma current = 4.0 MA.

A 150 keV deuterium beam was injected at 12° from perpendicular. We

assumed the following diffusion coefficients:

X, ' 3 x

^ 3 x ^

1 x 10*' neo 2,
D « - + 3 x D cm /sec



Figure 2 shows four possible burns corresponding to different

assumptions about a containment. In all cases the electron density

1A -3
<n > is held fixed by feedback control. For <n > = 10 cm and noe e

thermal alphas, a steady state is reached. However, if no thermal

alphas escape (F (a) = 0) the plasma reactivity is reduced as n

increases and the burn quenches within about 20 sec. The plasma may

also quench when the alphas are allowed to diffuse out of the system,

as shown by the curve corresponding to a gradient boundary condition on

the alpha density. Increasing the plasma density to <n > = 1.2 x 10

provides a greater margin for ash buildup and a steady state may again

be reached as shown by the solid curve.

A divertor will probably be needed for impurity control in a tokamak

reactor. The divertor pumps must handle an anormous load if fueling is

to be done by puffing gas. Preliminary results show that fueling by pellet

injection may reduce pumping requirements by an order of magnitude.

This is especially important for the tritium component, which must be

recovered. In fact the whole start-up phase can be done with pure

deuterium, tritium being injected only after fusion temperatures are

attained.

In summary, we have shown that acceptable burns occur for moderate

ripple values and modest amounts of ash build-up, using transport models

based on extrapolations from present day devices. Fueling and pumping

requirements may be eased, especially for tritium, by using pellet injec-

tion rather than gas puffing.
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