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.SOME GENERAL DESIGN CONSIDERATIONS REGARDING LASKR-I''USi::i CTR PLAI.TS* 

f£ to 
Bruce Freeman , Lowell Wood and John Nuckolls 

University of California Lawrence Livermore Laboratory 

Very rapid recent progress in the development of pulsed laser systems 
and the present advanced state of thermonuclear explosive technology raise 
the possibility that a laser-initiated thermonuclear micrcaxplosion approach 
to the CTR problem may be the first successful one; of the various non-nuclear 
technological tools presently available, only very short pulse, focussed laser 
.beams have space-time energy densities comparable to those known to be neces-' 
sary" for efficient thermonuclear explosion initiation, and thermonuclear explo
sions are the only known means by which substantial energy release from any 
thermonuclear isotopes may be obtained at present. 

Consider a DT-based thermonuclear microexplosion producing of the order 
of 10 s joules. When considering a CTR power plant based upon perhaps several 
hundred such explosions per second, several technological questions arise. The 
more salient problems will be identified in the sequel, and brief mention made 
of possible approaches to those not previously addressed in the CTR technology 
literature. 

The energy of a 10 6 joule microexplosion is, of course, equivalent to 
that of about 250 grams of high explosive; however, the icpulse associated 
with the'microexplooion debris is comparable to that associated with the 
debris of less than 1 gram of exploded chemical high explosive, since the 
impulse P is given by 

P = \fu7~~. 33 , , » debris explosion 

and the mass of TN explosion debris is down by * 5 orders of magnitude from 
that of an equally energetic chemical explosion. In addition, much of the 
impulse of the TN explosion debris is carried by the Ik Mev neutrons, which 
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do not necessarily interact with the shot chamber wall. In any event, 
a very modest sized shot chamber, say of 1 meter diameter, with moderately 
thin walls seems sufficient to sustain the required mechanical stresses 
imposed directly or indirectly by the explosion debris, as well as inwardly 
directed hydrostatic stresses. 

The photons generated by radiative processes in the hot plasma produced 
by the explosion will be absorbed at least in part by the chamber wall, and 
the transient heating and associated pressure pulses must be endured for 
^ 10 9 shots for technological and economic feasibility. The softest photons 
in the "infrared" tail of the photon distribution will interact most strongly 
with the wall, and might produce ui.s.cceptably high transient heating of the 
innermost microlayer, causing the associated pressure pulses to spall it off. 
The photonic outputs of the optimal class o* thermonuclear microexplosions are thus 
of very considerable interest, and havf: been calculated by us in great detail, with 
emphasis on the softest portion of the spectrum. As would be expected, such a 
spectrum is principally a bremsstrahlung one, characteristic, of the hottest and most 
dense portion of the thermonuclear fuel, with its low frequency portions usefully 
attenuated by inverse bremsstrahlung processes. Convolution of these spectra 
with measured opacities, specific heats, thermal expansion coefficients, and 
spall strengths of most low and intermediate Z metals and alloys which are candidates 
for shot chamber wall materials,-either by themselves or in layered combination, 
indicates that the maximum transient wall stresses engendered by the photc:i 
pulse are much less than the spall strengths, which are usually 
a few kilobars. Work hardening may presumably be forestalled by operating 
at relatively high wall temperatures to permit continual thermal annealling. 
The remarkable point is therefore that "dry", solid shot chamber walls may 
be used to repetitively contain TH microexplosions as far as their photon 
•bursts are concerned, contrary to previous, unsupported assertions in the 
open literature; in particular, a 1 meter diameter chamber may so contain a 10 s joule 
explosion of at least one CTR-directed variety, with a very comfortable margin. 

Neutron heating of any plausible chamber wall material, or combination 
thereof, may be shown to be considerably less than peak photon heating, and 

for most materials, the thermal pulse is considerably less than 1°C for 
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the situation being considered here, with an associated pressure jump of 
less than 1 bar for most materials of interest. Neutron dislocation generation 
may be expected to significantly reduce the strength of most wall materials at 
fluences of the order of several hundredths of a mole cm - 2, if the wall is 
not annealled. At the fluences per shot associated with the system 
considered here, the shot chamber could operate for in excess of 10*° shots 
before annealling or replacement would be necessitated; this is certainly 
'sufficient. 

A solid or non-regenerated shot chamber wall cannot long endure the 
impingement of the charged fraction of Til explosion debris, and it is not 
at all clear what is gained by allowing this to happen, in any event. It 
would appear preferable to magnetically shield all portions of the walls 
except those leading to exhaust ports, which could be shielded by, for 
instance, a low vapor pressure liquid present in ^ lOOp thicknesses, 
which could be continually exuded from pores in the unshielded portions 
of the walls and pumped away from sumps for purification and recirculation. 

The inputting of the laser light into the shot chamber is a non-
trivial problem, particularly since laser beams from many directions 
will be required to initiate efficient thermonuclear burn. However, 
use of appropriate metallic, front-surface reflectors, possibly focussing 
in nature, singly or in trains will apparently suffice to direct the laser 
energy from its source through the neutron shield and through apertures in 
magnetically shielded portions of the shot chamber wall. This approach 
would of course necessitate a vacuum barrier outside the neutron shield, 
with appropriate windows through which the laser beam would be admitted 
for manipulation with the metallic reflectors within. The reflectors that 
finally faced into the shot chamber would easily survive the neutron and 
photon bombardment of the explosions, just as the shot chamber walls them
selves, if appropriately constituted, and would be magnetically shielded 
(and/or shielded by a pre-shot pulse of dense gas, or by an appropriate 
liquid continually and smoothly exuded from its front surface) from the 
charged explosion debris. The "trapdoor problem", often discussed in the 
open literature on laser CTR, is thus not an essential or even significant one. 
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The proclivities of the extremely high pressure plasmas formed in 
TN mieroexplosions to expand spherically at velocities cf the order of thou
sands of kilometers per second in spite of any restraints one may attempt 
to place on them immediately suggests that they should "ca required to do 
some desirable type of work in the process. MHD work on an externally 
imposed magnetic field for electrical energy generation is one such desirable 
type of work, and the magnetic shielding for the shot, chanber wall mentioned 
before might be simultaneously configured, both topologically and with respect 
to intensity, for this purpose and for the debris-shielding one. In particular, 
a 100-200 kilogauss stabilized mirror field configuration, imposed on the shot 
chamber by superconducting coils behind some optimum thickness of neutron 
shielding, would seem to be suitable for both purposes, and not quite incidentally 
would serve to qualify this proposed system as a Sherwood machine to even the 
most orthodox. Electrical energy would be removed directly from terminals on 
the shot chamber, which would function as the stater frara of t.iis MHD generator, 
and sent to external transduction equipment. Efficiencies of direct conversion 
to electrical energy of the order of 10$ of the total e:-:plosion energy seem , 
very readil;/- attainable, and efficiencies of the order cf 30% would be possible 
in advanced systems; h0% efficiency in generating electrical energy via steam 
thermal cycles is of course standard technology, though it might double or 
triple the required capital investment, relative to direct conversion. 

Finally, it might be noted that with lasers which will apparently be 
available in the next few years, thermonuclear explosion multiplication of 
electrical energy used to pump the associated lasers may be so large that 
it might be economically feasible to merely reject at high temperature the 
explosion energy that was not directly converted to electricity, either to 
the atmosphere, or to a high temperature waste heat sink, such as an indus
trial process, rather than convert k0% of it to electrical energy in a 
conventional but relatively capital-intensive fashion. The capital investment 
in such a direct conversion plant would be primarily in superconductor and 
associated structure, and would be rather rmall—totalling to less than 
$50/kilowatt, by our present, admittedly crude estimates. Sufficiently large 
lasers would also suffice to efficiently burn essentially pure deuterium fuel 
in the microexplosion mode, permitting the' elimination of tritium cycling, 
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and indeed, generating large quantities of tritium as a by-product. 
We presently suspect, therefore, that neither thermal cycles nor 

tritium usage will be features of a mature and inexpensive laser CTR 
energy economy, and that such an energy economy may come into existence 
fairly soon- In addition, the oconoEics of scale of direct conversion 
type laser CTR power plants do not presently seem to be nearly as compelling 
as for conventional power plants. Therefore, because of this and their very low 
•hazard potential, location of such power plants in cities of even moderate 
size.(say £ 50,000) would perhaps be appropriate, with an average reduction 
in power cost-to-the-consumer amounting to about as much as if transmission 
lines were presently excited at zero cost at main power stations, due to 
savings in the capital costs of transmission systems, which would be unnecessary 
in such an energy economy, except for reliability purposes. 
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