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MFTF—PROGRESS AND PROMISE* 

jf K. 1. Thomassen 
Lawrenr., Livcrmore Nationi! Laboratory, University of California 

Livermore, CA W550 

The Mirror Fusion Test Fac i l i ty (MFTF) lias 
been in construction a'. Lawrence Livermore 
National Laboratory (ILNL) for 3 years, and most 
of the major subsystems are nearing completion. 
Recently, the scope rf this project was expanded 
to meet new objec t ives , principally to (each 
plasma conditions c-.-rresponding to energy break­
even. To f u l f i l l t r i s promise, the s i n g l e - c e l l 
minimum-B mirror ctrfiguration wi l l be replaced 
with a tandem mirrtt configuration (MFTF-B). The 
f a c i l i t y must occoi*ingly be expanded to accomo­
date the new geometry. Tnis paper brief ly d i s ­
cusses the status of the major MFTF subsystems 
and describes how tintt of the technological ob­
j ec t ive s of MFTF WL r' be demonstrated before we 
i n s t a l l the additional systems necessary to make 
the tandem, It aldo summarizes the major features 
of the expanded f a c i l i t y . 

MFTF Progress 

As or ig inal ly pl.mned, MFTF has several 
major subsystems which present technical chal­
lenges in their construction. These are the 
vacuum vesse l and associated cryo and vacuum 
pumping systems, a lsrea Nh-Ti superconducting 
magnet, an 80-kV neutr.i! beam system, and the 
associated computer cortrol system to operate a l l 
systems in the f a c i l i t y and to process machine 
and plasma data. The m»ny additional auxiliary 
systems include plasma guns and 20-kV short-pulse 
neutral beams for plasma production and startup; 
neutral beam injectOT ac iessor ies for beam s teer ­
ing , shie ld ing, neutral iz ing, and gas control; 
and plasma diagnostic instruments. In general, 
completion of these auxiliary systems wi l l be 
delayed unti l the last 2 years of the MFTF-B 
construction. 

To date, costs and commitments have reached 
8251 of the to ta l construction monies. Based on 
an earned value system, the magnet i s 92lt com­
p l e t e , the vessel and vacmm systems 95X complete, 
and the 80-kV beam system 72:1 complete. Auxiliary 
components, as well as RH> and t e s t ing , are funded 
from operating monies, and these a c t i v i t i e s ave 
362 complete. 

Both halves of the yin-yang magnet hnve 
been wound, have their 1 /2- in . - th ick atcel inner 
case around them, and have been placed in their 
M n . - t h i c k s t e e l structural cases , Spaces be­
tween che inner and structural coses hove keen 
f i l l ed with urethane injection (except for a 
guard vacuum region excluded by a "muffin t in" 
bladder). Final welding of the structural eases 
is in progress (see Fig, 1), and the halves wi l l 
soon be joined. Ins ta l la t ion in the vessel is 
scheduled ior May 1981. 

*Work performed under the auspices of the I'.S. 
Department of Energy by the Lawrence Livermore 
National Laboratory under contract number 
W-7405-ENG-4B. 

Fig. 1. One half of the MFTF yin-yang magnet in 
construction. The magnet winding is 
inside the case resting in the top half 
of the lower structure. A structural 
cover is being lowered over i t , 

Rough pumping of the vacuum vesse l has 
begun. The 11-m diam by 18-m long tank (see 
Fig. 2) has two large end domes and numerous 
small, medium, and large (2-m di«m) ports which 
are being leak tested in the process. Components 
of the nitrogen and helium system are being 
tested, and a system test wi l l begin in December 
1980 after some of the cryopanels have been in­
s ta l led in the ves se l . The 3-kW helium 
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Tig. 1. The MFTF vacuum vessel with the far end 
dome in place. ThiB 11-ttHiam by 18-m 
l^ng cylinder with i t s numerous pene­
trations is now being pumped out and 
leak-tested. 

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

Power supplies for the 80-kV system are 
being built under contract with industry, and 
the first units (one at the contractor site and 
one at LLNL) are in tes t , with full production 
well underway. The lUlL site work Eor the de 
supplies and the 250-HW substation to energise 
the supplies have been completed. e f i rs t 
supply delivered to U.NL will be incorporated 
into the High-Voltage Test Stand at the end if 
this year, and source tests will begin in 1981. 

During 1981, while MFTF-B construction be­
gins, demonstrations of key technologic will be 
carried out. The major test9 are energization 
of the magnet and the simultaneous running of 
four neutral beams at 80 kV. Since both tests 
take place in the vacuum vessel, a l l vessel 
systems must be operable with the MFTF control 
computers. 

The Tandem Mirror Upgrade 

In the tandem configuration, the MFTF per­
formance increases significantly, Measured in 
terms of the confinement parameter m , MFTF was 
designed to reach Hir*« g j whereas MFTF-B 
should reach 5 x 1 0 " 

enr-s . Perhaps more sig­
nificantly, the performance at a given beam ener­
gy is much better in a tandem than in the yin-
yang ce l l , In Fig. 3, the confinement parameter 
is plotted against the ion energy in the machine 
(central-cell energy in the case of a tandem). 

Two different scaling laws are represented, one 
corresponding to magnetic trapping with a mirror 
rat io 5 • 2, the other to electrostatic trapping 
with a potential barrier of 2 times the central-
cell ion temperature. As shown, MFTF-B reaches 
condition* corresponding to energy breakeven. 
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Fig, 3. Progress toward improved confinement 
product in various mirror machines. 

With MFTF-B, the technology of mirror 
fusion reactors is advanced substantially. All 
magnets are superconducting, allowing long-pulse 
operation. Neutral beams and gyrotrons for elec­
tron rf heating are both to be pulsed for 30 s 
to sustain the plasma at the operating point in 
Fig.3. Since MTTF beam power supplies were de­
signed for 30-s pulses with a ldS duty cycle, 
MFTF-B operation was United to this pulse 
length and repetition rate . At this pulse 
length, which should be 10 to 15 times the 
energy containment tim, interactions between 
the plasma surface and neutral gas should be in 
equilibrium. Also important will he phenomena 
on surfaces in the vessel and on cryopanels as 
plasma radiation and charge-exchanged particles 
are incident on them. To maintdin the plasma 
operating paint requires limitations on recycled 
gas and on gas buildup at the cids of the 
machine, A problem not addressed by MFTF-3, but 
one which will be important in future mirror 
devices, is the abil i ty to pump continuously 
with cryopanels. At present, gas loads mu9t be 
periodically purged by warming the surfaces to 
10 X. 

Heutral beams for MFTF-B are used for 
i n i t i a l startup (20 units . 10 ms pulse, IMA, 
20 kV), for establishing the thermal barrier 
(16 unitB, 500 ms pulse, 80A, 80 kV) and for 
maintaining equilibrium (7 units , 30s, 60A, 
80 kV) for the 30s duration of the pulse. Also 
required for this equilibrium is rf power at the 
electron cyclotron frequency using 200-kW gyro-
trons. Two gyrotrons are required at 28 GHz 
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(NT reaonant field) and sin at 56 GHi (2-T repreaent a major atap forward in tta ntrror 
resonant field). nwtraau With the aucceaiful dentonauation of 

As described above, Che performance of tneae item, a D-T burning ncchine producing 
MFTF-B and the technological advancea it make* aubatantlal thenwuuclear povet could he built. 
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