CLM-P319

This document is intended for publication in a journal, and is made
available on the understanding that extracts or references will not be

published prior to publication of the original, without the consent of the
authors.

UKAEA RESEARCH GROUP

Preprint

A LITHIUM COOLED TOROIDAL
FUSION REACTOR

JSTEDEMIEEHELL
R HANCOX

CULHAM LABORATORY
Abingdon Berkshire

1972



5t
F Ay,




CLM-P 319

A LITHIUM COOLED TOROIDAL FUSION REACTOR

by

J T D Mitchell
R Hancox

Paper presented at Intersociety Energy Conversion Engineering
Conference, San Diego, U.S.A. 25 September-29 September, 1972,

ABSTRACT

A design for a deuterium-tritium fuelled fusion reactor incorporating
plasma confinement in Tokamak geometry is described, in which lithium
simultaneously performs the functions of neutron moderation, tritium
breeding and heat removal. The limitations of the system due to MHD
losses in the circulating lithium are considered in the context of
blanket design and materials properties. It is concluded that this
inherently simple design could find application in both prototype and
early commercial fusion reactors.

U.K.A.E.A. Research Group
Culham Laboratory

Abingdon
Berks.

August 1972,



CONTENTS

INTRODUCTION

FUSION REACTOR MODEL

FUSION REACTOR STRUCTURE

MAGNET SHIELD STRUCTURE

BLANKET STRUCTURE AND TRITIUM BREEDING GAIN
LITHIUM COOLING OF A FUSION REACTOR BLANKET
CELL STRUCTURE TEMPERATURES

STRESSES IN THE BLANKET STRUCTURE

CHOICE OF BLANKET STRUCTURE MATERIAL
CONCLUSION

ACKNOWLEDGEMENTS

REFERENCES

Page



INTRODUCTION

First generation fusion reactors will use as fuel a
mixture of deuterium and tritium, because it has by
far the highest reaction rate at low plasma tempera-
tures (1)*. Tritium is only present in nature in
very small quantities, however, so that the amounts
required must be produced artificially to maintain
the fuel supply. This can be achieved by surround-
ing the plasma with a nuclear blanket comprised
mainly of natural lithium, using (n,a) reactions

in both 617 and 71i to breed tritium. With its
low atomic mass lithium also has the advantage of
being a good moderator, absorbing the energy of the
14 MeV neutrons from the D-T fusion reaction.
Furthermore, lithium metal has excellent potential
for heat transfer, being liquid between 186°C and
13800C and having high specific heat and thermal
conductivity. Conceptually, therefore, a lithium
blanket surrounding the plasma would fulfill three
essential functions - neutron moderation, tritium
breeding and heat transfer. The application of this
concept is discussed in the following sections.

FUSION REACTOR MODEL

The plasma in a fusion reactor must be isolated at
all times from the materials of the surrounding
blanket. Apart from the possibility of inertial

*Numbers in parentheses designate References at end of paper

confinement (2), all proposals for plasma confine-
ment use high magnetic fields, with field strengths
up to 15 tesla. Various field configurations are
possible, and this study considers a system based
on Tokamak confinement, as illustrated in Fig.l
which shows a fusion reactor scaled for an output
of about 5000 MW(t). The simplest Tokamak confine-
ment system is assumed in which the magnetic field
transform , or rotation, necessary for plasma equi-
librium and stability is provided by diffusion
driven currents (3), thus producinga 'steady state'
plasma confinement system. As yet provision for
auxiliary external magnetic fields, poloidal or
vertical, and for any ignition, fuel injection and
exhaust systems have been omitted.

As shown, the toroidal plasma volume is about 4 m
minor diameter and 25 m major diameter. The toroi-
dal magnetic field is provided by 32 separate super-
conducting magnet coils - each some 8 m diameter by

1 square metre cross section. A subdivided winding
of this form seems most likely for practical reasons
of manufacture and transport and to permit the nece-
ssary access between the coils to the nuclear blanket
and plasma region. In addition to breeding and other
functions already discussed, the nuclear blanket must
also include structure and shielding material to limit
the radiation damage to the stabilising conductors of
the magnet winding.

\, Super Conducting Magnets

NNTINAL LAY
Structure and Shielding

AL TR AT :

Breeding Blanket

L1
Plasma

N ceshanss
c;nn

Fig.l1 General view of a toroidal fusion reactor.
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Fig.2 Fusion reactor blanket - structural design requirements.



The figure also indicates the principal limitations
of the simple concept of a circulating lithium
cooled fusion reactor blanket. Firstly the struc-
tural material required to contain the molten
lithium near the plasma is limited to some 5 to 10%
by volume in order not to reduce the tritium breeding
gain. Secondly the lithium metal is itself a good
electrical conductor and will experience high eddy
current braking or magnetohydrodynamic (MHD) losses
when it is circulated through the blanket. The pur-
pose of this study has been to evaluate these limi-
tations on the basis of this simple conceptual model
of a fusion reactor structure.

FUSION REACTOR STRUCTURE

The basic information and requirements for the struc-
ture design (4) are summarised in Fig.2 for the three
principal regions - the blanket, the magnet shield
and the magnet itself., The information is from
nucleonic calculations (5) on tritium breeding, blan-
ket heating, and shielding, materials properties and
the necessary heat transfer and cooling circuits for

Plasma (15mRadius)
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Cell Structure (20mFirst Wall Radius)
Lithium
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Lithium Header

Thermal Insulation

Support Structure (Stainless Steel)
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Borated Water
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Cryogenic Envelope

Typical Blanket Coolant Pipes
Typical Shield Coolant Pipes
Containment Lining

16 Biological Containment
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17 Magnet-Shield & Blanket Weight
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18 Magnet Reaction Forces
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Vacuum Boundary(35)
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power extraction. Points of particular importance
for the engineering design of the different regions

1. In the nuclear blanket - the high neutron
flux and resultant radiation damage rate, the
low structure fraction and the high lithium
temperature required for a reasonable ther-
mal efficiency in the output turbo-alternator.

2. In the magnet shield - the high neutron
flux attenuation to protect the magnet wind-
ing, the presence of iron (4 50% by volume),
and the moderate service temperature.

3. In the superconducting magnet - the very
low temperature (4 K) and need for cryogenic in-
sulation, and the services access required
through the magnet region. It would seem
advisable to minimise physical contact between
the cryogenic envelope of the magnet and any

of the shield and blanket structure, piping
etc.

CR 7291

Fig.3 Fusion reactor blanket and magnet - general arrangement.
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These features have been incorporated into the
general arrangement of the structural design illus-
trated in Fig.3. This shows, in cylindrical geometry
for simplicity, a short length of the reactor com-
plete with its associated magnet coil supported with-
in an outer biological shield. This latter could be
the principal building structure if desired and as
indicated might be an outer low vacuum boundary. The
weight of the magnet coils would be supported quite
independently of the rest of the structure by low
thermal conductivity supports (Fig.3, item 19). It
is assumed that the magnet reaction forces would be
restrained by compressive members (item 18) within
the cryogenic system (item 12) to minimise the re-
frigeration load.

MAGNET SHIELD STRUCTURE

The inner assembly (items 3 to 11) comprises the
lithium blanket and magnet shield. This assembly
would be located by compressive members (item 17)
from the biological shield or building structure.
Tensile members (not shown) could be included if
necessary and these would all be located in the

space between magnet coils. Shielding calculations
have indicated that the required neutron flux attenu-
ation (v 5 x 10°) would be obtained using the shield
composition given in Table 1.

TABLE 1

Magnet Shield Composion for 5 x 10° Neutron flux

Attenuation
LAYER MATERIAL THICKNESS
metres
80% Iron

1 { 20% Borated water 0.45
Borated water 0.05

Lead 0.05

A non-magnetic stainless steel structure can be

incorporated into this shield, analogous to a sub-
marine hull, as shown in Fig.3 (item 8). It would
replace some of the iron and lead, and therefore

Views on Side & Base of Cell

would have very little effect on the shielding effi-
ciency of the assembly. Computer-aided design
methods are available for such structures and it has
been calculated that a simple structure of 20 mm
thick stainless steel plate will support at conser-
vative stresses, not only the vacuum forces but also
all the mass loads of the shield and primary blanket—
some 100 tonnes per metre length for the dimensions
given in Fig.2. The volume of this 20 mm thick plate
is about 20% of the iron shielding requirement. The
remainder would be made up using blocks of a non-
magnetic alloy (e.g. Fe + 13% Mn), but additional
stainless steel could be substituted where local
strengthening of the structure is required for load
attachment points or penetrations. The borated
water would be circulated through the shield to limit
the temperature rise to # 60 °C thus eliminating
boiling and the possibility of pressurisation.
Probably the most stringent requirement of the shield
structure is to withstand the radiation damage of the
neutron flux for its full working life. At a

flux of 2 x 10'? neutrons/cm?.s this is not a severe
duty in comparison with structures in operating fission
power reactors.

BLANKET STRUCTURE AND TRITIUM BREEDING GAIN

In Fig.3, the close nesting rectangular cells, the
ducts containing the lithium, and the associated
graphite reflector comprise the primary breeding
blanket assembly. Fig.4 shows in more detail
several views of a single cell using an alternative
hexagonal cross section. Structurally the cell
design would be a strong base carried by a beam from
the magnet shield the base supporting the lightest
possible body to minimise neutron absorption and loss
of tritium breeding in the high neutron flux near the
plasma. Depending on the location of the cell around
the plasma the loading on the support beam varies
from simple tension (or compression) to a normal
cantilever. The beam would be designed to be as light
as possible and of low thermal conductivity steel -
thus minimising thermal loss to the shield. The
graphite blocks would be similarly mounted from the
magnet shield. For a cellular blanket of this form
it has been shown (4) that the structure volume
fraction, s, is equal to 2t,/d,. In this way a
correlation between tritium gain and pumping pressure

Cell&Graphite
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High Velocity Lithium,

Low Velocity Lithium.
@ Graphite Reflector.

Extended Section XX \
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Fig.4 Hexagonal cell structure for lithium fusion reactor blanket.
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can be developed from simple hoop stress considerations.

The tritium breeding gain (= breeding ratio -1) has been
calculated (5) for a cell 0.6 m long, 0.3 m diameter,
at s = 0.06 of niobium with a graphite reflector of

0.2 m thickness. Allowing for the cooling ducts

which pass through the graphite, but neglecting

any other holes in the blanket, the gain of this
relatively thin blanket is 0.3. No further optimisa-
tion has been done as this is considered ample to

allow for the loss of breeding from fuel injection

and exhaust holes of a final blanket design.

For convenience, the blanket cell model described

has been based on circulating the lithium metal for
cooling the blanket. Variations of blanket composi-
tion can be envisaged within the same structural
concept and for example studies are in hand on a
system using lithium beryllium fluoride eutectic
('flibe') as an alternative to the lithium metal.
Separate cooling fluids can also be examined, e.g.
helium, flowing in ducts in the cell walls and in the
bulk lithium or 'flibe', yet still retaining the
generalised cell model. Other features have also
been considered: for example vacuum seals at the cell
base, and for ducts penetrating the magnet shield,
However, at this stage it is not necessary to develop
designs beyond the point of demonstrating overall
feasibility.

LITHIUM COOLING OF A FUSION REACTOR BLANKET

A simplified diagram of the cooling circuit is
shown in Fig.5. The high pressure lithium from the
punp is circulated through distribution ducting to
the blanket cell and returns through similar ducting
to the heat exchanger and pump. The heat exchanger
forms the input to a secondary liquid metal circuit
which delivers the heat energy to the steam boilers
and turbines. The principal advantage of using a
secondary circuit is the reduction of hydrodynamic
losses in the primary circuit which is possible be-
cause of the high heat transfer coefficients and low
pressure drops in liquid metal to liquid metal heat
exchangers. The lithium flow paths between the mag-
net coils and through the shield are also indicated
in Figs.3 and 4. It will be seen that the ducts are
radially disposed between the coils, to minimise the
duct length perpendicular to the field and give the
best possible shielding of the coils from neutrons
éeaking from the blanket along the lithium in the
ucts.

To other T
circuits
—
-— — -
Inlet duct Pump
M.H.D.
Duct :
Cell losses
Body .
Heat Secondary
exchanger coolant
—
Qutlet duct
—
Fcri‘:r:u;ih" ) Lithium temperature
1 650°C
CR 7291 33000

Fig.5 Circuit schematic of
lithium cooling system for a fusion reactor.

The MHD pumping losses and the pressure drop along the
ducts containing the circulating lithium are caused by
the fluid flow perpendicular to the magnetic field.
Because of the reactivity of lithium with insulators

=5

it is very probable that the duct walls in contact
with the lithium will be metal. Thus, the electric
currents induced by the lithium flow have a return
path in the duct wall, Hunt and Hancox (6) have
discussed MHD losses for flowing lithium in a fusion
reactor blanket. Due to the pumping pressure
required to overcome the MHD losses there is a limit
to the product PyB3 where P, is the reactor
thermal output per unit area of wall and By is the
average magnetic field in the plasma.

For a system with constant structure fraction,
and one type of duct material, this limit is

S,

2 5 1
PwBo 1.2 x 10° (AT . T f/dm) ey

A

where AT(OC) total bulk temperature rise of the
lithium in the blanket

L(m) = the maximum effective path length
of the lithium perpendicular to the magnetic field

f(N/m?) = highest stress in the duct material

o, (@m) '= the electrical conductivity of the
duct material.

The temperature rise, AT, in the lithium is deter-
mined by both the maximum allowable temperature in the
blanket structure and the design of the heat engine.
To keep the structure temperature below n 700°C and
to suit steam conditions at the turbine stop valve of
2500 psi and 550 °C, it is set at 300 °C.

The effective path length, L, perpendicular to the
magnetic field is given by the integral [(B /By)2dR
along the actual lithium flow route, where B is the
magnetic field perpendicular to the direction of flow.
It therefore depends on the aspect ratio and dimensions
of the magnetic field, the blanket thickness, and
varies with position round the minor axis of the
toroidal containment system. For the simplest case of
radial flow of the lithium to the front of the blanket
and back in the position of maximm local magnetic
field in the inside or throat of the torus, L % 10
for a 2500 MW(e) reactor of the dimensions shown in
Figs.l and 2 and varies only slowly with change of

the reactor output. A value of L = 12 has been used
in the following calculations to allow for additional
losses in paralleling manifolds, bends and fringe
field effects.

The last term f/o  is defined by the choice of duct
material and is of“obvious importance in determining
the maximum usable wall loading P at any particular
magnetic field B,. Inserting the"values for AT and
L gives

2 _ 6 .
P'wBO =3 x 10 f/cw (2)

If design working stesses in the duct material are not
to be exceeded, equation (2) sets maximum values for
the product P B2. Fig.6 shows curves of B_ against
P  for values“of the 'stress/conductivity' Fatio

g of 50, 100 and 200. To achieve a useful life
for the cell duct and wall material under high neu-
tron irradiation and at temperatures of 700 “C will
most 1ike1¥ limit the maximum working stress to
A 100 MN/m* (15,000 psi). The wall conductivity will
be approximately 10°(om) ! and therefore the maximum
value of f/o ~ is 100. The thick curve in Fig.6
shows this limit of magnetic field and wall loading
in a lithium cooled fusion reactor.

There is a further limitation of P, and B

defined by plasma stability and equilibrium @riteria
{(7), which in Tokamak geometry can be expressed in
terms df the safety factor q - taken here as 2.5.
The limit varies with the reactor output and Fig.6
includes curves for two ratings - a 250 MW(e) proto-
type assembly and a 2500 MW(e) commercial reactor.
The intercepts between these and the MHD pumping
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1oss consideration for a lithium cooled fusion reactor
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loss curves define the maximum working wall loading
for a particular reactor rating. The major reactor
dimensions are also determined from simple geometri-
cal relations between wall loading and output.

CELL STRUCTURE TEMPERATURES

Allowing for temperature differences between the
structure and the lithium and across the heat
exchangers, the maximum outlet temperature of the
1ithium is determined with reference to the high
temperature creep properties of the structure. The
temperature rise of the lithium in the blanket will
then be determined from the associated heat engine
design, and both of the lithium temperatures are
independent of wall loading. In this study the
lithium temperatures have been set at 350 °C at

the inlet and 650 OC at the outlet. Local increases
of the structure temperature above these lithium
temperatures will occur for two reasons - direct nu-
clear heating of the structure and radiation loss
from the plasma. Table 2 gives the results of cal-
culations of the structure temperatures using nuclear
heating data from reference 5 for the cell model of

TABLE 2

Lithium and Structure Temperatures in the
Fusion Reactor Blanket Cell

POSITION LITHIUM NIOBIUM
% "
Entry to cell 350 =
At front of cell 373 419 (466)
At exit from front
deflector 421 (445) 467 (538)
Rear exit from cell 650 & 717

Notes

1. Niobium temperatures are calculated for
P, = 5 MW/m? and bremsstrahlung radiation
of 0.0z P,

2. Cell dimensions: Overall diameter dy =0.3m ;
Wall thickness t] =4.5 mm; Structure fraction
s = 0.06

3. Figures in brackets are for wall thickness
ty = 9.0 mm

Fig.4. The lithium velocity was assumed to be
maintained at the maximm duct velocity behind the
front wall by means of suitable baffles inside the
cell, but the lower return velocity through the body
of the cell was used to calculate the rear wall
temperature rise. These results are sufficiently
encouraging to suggest that with detailed develop-
ment very satisfactory structure cooling could be
achieved by circulation of the blanket lithium in
spite of the velocity limiations due to the MHD losses.

Without doubt, however, there remain problems of
detail in the cell design. First, the pressure drop
in the supply duct in the cell has been calculated
neglecting the effect of the returning lithium out-
side the duct. It may be necessary to sandwich a
layer of insulation between two metallic surfaces to
form the duct wall, to provide the low duct conduc-
tance required, and, at the same time, protect the
insulation from lithium corrosion. Secondly the mag-
netic field will prevent the cool fluid from the duct
reaching the inner surface at the front of the cell,
so that the coolant may be stagnant near the inside of
the front wall, though this may not be serious because
of the high thermal diffusivity of lithium. Finally,
it may be necessary to eliminate sudden changes of
section, e.g. at the exit from the cell, to ensure
smooth streamline flow.

STRESSES IN THE BLANKET STRUCTURE

The significant stresses in the blanket cell struc-
ture areunquestionably due to the pressure required
to maintainlithium circulation against the MID losses.
At a structure fraction of 0.06, and a cell diameter
of 0.3 m, the cell wall thickness is 4.5 mm. The
simple tensile stresses in this wall due to the mass
load of 20 kg of lithium within the cell are negligi-
ble and there is always the possibility of introduc-
ing stiffening ribs with only a small change in struc-
ture fraction to resist any buckling. Then owing to
the high heat capacity of the lithium, only low
1ithium flow velocities are required in the ducts,
e.g. 15 cm/s at 10 MW/m* wall loading. In this case
with ducts of only a few centimetres diameter and
magnetic fields of 10 tesla, the MHD pressure drop
exceeds the simple viscous drop by several orders of
magnitude. As a result only two pressure/flow situ-
ations are of concern, the MHD controlled losses
within the magnetic field and the normal turbulent
flow losses in the extermal circuit. Estimating the
external circuit losses from reference designs of
sodium cooled fast breeder reactors gives the pump-
ing power and pressure drop as A 0.5% of electrical
output and 250 kN/m?.

In the fusion reactor magnetic field, the fractional
punping power to overcome the MHD losses in the
lithium is given by

Pumping power
Reactor thermal output

_&QCPQAT T.21 x 10°

where Q is the total lithium flow, and Cp,p,AT
all refer to the lithium. For a maximum material stress,
f, of 100 MN/m®* and s = 0.06, the MHD losses are
0.5% of the reactor thermal output which is not exces-
sive. Also p = f s/2 = 3 M{/m*, and so the total
pressure drop in the lithium flow system is

A 3.25 MN/m? (490 psi) - this is shown diagramatically
in Fig.7.

The maximum working stress which sets a limit to the
product P B? in equation (2) occurs where the lithium
flow first“eRcounters the magnetic field. This is at
the first inflection in curve A: with constant velocity
flows in the ducts the MHD pressure gradient will be
constant through the remainder of the system except
for the low velocity return flow in the cell itself.
The diagram shows clearly that for a constant struc-
ture fraction the working stress in the cell body will
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Fig.7 Diagram of primary circuit pressures in a
lithium cooled fusion reactor. Cuve A assumes o,
constant whereas curve B shows the effect of
temperature on the pressure drop and the reduced
working pressure in the cell body.

be half that given by the total MHD loss calculation.
However curve A is drawn for constant o throughout
the duct system. In fact because of the temperature
difference between the inlet and outlet lithium, the
pressure drop through the ducts cannot be constant, a
the higher drop occurs in the cooler inlet duct. The
effect of this is shown in curve B and is to reduce
the working stress and increase the design safety
factor in the cell to % 3.

CHOICE OF BLANKET STRUCTURE MATERIAL

Molybdenum, niobium, and vanadium are all possible
materials for fusion reactor blanket structures,
because of their strength and corrosion resistance

at high temperatures. For the lithium cooled system,
however, where the control of MHD losses must be con-
sidered, it is also important that the material should
have a high creep stress to conductivity ratio f/g .
Changes in this ratio during neutron irradiation unfer
the working conditions in the blanket may also be
important.

At the present time, creep stress data on vanadium and
its alloys is not available, but would be of interest
for fusion reactor studies because of the advantage of
vanadium of low activity and afterheat (8). Molybdenum
has a high creep strength, (9) but also has a high
conductivity. The result is that at 750 °C the

ratio f/o R 75 which is lower than seems desirable
from Fig.5Y It would be interesting however if the
ratio could be raised by alloying, to reduce the
conductivity without affecting creep strength.

Niobium has for long been proposed for blanket
structures particularly because of its corrosion
resistance to lithium when alloyed with zirconium (10)
and also for its relative ease of working. Many
tritium breeding and blanket heating studies have
also been done for lithium-niobium blankets (11).

The 10° hr creep rupture strength and conductivity

for unirradiated Nbl%Zr and Nb5%Zr alloys are given
in Table 3 at temperatures of 500 °C and 700 °C, i.e.
for the front and rear of the cell body. This shows
the importance of the ratio f/u because Nb5S3Zr

is clearly the superior alloy dfle to both higher
creep stress and lower conductivity.

TABLE 3

Creep Rupture Stress and Electrical Conductivity
for Nicbium Zirconium Alloys

10° Hours
ALLOY {TENPERATURE METRE ) conmuerrvery @)
oc wy/m2 | ! x 1078 @
Nbl%Zr 500 > 230 2.7 > 85
700 123 2.3 54
Nb5%Zr 500 270 1.3 210
700 180 1.03 175
Note - (a) see reference 9;

see references 12 and 13

(b)

From this data, if the lithium blanket system of a
fusion reactor using Nb5$Zr structure is initially
operated at a maximum f/o = 100, it would have a
safegx factor at the front“of the blanket cell of
3x 2104 6. At the rear of the cell the safety
100

factor would be reduced in the ratio 175/210, but the
radiation damage rate in this region would be much
lower than at the front of the cell (see Fig.Z2).

If these safety factors are sufficient to allow for
the effects of neutron irradiation of the cell struc-
ture throughout an economically useful working life,
the design wall loadings of lithium cooled fusion
reactor blankets could be as indicated by the curve
for f/o, = 100 (Fig.6). These wall loadings are an
improvement on those suggested in our earlier studies
(7) because the changes of parameters such as pressure
and temperature throughout the lithium system have
been considered.

The principal dimensions of a 250 MW(e) prototype
fusion reactor and a 2500 MW(e) first generation
commercial fusion reactor are given in Table 4 based
on the intersection of the two criteria shown in

TABLE 4
Principal Reactor Dimensions

FIRST
GENERATION
untrs FROCTTEE COMERCIAL
POWER
REACTCR
Reactor Electrical Output
(nt = 0.43) MW(e) 250 2500
Thermal wall loading MW/m? 3.0(8) 4.3
Major radius metres 5.4 14,3
Wall radius metres 1.13 3.0
Axial magnetic field
(BD) tesla 9.75 8.4
Maximum magnetic
field (B) tesla 18.6 12.3
Coil aspect ratio 2.05 3.2
Average power density kW(t)m™* 180 680

Note 1: In both cases: Tokamak stability criterion
q = 2.5; Plasma aspect ratio R/a = 6;
Plasma/Wall radius ratio r /rw = 0.8;
Blanket plus shield thickneBs ¥ 1.5 metre

Note 2: The wall loading is lower than given by

Fig,5 to correct for the assumption made
for [(B/Bg)2da.



Fig.6. The maximum magnetic field in the prototype
reactor is high due to the small magnet aspect ratio,
and is probably higher than could be restrained by a
reasonable mechanical support structure. For this
reason lower magnetic fields and correspondingly lower
reactor wall loadings would be used in the prototype
so that the stresses due to the MHD pumping losses
would no longer be a limitation. In the 2500 MW(e)
commercial reactor the stresses become the major 1limi-
tation, but by careful design it appears that accept-
able wall loadings can be achieved.

CONCLUSION

An engineering design concept covering all the princi-
pal structural components for a fusion reactor
blanket and magnet shield has been described. Much
remains to be done to develop the design in detail,
but at this stage of fusion reactor studies, it is
only necessary to indicate overall feasibility. Other
methods of cooling the blanket cells are now being
studied but the overall simplicity of the direct
1ithium cooled fusion reactor blanket has much to com-
mend it. In spite of the MHD losses the wall loading
limitation is not severe and lithium cooling could
have promising application for both prototype and
early commercial fusion reactors.
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