National Spherical Torus Experiment (NSTX)
Construction, Commissioning, and Initial Operations

C. Neumeyer and the NSTX Team
(PPPL, ORNL, Univ. of Washington, GA, LANL, Columbia University)
c/o Princeton University Plasma Physics Labordtory
P.O. Box 451, Princeton, NJ 08543

Abstract The NSTX is a newational facility for thestudy
of plasma confinement, heating, and current drive in a low
aspect ratio, sphericalorus (ST) configuration. The ST

configuration is an alternate magnetic confinemeancept Umireila stngbar
which is characterized bgigh f (ratio plasmapressure to Chikaik
magneticfield pressure) andbw toroidal field compared to (TP mres iegs & OB coil] ™
conventional tokamaks, and could provide a pathway to th i
realization of a practicalusion power sourceEngineering Dues legn of TE ceil - g
design began i©ctober 1995. Installation of the torus in the Ve inemm Vessed .
test cell began in October 1998. First plasmasachieved in e
February 1999. Following this event, withe completion of Terex F¥ aoily -

the installation of the internal hardware and RRtenna
over the summer 0£999,the congruction projecthas been
declared complete, and the machih@s beenrestarted.
Operation of the machine, and production pthsma, has
been quitereliable, and the experimental campaigs now
begun. Thigpaper reports on highlights of tlm®nstruction, Cheex FF el =
commissioning, and initiabperations.

Pt sainilizer plates

INTRODUCTION T e

Voo umm Vesm! Seppest Lgs
Engineeringdesign of NSTXbegan in Octoberl995. The Crsier Sinck Pt
final design ofthe main elements of the toru@scompleted
mid-1997,and reported on &80OFE '97[1]. A photo of the
NSTX machine isshown in Figure land in cross section in
Figure 2.

Figure 2 — NSTX Cross Section

The core of the NSTX machineonsists of anarrow center
stack (CS) bundle which contains the inrlegs of the
Toroidal Field (TF)coil, an Ohmic Heating(OH) solenoid
coil and associated tension cylinder, a pair of inner Poloidal
Field (PF) coils, thermal insulation, and a center stack
casing which formghe innerwall vacuum vesselboundary.
The CS Casing is electrically isolated fraitme remainder of
the machinevia ceramic insulatomssemblies whiclpermit
the use of Coaxial Helicity Injection (CHI) ane of the
means of advanced current drive. The CS bundle presents
one ofthe main engineering challengesNETX sincehigh
performance is required while the radibtild must be
minimized. The outer vacuunvesselconsists of a 5/8”
continuousstainless steestructurewith 12 major midplane
ports. The outer PFcoils are taken from the retired S-1
machine atPPPL. NSTX isinstalled in theHot Cell of the D-
site fadlity at PPPL which supported TFTR until its
retirement. Extensive use of the D-Site infrastructure
including magnet power suppliesand RF sources,cooling
water systems, etc., imade to minimize the overatiost of
the experiment.

Dimensions and ratings of tHdSTX machine aregiven in
Table 1.

Detailed information concerning the various features and

- . supporting systems of NSTX ispresented incompanion
Figure 1 — NSTX Machine papers at this conference [2-13].
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Table 1 — NSTX Dimensions and Ratings

System Parameter Rating
Plasma Major Radius (R) 85.4 cm
Aspect Ratio (R/a) 1.26
Current 1.0 MA
Ramp Time 0.2-04
sec
Flat Top (Inductive) | 0.5 sec
Repetition Period (Ind.] 600.0 sec
Flat Top (non- 5.0 sec
Inductive)
Repetition Period 300.0 sec
(Partial & Non-Ind.)
Toroidal | Field @ Ry 3.0/6.0 kG
Field
Ohmic Flux (double swing) 0.6 volt-
Heating sec
Initiation Loop Voltage| 5.0
@ Ry volt/turn
Heating/ | High Harmonic Fast | 6.0 MW,
Current Wave (HHFW) RF 30MHz, 5
Drive sec
Coaxial Helicity 50kA
Injection (CHI) injection
@ 1kV
Neutral Beam Injectiof 5.0 MW,
Upgrade (NBI) 80kV, 5
sec
Pre- Electron Cyclotron 30kw,
lonization 18GHz,
0.1 sec
Bakeout | Bakeout Temperature| 350 C
PFCs,
150C VV

PROGRESS AND ACCOMPLISHMENTS

7/20/99 Pumpown initiated

9/3/99 Commenc®ay 1 Plasma Ops

10/15/99 Loop closed on Ip ~1MA, R, Z

COMMISSIONING

In parallel with pump-down activitiesand Glow Discharge
Cleaning (GDC), thebasic commissioning started with
dummy load testing ofhe power supply system. Adummy
load coil with nductance and resistance of the same order as
the NSTX magnet coils was located in thepower supply
building. The tests were performed using power direfttyn
the utility grid with one series and orarallel power supply
element at a time.exercising that element toits full
capability. The circuit was arranged such away that the
test currentflowed into the testcell, where itwas turned
aroundvia jumpersand routedback to the power supply
building. In thisway the full circuit was tested, including the
same current and voltage transducers, and the santeol
system, as is used imormal operations. As @esult, very few
problems were encountered when the real mactdois
were connected.

Once thepower supplies wereonnected to themachine
coils, one coil systemwasenergized at a time and the various
coil protection systems werdested. Trips were exercised at
both low (< 10%) and high=(50-95%) of the full established
“allowables”, in such a way that the protection is
demonstrated tavork, in the first place, atow level, and in
the second place with sufficiemccuracyall the way to the
high level. Following the single coil tests, combinfegld tests
were performed ab0%, and then 100%, of the allowables.

At the present timewith the exception of the Olystem,

all circuits havebeen tested tohe full current rating, but
typically at 20% oftheir full f1(t)*(t)dt rating. This includes
the bipolar operation of the OH and P&a&tems.The OH

systemwill be tested to itsull rating prior to theend of the
day 1 campaign which isnow underway.

FIRST PLASMA

The objectives of the first plasma campaign werpedorm

Tremendousprogresswas made during the past year in g pasicmachine shakedown, with emphasis on fbiwing

bringing NSTX to first plasma,

through

the official

systems:

completion of the construction project, and into the start of
the researctprogram.

11/3/98
11/12/98
11/18/98
12/11/98
12/17/98
1/20/99
2/12/99
2/18/99

7/8/99

VV placed orlegs in test cell

Center stack installed
Pumplown initiated
TF outetegscompleted

GDCstarted

Dummy load tests completed

Achieved FIRSTPLASMA

CompletedDay O operations

Construction Project completed

» Vacuum vessel and vacuum pumpBygtem
» Magnetcoils

« Power supply systems

« Control systems

The configuration of the machine during the first plasma
tests was as follows:

* No passive plates
* No ceramic insulators
e TF, OH (uni-pdar), PF3, and PF5 only

* Minimum set of PFC tiles @lternating calmns on center
stack)

e Center stackflux loops and Mirnovs only, plus four
temporary outeifoops

» Power supply controller onlgpreprogrammedcoil current
control)

« Interim GDC and biased filament system

* No Electron Cyclotron Pre-ionization (ECP)



First plasmawas achieved on Februarg2, 1999 on the
fourth attempt. The first dischargeas with OH only (no
ECH or filament assist). Bgnd of the testing the following

weekthe achieved level of plasma current reacke800kA

after a total of121 shots, of which 100 wemil-only test
shotsand 21 were plasmshots.

DAY 0 to DAY 1 OUTAGE

After the completion of the first plasma experiment the,
machinewas opened forthe period March through August

for additional installation, includingll componentswith in

the original project work scope, leading to the officéald of
the construction project phase. Durirtbis period the
following work wasperformed.

« Completedinternalhardware
- Passive plates & heating/cooling lines
- PFCtiles
¢ Installed HHFW RFantenna
« Installed ceramic insulators
« Installed basic sensor sets
- Magnetic diagnostics & thermocouples
- Instrumentracks atvarious machine potentials
« Installed Electron Cyclotron Pre-ionization (ECP)
« Installed GDC & filament system

Figure 3shows aninterior view of the NSTX machine at the

conclusion of theoutage, showinghe center stacknboard
and outboard divertors, amhssive plates witlthe graphite
and carbon fiber composite plasma facing tiles attached.

Figure 3 — In-Vessel View

DAY 1 CAMPAIGN

Objectives of the Day 1 campaign arefalfows:
* Re-establish plasma operationwith internal
hardware,with ECP assist

Initiate bakeout operations

Perform magnetiaiagnosticscalibrations

Initiate closedloop plasmacontrol

Characterize inductive (OHperations

Initiate HHFW RFheating

* Initiate CHI currentformation

new

Thus far plasma operations haveeen restarted, initial

bakeout has been perfared, diagnosticcalibrations have

beenperformed, andtlosedloop control on plasmaurrent

and positionhas been establishedll plasmas have been
initiated with assistance fronECP and biased filaments.

Figure 4 shows afast camera finage ofthe ECP ionization
which forms a cylinder athe electron cyclotromesonant
radius. Figure Shows aninductively driven plasma filling
the torus volume.

O.0080s

Figure 4 — Fast Camera Image of Electron
Cyclotron Preionization

Figure 5 — Fast Camera Image of Inductively
Driven Plasma



Bakeout

attemptedshots better than 90%. In addition, only one
significant unexpected period oflown time has been

Once plasmawas re-established, an initial bakeout was experienced so famlue to the failure of acooling water
performed bypassing DCcurrent through the center stack pump. These good resulise attributed to:

casing, returning through jumpers at the tophef machine
through the outer vacuumesseland back outthe bottom
(recall that for CHI the center staclkcasingand outer
vacuum vessel are insulated from each other).
Approximately 10kWwasdeposited byhmic heating of the
center stack casing, whiaas suficient to raise the casing
to approximately200C. During this initial test, nothermal
insulation was in place on the outer vacuuessel, so it did

not heat significantlynor did the passive plates. However,

the ohmic bakeout featurevas confirmed, aswas the
effectiveness of the center statkermal insulation in
preventing heaflow inwards to the OHcoil. Installation of
thermal insulation on theouter vacuum vessel is now
underway. The original machinedesign provides for
additional heating of the gssiveplates by circulatingheat
transferfluid up to 350Cthrough in-vesselpiping connected

« the extensiveuse of former TFTR equipment, already
characterized and igood working order, albeit inmodified
configuration

« the aforementioned dummy load test methvadereby the
full power supply circuit and control systemvas exercised in
advance

CONCLUSIONS

* NSTX constructionproject was completed otime and on
budget

 The design has changed litdence SOFE '97

*NSTX plasmas havébeen relatively easy to form and
control

to the plates. Howeverconcerns about the volatility of the « Commissioning took place at a rapid pace with few

originally selected fluid may limit theemperature atvhich

problems

this systemmay beused. In addition, concern exists about the. |nitial operations haseen highly productive

effect of a leakinto the vessel,and theability to then bake
out the fluid from the tiles. It seentikely now that another

scheme for heating theassive platesnust be developed. In

the meantime, the next phase tektswill determine the

effectiveness of the ohmic center stack heating alone, witl

the benefit of the thermal insulation on thacuum vessel.
These tests wilalsohelp to quantify emissivity and heddss
characteristics so as to facilitate the design ofw heating
system.

Magnetic Diagnostic Calibration
Calibration of magnetiaiagnostics is anmportant initial

step inestablishing thesignals needed for optimization of
plasma initiation, real time plasma current apdsition

* NSTX research program camow begin inearnest.
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