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ELMO BUMPY TORUS FUSION REACTOR DESIGN STUDY

Abstract

A commplete power plant design of a 1200-MWe ELMO Bumpy
Torus Reactor (EBTR) 1s described that emphasizes those features
that are unique to the EBT confinemeat concept, with subhsystems
and balance-of-plant items that are generic to magnetic fusion
being adopted from past, more extensive tokamak reactor designs.

1. INTRODUCTION AND BACKGROUND

The ELMO Bumpy Torus (EBT) concept [l] is a toroidal array
of simple magnetic mirrors, An rf-generated, low=-density,
energetic electron ring at each position between mirror coils
(i.e., midplane locatic ) stabilizes the bulk, toroidal plasma
against well~known instabilities assoclated with simple mirror
confinement. This combination of toroidally 1lirked simple
mirrors and electron rings promises a steady-state, high=beta
reactor that operates at or near DT ignition. The ERT reactor
was first examined over four year; ago [2]. Irterim revisions
of this first desiprn have been mace during the intervening years
[3-6]. The utilizaticen ot advanced fusion fuels 1in a bunpy-
torus reactor has also been considered [7]). Interim results
from the study reported here have been reported elsewhere [8],
and the detailed account of this study is given in Ref. [Y].

lele Objective of Study

The objective ot this study [9]) is to develop a conceptual
design for a cummercial fusion power plant bascd on the current
understanding of the EBT confinement scheme. This design is ¢
Zenerate 1200 MWe(net), and the fuel cyclc is deuterium/tritium/
lithium., The systems approach, cost=-sensitivities studies abuut
the design point, and a thorough systems analvsis of the
parameter space 1n which an EBTR may ouperate are presented in
Ref. [9). Conceptual designs of major reactor and balance=-ot-
plant Aystems have Leen made, upon which physics, technological,
and economic assessments are based. Whenever possible, a clear
statement of all physick and engineering assumptions and
computational models is given (9],

1.2, Physics

Because confinement systems based on simple mirrors are
susceptible to MHD insatabilities (i.e., flute-like modes), this
approach to magnetic fusion energy was ‘'argely abandoned {n
favor of toroldal systems or open mirror svstems that rely on
more sophisticated fleld structures to create average minimum-B
corfigurations. The discovery [l] that an rf-generated and
sustained electron ring of low density, but with c(onsiderablce
energy (» 100 keV) and beta (> U.1), could be stably formed in a
simple mirror configuration changed considerably the outlook for



fusion power from a simple mirror. By coupling the still
unacceptably lossy simple mirrors into a high-aspect-ratio
torus, the overall system energetics 1s considerably jmproved.

The presence of a high-beta electron ring at each midplane
position is cruclal to the MHD stability of the bumpy torus.
These instabilities would grow with a frequency equal to the
classical drift frequency associated with local field gradients.
Diamagnetic currents, however, flow 1in the highly conducting
electron rings, each playing the role of a pair of "coils" with
oppositely directed currents positioned at the toroidal plasma
surfiace. A local region of minimum average field 1is created,
giving an MHD-favorable drcrease 1in the quantity 4 di/B with
increasing radius. Although this region of minimum-average
field does not extend to the centerline of the toroidal plasma,
it can be argued that a region of stable bulk plasma extends to
the mnagnetic axis [2,10,]11). The stability of the high=-beta
toroidal plasma has been inferred |[10) to be limited by a value
of the bulk-plasma beta that approximately equals the
electron-ring beta. Although it 1s emphasized that these
stability-related beta limits are based upon the assumption of
rigid rings and are sensitive to the assumed pressure profiles,
these results serve as the primary statility constraint applied
to this EBTR study. It should be noted that a more recent
computation [l2] has raisvd some questions with respect to this
simple stability criterion. Until this 1issue is better
resolved, however, the r.gid=-ring stability crit -ion is used.

Neplecting, therefore, plasma energy and particle losses
associated with instabilities, the dominant loss mechanisms from
the toroidal plasma can be attributed to diftusive processes and
to unconfined particle orbits., The diffusive loss of particles
and encrgy from the nonaxisymmetric humpv=toru configuratinn is
determined by neoclassical processes in which the fundamental
diffusive step size {s influenced significantly by the magnitude
and direction o! guiding=center particle orhits in a toroidal
geometry  in the presence of both local mapnetic field pradients
and radial (ambipolar) electric fields. The neoclassical
expression for the confinement time reflects a tavoranle scaling
for the Lawson parameter, nt , that increases with temperature,
T, to the 3/2 power and with the square of the mapnetic aspect
ratio, RT/Rc' The neoclarsical transpart scaling with this
behavinr (and examined in more detafl in Ret, [9,13=18]) lies at
the heart of this EBTR study. This transport model coupled with
the magnetics model for the parameters Ry and R and the
electron-ring model gives a reactur design point upon which key
engineering Aaystems have been subjected to conreptual design.

1.3. Previous FBT Reactor Studies
On the basis of the preceding qualitative aiscussion of ERT
physics and the approximate result that nt s proportional to
T”’(RT/RC)). a conceptual reactor embodiheut has been propored
[2-5]« The attractive features of this reactor include: [19]



® steady-state operation at high beta

high aspect ratio, RT/r » leading to modular construction
and fzavorable geometry ?or ease of maintenance

® modest technological requirements
high-Q operation (i.e., at or near ignition)
good economic projections [6,9]

The first EBTR designs [3-4) indicated that large aspect ratios,
nT/r = 60, resulted in relativelv large power plants with
ni ninally low neutron first-wall 1loading (~ 1 MW/m“). The
concept of aspect ratio enhancement (ARE) was introduced [5] to
gain approximately a factor of two between the physical aspect
ratio (and total power) and the magnetic aspect 1ratio that
actually determines the plasma transport: i.e., Ry/r = 30.
However, at that time, a detailed physical and magnetic design
of the ARE coils and the compatibility of that design with
blanket/shield requirements for the ERTR were not reported. The
present systems study attempts to quantify better the complex
interaction and tradeoffs associated with the use of
“conventioral" ARE coils [5].

1,4, Physical/Technical Basis.

As for all conceptual fusion reactor designs, the
determination of an operating point reqguires the uniquv
combination of apprlied plasma phvsics (particle/energy
transport, stability, equilibrium) and plasma engineering (burn
simulation and control. fusion vyield and first-=wall encrgy
fluxes, fueling, impur.cy control).

In order tn meet these requirements simultaneously, the
determination of an EBTR desigun point has coupled burn,
transport, magnetics, electron-ring, and blanket/shield models
that represent a simplification of a non-axisymmetric three-
dimensional geometrv., The iterction and optimization between
these physics models and the enginecering occurred with the
concurrent numerical evaluation of models describing the
mechanical/stress response of the magnets, the perfnrmance of
the impurity control scheme, and the thermal-mechenical response
of the blanket. Simultaneously, key physics and enpinecring
constraints were monitored in conjuction with those aspects of
plant lavout that mipht interfere with the poals of system
access and maintainability. Lastly, a fully parametric smystems
code vas developed and used in parallel to this iterative scheme
in order tou estimate and optimize total system cost and cost-of =
electricity (COE). This process continued until a relatively
self-consistent duesign point emerged, with major uncertainties
being quantified and documented wherever possible [(9].

The major physice assumptions and design bases adopted by
this study are:

® neoclassical transport mode led in zero=dimensions
(Kovrizhnykh electrone, plateau ions, aud assumed density
and temperature grad?.:nt lengths).



® vacuum magnetic field model 1n toroidal geometry to
describe the toroidal field and ARE coils; averaging used
to reduce to zero-dimensional transport parameters.

® classical theory describes relativistic electron-ring
losses.,

Jirst-harmonic electron-ring heating.

® stability 1imit given by average plasma beta of < 0.20
(midplane beta € 0.45).

® steady-state plasma operation (alpha particles are
thermalized classically and transported neoclassically)
after a simulation of plasma startup.

® use of circular and off-set ARE-coil configurations.

In performing the design and integration of key reactor
subsystems, the following ground rules were adopted.

10th commercial plant, 1200 MWe.

Steady-state operation (B0Y plant factor).
Pressurized-water-cooled, solid-breeder blanket.

Pumped limiter for impurity control.

Life-of -plant superconducting coils.

ARL coils used to minimize physical size of power plant.

RF bulk heating for startup and electron rings.

Fully remote maintenence.
2. REACTOR DESIGN

The recent completion of a similar but more extensive
conceptual design of n commercial tokamak power plant [20] by a
ma jority of the EBTR desipn participants was of pgreat benefit to
this studv. Thuis overlap allowed the utilization of applicable
experience and analysis for similar systems while maximizing the
design ctfort on systems that are unique to EBTR., The STARFIRL
systems and concepts 120]) adopted  here irclude the
blanket/shield system, a pumped limiter, the vacuum/crvogenics
sys«tem, and most uspects of the BOP arrangement that werce
evaluated for a "standard" 1.4 GWe (gross) power plant. This
combination of design resources produced a more comprehensive
EBTR design than atherwise would have been possible, thereby
allowing quantitatively meaningful comparisons to be made
between the EBTR desipn and the more extensive STARFIRE design
[20]. Most of the buildings envisaged for both concecpts are
identical in function and form, excent for the reactor and
electrical equipment buildings. All other site buildings either
are fidentical or can be scaled based upon individual needs. The
site requirements and boundaries for all commercial magnetic
furion power applications are considered to be identical. The
turbine plant, electrical plant, and miscellaneous plant
equipment for EBTR are identical to .hat selected for the
STARFIRE fusion power plant and a majority of analvses and
requirements are directly appli~able or scalable, The tritium



fuel handling and storage system developed for the STARFIRE
design is also applied to the EBTR concept.

2.1, Design Overview

One of the major advantages of the EBT reactor design 1is
the high aspect ratio, which allows reactor maintenance schemes
that are easier than for the tokamak concept. The effective
utilization of the access area around the torus is a major
design goal. The torus elements (i.e., coil sets.
first-wall/blanket/shield sectors) are wedge-shaped, requiring
the blanket and/or shield components to be removed radially
outward. In order to provide accessibility for maintenance and
assembly, the structure needed to restrain induced magnetic
loads 1is 1incorporated 1largely on the inboard side of the
reactor, resulting in minimum interference in the outhoard
region where a majority of maintainence operations occur.

Another key design premise isx the minimization of the
vacuum volume to an extent that is practical and consistent with
the reactor-design approach. A realistic design that allows a
vacuum boundary at the first wall could not be identified,
because of radiation damag> to a welded joint or vacuwnt seal
located at or near the first wall and the inaccessibility of the
vacuum seal for maintenance purposes. At the other extreme, the
use of the reactor containment room as a vacuum vessel has the
disadvantage of large vacuum environment and pumping
requirements, extensive surface areas for tritium entrapment,
and the difficulries of operating support ecuipment under vacuum
conditions. Elimination of these options places the vacuunm
boundary within the blanket and shield region. Specific
definition of the vacuum svstem 1is dependent upon design
approach and configuration (e.g., use of a pumped limiter)
selected for this design.

Again, to maximize the system credibility and te utilize
effectively the relatively small design effort allncated to this
study, a conventional PWR heat transfer and transport system 1is
utilized. Specific design details were modified relative to the
similar STARFIRE tokamak design {20] in order to accommodate the
unique aspects of the EBTR approach (e.f., incornoration of the
pumped~limiter/feed-water heating scheme).

2.2, Reactor Design Point

Utilizing the EBT physics summarized in Sccs. 1.2, and
implementing the overall study appvonach described in sSec. l.4.,
a set of comprehensive physics, engineering, and economic models
were developed and implemented. These models were used to
examine a vrange of reactor operating points that promise
economic power near the 1200-MWe(net) level, and simultaneously
satisty key physicse and technologyv constraints. Table I
summarizes the specific design that has emerged from this study.
A more extensive compilaiion of desipn-point parameters, along
with explanatory footnotes, appears in Appendix A of Ref. 9., A



cost comparison with the recently completed STARFIRE tokamak
reactnrr design [20] 1is also given in Chapter 8 of Ref. [9].
Although considerably more effort was devoted to the latter
study, the fact that the costing data base and costing/design
procedures are similar makes such a comparison meaningful.
Although this EBTR design operates with lower plasma,
first-wall, and blanket power densities than  STARFIRE
(4.13 MWt/m3, 1.4 MWt/m2, and 3.33 MWc/m3, resgectively for EBTR
versus 4.50 MWt/m3, 3.6 MWt/m2, and 6.46 MWt/m3 for STARFIRE),
the system power densities are comparable (0.50/0.24 MWt/m?
without/with ARE-coil volume for EBTR versus 0.30 MWt/m3 for
STARFIRE), because the total thermal power and the volume
enclosed by the coils are comparable for EBTR and STARFIRE
(4028 MWt and 7978/16441 m3 without/with ARE coils for EBTR and
4033 MWt and 13443 m3 for STARFIRE, respectively).
Consequently, the total direct costs, the unit capital costs,
and the cost-of-electricity are similar (2108 MS, 2366 $/kWe,
and 38.9 mills/kWeh for EBTR versus 1726 M$, 2000 $/kWeh and
35.1 mills/ kWeh for STARFIRE, respectively).

Z.3. Reactor and Balance-of-Plant Lavout

The plant shown 1n Fig. I contains all the necessary
elements of a central generating facility: reactor, turbine
plant, electric plant, control and administration areas,
maintenance services, heat~rejection systems, and supporting
urilities. A nominal 1000=-acre tract was selected for the plant
that provides adequate space for additional generating units.
The Reactor Building is centrallv located within the plant site.
The turbine, Hot Cell, cryogenics, and fuel handling equipment
are located clos~ to the Reactor Building in order to minimize
piping lengths. Wet, natural-draft (hyperbolic) cooling towers
are used. The site is located near a river to provide both
adequate makeun water and the means to ship the large, heavy
components to the site during construction.

Early EBTR concepts [2] were considered to be large-aspect-
ratio cdevices, with a major radius of 60 m or more. For a
device of that radius, the Reactor Building dominates the site
plan and the plant economics. In this studv, a concerted effort
1s made to reduce the size of the reactor in order to enhance
the economics while preserving the attractive maintenance
features of a high-aspect-ratio machine. The ARE colls are
incorporated explictly into this design to reduce the major
radius by a factor of ~ 2 while maintaining the same magnetic
aspect ratio and acceptable plasma transport.

Fipurc 2 deplets two of 36 reactor sectors that form the
EBTR torus. Each reactor sector is comprised of two different
moduler: a midplane blanket/shield module, located between the
torojdyal-field (TF) coils, and a coil-plane blanket/shield
moduale. A1l 72 modules are physirally and thermohydraulically
isolated from each other except for a welded, intersector vacuum
scal located outside the shield. By disconnecting coolant
lines. vacuum lines, and rf-heating waveguides, the midplane



module can be withdrawn radially outward. After the midplane
module is removed, the coil-plane module can be withdrawn
toroidally from the TF/ARE-coil assembly followed by a radial
translation outward. This design approach allows the
TF/ARE-coil assembly, which requires precise alignment, to
remain fixed while blanket/shield replacement is accomplished.

The use of the ARE coils to produce a factor of
approximately two 1n aspect-ratio enhancement dictates a high
ARE~coil current and, hence, large coil <cross section. To
minimize the support structure connecting tne ARE and TF coils
and to eliminate the transition between cold and warm structure,
the set of one TF and two ARE colls is enclosed in a single
crycgenic vessel with interconnecting cryogenic support
structure. Although this approach «creates a large and heavy
coil set, it reduces the interconnecting and mounting structure,
alignment and installation problems, cryogenic requirements, and
manufacturing and quality-control needs. The ccil casing also
supports and aligns the coil-plane blanket/shield module. The
two ARE and one TF coils within each c¢onil set are ccnnected
electrically in series to reduce the out~of-plane loads that
would occur if one of the coils should fail.

Ideallv, for an E3T the first wall should closely conform
to the outer surface of the plasma. The manufacturing
difficulties, particularly in the coil plane, inherent in making
the first wall conform to a bumpy plasma suggest that a
cylindrical coil-plane first wall/blanket/shield be adopted.
The midplane sectors can be fabricated using a conformal wall
design.

The blanket/shield design approach illustrated in Fig. 2,
results from constraints imposed by maintainability as well as
those imposed by design constraints. In order to achieve
acceptable transport 1in a relatively small torus with ARE-coil
currents that are not excessive relative to the TF-coil current
(i.e., IIARE/ITFl < 0.25), it 1is desirable to locate the TF
coils as close to the plasma as is possible. Hence, the thinner
inboard coil=plane blanket/shield design emphasizes the
shielding function, with that portion of the blanket having a
tritium breeding ratio below unity. A net tritium-breeding
ratio greater than unity (i.e., T = 1,06) {s achieved by
enhancing tritium production in the outboard coil=-plane and
midplane blanket/shield regions. This results in a blanket/
shield design that consists of offset cylinders and wedge-shaped
sections in the coll plane and concentric cylinders in the
midplane.

The philosophy of developing a simple reactor supported the
selection of a pumped-limiter impurity-control system instead of
a magnetic divertor. Several configurations and locations of
pumped limiters were assessed, The selected configuratior,
shown in Fig. 2, utilizes two poloidal limiters for each sector
in conjunction with vacuum slots located at the jun:tion betwe~n
the coll=-plane and midplane modules. Impurities and neutralized



DT atoms are pumped through these poloidal limiter slots into an
annular plenum formed between the b.anket and shield assemblies.
The vacuum cryopumps are attached directly to the shield,
thereby providing an acceptable pumping path with high vacuum
conductance.

The first-wall/blanket configuration and material choices
are bpased on a PWR coolant and heat-transport system. The
structural material is Primary Candidate Alloy Stainless Steel
( PCASS). The neutron-multiplier is metallic beryllium, and the
solid breeder 1is natural LiAlOZ. On the basis of these
configurational and material choices, the blanket has a
thecoretical breeding ratio of 1.06 and an energy multiplication
of 1.5. The actual tritium breeding ratio is reduced to a value
slightly above unity as a result of tritium leakage, tritium
decay, and a wall coverage that 1s somewhat less than the ideal
100%. The shielding configuration under the TF coils in the
.nboard region is most critical because of the need to minimize
transport losses by locating the coils as close as possible to
the plasma surface; a compact but effective shield is used in
this region. This design goal is accomplished by using a small
amount of tungsten/lead mixture as a local shielding material in
the inboard coil region. The shield elsewhere 1s stainless
steel, TiHZ, TiBz, and water. Local regions are provided with
extra shielding to assure minimal neutron penetration through
joints and ducts.

The EBTR plasma 1is proposed to be driven to ignition by
lower-hybrid heating (LHH) with a variable (tunable) frequency
of 0.55-1.40 GHz; the LHH 1is applied symmetrically in four
crectors around the torus. After ignition the plasma does not
require bulk heating. The electron rings require continuous
energy input as sustenance against radiation and collisional-
drag losses., This power is supplied by ECRH at a frequency of
50 GHz (first harmonic) in each of the 36 sectors. Gyrotrons
and crossed-field amplifiers (CFAs) are located directly inboard
of the reactor to assure minimal power losses in the respective
waveguides. Although the design point is based on an "ignited"
plasma (i.e., the LHH bulk-heating power is reduced to zero), a
"numerically" ignited plasma was not simulated. Instead, a
high~Q driven mode is reported, wherein the required LHH power
is comparable to the ECRH power needed to drive the electron
rings (i.e., ~ 40-50 MW delivered to the plasma).

A three-dimensional cutaway drawing of the reactor building
and the key reactor and support subsystems is shown in Fig. 3.
Sections of the rezactor are shown both during construction and
in a completed state. Thiu cutaway view illustrates the close
fitting of the reactor to the reactor building inner wall ir
order to reduce building costs and reactor structural supports.
The reactor suapport structure, 1including the pedestal that
supports the midplane module, coil support arms, and coil gimbal
supports, are shown both prior to and following installation of
the coil sets and modules. The more massive arms support the
coil sets, while tension struts support the midplane modules.



One coil set and cofl-plane blanket/shield module are shown in
section in order to illuct:rate the blanket/shield closely
surrounded by the TF coil. The cryogenic intercoil structure
consists of I-beams aud trusses :and can be seen in the sectioned
view of the coil set, althci:gh the ARE coil is largely hidden
from view. Positioned between the elevated (l.2-m) concrete
support bases for the coil sets are the TF/ARE-coil dump
resistors. Ample maintenance access is provided outboard of the
reactor for maintenance machines and module transporters that
are mounted on monorails. Overhead in the reactor hall are two
bridge cranes (a portion of one is shown); these cranes assist
in construction and maintenance of the reactor. The illustrated
arrangement of the reactor and associated systems is designed to
providz a synergistic and cost-effective utilization of space.
More complete descriptions of all the buildings and reactor
plant systems are included in Ref. 9.

3. CONCLUSIONS

The objective of the study has been to develop a conceptual
design for a commercial power plant wutilizing the EBT
confinement concept. The design is based wupon the current
status and wunderstanding of EBT physics, as extrapolated to a
reactor regime, and upon credible engineering approaches. The
composite result presented herein meets this otjective and forms
the base for an attractive fusion power system. Further
conceptual design and systems efforts should prove fruitful in
improving the prospects of EBT as a power system. A synopcis of
the study conclusions given in Ref. 9 is presented telow.

® The economic evaluation indicates that the capital cost and
COE for an EBT commercial power plant are comparable to the
better developed and understood tokamak concept [20].
Additionally, the COE is considered to be competitive with
energy produced by new fission or fossil power plants. As
future refinements are incorporated, the competitive
position for EBT is expected to be further enhanced.

® The high-aspect-ratio feature of the EBT assures a highly
accessible and maintainable reactor with totally remote

maintenance operations, while promising a plant
avallability equal to or greater than present fission
plantS.

® A compact, integrated reactor building was developed based
upon the unique reactor features of the EBT concept. The
uce of conventional power=~conversion and balance-of-plant
systems is possible, dillustrating a compatibility with
conventional power systems.

® Blanket material selection and configurational tailoring
accomplished adequate tritium breeding, while maintaining a
magnetics geometry needed to obtain the required plasma
confinement. This  blaaket/shield configuration was



achieved using a natural LiAlO2 s0lid breeder because of
cost and safety considerations.

An integrated TF/ARE-coil design is proposed that meets all
major magnetics/transport requirements. This TF/ARE-coil
set adequately reacts the 1induced magretic~force 1loading
and retains a fully remote maintenance capability, although
the coils are designed to function as life-of-plant
components.

Magnetic aspect ratios, RT/Rc' of 15 to 20, required for
adequate plasma confinement, can be achieved for & reactor
with a 35-m major radius, while meeting necessary
engineering constraints. This configuration is
accomplished using a significant amount of AFRE current
(IARE/ITF ~ =0.22) for the design point. Alternatively,
this configuration may be achieved by designing for larger
mirror ratios. An important physics/engineering/cost
tradeoff exists, which requires further study.

The pumped limiter appears to be an attractive impurity-
control concept for EBTs. Although many of the coupled
plasma/scrape-off/limiter/slot processes remain to be
demonstrated experimentally, the results of the
phenomenological description provide promising indications
of feasibility.

Trends derived from the systems code analysis are evident
that promise an improved competitiveness of future designs.
These trends include the following:

- Cost optimizes on the maximum average bata, s,
consistent with the mirror ratios used (i.e., maximum
allowed midplane beta, £ = 4y ,p/(1 + M)2).

-~ A strong dependence of cost on the maximum allowable
mirror ratio is indicated.

~ Cost~opitimized designs for constant beta are found when
the number of sectors and ARE-coil current are reduced
dnd simultaneously, the toroldal magnetic field and
plasma radius are increased.

~ EBT exhibits a stronger economy of scale than a tokamak
at the 1200-MWe(net) design point.

- The optimum value for ARE-coil current appears to be in
the range |lzpg/lppl = 0.08 = 0.16, where a  bhroad
minimum occurs. Lower wvalues tend to increase cost
because of increased torus radius and higher values
tend to increase cost because of higher magnet costs.

Several physics issues/questions/uncertainties can
significantly affect the EBT reactor viability:
magnetics/transport in nigh-beta plasma, alpha-particle
dynamics, flectron-ring energy losses and general
stability, proille effects, edge=-plasma physics, plasma
heating/fuelinyg during startup and apprvach to 1gnition,
and steady-state plasma burn control.
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Although many of the models and bases used to generate this
EBTR design are beyond the present experimental state-of-
the-art, the extrapolations seem reasonable and consistent
with the present theoretical understanding of the EBT.
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TABLE 1
EBTR MAJOR DESIGN PARAMETERS

Net electriral power (Mw) 1214

Gross electrical power (MW) 1430

Total _hermal power (MW) 4028

Gross power=conversion efficiency (%) 35.5

Overall plant availability {%) 77

Major radius (m) 35

Plasma radius (average) (m) 1.0

Plasna volume (m?) 611

Number of sectors 36

Maximum field at magnet (T) 9.7

Field on axis (coil-plane/midplane, T) 5.0372.25

Average toroidal beta 017

Midplane beta 0.46

Mirror ratio _ 2,24

Average DT ion density (107U/m3) 0.95

Average DT don temperature (keV) 27.9

Plasma burn mode Continuocus/ignited

Plasma heating method (startup) Lower hybrid (r{, 0.5-1.4 GHz)

Ring heating method ECRH, (rf, 50 GHz)

Ring heating power absorbed (MW) 42

Plasma impurity control method Vacuum-pumped liniter

First=wall/blanket structural Advanced austenitic
materials stainles; steel

Neutron wall loading ‘MW/n”) 1.4

Tritium breeding medium natural u-LiM()2

Primary coolant Pressurized water

Thermal converslion method Steam



Figure 1.

Figure 2.

Figure 3.

View of EBTR plant site.

Fquatorial cross section of the EBTR showing two of
36 reactor sectors, each of which is comprised of two
modules (i.e., a coil-plane and a midplane module).

EBT Reactor Building showing the interrelation of key
reactor components.
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