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FOREWORD

This document presents the planned experimental activities for the DITI-D toka-
mak facility for the period FY 1989. This plan is part of a five year contract between
General Atomics and the Department of Energy. The plan will be reviewed by both or-
ganizations and approved by the DIII-D Program Director, Fusion Division, General
Atomics, the Onsite Project Manager, SAN Office, DOE, and the DIII-D Program
Manager, Division of Confinement Systems, Washington, D.C.

It is anticipated that this document will be updated yearly, and that the progress
of the DIII-D program will be reviewed quarterly against this plan. In the event of
major budgetary, technical, or programmatic changes this document will be revised.
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APS

CIT
DIII-D
ECH
ELM
FY

H-mode

TAEA

IBW

ITER

JET

L-H Transition
L-mode

NBI

OFE

LIST OF ACRONYMS

American Physical Society

Minor radius of plasma

Magnetic field

Compact Ignition Tokamak

Tokamak Fusion Device located at General Atomics
Electron Cyclotron Heating

Edge localized mode that limits energy storage in plasma
Fiscal year

A high regime of tokamak confinement °

Plasma current

International Atomic Energy Agency

Ion Bernstein Wave method of ion cyclotron heating
International Thermonuclear Experimental Reactor
Joint European Tokamak located in England
Transition from L-mode to H-mode

A low regime of tokamak confinement

Neutral beam injection

Office of Fusion Energy




O-mode

X-mode

X-point

C Q

~—

A mode of microwave propagation in which the microwave
electric field is parallel to the toroidal
magnetic field

Tokamak safety factor ¢ = 3 means that a magnetic
field line traverses the toroidal direction three

times in one poloidal rotation.

Research and development

Radio frequency

A mode of microwave propagation in which the microwave
electric field is perpendicular to the toroidal

magnetic field

The location where the magnetic field is purely

toroidal (no poloidal component).

The ratio of plasma pressure to magnetic field pressure.

Hydrogen ion cyclotron frequency.
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1. INTRODUCTION

This document summarizes the Experimental Plan for the DIII-D tokamak
facility for the fiscal year 1989.- The long-range DIII-D 5 yr plan is directed ul-
timately at the goal of achieving good confinement at high beta in a plasma with
non-inductively driven current. This is important to the design of a steady-state
reactor. This program may be thought of as occurring in two phases. In the first
phase of the program we are separately investigating high beta plasma confinement
in inductively-driven plasmas, and non-inductive current drive. In the second phase
we will combine these two elements to investigate high beta plasma confinement with
non-inductive current drive.

The FY 89 plan continues the first phase of the DIII-D experimental effort that
contains a strong focus on beta and confinement in non-circular plasma configurations
and in the divertor configuration in particular. Important work also continues in the
development of rf heating systems for heating, profile control, and current drive. This
research is coupled to theoretical efforts at General Atomics.

The FY 89 research program outlined herein is diverse and multifaceted. How-
ever, it is also characterized by a greater synthesis of techniques toward a common
goal. An example is the application of ECH for sawtooth suppression that would
improve the low q confinement and allow higher 8 to be obtained. We believe this
research program will provide a solid foundation for the continued development of the
tokamak toward high beta steady-state reactor application.

The DIII-D FY 89 research program will provide results that will help resolve
many CIT and ITER Physics R&D issues. In addition, DIII-D confinement studies
will be an important input to the newly formed National Transport Task Force.
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The outline for the remainder of this plan is as follows:

Sec. 2.
3.

Summary discussion of the Experimenf;al Plan.

A bar chart which summarizes the proposed Experimental Plan.
A summary of the research goals for FY 89:

A tentative detail breakdown of the research plan.

A detail plan for major hardware tasks.
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1989 will also contain initial efforts at affecting 3 limits using profile control from ECH
or IBW. We also intend to try to reach higher numerical values of 8t by pushing up
to the B limit in the regime ¢ < 3. At present, the achieved 3 in this regime has been
limited by the energy confinement time becoming independent of I, for ¢ < 3. We
feel this loss of current scaling at ¢ < 3 is owing to the combined action of sawteeth
and ELMs. Consequently, the research topics on sawtooth suppression and ELM
suppression appear variously under the beta, confinement, and f program headings.
The effort to attain higher St will also be helped by the neutron shielding which
will enable deuterium neutral beam injection into deuterium plasmas which yields
higher beam power and better plasma confinement. These advantages may be crucial
to achieving high beta in some of the more advanced limiter plasma shapes where
H-mode is probably not available. In FY 89, we also intend to mount an experiment
aimed at pushing into the second stable regime.

Confinement Research

The confinement research program in FY 89 has components that relate to the
beta program, to producing scaling information for future machine design, and to
providing basic understanding in several areas of plasma. transport research. H-mode
studies will continue to be emphasized. The neutron shielding will allow us to obtain
the clear scaling information with deuterium neutral beam injection into deuterium
plasmas, uncomplicated by isotope effects. These data will also be our contribution to
a joint effort with JET to extract the size scaling of H-mode from direct comparisons
of corresponding discharges in our two machines. Following up our first production of
H-mode with ECH alone and even with ohmic power alone, we will continue exploring
rf produced H-mode with ECH and IBW.

In more basic studies, we will seek a greater depth of understanding of inte-
rior plasma transport coefficients and processes using pulse modulation techniques
and the UCLA scattering system. Because of our excellent rotation speed profile
measurements derived from the charge exchange recombination diagnostic system,
momentum confinement studies will come along as a by-product of scaling studies.
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Edge and Divertor Research

Boundary physics studies in F'Y 89 will concentrate on H-mode topics and other
divertor issues relevant to future machine design efforts. We perceive that the demon-
stration of long pulse, steady H-mode is a critical issue in future machine designs.
We have already obtained a 4.4 second steady H-mode with good confinement char-
acterized by grassy ELMs. We have also seen effective prevention of central impurity
accumulation by ELMs in high current operation. These lines of research on long-
pulse and impurity control will be continued. We will also study particle transport.
An effort is underway to form a collaborative arrangement with other edge plasma
specialists to provide the necessary studies of erosion/redeposition, main plasma ex-
haust, pumping and recycling, and helium exhaust. In this area, we note the critical
role that the development of helium glow wall conditioning has played in our program
this year. Work will continue on defining effective methods of divertor plasma-wall in-
teraction for future machine designs. In FY 87 and early 88, our detailed investigation
of ELMs in H-mode led us to propose that ELMs are triggered by edge ballooning
instabilities. In FY 89, we will concentrate on the physics of the L-H transition,
bringing to bear data from the UCLA scattering system and microwave reflectometer
system.

Radiofrequency Heating

The rf heating program will have two operational components in FY 89: electron
cyclotron heating (ECH) and ion Bernstein wave heating (IBW). The ECH program
in FY 87 and 88 utilized second harmonic ouitside launch and studied heating, ob-
tained H-mode, suppressed sawteeth, and suppressed ELMs. Because of the low cutoff
density for the available outside launch X—mode waves, 7ie < 2 x 102 cm™3, this im-
pressive list of accomplishments was performed in a density regime somewhat disjoint
from other experiments, especially the high beta work which is usually done at higher
density. Because of our desire to use ECH for sawtooth and ELM suppression to im-
prove confinement at low g in the beta program, we have installed both an X-mode
inside launch ECH system for which the cutoff density is about 7 x 10'® cm™2 and an
O-mode outside launch system for which the cutoff density is <3 x 10'® cm™3. Ini-
tial experiments with the inside launch system resulted in some damaged waveguides

which we plan to repair during a torus vent this winter. The outside latnch system is
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operational. In low density plasmas, ECH will assist NBI current drive by boosting

the electron temperature.

The IBW research program will begin in FY 89. The entire antenna and 2 MW
generator system is installed and being commissioned. We already know that IBW
coupling to H-mode plasmas is less sensitive to edge conditions than fast wave cou-
pling. Initial experiments will concentrate on basic IBW heating mechanisms. Key
physics issues are linear versus non-linear absorption mechanisms and majority ver-
sus minority heating schemes. By employing the tunability of the system, varying
the toroidal field, and using different harmonic resonances, great flexibility in heating
location can be obtained. In particular, the IBW should be useful in pressure profile
control in low Brp, high beta plasmas. This application takes on added importance
since we believe the modes which prevent the attainment of the highest value of Oy

are primarily pressure driven.

Current Drive Research

The current drive program in FY 89 will continue to investigate neutral beam
(NBI) current drive, make a preliminary assessment of ECH current drive, and study
neutral beam current drive combined with ECH. Initial NBI current drive experiments
have, in addition to driving substantial currents, shown that the second stability
regime can be approached. This occurs by virtue of the relatively high plasma energy
developed at modest current resulting in high Gp. Further experiments are planned to
explore the second stable regime behavior. The ability of ECH to assist NBI current
drive by increasing the electron temperature will be studied. Current drive using ECH
alone may require re-orienting either the inside or outside launchers. This change

requires hardware modifications and a vent, and it is currently being considered.




3. EXPERIMENTAL PLAN

Table II summarizes the overall program for the next year for the basic program
elements. The plan consists of 22 weeks of operation. Two machine vents in December
and April are anticipated for ECH waveguide modifications, diagnostic improvements,
and general maintenance. At the present time the most variable element is the timing
of the ECH waveguide modifications. The key hardware completion dates are given to
indicate significant changes in capability. The numbers indicate OFE DOE milestones.
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4. GOALS FOR EXPERIMENTS IN 1989

This section contains a short summary of the principal goals for the experiments
on DIII-D during 1989. The work is broken down into five subject areas: beta studies,
confinement investigations, boundary physics, rf heating program, and current drive
studies. Each of these areas supports the others; accordingly, in some cases, you will
find the same goal listed under two topics. The aim of most DIII-D experiments is to
integrate these individual topics. A common example is confinement studies carried
out at high beta with divertor discharges.

4.1. BETA STUDIES

The main goals in the high beta area are:
1. Develop effective control methods for more advanced plasma shapes includ-
ing
a. Double-null divertors
b. Plasmas with elongation up to 3
c. Plasmas with high triangularity and indentation.
2. Extend the beta limit studies to these more advanced plasma shapes.
3. Reach the § limit in the regime g < 3.
4. Explore the utility of profile control derived from ECH or IBW.
5. Continue second stability investigations in high poloidal beta plasmas.

6. Study plasma transport, including fast ion transport, at high beta.

4.2. CONFINEMENT INVESTIGATIONS

1. Study confinement with deuterium injection into deuterium plasmas up to
plasma currents of at least 2.5 MA.

10




2. Study H-mode produced with f power alone (ECH and/or IBW).
3. Improve confinement at low g by stabilizing sawteeth and/or ELMs.
4. Provide information on the size scaling of H-mode (jointly with JET).

5. Perform a detailed transport study using pulse modulation techniques and
scattering diagnostics.

6. Study momentum confinement.

4.3. BOUNDARY PHYSICS STUDIES

1. Demonstrate and study long pulse (~5 sec) quasi-stationary H-mode plas-
mas. Study impurity transport properties.

2. Study particle transport in H-mode to understand the flat to hollow density
profiles and steep edge gradients.

3. Ingeneral, understand the physics of the L-H transition. Identify the nature
of the turbulence and fluctuations that correlate with L— versus H~mode.

4. Document divertor region heat loads, particle loads, and impurity effects as
a function of X—point position and for single- and double-null divertors.

5. Continue to develop improved methods of wall conditioning.

4.4. RF HEATING PROGRAM

Both electron cyclotron heating (ECH) and ion Bernstein wave heating (IBW)
will be studied.

4.4.1. ECH Program
1. Verify ECH fundamental mode heating physics.
2. Attempt to produce and study H~mode with ECH alone.

3. Enhance H-mode by means of central ECH to peak up profiles or edge ECH
for ELM stabilization.

4, Stabilize sawteeth.

11
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5. Assist NBI current drive.

6. Provide a preliminary test of ECH current drive.

4.4.2. IBW Program

1. Explore and document IBW heating efficiency and coupling in various regimes.
Key issues are linear versus non-linear heating mechanisms and majority

versus minority species heating regimes.
2. Attempt to produce H-mode with IBW alone or in combination with ECH.

3. Utilize IBW for pressure profile control in the high beta studies.

4.5. CURRENT DRIVE STUDIES
1. Assess (preliminary) ECH current drive.
2. Assist NBI current drive with ECH.

3. Investigate second stability behavior in current drive plasmas.

12




5. DETAIL RESEARCH PLAN

Table IIT the following page gives the tentative detail Experimental Plan by
experimental task. The current operative schedule calls for two weeks of operation
followed by two non-operating weeks. The schedule gives the allotted time in days

for an experimental as part of the plan for the two weeks in the month noted.

13




EXPERIMENTS
Run days (110)
Meetings*
Torus Vents

HARDWARE AVAILABILITY

SHIELDING

ECH, outside launch O-mode
inside launch X-mode

IBW System

OPERATIONAL ISSUES (10)
Vertical Control (b/a<3)
Triangularity Control
Indentation Control
High Current Development
Improved Low I, Control
Pulse Length Extension

HIGH BETA STUDIES (25)
Double-Null Divertor
High Elongation
High Triangularity
Indentation
Transport Study
IBW Profile Control
ECH ELM Suppression
Second Stability

CONFINEMENT STUDIES (25)
D into D Scaling Study
Size Scaling of H-mode (JET)
ECH H-Mode
IBW H-Mode
Sawtooth Stabilization
Scattering Data
Modulated Transport

BOUNDARY PHYSICS STUDIES (16)
Long Pulse H-Mode
Particle Transport
Impurity Transport
Fluctuation Study
X~Point Scans
Wall Conditioning Assessment

ECH STUDIES (Basic) (6)
Outside Launch Heating O-Mode
Inside Launch Heating X-Mode

IBW STUDIES (Basic) (18)
Central Heating (3/2 H)
Edge Heating (3/2 QH)
Off-Axis Heating (5/2 QH)

CURRENT DRIVE STUDIES (10)
ECH Alone
ECH Assisting NBI
NBI Alone

TABLE ilt
FY 1989 PLANNED EXPERIMENT TASK RUN DAYS
Cy 88 CY 89
O|N|DI}IJ|FIM ML J J|A] S
10101 102 {10 | 10 10 10 10 {12] 11
LA
ECH
2
1 1
1 1
1
1
1
2 2
2 2 2
2
2
2
2 2
2
4 4
2
1
2 2
2 2
2 1
2 1
1 1 2
2
2
2
1 2
2
2
4
2| 2 1
2] 2 1 2
2| 2 2
2
1
1 1
2 2 1

Second Stability Attempt

*Meetings: I = IAEA; A = APS.
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TABLE IV

RON BhONX DII-D FY 1989 MASTER SCHEDULE
13266
1 1989
o v W+ I ) na arR nay 08 w 208 sep
7102028 4111925 2 9162330 132027 3101720 310172030 7182128 9121926 2 9162830 7142028 4111823 1 815222
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