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ABSTRACT

ASSESSMENT OF A MAGNET SYSTEM COMBINING THE
ADVANTAGES OF CABLEIN-CONDUIT FORCED-FLOW AND POOL-
BOILING MAGNETS
Don Slack, William Hassenzahl, Brian Felker, Michael Chaplin, Livermore
National Laboratory, Livermore, CA 94551--
This paper presents an idea for a magnet system that could be used to advantage
in tokamaks and other fusion engineering devices. Higher performance designs,
specifically newer tokamaks such as those for the International Tokamak
Engineering Reactor (ITER) and Tokamak Physics Experiment (TPX) use
Cable in Conduit Conductor (CICC) forced flow coils to advantage to meet
field and current density requirements. Pool boiling magnets lack structural
integrity to resist high magnetic forces since helium cooling areas must surround
each conductor. Additionally the need for open cooling paths in pool boiling
magnets precludes the effective use of solid film insulation within the coil
. bundle thus limiting their operating voltage. CICC magnets eliminate these
disadvantages by using intemal cooling. However, the CICC system introduces
other disadvantages. Leakage is more likely and harder to repair than with pool
boiling magnets. The single, heavy wall case of pool boiling magnets is
replaced by kilometers of relatively thin wall conduit which must seal high
pressure, cryogenic helium from the insulating vacuum space. Experience with
The Magnet Fusion Test Facility (MFTF) and other facilities have shown
leakage problems and the resultant quality control requirements of systems
containing extensive helium piping to be very difficult. A second problem is
that any leak can threaten the voltage standoff integrity of the magnet system.
This is because a leak can result in low-pressure helium gas becoming trapped
by limited conductance in the magnet bundle and low-pressure helium has poor
dielectric strength. The system proposed here is basically a CICC system, with
it's inherent advantages, but bathed in higher pressure supercritical helium to
eliminate the leak and voltage break-down problems. Schemes to simplify
helium coolant plumbing with the proposed system are discussed. A brief
historical review of related magnet systems is included. The advantages and
disadvantages of using higher pressure, supercritical helium in combination with
solid electrical insulation in a CICC system are discussed. Related electrical test
data from some previous works are compiled and discussed.

*This work was performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.
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INTRODUCTION

A concept of encasing and bathing the coil bundie of cable in conduit
magnets with supercritical helium is presented here. There are
advantages to this design approach where magnet reliability is
critical because the risk of leaks to the vacuum space can be
substantially reduced. Reliability is very important for Tokamak
magnets such as those in the present ITER and TPX designs.
Tokamaks preclude easy removal of the TF (toroidal field) and lower
PF (poloidal field) magnets because of interiocking, complex, welded
structure and requirement for remote handling.

This paper covers the pros and cons of the helium flooded and
vacuum operated CICC magnet systems.

OVERVIEW

Helium flooded magnets could substantially improve reliability
compared to ones operating in a vacuum because the risk of leaks is
greatly reduced. In the case of vacuum operation, the long lengths of
relatively thin walled conduit and associated insulators and
attachments must be vacuum tight. In the case of helium bathed
magnets the vacuum to helium boundary is moved to a relatively
thicker walled magnet case presenting much less area for potential
leak paths.

Experience with MFTF at LLNL has shown that heavier walled magnet
cases requiring multipass weld build-ups do not leak whereas tubing
and fittings connections with single pass welds are teak prone.
During MFTF construction approximately 100 leaks were found in
t'ubl'ng welds and thin walled nitrogen panels. MFTF has
approximately 5000 tubing joints. No leaks were found in the
welded magnet cases. This was expected since the successive
passes of multipass weldments tend to cover over flaws in any one
pass.






