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Foreign Trip Report

John Mandrekas
Georgia Institute of Technology

- Itinerary:
July 16, 1990 to July 20, 1990

Max Planck Institut fiir Plasmaphysik
Garching bei Miinchen, FRG

Purpose of trip: Participation in the ITER Burn Control Workshop



DATE: July 30, 1990

TO: Distribution

FROM: John Mandrekas

SUBJECT: Foreign Trip Report of John Mandrekas

This report gives a brief description of my participation in the ITER workshop on
Burn Control from July 16, 1990 to July 20, 1990 at the Max Planck Institut fiir
Plasmaphysik in Garching bei Miinchen, FRG.

This meeting was part of a series of workshops on ITER Operational Control
(Density Control, Burn Control and Current Profile Control), and its purpose was to assess
the state of knowledge on the controllability of the thermonuclear burn conditions in
ITER, and to lead to recommendations for associated hardware and diagnostic systems for
operating point controf, burn stability control, and emergency shutdown. L. John Perkins
(LLNL, USA) was the Chairman of the Burn Control Workshop.

During this meeting, I gave two presentations summarizing the work of the Georgia
Tech group in support of the ITER project in the area of Operating Point Control and
Burn Control. The first presentation, entitled ITER Fractional Power Operation,
summarized our recent results on transitions to and from fractional power in ITER with
programmed variation of the neutral beam heating source and of the fueling rate.
Estimates of the required reserve neutral beam power for these transitions were also
reported. In the second presentation, A Full Transport Treatment of ITER Burn Control
Scenarios, I presented a series of simulations with the 1-1/2 D code WHIST. The goal of
these simulations was to compare the 1-1/2 D results with previous predictions obtained
with 0—D codes, and to assess the feasibility of operation of ITER at a subignited, high—@),
thermally unstable operating point with neutral beam power modulation.. Our findings
indicate that such operation is feasible, provided the average electron density is kept below
1.7x1020 m-3. At higher densities, the 1.3 MeV ITER beams cannot penetrate to the center
of the plasma and as a result control is difficult, specially of negative temperature
perturbations.

At the end of the second day a discussions session was held in which, based on the
presentations of the workshop participants, several recommendations were made regarding
ITER Burn Control issues. Some of the most important ones are:

. Burn Control, to the extent possible, should be integrated with other ITER control
scenarios (density, current—profile, electromagnetic, etc).

. Auxiliary power modulation was selected as the primary method of burn stability
control for ITER. Fueling control (based on the fuel mix) should be the main
back—up method. Other back—up methods deserving further analysis, include
density control (edge and central), impurity injection, minor radius compression,
etc.

. The current limit on the heating power ramp rate (10 MW/s) will be used in future
simulations, it remains however an open issue. The group responsible with the
design of the hardware components of the heating system will be consulted
regarding the possibility of raising this limit. ;

o Sawteeth oscillations eirncluding monster sawteeth) appear to be important since
they affect the credibility of the perturbations that we observe.

. The importance of a credible emergency shutdown scenario was stressed.



A very interesting joint meeting between the Diagnostics and Burn Control
participants was held on July 18, to discuss Plasma Diagnostics requirements from the
point of view of Burn Control needs. It appears that neutron flux should be one of the
primary observables. A set of poloidally arranged detectors in the outer blanket, should
measure the global neutron flux with 10% absolute and 5% relative accuracy. Including
detectors in the inner blanket, would improve the relative resolution to about 1%. The
spatial resolution (from collimated, spatially resolved detectors) is expected to be 1520 %.
Other observables, relevant to Burn Control, are the ion temperature from neutron
spectroscopy, the diamagnetic signal for Tg €tc.

Finally, on Friday, July 20, the participant‘s of the U.S. Burn Control group held a
review meeting in which further work in modelling and analysis was identified for the
remainder of the ITER CDA.
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SUPPORT OF U.S. ITER ACTIVITY
Fusion Research Center — Georgia Tech
Final Report
May 31, 1990 — May 31, 1991

ABSTRACT

Georgia Tech continued its participation in the Conceptual Design Activity (CDA) of the
International Thermonuclear Experimental Reactor as part of the US ITER System and
Operational Studies group. Our main contribution has been in the areas of burn control,
impurity—seeded scenarios, and SUPERCODE development. In addition, the PI has
provided support to DOE on the organization of the ITER Engineering Design Activity.

Summary of Technical Activities

During the second part of 1990, our main task was the implementation of the WHIST
1—1/2 D code for a full transport treatment of ITER burn control scenarios [1]. The results
of our work were presented at the US ITER Burn Control Workshop (Georgia Tech, June
6—7, Atlanta, GA) which we organized and hosted, and at the International Workshop on
ITER Burn Control (Garching, July 16—18). The results of our work, along with those
from the other participants in the US Burn Control studies group, helped to define the

recommendations for a primary and secondary control scheme for ITER [2-3].

At the same time we started working on transport simulations of impurity—seeded
operating scenarios for ITER. A multi charge—state impurity transport routine has been
implemented in the WHIST transport code, for a more consistent calculation of the effect
of the injected impurities. Preliminary results of this work were presented at the 32nd

Annual APS meeting [4].

During the first part of 1991, while continuing our work on ITER burn control and
impurity seeding transport simulations, our main activity has been in the development of

the new systems and operational code (SUPERCODE) for the ITER Engineering Design



Activity [5]. Our group will contribute modules in the areas of neutral beam (NB) heating
and current drive, impurity transport and radiation losses, and fueling. The first module
(NB heating and current drive) is almost complete and ready to be implemented in the

" SUPERCODE.

ITER Support to DOE

The PI provided support to DOE in the review and preparation for the next phase of
ITER. He participated in several DOE meetings devoted to the development of the Terms
of Reference for the ITER EDA and to the initial Task Sharing in the ITER EDA. He wasv
a participant in the US National Review of the ITER CDA design.
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