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MFTF—PROGRESS AND PROMISE*

W,

. R. 1. Thomassen
Lawrent.; Livetmore Nationa! Laboratory, University of California
Livermore, CA 94550

The Mirror Fusion Test Facility (MFTF) lias
been in construction o' Lawrence Livermore
National Laboratory (ILNL) for 3 years, and most
of the major subsystons are nearing completion.
Recently, the scope rf this project was expanded
to meet new objectivcs, principally te veach
plasma conditions c.rresponding ro energy break-
even. To fulfill tpis promise, the single-cell
minimum~B mirror ccc Figuration will be replaced
with a tandem mirrc configu~ation (MFTF~B). The
facility must gccoivingly be expanded to accomo-
date the new geometry. Tnis paper briefly dis-
cusses the status af the major MFTF subgvstems
and describes how mast of the technological ob-
jectives of MFTF wit: be demonstrated before we
install the additional systems necessary to make
the tandem, 1t also summarizes the major features
of the expanded facil:ty.

MFTF Progress

As originally planned, MFTF has several
major subsystems which present technical chal-
lenges in their construction. These are the
vacuum vessel and associated crys and vacuum
pumping systems, & larga Nb-Ti superconducting
magnet, an 80-kV neutral beam system, and the
associated computer cortrol system to operate all
systems in the faeility and to process machine
and plasma data, The m.ny additional auxiliary
systems include plasma gyns and 20-kV short-pulse
neutral beams for plasma production and startup;
neytral beam injector actessories for beam steer-
ing, shielding, neutralizing, and gas camtrolj
and plasma diagnostic ins ruments. 1n general,
completion of these auxiliary systems will be
delayed until the last 2 yesrs of the MFTF-B
construction,

To date, costs and commitments have reached
82% of the total comstruction monies, Based on
an earned value system, the magnet is 92% com=~
plete, the vesse] and vacumm systems 95% complete,
and the B0-kV beam system 720 complete. Auxiliavy
components, as well as R&D and testing, ure funded
From operating monies, and these activities ave
36% complete.

*ork performed under the suspices of the U.S.
Department of Energy by the Lawrence Livermore
National Laboratory uwnder comtract number
W-7405-ENG-48.
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Both halves of the yin-yang magnet have
been wound, have their 1/2-in.-thick atecel inmer
cage around them, and have been placed in their
Juin.«thick steel structural cases, Spaces be-
tween the inner and structural cases have heen
filled with urethane injection {except for a
guard vacuum regicn excluded by a “muffin tin®
bleddar). Final welding of the structural cases
ia in progress (see Fig, 1), and the halves will
goon be joined. Tngtallation in the vessel is
scheduled ior May 1981,

One half of the MFT® yin-yang magnet in

construction, The magmet winding is
inside rhe case resting in the top half
of the lower structure. A structural
cover is being lowered over it,

Rough pumping of the vacuum vessel has
begun., The 1l-m diam by 18-m long tank (see
Fig. 1) has two large end domes and numerous
small, medium, and large (2-m dism) ports which
are being leak tested in the process. Components
of the nitrogen and helium system are being
tested, and a system test will begin in December
1980 after some of the cryopanels have been in-
stalled in the vessel. The 3-kW helium



The MFTF vacuum vesge] with the far end
dome in place. This [l=m=diam by l8=m
long cytinder with its numerous pene-
trations is now being pumped out and
leak=-tested,

Fig, 2.

refrigerator for the cryopanels and magnet is
part of a closed~lcop system. The open-loop
nitragen system cools the magnet liner sad the
chevron surfaces in front of the cryopanels.

Power supplies for the 80~kV system are
being huilt under eontract with industry, and
the first wnits (one at the contractor site and
one at LLNL} are in test, with full production
well undervay. The LLNL site work for the de
supplies and the 250-MW aubstation to eaxergize
the supplies have heen completed. e first
supply delivered to LLNL will be incorporated
into the High-Voltage Test Stand at the end of
this year, and source tests will hegin in 1981.

During 1981, while MFTF-B construction ba=
ging, demonstrations of key rechnolog::s will be
carried out, The major tests are energizatian
of the magnet and the simultaneous running of
four neutral beams at 80 kV, Since both tests
take place in tle vacuum vessel, all vessel
systems mast be operable with the MFIF control
computers.

The Tandem Mirror Upgrade

In the candem configuration, the MFIF per=
formance increases significantly, Meagcred in
terms of the confinement parameter nt, METF was
designed to reach 1012 cndeg*l, whereas MFTF-b
should reach 5 x 1013 endeg™t, Perhape more sig~
nificantly, the performance at a given beam ener-
gy is much better in a tandem than in the yin-
yang cell, In Fig. 3, the confinement parameter
is plotted against the ion energy in the machine
(central~cell energy in the case of a tandem).
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Two different scaling laws are represented, one
corrasponding to magnetic trapping with a mirror
ratio R * 2, the other to electrostatic trapping
with a potential barrier of 2 times the central-
cell jon temperature. As shown, MFTF-B reaches
conditions corresponding to enerpy breakeven.
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Fig. 3. Progress toward improved confinement
product in various mirror machines,

With MFTF-B, the teclnelogy of mirror
fusion reactors is advanced substantially, All
magnets are superconducting, allowing long~pulse
operation, Neutral beams and gyrotrons for elec-
tron rf hesting are hath to be pulsed for 30 s
to sustain the plasma at the operating point in
Fig.). Since MFTF beam power supplies were de-
signed for 30-s pulses with a 15% duty cyele,
MFTF-B operation was limited to this pulse
length and repetition rate. At this pulse
lergth, which should be 10 to IS5 times the
energy containment time, interactions between
the plasma surface and neutral gas should be in
equilibrium. Also importani will te phenomena
on surfaces in the vessel and on cryopanels as
plasma radiation and charge-exchanged particles
are incident on them. To maintsin the plasma
operating paint requires limitaiions on recycled
gas and on gas buildup at the ends of the
nachine. A problem net addressed by MFTF-3, but
one which will be important in future mirror
devices, is the ability to pump continuously
with cryopanels, At present, gas loads must be
periodically purged by warming the surfaces to
10 X.

¥eutral beams for MPYF-B are used for
initial stactup (20 units. 10 ms pulse, 1804,
20 kV), for establishing the thermal barrier
(16 vnita, 500 ms pulse, 804, 80 kV) and for
maintaining equilibrium (7 units, 30s, 604,
80 kv for the 30s duration of the pulse. Also
required for this equilibrium ie rf power at the
electron cyclotren frequency ueing 200-kW gyro-
trons. Two gyrotrons are required at 2B GHz



(1-T resonant field) and six at 56 GHz (2-T represent a major step forvard in the mirror
resonant ELeld?. program, With the successful demonotiation of
As deacribad above, the performance of these items, a D-T bumning mechine producing
MFIF-B and the technological advances it makes subatant{al thermonuclear power could be builr.
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