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ABSTRACT

The Starlite Project was initiated to investigate the mis-
sion, requirements and goals, features, and the R&D needs
of the Fusion Demonstration Power Plant based on toka-
mak confinement concept. It is obvious that the Fusion
Demo should demonstrate that a commercial fusion power
plant would be accepted by utility and industry (i.e., it is
affordable and profitable) and by the general public and
government (i.e., it has superior safety and environmen-
tal features). Therefore, as the first step in the Starlite
project, a set of quantifiable top-level requirements, and
goals for both commercial fusion power plants and the Fu-
sion Demo were developed. Next, several candidate op-
tions for physics operation regime as well engineering de-
sign of various components (e.g., choice of structural ma-
terial, coolant, breeder) have been developed and assessed.
In each area, this assessment was aimed at investigating
(1) the potential to satisfy the requirements and goals,
and (2) the feasibility e.g., critical issues and credibil-
ity (e.g., degree extrapolation required from present data
base). This assessment led to the choice of the reversed-
shear as the tokamak plasma operation regime and a self-
cooled lithium design with vanadium alloy for blanket and
in-vessel structures for detailed design. This paper presents
a summary of top-level requirements and goals for fusion
power and overviews the results of our assessment of toka-
mak plasma physics and technology options and designs.

I. INTRODUCTION

The demand for substantial increases in electrical power
requirements has been forecast for decades. Conservation
and use of relatively inexpensive fuel have reduced the need
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to develop new electrical energy sources affording more
time for the development of fusion. But environmental
concerns have severely curtailed many of the previously
viable electrical sources. Improved power plants using ex-
isting energy sources are meeting with increasingly difficult
regulations to continually improve both the local and the
global environments. Fusion offers the promise of an abun-
dant energy source that is not tied to national resources
and will have only a minimal impact on the environment.

A demonstration power plant will be built and operated
in order to assure the user community (general public, util-
ities, industry) that fusion is ready to enter the commer-
cial arena. Accordingly, the Fusion Demo should clearly
demonstrate that goals and requirements for a commercial
fusion power plant can be achieved. It is, therefore, essen-
tial to state the goals for commercial fusion power. Based
on interaction and advice from electric utilities and indus-
try, a set of criteria for fusion power is derived (Table 1)
and discussed in Ref. 1,2. A similar set of criteria has been
developed by the EPRI fusion working group?®.

Table 1:

ELEMENTS OF THE CASE FOR AN ATTRACTIVE
FUSION ELECTRIC POWER SOURCE

. Cost advantage over other available options.
. Eased licensing process.

. No need for evacuation plant.

. Produce no high-level waste.

. Reliable, available, and stable .

. No local or global atmospheric impact.

. Fuel cycle is closed and on-site.

. Fuel availability is high.
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. Plant is capable of operation at partial load.

10. Plant is available in a range of unit sizes.
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Table 2.
TOP-LEVEL REQUIREMENTS AND GOALS
FOR COMMERCIAL AND DEMONSTRATION FUSION POWER PLANTS

Element Demo Plant Commercial Plant
Must use technologies to be employed in commercial power plant Yes Yes
Net electric output must be greater than 75% commercial N/A
Cost of electricity (COE) must be competitive (in 1995 mill/kWh) 80 (Goal) 65 (Goal)
90 (Reqmt) 80 (Reqmt)

No evacuation plan required for any credible accident: Dose at site boundary < 1 rem total < 1 rem total
Generate no rad-waste greater than Class C Class C
Must demonstrate public day-to-day activity is not disturbed Yes Yes
Must not expose workers to a higher risk than other power plants Yes Yes
Must demonstrate robotic maintenance of power core Yes Yes
Must demonstrate routine operation with less than (x) unscheduled

shutdowns per year including disruptions 1 1/10
Demonstrate a closed tritium fuel cycle Yes Yes
Must demonstrate operation at partial load conditions at 50% 50%

Because fusion is a new technology in the energy mar-
ketplace, it must have a cost advantage (criterion 1) to
offset the inherent technical risk of a new it will never be
widely endorsed. The cost here reflects a complete life-
cycle cost, that is, it includes cost associated with other
elements of the case (e.g., costs due to delays in licensing
and/or public opposition to evacuation plan, costs due to
decommissioning and waste disposal, carbon taxes, etc.).
Criteria 2 through 4 in Table 1 are included to circumvent
the difficulties experienced by fission and, to some degree,
will be faced by fossil fuels in the future. Fusion should be
easy to license by the national and local regulating agen-
cies, and be able to gain public acceptance. Realization
of the full safety and environmental potential of fusion will
help fusion to achieve a cost advantage over other sources of
electricity. Fusion power plants can be designed to achieve
these criteria only through the use of low-activation mate-
rial and care in design.

It should be demonstrated that Demo and commercial
power plants can achieve the necessary degree of reliability
(criterion 5). This criterion, to a large degree, should be ad-
dressed in the development path of fusion power. Today’s
experiments are, by their charter, and are not intended to
provide detailed engineering data to support the design,
construction, and operation of a power plant. This set of
requirements is perceived as the most difficult to achieve
in a limited time program.

The remaining criteria are foreseen as reasonably easy
for fusion to achieve but are significant attributes for an
electrical power source. No atmospheric impact is a power-
ful requirement. Fusion power plants can be designed such

that containment buildings or special safety systems will
not be needed. Because there is no need to ship radioactive
fuel and/or massive amount of fossil fuel to the site, fusion
has a powerful advantage that circumvents strikes, natural
calamities, and adverse supplier actions. This helps the
utility better control their self destiny. Fuel availability is
high in that all elements in the fuel cycle are in abundant
supply with no critical resource shortages. The last two
criteria deal with how well the fusion plant will function
in conjunction with the network and the energy demand.
There seems to be no difficulty in designing a fusion plant
to operate at partial power. Availability in a range of sizes
is limited only by the fact that smaller sizes would tend
to be more costly on a COE basis. If there were reason-
able assurances that this set of high level criteria could be
met by a demonstration power plant, then the decision to
purchase a commercial fusion electrical power plant would
likely be positive. Thus the intent for the Demo power
plant is to use these criteria as guiding features to help
structure its mission and goals, as has been derived and
given in Table 2.

Top-level requirements and goals for cost of electricity
(COE) were adopted for the Starlite project based on esti-
mated cost of competitive source of electricity at the time
of introduction of fusion in the market place*. These re-
quirements and goals for COE also are in line with projec-
tions of future power plant costs based on energy forecast-
ing models®. Several top-level requirements are related to
criteria 2 through 4 and aim at achieving safety and en-
vironmental features of fusion. These result in stringent
constraints on the sub-system choices and design.
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The prior section discussed the goals needed for the com-
mercial plant to be accepted and succeed. On the other
hand, the Demo must “demonstrate” those attributes that
would convince the utility or their investors and the pub-
lic that this new technology, for long periods of time, is
safe, economical, and does not harm the environment. The
Demo need not meet 100% of all commercial power plant
requirements and goals, but the risk in eventually meet-
ing those goals should be acceptable. In particular, Demo
should use the same technologies as planned for commer-
cial power plants since introducing a new technology (e.g.,
different plasma operating regime, coolant, or structural
material) would require that a new development path be
initiated. A detailed mission statement for the Fusion
Demo has been compiled for the Starlite project and given
in Ref. 1,2. The corresponding set of top-level require-
ments for the Fusion Demo is listed in Table 2. The most
important requirement is that the Fusion Demo should
use the same technologies as planned for the commercial
power plants. Introducing a new technology (e.g., different
plasma operating regime, coolant, or structural material)
would require that a new development path be initiated.
The only other differences between requirements and goals
for Demo and commercial plants is limited to three cate-
gories: size, cost, and reliability/availability. In principle,
smaller and hence, a lower capital cost, Demo is preferred.
However, the Demo should be of sufficient size so that it
can scaled with confidence to a commercial power plant.
In addition, the Demo COE, which is a function of its size,
should be within an acceptable range. The higher cost
of electricity from Demo reflects the first-of-kind costing as
well as experience with Demo systems which usually results
in a lower cost for later models (i.e., commercial plants).
One of the main outcomes of Demo operation is the expe-
rience gained in operating an electricity-producing fusion
plant. As a result, it is expected that Demo operation will
lead to improved reliability and availability. The top-level
requirements for the Demo and commercial fusion plants
have been discussed in detail in Ref. 1,2.

In the next sections, several candidate options for physics
operation regime as well engineering design of various
components (e.g., choice of structural material, coolant,
breeder) have been developed and assessed. In each area,
this assessment was aimed at investigating (1) the potential
to satisfy the requirements and goals, and (2) the feasibility
e.g., critical issues and credibility (e.g., degree extrapola-
tion required from present data base). This assessment led
the choice of the reversed-shear as the tokamak plasma op-
eration regime and a self-cooled lithium design with vana-
dium alloy blanket and in-vessel structures for detailed de-
sign. Detailed results of this assessment can be found in
Ref. [2] and in these proceedings (Refs. 6-13).

II. PHYSICS REGIMES OF OPERATION

During the past several years, the ARIES/Starlite Team
has investigated the feasibility and potential features of
tokamak fusion power plants. The research also has aimed
at identifying both the trade-offs that lead to the optimal
regime of operation for a tokamak power plant and the
critical plasma physics and technology issues. During the
initial phase of the Starlite study, an assessment of various
tokamak plasma operation modes as candidates for fusion
power plants was made. Five different regimes of oper-
ation were considered: (1) steady-state operation in the
first-stability regime, e.g., ARIES-I'?, (2) steady-state op-
eration in the second-stability regime, e.g., ARIES-II and
ARIES-TV?°, (3) pulsed-plasma tokamak operation, e.g.,
Pulsar?!, (4) steady-state operation with reversed-shear
profile, and (5) low-aspect ratio tokamaks (spherical toka-
maks). The extent of the plasma physics data base as well
as performance as a power plant were considered.

Earlier studies have shown that optimum, steady-
state first-stability tokamaks have moderately high plasma
aspect ratio (A=1/e~4.5) and low plasma current
(I, ~ 10 MA) at relatively high poloidal beta (8, ~ 0.6)
in order to reduce the current-drive power by maximizing
the bootstrap current fraction, fpg. The maximum boot-
strap fraction in this class is about ~70% with most of
the driven current located near the magnetic axis. How-
ever, the important parameter €(3, is related to achievable
plasma ( through

(eBy) (B/€) < (B /20)* S (1)

where S = (1 + k2)/2 is the plasma shape factor,  is the
plasma elongation, and Sy is defined by 8 < Bn(I,/Bray).
For a conventional first stability configuration (similar to
PULSAR) with high current (low edge safety factor, g.),
optimally shaped current and pressure distributions, and
with sufficient triangularity in the cross-sectional shape,
this equation must be obeyed with a Troyon coefficient of
On = 3.5. Plasma configurations with non-optimal profiles
and shapes can be unstable at values of By lower than 3.5.
If a high fpg is desired for steady state operation (such as
ARIES-I), one can reduce the current or raise g, resulting
in a lower 3. Therefore, optimum first-stability tokamak
discharge have 8 ~ 2%, and and still requires ~100 MW
of current-drive power. There is ample experimental data
base for this regime, however, operation in discharges with
durations longer than the current diffusion time is needed.

Pulsed-tokamak power plants avoid the problem of non-
inductive current drive, the constraint on g, is removed
and plasma [ can be higher. Also, the recirculating power
for current drive is eliminated. However, inductive current-
drive also imposes certain constraints on the plasma oper-
ating regime. Because the loop voltage is constant across
the plasma, the current-density (induced and bootstrap)
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and pressure profiles are set for a given pair of density and
temperature profiles. In principle, because the current-
density profiles cannot be tailored, both the normalized
B value and bootstrap fraction are limited (SBy ~ 3.0,
fBs $40%). In addition, many critical engineering issues
have to be resolved. For example, cyclic fatigue becomes a
major issue limiting the maximum toroidal field. This de-
crease in the toroidal-field strength more than offsets the
gains in plasma 3 values for a pulsed device, resulting in a
lower fusion-power density and a larger tokamak relative to
a steady-state design. Large and expensive poloidal-field
coils also are needed and this constraint leads to the desire
of a moderately high-aspect ratio, low-current plasma. An
innovative, sensible-heat storage system in the outer shield
was developed for the PULSAR design which removed the
cost of energy-storage as a barrier to pulsed-tokamak power
plant. As a whole, pulsed power plants are substantially
more costly than steady-state ones. On the other hand,
this regime of operation is supported by the main body of
tokamak experimental data.

As is seen from Eq. (1), the only way to increase the
plasma [ and still have a large bootstrap current fraction
is to increase the value of Oy. It may be possible to vi-
olate the Troyon limit if certain conditions are met such
as through elevated central safety factor (qo > 2) 4 as
in ARIES-II/IV designs, reversed magnetic shear!®1¢ or
at very low aspect ratios'”. In addition to these require-
ments, stabilization of the external kink mode in a second
stability plasma requires a close fitting conducting wall and
sufficient plasma rotation'®.

Second-stability operation allows for higher bootstrap
current fraction than first-stability operation. While boot-
strap current can become as large as the total plasma cur-
rent, the profile is different than that needed for equilib-
rium and stability. As a result, current should be driven
both on the axis and at the plasma edge while cancellation
of part of the bootstrap current in the middle of the plasma
may be required. Essentially, the optimum configuration
has bootstrap current fraction of ~90% and, compared
to the steady-state, first-stability optimum regime, the
current-drive power is somewhat smaller and the plasma
0 is about twice as large (a conducting wall for stabiliza-
tion of kink modes is required). The critical issues for
this regime of operation include startup and access to the
second-stable operating point, as well as complexity of the
current drive system. In addition, there is very little ex-
perimental evidence for this mode of operation.

Reversed-shear plasma operation combines the best fea-
tures of steady-state, first- and second-stability modes.
There is a much better match between the bootstrap
current-density profile and that needed for equilibrium and
stability and, therefore, higher values of plasma (3 can be
achieved with moderate current-drive power and less com-
plicated current-drive system. There is ample theoretical

research on this regime and some experimental data base
is available. An extensive experimental exploration of this
regime of operation is currently on-going.

Operation at a low plasma aspect ratio (low-aspect ratio
or spherical tokamaks) is another approach to achieving
high plasma § and a high bootstrap current fraction. Un-
fortunately, the low aspect ratio of plasma rules out the
use of superconducting toroidal-field coils as there is not
enough space for a large shield in the inboard. Therefore,
a low-aspect-ratio tokamak requires equilibria with a very
high plasma 3 (in order to minimize the Joule losses in the
center-post). In addition, because the plasma current is
very large (~ 30 to 40 MA) in a low-aspect-ratio tokamak,
a very high bootstrap current which is also well-aligned
to the equilibrium current profile is essential (to minimize
current-drive power). Detailed MHD equilibrium and sta-
bility and current drive calculations have been performed
and some promising equilibria have been produced. This
regime of operation offers unique features and is currently
pursued vigorously in the physics community. However,
the design activity has not reached the level of maturity
needed to make a sound assessment of the performance
of spherical tokamaks as power plants. Our assessment,
therefore, has focused mostly on existing designs and sev-
eral critical issues in the design and center-post and engi-
neering systems also have been identified and discussed in
the next section (see also Ref. 2,7,12).

A system assessment of the above five candidates
for tokamak plasma regime of operation has been
performed® 7. Based on the economic performance (to sat-
isfy the economic requirements) and the degree of maturity
of the concept, the Starlite project has chosen reversed-
shear operation for its reference design.

III. ENGINEERING OPTIONS

The range of design options for fusion power plants is lim-
ited, and has been examined in numerous studies dur-
ing the past 25 years. Previous studies have shown that
advanced low-activation ferritic steel, vanadium alloy, or
SiC/SiC composites are the most credible candidates for
the primary in-vessel structural material. An assessment of
engineering design options has been performed using these
three materials and the associated in-vessel component de-
signs which are compatible with them.

Ferritic Steel Designs

Unlike vanadium and SiC composites, ferritic steel is com-
patible with several different coolants, and can be used
effectively with either solid ceramic breeders or liquid met-
als. Steel is by far the most developed material option,
such that the database is also most developed. Intimate
knowledge of the limitations of this class of alloys must be
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balanced against the sometimes large uncertainties which
exist in the behavior of V-alloys and SiC/SiC composites.

Four aspects of the top-level mission requirements have
been given special attention in the assessment: maintain-
ability, thermal conversion efficiency and performance limi-
tations (which impact cost), a cost assessment of the trade-
off between material costs vs. performance, and activation.
These were determined to be most significant as discrimi-
nators between the various design options.

Two key issues were selected for special attention: con-
sequences of the loss of ductility and ferro-magnetism ef-
fects. Ductility is viewed as the most serious concern.
Ferro-magnetism causes important operational problems,
but these were viewed as solvable if an appropriate R&D
program were carried out.

The results of the assessment indicate that ferritic steel
remains a potential power plant structural material within
a certain restricted range of performance®. The require-
ments for waste disposal are likely to be met with low-
activation variants of ferritic steel, such that this was not
considered to be a major discriminating factor. Its ability
to meet the minimum requirement for competitive cost of
electricity is one of the most serious concerns. The rela-
tively restricted temperature range of operation and rela-
tively low thermal conductivity limit the fusion core power
density and the plant thermal conversion efficiency, lead-
ing to larger machines with more restrictive power density
limits. In addition, it is highly unlikely that steel could
be used in the divertor unless the heat flux can be main-
tained much lower than current projections. In that case,
an alternate technology must be identified, further com-
plicating the system. Safety implications of ferritic steel
were not adequately assessed, and should be given special
attention in future studies.

Ferritic steel components have fewer critical issues as
compared with other material candidates. However, the
loss of ductility under irradiation is potentially a feasibil-
ity issue. Existing irradiation experiments performed in
the temperature range of 250-400°C in mixed-spectrum
reactors result in ductile-to-brittle transition temperature
(DBTT) values of about 250 °C under conditions with si-
multaneous neutron damage and helium generation. Simi-
lar testing in fast reactors at T > 365 °C with neutron dam-
age, but very little helium production, results in DBTT
< 0°C for some alloys. Without fully understanding the
role of He in raising the DBTT, it is difficult to extrapolate
these results to a fusion-reactor spectrum which is charac-
terized by about 10 appm-He/dpa at the plasma surface
of the first wall. What is clear, however, is that special
precautions would be required if ferritic steels embrittle in
a fusion reactor as they do in a mixed-spectrum reactor,
and the risk of failure may be significantly higher in power
plants which use a brittle structural material.

Vanadium Designs

Vanadium alloys have been included in many fusion R&D
programs throughout the world due to their potential for
improved thermomechanical performance, safety advan-
tages, and possibly longer lifetime. The use of vanadium
restricts the use of other materials (such as the coolant
and breeder) due to compatibility. Design options using
both lithium and helium as coolant were considered. The
assessment of blanket options concentrated on the use of
lithium as breeder. Lithium offers the best opportunity
for high power density operation, and has unique compat-
ibility features with vanadium alloys. Two coolant options
were considered: self-cooled lithium and high-pressure he-
lium. Several previous design studies, such as ARIES-IT?°
detailed descriptions of the self-cooled concept. The He-
cooled blanket option is relatively less studied. Liquid PbLi
is a possible candidate for the breeder and/or coolant, but
U.S. R&D programs do not currently support this option.

Three power plant requirements were selected for more
detailed examination. First, the high cost of vanadium
is a major concern. The improved performance must off-
set the higher capital and replacement costs for the in-
vessel components. Strategies for minimizing the quan-
tity of vanadium, maximizing the lifetime and replacing
(or recycling) components have been addressed. Second,
accident safety and waste management were examined to
determine whether the aggressive Demo requirements can
be met. Finally, reliability and availability were briefly
surveyed. All design concepts will have a difficult develop-
ment path to meet the very stringent utility requirements
on availability.

Three of the critical issues associated with the use of
vanadium were examined. The materials data base for
vanadium alloys is small, but growing. Some of the impor-
tant material-related issues include tensile and creep be-
havior under irradiation, compatibility with coolants and
breeders, and fabrication. Tritium recovery and control is
the second issue examined. Recovery methods from lithium
have been developed, but the stringent requirements for
impurity control (to prevent degradation of the vanadium
properties) leads to special concerns. Finally, the possibil-
ity of vanadium recycling was explored as a means to offset
the high cost of the material.

While uncertainties in the potential attractiveness of
vanadium systems is acknowledged, it was decided to de-
velop the V-Li system for the detailed conceptual design
phase which followed these assessments. The ultimate po-
tential of fusion depends on our ability to provide high per-
formance systems with minimal safety and environmental
impacts. Vanadium appears to offer the potential to meet
this challenge.
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SiC Composite Designs

SiC composite material with a projected allowable tem-
perature capability > 1000 °C was selected as the struc-
tural materials for ARIES-I'Y and ARIES-IV 2° reference
designs. These designs have been used as the basis for as-
sessing the advantages and issues associated with a possible
Demo power plant based on SiC composites as the primary
in-vessel structural material.

To take full advantages of the low activation and high
temperature capability of SiC composite material, 5-10
MPa helium was used as the coolant. The ARIES-I de-
sign used LisZrOg as the solid tritium breeder, Be metal
sphere-pac as the neutron multiplier, and W as the diver-
tor coating material. Due to the induced activation of Zr
and W, the safety rating of this design is Level of Safety
Assurance (LSA) = 2. Based on new experimental results,
LisO was used as the solid breeder for the ARIES-IV de-
sign. If the use of W can be avoided as the plasma facing
components (PFC) coating material, then an inherently
safe design of LSA-1 can be obtained. This also assumes
that the Be chemical energy and toxicity concerns are elim-
inated. The ARIES-IV design satisfy all of the neutronics
and thermal hydraulic performance requirements of Demo.
We also found that by increasing the helium pressure to
about 12 MPa, and taking advantages of the improved re-
cuperator performance of the closed cycle gas turbine sys-
tem, at a helium outlet temperature of about 950°C, a
gross thermal efficiency of about 55% can be expected.

In the evaluation of the use of SiC-composite as the
structural material for the Demo design, there was no
doubt of its projected benefits; the key question is on
whether its development schedule can meet the projected
schedule of Demo (assumed to be 2025). Key issues for the
application of SiC composite are in the areas of material
development that can match the schedule of the US Demo
design, the behavior of the composites in a fusion envi-
ronment, the need for electrical-conducting components to
stabilize the plasma, and the development of robust PFCs.
Fundamental improvements in material irradiated proper-
ties, such as thermal conductivity, are needed, for example
by using advanced SiC fiber and interface materials. Other
material development issues include economic fabrication
of large SiC-composite components, development of vac-
uum leak tight components, the technique of brazing ce-
ramic parts, and the development of the joining techniques
of SiC composite to metallic parts.

IV. ISSUES SPECIFIC TO LOW-ASPECT-
RATIO TOKAMAKS

The assessment of low-aspect-ratio tokamak power plants
included detailed physics calculations, system studies, and
preliminary engineering design considerations. The physics

analyses yielded equilibria that are stable to all MHD
modes (with a wall present) and require very little cur-
rent drive power (<10 MW) due to bootstrap fractions ap-
proaching unity. These equilibria had the following char-
acteristics: aspect ratio of 1.25, elongations of 3 and [ as
high as 40%. It is noted that these cases would require a
conducting wall to stabilize the external kink mode. The
sensitivity of the current drive power requirements to vari-
ations in plasma profiles is an important issue and must be
addressed in future studies. Using the cases noted above,
system studies and engineering analyses were conducted.
A major conclusion of the system studies was that, even
for these cases with low current-drive power requirements,
there still was significant recirculating power (i.e., recir-
culating power fraction ~0.6) associated with the resis-
tive losses in the copper center post and return legs of
the toroidal field coils. Because of the high-recirculating
power fraction, the low-aspect ratio tokamak is quite sen-
sitive to choice of plasma (3, design of the center-post, and
detail analysis of the current drive requirements. Other
studies suggest lower values of recirculating power fraction
in a low-aspect ratio power plants. The true potential of a
low-aspect ratio tokamak power plant can only be assessed
after a comprehensive design study.

Minimizing the amount of inboard shielding for the low-
aspect-ratio tokamak is well known to be an important
factor. There are three main concerns with an unshielded
center-post: (1) transmutation of the copper in an un-
shielded center-post increases the electrical resistivity of
the center-post; (2) copper loses its ductility under irra-
diation making the mechanical design difficult, (3) acti-
vation levels in an unshielded copper center post exceeds
the U.S. NRC Class-C low-level waste-disposal limit after
a few weeks. Our systems and engineering analyses indi-
cated about 30 cm of shielding to the center post would
resolve the above concerns.

In addition to concerns about the design of the center
post, preliminary engineering evaluations also identified
constraints with regard to the blanket and divertor. The
high fusion power density of a low-aspect-ratio tokamak
limits the choice of blanket and in-vessel component de-
sign. In the context of blanket design, the use of water in
the center-post makes the use of liquid lithium in the blan-
ket problematic due to safety issues. Additional barriers
to leakage would be necessary and substantial additional
analysis would have to be performed to satisfy licensing and
regulatory requirements if liquid lithium were to be used in
the blanket. If liquid lithium is ruled out as a coolant, the
overall thermal conversion efficiency of the blanket would
be much lower and further reduces the overall plant effi-
ciency which is already low (~17%). Finally, the divertor
problem appears especially severe for the low-aspect-ratio
tokamak concept because the divertor surface area avail-
able at low major radius is so restricted.
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V. SUMMARY AND CONCLUSIONS

Through its successful operation, the Fusion Demo must be
sufficiently convincing that a utility or independent power
producer will choose to purchase one as its next electric
generating plant. A fusion power plant which is limited
to the use of currently-proven technologies is unlikely to
be sufficiently attractive to a utility unless fuel shortages
and regulatory restrictions are far more restrictive to com-
peting energy sources than currently anticipated. In that
case, the task of choosing an appropriate set of physics
regime of operation and engineering technologies today in-
volves trade-offs between attractiveness and technical risk.
In general, more advanced concepts appear more attractive
but entail critical issues which must be addressed by R&D
programs prior to a commitment to construct the Demo.

A systematic approach to trade-offs between attrac-
tiveness and technical risk was developed for the Starlite
project. First, a set of quantifiable top-level requirements,
and goals for both commercial fusion power plants and the
Fusion Demo were developed. Next, several candidate op-
tions for physics operation regime as well engineering de-
sign of various components (e.g., choice of structural ma-
terial, coolant, breeder) have been developed and assessed.
In each area, this assessment was aimed at investigating
(1) the potential to satisfy the requirements and goals,
and (2) the feasibility e.g., critical issues and credibil-
ity (e.g., degree extrapolation required from present data
base). This assessment led the choice of the reversed-shear
as the plasma operation regime and a self-cooled lithium
design with a hybrid system including vanadium alloy for
in-vessel and blanket structures, and other material for
shield!! for the detailed design.
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