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ABSTRACT

The Mirror Fusion Test Facility (MFIF-B), now
under conatruction at Lawrence Livermore Natiomal
Laboratory, represents more than an order—of-
magaitude atep up from earlier magnetic mirror
exparimeats on the way to a future mirror fusion
reactor. In fact, when the device beginy operating
in 1988, it will be capable of achieving plassa
performance approaching scientific breakeven for
D-T equivalent operation, We have taken wajor
steps to develop HFTF-B technologies for tandem
mirrors. In the machine, we will use steady-state,
high-field, superconducting wagnets on resctoc~
¢levant scales. The 30-s beam pulses, ECRH, and
ICEH will also introduce nzar ateady-state
technologies iate those systems.

INTRODUICT 10N

The Mirror Pusion Test Facility (NFIF-B) is a
large, nesr-reactor scale experimental device to
teat advenced plasms—confi pts in
configuration.

The MFTF-B has evolved from a miniwmwm "B,
lingh-e.ll device to an axicell, thermal-barrier,
tandem mirror cnnh.untum.l-z The creation of
the thermsl-barrier contept, offers the posmibility
that the plasma~confinement performance of the
tandem mirror will be competitive with the tokawak
hy the end of the decade. Fuzthenr.ru. the device
may be supecior to tokamake in the long run becauss
of its relatively n-pln magnet geowetry and
steady-state operation.

In ite present coufiguration, MFIF-B is capable
of upon:ml very near the scientific breakeven
point For deuterium and txitive (D-T) fuel.

Current plans call for oparatiocn only with

deuterium. Counstruction of the METP-B cenfiguratiom
bagan in 1980, and the device cill be operational in
1988, although delayed becsuse of funding liwitations.

PERFORMANCE COALS

The major physics goal is to reduce end
losses 5o that confinement in the central ceil
would allow us to approach the energy breakeven
point for an equivalent D~T plasma. To do this,
MFIF-B must do the following:

[] Achieve axial ion-confinsment times in
excess of 1 second (axial ot = 5
» 1013 cu™3es),

» Generate maximum, central-cell, ion-
confining potentials (§. = 30 Il.V)
sufficient for confinewent, i.e.,
equivalent to achieving Q = 0,5 with D-T.

. Achieve plasma tesperatures sufficiently
. high to test the physics of thermal
barriers and of radial transport, both in
appropriate collisionless resctor regimes.

. Demonstrate high beta, magnetohydrodynamic
(MHD) equilibrium and mtshility B; =3 0.5.

. Achieve microstable sloshing ions and
thermal barriers in the HFIF-B yin-yang
magnets (based on theoretical models).

The axicell MFI¥~8 qutperforms previous
denigns because it produces equivalent values of
0Tes Tics and T,. at a wuch higher tlenuty in the
cnnln‘ cell, ani hence yielda a much higher Fusion
pouer cutput per unit volume (Table 1). It is this
latter property, traceable to the high magnetic
fields possible with the circular axicell coils,
that is so attractive for a reactor,

®Hork parformed under the auspices of the U.5. Departwent of Energy by the Lawrence Livermore
National Labotatory under contract number W-7405-ENC-48.
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Fig. 2. The axicell MFTF-B wmagnet array in
the west half of the vacuum vessel. The
whole srray includes thim hatf plus &
reflected and rotated duplication for the
aast half.

principally through the 12-T magnets on the
cuter side of the axicells. The principal
confinement time for fusiom reactions occure in
the central cell with apiraling deuterium ions
bouncing back and forth between the inner axicell
magnets at the 6-T point.

Figure 3 shouws the magnetic Field related to
the magnet coils and vessel locations. The
primary experimental mode is the MARS reference
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#igs ). Configuration of MFIF-B axicell
wmagnete and vessel (a), Profiles of magnetic
field strength B, plasma potential ¢, and
plasma denwity u for three of the NFTF-8
opexating modes {(b).
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wode. Also illustrated are potential ¢ and
dépaity n shown as a function of axisl position
relative to the center of the vessel. There
dapict the plasss-confineswnt wodes most relatad
to advanced-reactor concepts. TM thermal
barriers peak in the axicell and in the anchor
ragions, thus aiding ion cnnliu-ent.

VACUUM CONDITIONS

The plasma internal gunun is elnbluhnd
by densities_from 2 x 10’ to 5 x 107
particles/cw?. The end~cell background
presaure has I base value of 107" Torr but

rives ta 1076 Torr during experimental
oparations. The vacuum system features (1)
high-volume eryocandensing pusps with 1500 w?
of 4.5-K surfaces to pump all condensable gases
and (2) cryosorption pumps with 2.7-K surfaces
ou which argon is condensed to pump helium. The
cryopsnels are reégeneratad periodically.

PLASMA HEATING

The MFTF-B ceatral cell has ten 80-kV, BO-A,
V.5~ neutral beams to provide added gas density
with six sdditional 0.5-s neutral beams in the
anchor and axicell regions. The 400-kW central
plasma heating is achieved tirough ICRH at
frequencier of 6 to 20 MHz. Specifically, the
machine runs at duraticne up to 30 s wich six
80-kV, 35-A neutral-beam injectors to fuel, .
heat, and pump various regions of the confined
plasma. The BO~kV high-energy pump beama
(HEPB) are gimed axially from each end dome.

To raise the electron tewperature in each
yin-yang ancbor snd thus minimize ion

cooling, we use ECRHl at frequencies of 28,

35, and 56 GHx. Ten 200-kW gyrotrons will be
required. In addition, a closed-lnop
feedback—control system ia incorporsted in

the ECRH systsm to allow individual,
simultancous, or stagpered operation of these B
ten gyrotrons. tThis flexibility of operation k

permite the complex rpatial and temporal  —_
appiications of ECRY needed for a wide range
of plasma~physice experiments. {

All beams, except the one 0.5-» beam in }
the yin-yang region, are housed in external
beamlines equipped with wmagnetic shielding, ;
cryopanels, and ion dumps. The ion dumps !
will be capable of hmlgnl pouer Eluxes up
to approximately 5 kW/cn® on the sucface
perpendicular to the beam axis.

The absorbed heat is remaved ducing each
shot by cooling water in the high-tewperature
besm duwps &3d warm liners. Ligquid-nitrogen
shields (at 80 to 85-K) protect the 4.5-K
wagnets and the 4.7-K cryopanels. For &.35-K
liquid helium, a 10-kW cryogenic helium




refrigerator/liquefier ia used. There is also
a 500~kW, liquid-nitrogen, closed-loop system
to provida reliquefaction of nitrogen for
esoling.

DIACHOSTICS AND MACHINE CONTROL

The MFTF-B control room is housed in a
separate building hundreds of feer from the
actual machine. Fiber optic bundles link the
control room and the facility. Following an
experimental shot, both the machine and plasma
diagnostice data are sent through the computer
system'e shared memory to the distriluted
database in the anine superviszory computers,
including two diagnostic data procesaing
minicooputers. The opsration is verified and
data transferred between shots; this can ocecur
as frequently as once every five minutes.

The plasma disgnostica measure the
specific plasma parameters, that is, determine
energy balsnce, monitor denaities, measure
poteatial profiles, monitor plasma-wall
interactions, determine particle and power
flows, snd characterize the plasma buildup in
various regions. The initial diagnostics set

will conaist of 12 instruwents with 222 date
channels.

All the systems are operated by an
hierarchical control and data handling system
(Fig. 4). The aystem is projected to collect
8 x 108 bytes of data per shot. Seven
consoles are included--five for subsystems,
oue for injectora, and one for the overall

Fig. 4. Supervisory and local control and
diagnostics system of MFTF-B.

— e ——

systems operation. All control functions are
directed and executed through touch panels on
the operating console. The wubsystem diagraw
_with control blocks is Eirst displayed; then
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all levels are adjusted, switches are thrown,
and ranges met from the control touch panels.

The suparvisory minicoaputers interFace
with local control computers through standard
serial commonication links. The local control
computers (L8I-11) communicate through fiber-
optic links to Computer-Automated Measurement
and Control (CAMAC) crates for local comtrol,
monitoring, and data communication. There are
75 subsyatems to handle 35,000 diverse devices.
The parametecs are set before each shot,
verified back to the systems control console,
and time-sequenced for each element before the
shot ia initiated by the 3-MHz waster timer.

STATUS

MFIF-B consists of two elements: firat,
design and conatruction of a facility (PACE) te
be completed by June 1986 st a coet of $246.6 ¥
and, second, expense-funded items covering
research and development, design and fabricatiom,
and auxiliary components, such as those for
plasma heating, diagnostics system, experimental
preparation, and maintenance. The operational
budget was reduced for FYS85 and FY86. As a
result, operational readiness will be delayed
from January 1987 to June 1988. Total estimated
cost at completion for the above operational
activities is 5198.5 M.

TECHNOLOGY DEMONSTRATION

By the end of 1981, construction of the
original single=-cell mirror machine (MFYF) had
progressed substantially to allow integrated
tests of zeveral key systems to demonatrate the
technology. This serirs of system tests was
formulated to provide the principul daca
necessary to confirm the techinology objectives.
At the cornerstone of the Technology
Demonatration was the 500-MJ yin-yang magnet
test. The magnet operated at its full design
current; the peak fields, case stresses, and

ductor straina hed their calculated
values very accurately.

For teating, the liguid helium required to
cool the magnets was supplied by the 3075-W
helium refrigerator; this device can produce
helium at a rate of over 670 litres per hour.
During the test of the external and intgrmal
vacuum systems, vacuum pressures of 107° Torr
were schieved. (The vacuum zystems enploy both
liquid helium and liquid nitrogen to achieve the
low vacuum pressure demanded in z large vessel.)
Alao weetiug test objectives were the systew
cryopanels; while maintaining a hard vacuum,
they were able to pump added deuterium frcm the
vassel housing the magnec.
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Tests of the Supervisory Control and
Diagnoatic System (SCDS) were successful in
validating the hierarchical atructuring of
controls and dacs handling from the machine's
local coatrol panels to the SCDS for operating
and monitoring. The 5CDS is umed to test the
operation of all the integrated test systems.

Degign and construction activity is 95%
complete. The design of major elewments for the
construction project is exsentially completed.
We are entering the assembly, installation, and
acceptance test phase. The auxiliary components
activity is 50X complete.

The wain building housing the facility is
finished (Fig. 5}, _ad many mystems are in the
final stages of installation. The vacuum vessel

haa been fabricated and acceptance teated (Fig. 6). -

Solenoids have been installed in the vessel
modulas (Fig, 7), and lines and piping are being
lesk checked. Both yin-yang asaembliez are
installed in their respective vessel
sections. Transition and trim coils are
fabricated and ready for installation. The
external vacuum system is installed. The
cryogenic syatem is fabricated, and installation
is cowplete with the exception of the vault
piping. Reliquefication compressors have been
tested,

The 80-kV prototype and preproduction
neutral~beam power supplies were operated
succesefully with & 0.5~s, 80-kV, B0-A source.
All components on the remaining 20 supplies were
fabricated and installed, except the controls
which are in fabrication (Fig. B). All eight
channels of the ECRH power supply have been
installed and teated. One channel was cested
with 28, 36, and 56 GHr, 200-kW gyrotrens
into a dummy load (Fig. 9).

Fig: 5. Building 431, showing the weatern
extension of the crane and building structure to
house the NFIF-B vault (7=ft-thick-concrete
walls) ard major systems components.

Fig. 6. Vacuum vessel in place in the
vault. The nearest component is the West End
Vessel and the East Vessel is shown with the
8-m-dismeter teat head attached tu the
transition cylinder for vacuum tesat.
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Fig. 7. The Center Vestel is made up of six
modales with two S-m-diameter superconduct ing
tolenocid coils housed in each module. This
illuatration shows four of the six modules
with coils and LN-shield assembly underway in
the LLNL wagnet assesbly yard in Livermore,

California.




Figs 8, This aerial view shous the 250 kv,

250 WW ac power line with two main transformers
providing 13.8 kV or to the Accel DC power
supplies. Iwenty-four of the dc pouer supplies
to supply 24 Neutral Beam Injection Ion-Source.
Modules at 80 kV, 50-80 A asach are in the
!m::ground with & rows of 6 each individual
uaits.

Pig. 9. The ECRR power supply system
wodulator/regulators manufactured by Universal
Voltremica Corporation (UVC). Each of these
cabinete have been recently installed

on the First floor of Bldg. 431 and will
provide regulated high voltage for a gytotrun

The Supervisory Control and Diagrostics
Systesa hardvare was installed and is
operational. Softwere for it is 752 complete.
Local control computers are 90X installed.
Integrated system test of PACE items ia
schedulad for September 1983, and the test of
the remsiving suxiliary components will begin
in Januacy 1988.

The HMFIF-B project continues to achieve
ita technical baseline on schedule (budget
pernitting) and within cost.
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