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The current pathway to net gain fusion power production through the construction of ITER is the primary
focus of the fusion community, and will likely continue to be throughout the 2020s. The tokamak concept
is currently poised as the most viable candidate for a successful burning plasma; however, it is unclear
whether the tokamak will lead to an economically tractable energy source. As a result, it is important to
continue research on compact tori (CT) that could prove to be more economical than tokamaks (or
stellarators) due to the heavier reliance on plasma currents rather than superconducting coil sets for the
generation of magnetic fields. Namely, the elimination of the toroidal field coil set leads to considerable
cost reductions due to less superconducting material, but more importantly, the lower neutron shielding
requirements on the inboard side that result in a substantially more compact reactor unit.! Also, in pursuit

of high fusion power densities via high-field, compact tokamaks exhibit considerable j x B stresses on the
inboard section of the TF coil that must be buttressed with additional structural supports; eliminating the
toroidal field coil through the use of a CT plasma configuration ameliorates this issue.>? Additionally, the
lower shielding requirements allows for an easily attainable sufficient tritium breeding ratio (TBR) for a
closed deuterium-tritium (DT) fuel cycle.! All of these strengths of compact toroidal plasma configurations
serve as justification for continued research.

In order to rely more heavily on plasma currents, which allows for more compact fusion reactor units, it is
necessary to employ highly efficient means of current drive that will allow for a sufficiently low recirculating
power fraction. Imposed-dynamo current drive (IDCD) is one such promising method that is estimated to be
over two orders of magnitude more efficient than RF or NBI-driven current drive.® IDCD has been used on
the HIT-SI device at the University of Washington to sustain kink-stable, high-f spheromak configurations,
seemingly overcoming the discouraging sustainment results obtained in the SSPX experiment.*> SSPX
required plasma instabilities to generate the necessary non-axisymmetric motion for dynamo current drive
during the sustainment phase of the pulse.’ Instead, non-axisymmetric magnetic fluctuations are externally
imposed for IDCD in HIT-SI, and are able to sustain plasma current in steady-state without gross plasma
instabilities. The confinement prospects for sustained spheromaks are now more hopeful by overcoming
the requirement for plasma instabilities for dynamo current drive.>*® A reactor vision based on the IDCD
mechanism sustaining a stable, high-£ spheromak configuration, called the dynomak shown in Figure 1, is
estimated to be cost competitive with conventional energy sources.! This reactor concept is designed to
output 1000 MWe with a toroidal plasma current of 41.7 MA. The total estimated coupled current drive
power for IDCD is 58.5 MW, which is a testament to the efficiency of IDCD. A molten-salt blanket made of
FLiBe is used for neutron moderation, tritium breeding, and first-wall cooling in a unified, liquid immersion
blanket design. Due to the absence of toroidal field coils, the full inboard neutron flux is utilized for tritium
breeding; a TBR of 1.125 is obtained without Li-6 enrichment or additional neutron multipliers. The only
required superconductors are the equilibrium coils, which are located a considerable distance away from
the fusion neutron source, allowing for adequate shielding to enable a 30 full-power-year (FPY) lifetime.
Though this reactor is at the conceptual stage and considerable development is required, this is but a single
reactor design concept that highlights the benefits of using a CT as the core of a magnetic fusion reactor.
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Parameter Value
Ro [m] 3.75
A [Ro/a] 1.5

Ip [MA] 41.7
n [102°m3) 1.5
Bwall [%] 16.6
Te,o [keV] 20.0
<W,> [MWm3?] 4.2
TBR 1.125
Pco [MW] 58.5
P [MW] 2486
P. [MW] 1000

Q. — engineering gain 9.5

Figure 1: The dynomak fusion reactor concept and corresponding design point. Helicity injectors
used for IDCD are located on outboard mid-plane. The use of FLiBe (turquoise) in a liquid immersion
blanket system allows for a unified, single working fluid design. Additional neutron shielding (ZrH or
TiH,in green) is used to protect the superconducting coil set (blue) from fast neutron fluxes to allow
for 30 FPY operation; high or low temperature superconductors can be used. ITER-developed
cryopumps are connected to toroidal pumping manifolds that have 24 blanket penetrating ducts to
remove helium ash. A supercritical CO, cycle (not depicted) couples to the primary FLiBe cycle for
power generation.

A renewed effort toward the development of compact toroidal plasmas for fusion applications is proposed.
Research into low/no externally applied toroidal magnetic field configurations, such as reversed-field
pinches (RFPs), spheromaks, and field-reversed configurations (FRCs) are critical for the development of
economical fusion energy. Additionally, current drive advancements that are necessary for the success of
these devices could be beneficial to the tokamak configuration as well. With more efficient current drive
methods, tokamaks could rely on substantially lower bootstrap current fractions than in recent designs’
while maintaining an acceptable recirculating power fraction, which would allow for considerable control of
the current profile. Additionally, it should be noted that entities in the private and/or other public sectors
have invested considerable sums of money into spheromaks (General Fusion Inc.), and field-reserved
configurations (Helion, Tri-Alpha Energy) because their development costs are lower than tokamaks or
stellarators, and they are projected to lead to economical attractive fusion reactors, if successful. There
should be a renewed effort into developing alternative confinement schemes by the U.S. DoE OFES as well.

The goal of fusion energy research is to bring zero-carbon emitting, clean, and safe energy to the grid to
displace conventional energy sources such as coal, natural gas, and fission. The former two energy sources
are the hardest to displace because they are the most economical base-load energy sources® and have
lower barriers to public acceptance than fission. In order to displace them without assuming substantial
future carbon taxes or governmental subsidies, fusion must be economically competitive with them. CT
plasma configurations provide a possible avenue towards achieving this economical goal, with the dynomak
reactor concept as one example. The private sector has also began to realize the benefits of CTs for use in
economical fusion development. If we, the fusion community, want to have an impact on slowing or halting
anthropogenic climate change in this century, we need to put forth more effort in developing economical
fusion energy while we construct and participate in the ITER tokamak project.
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