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This is the third annual and final progress report on the current three-year
Large Experiment Data Analysis Collaboration DOE grant DE-FG02-92ER54139. The
funding level during this grant year was $150k. The participating personnel and
their approximate degree of funded involvement in this research project has been as
follows: J.D. Callen (PI: 10% during academic year, 1 summer month); C.C. Hegna
(Asst. Sci., 25%); M.W. Kissick (postdoc, 11/97-3/98), T.A. Gianakon (postdoc, 15%,
was on postdoc at Cadarache, France 4/98-6/98); and graduate students C. Ren (75%
RA until 7/98 and then postdoc), and S.E. Kruger (25% RA). In addition, K.J. Comer,
a graduate student who holds a DOE Magnetic Fusion Science Fellowship,
participates in this research project. C. Ren completed his Ph.D. thesis entitled “A
Study of Tearing Modes Using ECE from Tokamak Plasmas” in July 1998. He
continues research on this grant as a postdoc on assignment at General Atomics in
San Diego.

Neoclassical Tearing Modes [1, 2,4-9, 11, 12, 14, 15b, 15¢, 16, 17, 20a, 20c, 20d, 20e, 21a,
21b, 22, 24] .

Studies of neoclassical tearing modes have remained the dominant area of
research on this grant. Our major role in their development was recognized
through an invited paper at the 1998 Pittsburgh DPP-APS meeting [9,14] and through
our inclusion as coauthors on some major TFIR [2,4,8} and DII-D [5] papers. During
this past year, prior work has been published on DIII-D experiment-motivated
- theories of stabilization of tearing modes via localized current-drive and heating [1]
and on effects of geometry on these modes (elongation and triangularity effects
should be small in DIII-D) [7], and on experimental studies of the imposed beta
limits [5] and direct, internal measurements [6,15¢,22] of the critical classical tearing
mode stability parameter (delta-prime). Also, linear and nonlinear theory and
computation studies of classical tearing modes via the "almost ideal MHD"
constraint has been the subject of a number of meeting presentations [17,21b] and
has recently been published [11]. Recent work has been concerned with developing a
theoretical model [12,20a] for the magnitude of seed island perturbations due to -
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geometrically coupled magnetic perturbations (e.g., ELMs or sawtooth crashes) and
simulations thereof [20e], exploring the effects of external perturbations [16],
development of a simulation model for flow shear effects [15b,20d], studies (initiated
by M.S. Chu) of the effect of the combination of flow shear and perpendicular
viscosity in distorting the magnetic island structure and producing the phase shift in
ECE signals across a magnetic island [20c], simulations of feedback stabilization of

" tearing mode islands [21a], and explonng [24] what aspects of tearing modes need to
be calculated for DIII-D.

local El n_Heat Tra [3, 10, 15¢, 18, 23]

Our continuing role in transient transport [18] and nonlocal electron heat
transport [23] was recognized by an invited paper at the June 1997 EPS Berchtesgaden
meeting which was published this past year [3]. In addition, further details of.
nonlocal electron heat transport, primarily on TFIR, have been the subject of _
meeting presentations [15e] and are being published [10]. Since Dr. Kissick left this
research group for UCLA in April 1998 and Prof. Callen is in the process of -
transferring leadership of the TTF Transient Transport Working Group to Prof.
Gentle (U. Texas), it is anticipated that this grant research area will be substantially
diminished in the future.

Disruption Precursors [13, 15a, 15d, 19, 20b, 25]

Stimulated in large part by the excellent internal fluctuation diagnostics
(primarily ECE and BES) for studying MHD modes in the interior of DIII-D [15a], we
have begun work in a new area: disruption precursors induced by MHD modes
being driven slowly through their ideal stability boundaries. In particular, we have
constructed a new model for the temporal development of such precursors and
shown that it provides a very good fit to DII-D data [13,19,20b,25]. Also, we are in
the process [15d] of developing codes for comparing the spatial profile of the .
disruption precursors with those predicted from the GATO ideal MHD instability
code. :
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