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PROGRAM STATUS
3RD QUARTER — FY 1994

TASK: DIil-D RESEARCH OPERATIONS OPERATING
B/R NOS: AT101014D (Operating) FY 94 FUNDING:  $32,021K(®
35AT10020 (Capital) FY94 PLAN: $33,259K(

CONTRACT NO.: DE-AC03-89ER51114

GA PRINCIPAL INVESTIGATOR: T. SIMONEN CAPITAL
OAK PROJECT MANAGER: M. FOSTER FY 94 FUNDING:  $6,355K()(
OFE PROGRAM MANAGER: E. OKTAY FY94 PLAN: $6,355K(3)
- APPROVED TARGET  COMPLETION
MILESTONE LEVEL DATE DATE DATE
94. Complete report on ITER I 10/93 10/93 10/93
R&D tasks
99. Report on experiments to I 1/94 1/94 11/93
design the radiative divertor
96. Checkout of the new FWCD I 2/94 8/94
transmitters
83. Complete installation of the I 3/94 3/94 4/94
multi-element antennas
95. Report on preliminary ! 6/94 6/94 6/94
radiative divertor design
70. Inject pellets into H-mode I 8/94 8/94
plasma

REMARKS:

(1) $38,376K anticipated total FY94 funding (Operating & Capital).

(2) Budget plan remains approximately $1.2M above anticipated FY94 funding levels. Tasks, personnel and
procurement reductions are being made to bring expenditures in closer line with funding.

() Includes $0.8M commitment to 1 MW ECH Russian gyrotron.
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Dlil-D RESEARCH OPERATIONS

DIll-D PROGRAM
COMING ATTRACTIONS
4th QUARTER — FY 1994

e Continue experiments in July and September
e Begin FWCD experiments
e Operate C-coil

e 110 GHz ECH
— GYCOM and Varian gyrotron development
— Window testing

e Present results at Soft and IAEA meetings

e Prepare detailed budget and plans for FY95 based on OFE
funding ‘
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HIGHLIGHTS:
e Began experimental research operations
e Successfully passed Radiative Divertor Project review

e Presented papers at PSI, Diagnostics, and EPS meetings and
prepared IAEA synopses

e New computer speeds up data acquisition

e Completed milestones

— Completed installation of FWCD antennas with Faraday shields
(Milestone No. 83)

— Completed report of Radiative Divertor Preliminary design with
review committee June 14~15 (Milestone No. 95)
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INTRODUCTION AND PROGRAM PLANNING

The DIII-D tokamak has returned to routine operation following the recent major installation
period. Vacuum conditions and over-all plasma characteristics were excellent by the end of the
quarter. Considerable effort was expended during this quarter in completing the testing and
calibration of various systems and diagnostics. Four sections of the new C—coil were completed,
much of the new computer hardware needed to support the experimental effort was installed, and
much of the installation of the new ICRF power systems was completed.

There were three weeks dedicated to experimental plasma operations this quarter. In addition
ten shifts were spent on operations related calibration and testing activities.

Excellent progress has been made on the new ICRF systems. The first of the two systems will
be ready for initial tests during the July experimental period. Accomplishing this has required
considerable effort in working with late deliveries from the transmission line vendors to get
critical parts. Considerable effort has also been required to get the power system for the first
transmitter working. It is presently anticipated that the second system will be operational for the
September run period although considerable concern remains over the delivery of transmission
line parts for that system, and parts for the second power system have been used to make the first
system operational.

The installation of new computer systems to support DIII-D operation is progressing rapidly
and is already substantially improving response time during tokamak operations. The new data
acquisition computer has been installed and much of the conversion to a UNIX operating system
is complete. The time required to collect data between discharges has been reduced from 8
minutes to 3.5 minutes. The work station dedicated to analysis between shots has been installed
and is operational. The size of the largest data set for a single shot has increased to 106 Mbytes.

Plans for the next quarter call for experiments in July and September. The main objectives
during these run periods is to obtain plasma operations with the first of the new ICRF power
systems, obtaining final results for inclusion in JAEA papers and achieving first operation of the
pellet injector into plasma.

There will be no plasma operations over a six week interval beginning the first of August.
This will allow the staff to take vacations which is necessary to reduce the manpower charges to
the DIII-D program. During this time we plan to complete the installation of the second new
ICRF system, and the last parts of the C—coil. The remainder of the new computers will also be
integrated into the DIIT-D data acquisition system.

We also anticipate considerable operation in the first quarter of the next fiscal year.
Experiments are planned in October and additional experiments are planned in late November
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and December. Considerable additional time will also be required for testing and calibration of
experimental systems. Shortly after the first of the year, we anticipate venting the tokamak in
order to install a new divertor Thomson scattering diagnostic, the BES system, and other
diagnostics focused on increased understanding of the divertor. This activity is anticipated to take
roughly two months, and following completion of the tasks we will return to routine
experimental operation.

The upgrade projects have progressed well this past quarter. 1.) The Russians operated a
short pulse prototype of our gyrotron at 1 MW (for 0.1 sec). They have now begun fabrication of
the DIII-D long pulse gyrotron and expect it to be operating in November. 2.) Commissioning of
the fast wave current drive upgrade has progressed in spite of delays in receiving certain
transmission line components. We still anticipate first plasma experiments in July, as originally
scheduled, but with only one of the two transmitters. The second transmitter should be available
for experiments in September. The additional transmission line costs offset the transmitter
procurement savings. 3.) An international committee of experts reviewed our radiative divertor
project plans. Then endorsed the project.

On a longer term planning horizon we are begining to develop coordinated collaboration
plans for FY95. The LLNL collaboration will largely continue as this year except their effort will
be stressed by the installation of the divertor Thomson scattering in January for which they are
responsible. This also requires support from GA. The ORNL collaboration is shifting from
construction (FWCD antennas and pellet injector) to research operation and includes the addition
of effort from ATF. We are working out details of the specific tasks and persons. The main
concern has to do with the level of ORNL personnel on-site in San Diego. The new collaboration
with PPPL is not yet well defined. General tasks areas have been agreed to but the funding level,
individual assignments, and schedules have not been finalized. This needs to be completed
before the end of August. Plans with SNL and the university collaborators are established
contingent on their receiving the anticipated DOE funding.

The major budget concern centers around FY94 operating expenditures. GA plans to operate
DIII-D in September. This results in an approximate $1M obligation for FY95. A second budget
concern has to do with a short fall in capital in FY95. The congressional budget is $2.9M
whereas $4.9M is needed. This requires trading operating funds for capital fundsin FY95.
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RESEARCH PROGRAM

BOUNDARY PHYSICS AND TECHNOLOGY

In the divertor area, work this quarter focussed on preparation of papers for the 11th
International Conference on Plasma Surface Insteractions in Mito, Japan. Progress in
experiments and code development were reported. Considerable work on diagnostics was done to
prepare for the summer run period. A review of the Radiative Divertor Program was held.

In H-mode physics, VH-mode plasmas were obtained in an inner wall limiter configuration.
Preparations for upcoming experiments, the upgrade of CER, and other diagnostics continued. A
design review for the BES system was held.

DIVERTOR ENGINEERING

Advanced Divertor. Two days of biasing and pumping experiments were completed using
the Advanced Divertor hardware. The hardware, both cryo pump and ring electrode, operated
successfully during these experiments. Data was taken with the new bias ring IR TV.

Radiative Divertor. Design work continued on the modular Radiative Divertor hardware.
Thermal and stress analysis on the structures proved feasibility of the concepts. Structural
analysis of the inboard cryopump and supports were performed to support the design efforts for
the new pump. Three different slot lengths are incorporated into the design along with variability
in the slot width. Biasing is designed in as an add on system. Diagnostic access was carefully
addressed for the three slot lengths under consideration. The 23 cm slot requires little
modification of existing diagnostics as opposed to the 33 and 43 cm designs which require
modification to view down into the slots. A international peer review board reviewed the
engineering design with the most significant recommendation made that halo currents should be
addressed in a slightly different manner.
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IMPURITY STUDIES

ORNL He Transport and Exhaust Studies. Recent analysis has focused on helium
transport data taken over the past few years and has shown that the helium particle diffusivity
and the effective thermal diffusivity have nearly the same magnitude and profile shape in all
conditions studied to date. Work in the area of helium transport studies over the past several
years has culminated in two oral presentations and a paper submitted to Physical Review Letters.
One oral presentation was given at the 11th Plasma Surface Interaction conference in Mito Japan.
In addition an invited talk was given at the American Nuclear Society Topical meeting on Fusion
Technology in New Orleans. As reported in these papers, the exhaust rate of He from these
ELMing H-mode plasmas appears to be within the acceptable range for a fusion reactor, like
ITER, based on a measured value of 7y, / Tg = 8-12, which is a current measure of the

“goodness” of a fusion reactor. Current reactor modeling codes indicate that this ratio 7y, / Tg

should be < 7-15. A synopsis entitled “Helium Transport and Exhaust Studies in Enhanced
Confinement Regimes on the DIII-D Tokamak™ has also been accepted for presentation at the
15th International Conference on Plasma Physics and Controlled Nuclear Fusion Research.

In preparation for the upcoming DIII-D run period, the CER spectroscopy system and the
H-alpha photo-diode array have been calibrated and the He penning gauge has been repaired.

Spectroscopy. The SPRED sprectrograph was operational during the vessel vent recovery.
Early in the vent recovery phase, oxygen appeared to be limiting the burnthrough phase of the
discharge. Also, monitoring of the spectra during initial clean-up operations showed a large
influx of sulfur and bromine. However the sulfur and bromine levels rapidly decreased to levels
similar to those observed last year.

The global air leak rate was reduced after several days of leak checking and in subsequent
discharges there were no unusual impurity events to report. During the last operations period the
spectrometer experienced a malfunction which caused the control hardware to deactivate during
a tokamak shot. The malfunction is believed to be caused by a faulty relay and should be repaired
in time for the next operations period.

Monte Carlo Impurity Transport Model (MCI). The MCI code was debugged and further
improved. The ion and particle pushing routines were largely re-written, enforcing strict un-
biased sampling of diffusion and ionization models. Expressions for the thermal gradient forces
were corrected and generalized for arbitrary impurity species. A sheath potential model was
incorporated in the boundary condition module. Errors in extrapolation of UEDGE background
plasma data to the boundary defined by the DIII-D limiter were identified and a preliminary
solution was adopted.
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Several “gas bag” type limiter configurations, differing in aperture and shelf height, were
developed in preparation for parametric studies of impurity retention for such configurations.

MIST and Transport Analysis. Analysis of core impurity behaviour during a power scan
spanning many shots has shown that the C VI line radiation used for central impurity
measurements can be affected by large gas puffing into the edge. Using MIST, the cause of this
increase seems to stem from a change in the edge density and temperature profile, although this
explanation is not totally convincing. A valid explanation of this behavior is needed in order to
use the beam method (when the beams are not notched) to determine core impurity levels.

Wall Conditioning. The anode voltage for glow discharge conditioning is now routinely
above 700V, the highest voltage yet obtained since helium glow between discharges was
implemented in 1988. Past studies have shown that recycling is reduced as anode voltage
increases, so better conditioned walls should be possible with this advance. Several technical and
operational problems were solved in order to operate at this high voltage. Now both anodes
operate at approximately the same voltage.

DIiMES. The DiMES sample insertion mechanism was removed from DIII-D to repair a
leak between its secondary and primary vacuums. Repair of the DiMES mechanism is
proceeding smoothly. The misalignment in the top flange of the mechanism was fixed and then
carefully documented by QA. Re-installation on DIII-D is scheduled for the first week in July in
order to be ready for the July operations period.

A new colorimetry diagnostic is being installed on DIII-D. The schedule is to use this
diagnostic to measure film thickness during the next boronization July 9. Preliminary data will
also be obtained during July to test the equipment and the procedures during tokamak operations.
The colorimetry technique uses visible light reflected from a film at different wavelengths (red,
green, blue) to infer the thickness of that film. Both DiMES samples and the graphite tiles
surrounding DIMES can be viewed with this diagnostic and divertor erosion and deposition can
be determined.

Preliminary laboratory work is in progress. The colorimetry camera and the filter wheel have
been installed on an optical bench. The light source and the lens which will later be used at
DIII-D to illuminate DIMES are now used to illuminate a precoated graphite tile. The camera is
connected to the same VCR in the control room which will later be used to record the pictures of
DIMES. First pictures of the test sample through three (red, green and blue) filters have been
recorded. The brightness of the blue picture is very low, so to avoid possible problems an
additional broadband filter with a center wavelength of 750 nm has being considered.




Program Status 3RD Quarter—FY94 DIll-D Research Operations

DIVERTOR MODELING

During the past quarter the boundary plasma modeling effort was focused on two events;
presentations at the 11th International Conference on Plasma Surface Interactions in Controlled
Fusion Devices, held in Mito City, Japan; and plasma modeling for the design of the DIII-D
radiative divertor program. In support of these two foci, we have significantly enhanced the
capability of the plasma fluid model of the scrape-off-layer (SOL), our ability to analyze neutral
transport in a variety of baffle configurations, and the edge database.

Progress in the development of the 2-D plasma fluid code, UEDGE, has come in improving
the numerical methods for a more robust code, adding additional physics capability, and running
the code for a wide variety of DIII-D discharges, and plasma design configurations. The primary
improvement in the physics capability of the code has been the recent addition of the ability to
use non-orthogonal grids, and the inclusion of impurity transport equations for both an average
ion model, and multi-species impurity model. The ability to model with non-orthogonal grids
enables us to analyze the plasma with a more realistic divertor plate configuration.

We have improved our ability to analyze neutral transport in a variety of baffle
configurations by developing the RECLUSE code. This code permits the rapid development of a
grid which extends the flux-surface based grid used in the UEDGE code to a realistic vacuum
wall and divertor plate geometry. The extension of this UEDGE grid then permits analysis of the
neutral particle flow using the Monte Carlo code DEGAS. We have used this capability to
determine the core ionization rates expected from a variety of baffle configurations for the
DIII-D radiative divertor program.

Combined UEDGE and DEGAS simulation of the radiative divertor configuration indicate
that a properly shaped baffle can reduce the core ionization rate arising from neutral recycling at
the divertor by a factor of 10 over that expected for an open divertor. This reduction is sensitive
to at least two factors; the distance from the separatrix to the nose of the baffle, and recycling
from the horizontal surface of the baffle at the outer radial region of the SOL.

We have used the UEDGE code to analyze several DIII-D discharges. Most of our effort has
been focused on H-mode discharges, although we have examined one low power L-mode shot.
The results of our modeling efforts were recently presented at the PSI meeting in Mito city,
Japan. We also gave a review talk on Divertor Bias Experiments throughout the world.

DIVERTOR PHYSICS

Work this quarter focused on data analysis for the bi-annual 11th Int. Conf. on Plasma Surface
Interactions in Mito, Japan, and on preparation for the start of physics operations. Four papers
from the Boundary Physics Group were presented at the PSI meeting, covering the subjects of
power balance, toroidal asymmetries, enhanced SOL plasmas in double-null discharges, and the
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effect of divertor pumping on the divertor plasma. Some highlights from these papers are:
1) power balance for ELMing H-modes has been improved to about 85% total accountability on
average, 2) toroidal asymmetries are only observed on a small subset of single-null discharges,
but on a much larger fraction of double-null shots, 3) enhanced scrape-off layers (higher density
further from the separatrix) have been observed on L—, H-, and VH-mode discharges and may
be related to the triangularity, 6, and 4) reducing fi, by divertor pumping allows the inboard
divertor leg to reattach to the target plate, which increases the heat load there. These analysis
results are being used to guide planning for future experiments.

In preparation for plasma operations, we worked to get all divertor diagnostics operating
again following repairs and upgrades during the vent. A new divertor interferometer was
installed and testing was starting during the first plasma operations. A new IR TV camera
viewing the face of the bias ring and the throat of the divertor pump was installed and started
taking data. An image intensifier for the tangential X—point TV was tested (this will help in
imaging impurity line emission from the divertor region). The bolometers had new sensor blocks
installed to reduce noise and the old array was moved to accommodate the new edge MSE
system. The divertor probe electronics were repaired after it was found that a number of
amplifiers were damaged during the last run period. And, some of the neutral pressure gauges
were repaired. All of these diagnostics should now be available for the divertor experiments
scheduled for this summer. ,

Members of the divertor group also worked on the diagnostic plan for the Radiative Divertor
Project. We made more detailed assessments of the diagnostic modifications required when the
new divertor hardware is installed and worked on a preliminary cost estimate and schedule for
these modifications. We are now preparing a report on this plan.

H-MODE PHYSICS

Inner wall marginally limited VH—~mode discharges were obtained for the first time during an
experimental run on June 3. A characteristic of these discharges is that the separatrix flux surface
nearly touches the inside wall (inner wall gap = 0). The confinement enhancement was a factor
of 2 above DIII-D/JET scaling. The heat deposition profile measured by the IR camera was
similar to double-null VH-mode discharges. A toroidal spin-up, characteristic of DND
VH-mode discharges, was clearly observed.

The highest priority miniproposal from the L to H Transition Working Group was approved.
The goal of this experiment is to make a detailed investigation of the time history of the electric
field and edge turbulence across the L to H transition. The fast stroke Langmuir probe has
demonstrated 10 microsecond resolution in initial proof of principle experiments. If the results of
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these two preliminary shots hold up, we will be able to conclude that the radial electric field
starts to change 1-2 ms prior to the transition.

A miniproposal on the “Effect of NBI on Core Correlation Lengths,” by T.L. Rhodes et al.,
was written and approved (MP 315). This is the highest priority miniproposal from the Core
Fluctuations Working Group.

Two miniproposals for counter neutral beam injection experiments have been written and
were approved by the Research Planning Committee. These are high priority experiments from
the VH-mode Working Group.

CER spatial and intensity calibration were completed during the vent in April, 1994. The in-
vessel mirror at 315 R-2 was replaced; this increased the signal by about 20%.

The code that controls the CER system has been modified to take advantage of the multiple
timing groups that are now allowed by the new hardware. We can now acquire data in four
separate groups, each with its own start time integration time and number of timeslices. In
addition, to exploit this timing flexibility, we have doubled the amount of data acquired to
8 Mbyte per shot. Improvements in the data acquisition cycle coding have kept the total
acquisition time the same. These changes have forced changes in the output file formats
(especially the header files) which, in turn, affect the analysis codes. In order to ease the load on
the DIII-D computers, we are implementing local archiving of the CER data during an
experimental day. The data will be gathered into the main shot data files after hours.Analysis of
the computer coding required to maintain and extend the CER system analysis codes indicates
the recent changes in the system will require 2-3 months of programming; since no
programming support is available, effort that should be going into data analysis will be used for
this work. This effort began in May; we are about one half done.

A workshop was held on June 20, 1994 on the status and plans for the deuterium BES
diagnostic on DIII-D. It covered both the technical basis for the diagnostic and plans for
experiments where BES could make a unique contribution.

The conceptual design review for the deuterium BES system was held on June 21, 1994.
Minor technical concerns were identified by the participants, which will be addressed in the
detailed design. Detailed design and fabrication will begin in FY95. The goal is to install the port
interface during the vent of DIII-D in January, 1995. R. Durst and R. Fonck of the University of
Wisconsin will be providing the detectors and data acquisition system. The goal is initial
operation of a 16 channel system in March, 1995 with an upgrade to a 32 channel system in
FY1996. This goal may be impacted by the extended operation of TFTR. K. Burrell met with
R. Blanken, R. Dagazian and R. McKnight of DOE to discuss the deuterium BES system on
DIII-D. The results of the workshop and the design review were summarized. Blanken stated
that funding for the Wisconsin portion of the the project would be available.
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The UCLA profile measurement reflectometer system was made operated during the last run
period. In particular, profiles were obtained at a series of FW power levels for antenna loading
calculations during the “nude” FW antenna operation experiment. The data obtained seems to be
of high quality and shows profile modifications at low FW power levels—analysis is continuing.

Significant support was given to the ORNL reflectometry team in helping to make their
system operational and ensure that they were able to take data during the “nude” FW antenna
experiment. By operating both the UCLA and ORNL systems, reflectometer density profiles
were obtained at two different toroidal locations for this run day.

We have cured the vibration problem for the phase contrast imaging (PCI) system that was
produced by firing the fast stroke Langmuir probe by constructing a simple new support structure
for one of the PCI mirrors. The support was tested both visually and by acquiring data during
plasma operations, with fully successful results: no vibrations were observed when the Langmuir
probe was fired.

D. Thomas presented an invited talk at the 10th High Temperature Plasma Diagnostics
Conference on the results from the DII-D lithium beam diagnostic. S. Coda (MIT), W.A.
Peebles (UCLA), T.L. Rhodes (UCLA), C.L. Rettig (UCLA) and K.W. Kim (UCLA) presented
posters at the same meeting.

CORE PHYSICS

CONFINEMENT

Two confinement related experiments were performed in our first experimental run period
this year. An experiment to measure the change in volume averaged triple product <nT>7 due to
an increase in plasma elongation was performed. The motivation for the experiment came from
the need for ITER to ascertain whether there may be a cost savings by reducing the overall size
of the device with no deleterious effect on, and perhaps a modest gain in, ignition margin. The
plasma elongation was varied from 1.7 to 1.9 by reducing the minor radius at fixed plasma
height, P = 1.8, gg95 = 3.8, <ne> = 4 x 1019 m-3, and PNpi= 6 MW. Several H-mode energy
confinement scaling expressions predict that elongating the plasma in this manner would lead to
an increase in <nT>T. Detailed EFIT and profile analysis indicates a substantial 50% increase in
volume averaged ion temperature was obtained while only a modest 20% increase in volume
averaged electron temperature was observed. Increases in Te and T; were observed over most of
the profile. Confinement time remained about constant. Thus an increase in elongation obtained
by reducing minor radius resulted in an estimated 40% increase in <nT>T predominantly due to
an increase in ion temperature. Transport analysis indicates that the single fluid diffusivity
profiles of the low and high elongation discharges were similar. The improvement in




Program Status 3RD Quarter—FY94 Dill-D Research Operations

performance in the high elongation case was correlated with a peaking of the heating profile.
Similar analysis comparing a pair of low and high elongation discharges at higher density <ne> =
6.5 % 1019 m3 resulted in a similar trend in ion and electron temperature improvements but much
smaller improvements of 16% and 8% respectively were obtained. This results were presented at
an ITER science meeting at the San Diego JCT site.

Another confinement experiment was devoted to studying the dependence of thermal
diffuivity on density and temperature in 1 MA H-mode discharges. A factor of 2 difference in
density was obtained at constant temperature by employing the cryopump and varying NBI
power to hold the temperature fixed. Detailed energy transport analysis that concentrates on the
dependence of thermal diffusivity on density at fixed temperature, plasma current, and beam
depostion profile will be possible with this dataset.

Formation of ITER expert groups in seven different areas took place this quarter. Six DIII-D
staff members participated in the first meeting of U.S. members held at Germantown, Maryland.
Discussions focused on the role to be played by the various expert groups and modes of
interaction between these groups and other U.S. and international groups.

Plasma Rotation and Wall Stabilization of High Beta Discharges

Analysis of high Bx discharges with low internal inductance has clearly shown the
importance of the rotation and the rotation profile in maintaining stability with a resistive wall.
Discharges were operated in full sized double null divertro configuration with low internal
inductance, #;, in order to maximaize the coupling to the vacuum vessel wall. One discharge
(80111) with q(0) > 1 was analyzed in detail, and normalized beta, Bn = B/(¥/aB), in this
discharge reached By = 3.8 and remained near this value for many resistive wall times. To
evaluate the stability limit in the absence of the wall, experimental equilibria from earlier in the
discharge evolution at lower values of beta were analyzed. These equilibria were reconstructed
using the measured pressure profile and q profile determined from the motional Stark effect
diagnostic. Using these equilibria, the maximum value stable to n = 1 modes with no wall
stabilization is By = p/(I/aB) = 2.8.

The good confinement phase of discharge 80111 is terminated by an m/n = 3/1 instability
which has some of the characteristics expected of an ideal-plasma, resistive-wall mode stabilized
by plasma rotation. The instability has a growth time of about 5 ms, comparable to the wall
penetration time, and is stationary with respect to the wall from its onset. Although the discharge
dwells near the maximum beta value for about 50 ms, the rotation velocity profile is evolving
during this time. The rotation of the q = 2 surface is slowing but remains greater than 5 kHz,
sufficient to provide stabilization of the m/n = 2/1 mode. However, the plasma rotation velocity
at the q = 3 surface, as determined from charge exchange recombination (CER) spectroscopy,
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decreases to zero shortly before the onset of the instability. This is consistent with the hypothesis
that the 3/1 mode is Doppler-shifted by the plasma rotation, becoming unstable only when the
rotation ceases and the stabilizing influence becomes that of a resistive wall rather than an ideal
wall. )
We speculate that toroidicity-induced Alfvén eigenmodes (TAE modes) may contribute to
the loss of wall stabilization of the 3/1 mode. The downturn in the rotation rate coincides with
the onset of large-amplitude TAE activity, leading to the loss of nearly half of the neutral beam
ions as estimated from the D-D neutron rate. The reduction of angular momentum input as the
fast ions are lost may be the reason for the slowing of the rotation.

Motional Stark Effect (MSE) Diagnostic Upgrade

The operation of the upgraded 16 channel MSE system during the first plasma operations
period was very successful. High quality data were obtained on nearly all discharges. Offset
angle calibrations performed for toroidal field values of 1.5 to —2.1 T look quite good. As in the
past, we continue to have greater uncertainty in the calibration data at low-field (~1 T). An
insertable in-vacuum polarizer on the edge MSE system has allowed us to accurately measure the
small Faraday rotation effect in the optics. The EFIT/MSE equilibrium reconstruction codes have
been updated for the 16 channel system, and are now used routinely. Although analysis of the
first set of plasma experiments is still ongoing, some of the initial MSE highlights include:

1. Comparison of central and edge systems: the central and edge MSE systems have one
common chord at R = 198 cm. Because the two instruments have completely separate
viewing geometries and collection optics, this common measurement point is a useful
check for systematic errors. Currently there is a ~3% systematic difference between the
two measurements, which is quite good. We are making efforts to further improve this.

2. qo measurements: although sawtooth studies were not a significant part of the initial
plasma operations period, there are some discharges with small amplitude sawteeth and a
small inversion radius. We now have twice the chord density near the magnetic axis
(every 5 cm) which helps constrain the uncertainty in qg to less than 0.05. In these early
experiments, sawtoothing discharges had qg of almost exactly one. Before drawing
conclusions on qo during sawteeth, we need to obtain discharges that have larger
amplitude sawteeth with a larger inversion radius.

3. Edge current during L-H or L-VH-mode transition: the radial resolution of MSE
measurements near the edge at R~228 cm has been improved from 12 cm to 2 cm. With
this enhanced resolution, we are beginning to see more structure in the edge current
density. In particular, there appears to be a significant edge current (perturbation in edge
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poloidal field) that develops right at the L-H or L-VH transition time and is located near
the region of steep pressure gradient very close to the separatrix.

Equilibria Reconstruction Including Measured Toroidal Rotation

The equilibria reconstruction code EFIT has been modified to include toroidal rotation.
Testing of the code using DIII-D experimental data is under way. A rotational equilibrium of a
VH-mode discharge has been reconstructed using a full set of magnetic, MSE, kinetic, and
rotational profile data. Initial results indicate that the most distinctive feature of this rotational
equilibrium is the displacement of the pressure surface from the magnetic surface in the region
where there is strong toroidal flow. Further analysis of DIII-D discharges is in progress. A
numerical scheme to implement the higher order non--linear response in the reconstruction of
rotational equilibria has been developed and implemented into EFIT. Comparisons to the
reconstruction results using only the low order response terms is in progress.

Progress on Plasma Control

The programmable anti-aliasing filters for the control system input signals have arrived and
are being installed. Code for C coil control was written by Tim Scoville and is being tested. Code
for reverse I operation was written by Al Hyatt and will be tested during counter injection
experiments. Some changes were made in the software to be more immune to hardware failures.

H-mode and VH-mode Confinement in Marginally Limited Discharges

An experiment to evaluate the confinement in discharges limited on the inside wall has been
completed. VH-mode with Tg/TiTERg9P = H > 3, was obtained in limiter discharges with the
X-point outside the vessel. These VH-mode discharges were marginally limited, meaning that
the separatrix flux surface is outside the limiter defined flux surface, but close by: the distance of
closest approach between the limiter défined flux surface and the separatix defined flux surface,
SEPLIM, is 1-2 mm. In discharges that were more limited, with SEPLIM approximately 5 min,
good ELMing H-moses were obtained with confinement equal to that predicted by JET/DIII-D
ELM-free H-mode scaling. Low impurity content, low Z.f, was obtained in these discharges.

RF PHYSICS AND TECHNOLOGY

RF PHYSICS

The existing Fast Wave Current Drive antenna was operated into plasma discharges without a
Faraday shield for four piggyback days and one dedicated run day. The maximum long pulse
power achieved was 0.82 MW, with short pulses as high as 1.24 MW. By comparison, long pulse
power of 1.6 MW was achieved last year with a Faraday shield. However, there is possible
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evidence that the limit was not the antenna, and the power limit will again be tested during the
July run period.

During the no shield run day, extensive data on edge density profiles were obtained from
microwave reflectometers and the recriprocating Langmuir probe. Changes in the scrape off
layer and antenna loading were correlated with rf power. The data will be used to compare the
actual antenna loading with theory. A key diagnostic for this experiment is the newly
commissioned reflectometer from ORNL.

One of the two new FWCD antennas has not yet been connected to the transmission line and
the straps can be easily accessed electrically externally. This allowed the antenna straps to be
connected in the mode of the so-called combline antenna for low power measurements during
plasma operations. The initial tests were promising but a great deal more testing is required to
determine the coupling and directivity of the combline. The combline is a novel antenna for
future FWCD systems.

The experimental FWCD dataset from 1993 was extensively compared to theoretical
calculations from the CURRAY ray-tracing code. Good agreement was found between the model
and experiment if a fixed edge loss in CURRAY of 3-4% per pass of the wave was included.

Two papers were prepared and presented at the meeting of the European Physical Society.
The first summarized results from the 1993 FWCD campaign and the second describes the
determination of the non-inductive current profile through a calculation of the electric field
profile by differentiation of successive experimental equilibria.

An extended synopsis on transport issues (dimensionally similar discharges and the heat
pinch effect) for the 1994 IAEA meeting was accepted by the US selection committee.

OPERATIONS

TOKAMAK OPERATIONS

Experimental operations resumed in the third quarter following an intensive period of post
vent systems checkout and vessel conditioning. A chronological summary of the operational
activity for the quarter is shown in Fig. 1. After the vessel closure in mid-March and two weeks
of power testing, leak checking, and baking, the vessel was vented on April 6 for one week to
complete the in-vessel work. Major tasks accomplished included installation of the two B4C
coated Faraday shields, installation of the graphite tiles surrounding the antennae and the bumper
limiter tiles, resolution of the high voltage breakdown on the ADP ring, repair of the in-vessel
boronization gas lines, installation of the boronization sample array, calibration of the neutron,
‘MSE, and CER diagnostics, and numerous other small tasks. All tasks were successfully
completed and the vessel was pumped down on April 15.
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Prior to the beginning of physics experiments in May, six days of plasma operation were
performed for the purpose of conditioning the plasma facing components and the neutral beam
drift ducts. Initial operation indicated that the vessel conditioning had rapidly reached a plateau
that was below the level of cleanliness typically required for successful experiments. This was
characterized by excessive radiation due to oxygen, high radiated power, and an inability to
operate at either high current or low density. A possible explanation was that the small remaining
vacuum leaks were contaminating the vessel. As a result, plasma operation was delayed for
approximately one week in order to perform further leak checking of the vessel. During this time,
four leaks were identified and the two dominant leaks were repaired. This reduced the measured
leak/outgassing rate from 1 x 104 Torr-liter/sec to 2 X 10-5 Torr-liter/sec, a value that is typical
for successful operation. Subsequent operation showed continual improvement and VH-mode
operation was obtained on the last day of the conditioning period.

During the quarter, the tokamak was operated for 12 days for physics experiments with an
availability of 85%. Analysis of the downtime is shown in Fig. 2. The major source of downtime
was associated with the repair of the D2 field shaping supply. In addition to experimental
operations, considerable time was dedicated to operating various tokamak systems for diagnostic
calibration and power supply testing. Successful calibrations were performed on the Thomson
scattering system, ASDEX pressure gauges, piezo valve flow sensors, lithium beam and the MSE
diagnostic. Five additional operational shifts were dedicated for testing of the new C-coil power
supplies, modification of the ohmic heating power supply for improved performance, and for
plasma feedback system control matrix measurements.

During the quarter, there were a number of short clean vents to repair diagnostic systems
considered critical for upcoming physics experiments. The vessel was vented on Friday May 20
to repair a broken shutter on the bolometer system and following a ten hour bake to 350°C,
plasma operations with VH-mode were obtained on Monday. The vessel was also vented twice
in June for the removal and reinstallation of the fast pressure gauge. Following the June vents,
the tokamak was baked and the leak/outgassing rate rapidly recovered.

There was considerable progress made in bringing up systems to monitor vessel heat loads on
critical components, in particular, the Fast Wave Current Drive antennas and Faraday shields and
the new outer wall bumper limiter tiles. A 3—element germanium lens system and IR camera
have been installed for viewing the 180° antenna and shield. This IR camera utilizes a moveable
mirror to allow viewing of either the antenna or the ADP ring and is presently producing clear
images. An IR camera has also been installed for viewing the 0° antenna and shield and visible
light camera views are available for both the 0° antenna and the old FWCD antenna at 300°.
Observations using these camera views in conjunction with thermocouple readings from the
outer wall bumper limiter tiles at 95°, 220°, and 310° have been used to develop an
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understanding of the factors affecting the heat loads on these components. Based on this data, a
set of operating guidelines have been developed for the minimum gap spacing permitted between
the plasma and the outer bumper limiter as a function of injected power and pulse length. These
guidelines should limit the surface and bulk temperature of the outer bumper tiles to safe levels
and simultaneously limit excess interaction of the plasma with the Faraday shields.

Following the installation of the first four sections of the C—coil, a set of electrical tests of the
structure were performed to verify proper construction. These included a successful high voltage
test to 5 kV of the entire system including support struts, isolated bolts, insulated connections,
and cables. A single point ground was also verified for each part of the structure. The coil
resistances, hard ground connections (for personnel safety) and soft ground connections (for
ground reference during operation) were all verified. Prior to the testing of the coil with the new
C—coil power supplies, additional instrumentation was also installed. These included two
Rogowskis for measuring the coil currents, two temporary TV cameras for viewing any structural
motion during the testing, and fiber optic temperature sensors for the coil. All tests of the
structure and power supplies have now been completed and the entire system is ready for use in
the upcoming experimental period.

DISRUPTION STUDIES

A study of the proper boundary conditions for use with the DINA halo model has been
completed. The new simulations will allow the halo to expand to maintain constant halo edge
flux from the time of wall contact to the end of the simulation. In addition, a sensitivity study has
demonstrated that force, plasma trajectory, and poloidal halo current evolution are insensitive to
halo width evolutions which provide significantly wider halos than those resulting from the flux
conserving assumption (virtually out to the vessel wall).
 During his visit to GA, V. Lukash from the TRINITI lab in Russia has performed a scoping
study of major disruptions in ITER using the DINA code. A presentation was made to the ITER
San Diego Joint Work Site personnel which will included the present status of the DINA code
for disruption and control simulation as well as the results of the two ITER scoping studies
performed to date.

The first dedicated disruption experiment was performed this quarter. Disruptions were
successfully induced using argon puffs and the timing of the disruptions were reproducible to
within a few milliseconds. Analysis of the data is now in progress. Preliminary analysis of the
current profile shows a rapid and severe current flattening at the time of the thermal quench. This
analysis has been significantly enhanced by using the data from the MSE diagnostic including
data from the newly installed edge MSE system. In addition, very large amplitude fluctuations
have been observed at the disruption time with frequencies in the range of 600 kHz. Data on
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temperature and density profiles, heat deposition patterns, and radiated power were also
obtained.

Work began on implementing a neural network technique for the analysis of DII-D
disruptions. The best programming tool seems to be the Matlab software with its extensive neural
network package and an excellent signal processing and signal identification package. We have
obtained a trial version of the new neural network tool box to augment the existing
computational tools. A graphical user interface (GUI) is being built between the DII-D data
base and the Matlab package. This allows easy access to shot data for plotting and data analysis
using the wide range of signal processing tools available in the Matlab.

Work continued on the use of TEQ to generate plasma response objects for DIII-D control. A
study of rigid versus nonrigid instability growth rates was completed. The results were consistent
with previous studies of highly elongated plasmas as well as general theoretical predictions: rigid
current-conserving growth rates were found to be lower than nonrigid ideal MHD growth rates.
The difference between rigid and nonrigid growth rates ranged from 20% to 50% for a x = 1.8
LSND equilibrium, depending on choice of stabilizing conductors. This is of interest to ITER
since several studies of axisymmetric instability growth rates have indicated the opposite
ordering for the EDA baseline design.

RADIATION MANAGEMENT

Radiation Health Physics

The total neutron radiation at the site boundary in the 3'd quarter was 1.5 millirem, the total
gamma radiation was 0.5 millirem, giving a total for the quarter of 2.0 millirem. The California
annual limit is 100 millirem.

Radiation monitoring for in-vessel vent work and for pit work continued. A total of 87 people
received doses from work in the vessel or near the machine his quarter and the highest
accumulated dose was 48 mrem.

The radiation monitoring system was readied for plasma operations and the two part check
out procedure, before and during first plasmas, was successfully performed and logged.

The holes in the North and South pit wall for RF lines and in the East wall for the pellet
injector cryo line have been temporarily filled with poly shielding for plas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>