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Abstract/Summary 
A study of fission suppressed blankets for the 

tandem mirror not only showed such blankets to be 
feasible but also to be safer than fissioning 
blankets. Such hybrids could produce e.iough fissile 
material to support up to 17 light water reactors of 
the same nuclear power rating. Beryllium was compared 
to 'Li for neutron multiplication; both ŝ ere con
sidered feasible but the blanket with Li produced 20% 
less fissile fuel per unit of nuclear power in the 
reactor. The beryllium resource, while possibly being 
too small for extensive pure fusion application, would 
be adeqjate (with carefully planned industrial 
expansion) for the hybrid because of the large support 
ratio, and hence few hybrids required. Radiation 
damage and coatings for beryllium remain issues to be 
resoU.-d by further study and experimentation. Molten 
salt reprocessing was compared to aqueous solution 
reprocessing (thorexj. The molten salt reprocessing 
cost is $3.4/g fissile, whereas aqueous reprocessing 
cost $24 or t43/g for the thorium metal or oxide fuel 
form. 

The cost of bred fissile material ( 2^U) 
expressed as an equivalent U3O8 cost was J91/lb 
for the Li case with molten salt reprocessing, $76/lb 
for the beryllium case with aqueous reprocessing, and 
$63/1b for the beryllium-molten salt design. J75/lb 
for U3O8 is equivalent to J50-60/g of 2 3 3 U . He 
plan to pursue (in 1982) a relatively low technology 
hybrid which uses beryllium and thorium (or uranium) 
pebbles cooled by liquid metal ( L I ^ P O R J , for 
example) with fissile costs expected to be '75/lb 
equivalent. At a lower level we plan to pursue a 
higher technology hybrid which uses beryllium and 
molten salt with an expected cost of $60/lb. All 
costs are in 1980 dollars. All of these results are 
based on the hybrid costing approximately 3.5 times 
a light water reactor for the same nuclear power. 
Advances which lower the cost of the fusion reactor 
will lower the cost of fissile materia! produced. 

A hybrid whose nuclear power rating is 4000 MU can 
produce 6000 kg/y of "%. This is enough to provide 
make up fuel for 15 LWR's containing no thorium (only 
" 8 u plus recycled 2«ll and 2 3'Pu) each rated at 4000 
MH nuclear. The system of 15 LHR's plus 1 hybrid (esti
mated to cost 3.5 tines that of an LHR) would produce 
electricity at a cost of less than TOX more than an LWR 
which bought U3O3 at (45/lb. The electricity would 
cost the same for an LWH using U3O3 costing $?5/lb 

during its first year of operation and assuming a L^Dg 
escalation rate of 3S per year ibove inflation over 
the 30 year life time of the L H . 

The Tandem Mirror configuration offers the 
potential as an attractive hybrid reactor because the 
simple linear geometry allows easy access. Using a 
fission-suppressed hybrid blanket an ideal "fissile 
fuel factory" can be obtained by s ppressing fission 
of both the fertile and bred fissi -5 material. This 
maximizes the amount of fuel produced per unit nuclear 
power, thus maximizing the number 0 burner reactors 
which the fusion breeder can suppor In addition, 
the fission-suppressed blanket has 1 ow fission 
product I'rivntory and a low afterhec level. Safety 
analysis shows that these blankets might be passively 
cooled, greatly enhancing the safety features of the 
designs. 

1. Introduction 

•work performed under the auspices of the U.S. Depart
ment of Energy by the Lawrence Llvemnre National 
Laboratory under contract number W-7405-ENG-48. 

During fiscal year 1981 a study was carried out 
to determine the feasibility of producing fissile 
material for fission reactors using the fission 
suppression concept. The context was the tandem 
mirror reactor but the emphasis was on blanket 
engineering. This paper will cover selected topics 
from that study. Our emphasis here is on conclusions. 
A complete project report' is available upon request, 

2. Highlights of 1981 Study 
2.1 Tandem Mirror Hybrid Reactor (TMHR) 

The reactor made up of a 129 m long cylindrical 
breeding region and a complex, high technology region 
at each end is shown in figure 1 without buildings, 
heat transport systems and plant facilities. One end 
is shown in fig. 2. The other end is similar except 
without a direct converter. 

The particular end plug configuration is called 
an axi-cell and is discussed more thoroughly in 
another paper in these proceedings2 and in a report 
by Carlson et al. 3 The axi-cell is composed of a 
pair of circular coils. The closest to the solenoid 
produces 20T and 1s made of a combination of supercon
ductors and normal conducting copper. The next coil is 
a C-coil (half a yin-yang coil) which circularizes the 
magnetic flux bundle. The next coil is a yin-yang coil 
whose purpose is to stabilize the entire fusion plasma 
by its increasing field strength with radius. The end 
tanks serve to house direct converter collector elec
trodes which convert power in the leaking plasma 
directly Into electrical power at about 50* efficiency. 
The tank also houses cryopumps which pump deuterium, 
tritium, helium and impurity gases by freezing them on 
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a surface which is periodically defrosted in a batch 
made so as to leave most of the pump area operable. 

The end plug confines the fusing plasma in the 
solenoid by neans of hot ions and electrons trapped 
magnetically in the end plug. These hot ions and 
electrons are maintained by neutral beam injectors 
and microwave heating at the electron cyclotron 
resonance frequency. The microwaves are produced in 
Gyrotron tubes. The neutral beams are made from both 
negative and from positive ion beams. 

Other papers cover the fusion engineering problems 
of the Tandem Mirror. This paper will concentrate on 
blanket engineering. 

The 20 blanket modules are arranged as shown in 
figure 1. Access is available for horizontal removal. 
2.2 Blanket Engineering 

The 1981 study had the goal of investigating the 
thorium fission suppressed blanket concepts. Two 
generic blankets were investigated. The first of 
these used beryllium as the neutron multiplier and 
helium as the coolant. The second of these used 'Li 
as the neutron 'multiplier' and liquid lithium as the 
coolant. The scoping phase of this project developed 
several design concepts for each of these blankets. 
One of each was then selected for more detailed study. 

2.2.1 One-region beryllium/helium cooled design. 
A number of different options were considered for a 
blanket using beryllium for neutron multiplication 
and helium for cooling. The design goals were to 
obtain a high fuel breeding rate while minimizing the 
beryllium content. A one-region blanket design was 
selected. Mobile fuel with on-line reprocessing is 
necessary to keep fissile content low and suppress 
fission of the "3(j. j 0 obtain maximum irradiation life from the structural material, ferritic steel 
(HT-9) was specified, with a low pressure module 
design. Thorium oxide was chosen as the fertile 
material form to be circulated through the blanket 
due to compatibility concerns over use of thorium 
metal. The beryllium/thorium oxide suspension blanket 
is shown in figure 3. Cooling it accomplished by 
helium flowing in reentrant thimble tubes. Neutron 
multiplication occurs in triangular shaped prismatic 
blocks of hot pressed beryllium shown in figure 4. 
The beryllium blocks are essentially unconstrained to 
accommodate radiation swelling. Thermal contact 
between the beryllium blocks and the cooling tubes is 
maintained by liquid LiPb. The fertile material is a 
suspension of ThO;> microspheres in the mixture of 
LiPb tailored to be of density equal to that of the 
ThOj. The mixture is slowly circulated to allow 
reprocessing to remove bred fuel. Preventing the 
suspended ThO? from segregating may be a problem. 
Because of the small concentration of Th, the concen
tration of " 3 P a and " 3 U in Th (0.6J) required 
for economical reprocessing yet low enough to minimize 
fissioning is reached in about 2 months of exposure. 
The ' " u content is only 0.2* at discharge, thus 
reducing fission. This concept of using low Thorium 
concentration to achieve rapid breeding rates is 
called "fertile dilution". Following the beryllium 
region is a silicon carbide reflector region whose 
purpose is to substantially reduce the beryllium 
requirements. The net breeding of "fy p e r fusion 
reaction or per 14 HeV neutron 1s quite good (F = 
0.73), 

The lifetime of the beryllium due to radiation 
damage Is a key Issue. We predict that 31 linear 
swelling will be tolerable and would be expected 

in approximately 10 years rf operation. If beryllium 
must be replaced, removal of activated contaminants 
or remote fabrication is required. 

Reprocessing for this design is the conventional 
thorex process. The large throughput associated with 
the TMHR results in low unit costs. Further, the 
reactor and reprocessing plant are coupled together 
on-line so that capital cost savings (storage and head 
end) can be obtained. This, plus the low fission pro
duct and "2(| inventory of the fission suppressed 
blanket give a reprocessing cost of J190/kg of Th02. 
Oue to the low fissile content, however, this results 
in a high reprocessing cost component of $43/g of "\, 

2.2.2 Two-region blanket Li-molten salt. Anotner 
blanket studied used 'Li as a neutron multiplier to 
avoid feasibility issues associated with the use of 
beryllium. The configuration is shown in figure 5. 
A 50 cm thick first zone is flowing 'Li followed by 
a molten salt zone. The breeding per unit of nuclear 
power was 20% less than for the one region beryllium 
design, due partly to heterogenous effects of the 2 
regions and partly due to the poorer neutron multipli
cation characteristics of 'Li. Steel was used as 
the structural material and corrosion is greatly 
retarded by maintaining a frozen layer of salt on the 
steel. We predict, however, that steel might last 
many years without this protective layer for the full 
life time of the blanket based on irradiation damage. 
Also, Hastelloy might be used with several years of 
service before radiation damage effects cause end of 
life. The piping, heat exchangers, and structural 
members in the back of the blanket are made out of 
Hastelloy. The MHD pressure drop was found to be 
manageable ft 100 psi drop from inlet to blanket) 
due to the low magnetic field (t 3T). 

The reprocessing was found to be of exceptionally 
low cost for molten salt and expensive for ThOj as 
noted in the abstract. From these two blanket 
studies we conclude: 

o beryllium is markedly better as a neutron 
multiplier than 7Li; 

o one-region designs performed better than two 
region designs; 

o molten salt reprocessing results in much lower 
cost than aqueous reprocessing if all other aspects 
are similar. 
Typical results for the two blankets are shown in 
Table I. In comparison with other nonfissioning 
neutron multipliers, beryllium provides the greatest 
number of additional neutrons via the =Be(n,2n)2a 
reaction. 

The unique properties of beryllium cause design 
complications. The most important of these is 
swelling. Since each (n,2n) reaction leads to two 
helium atoms and the Be (n,2n) cross section is 
uniquely large, gas generation rates in this material 
pose a difficult design problem. This problem is 
further complicated by the brittle nature of the 
material. Several strategies to minimize this 
problem have been used in our designs. These include 
the use of a sintered form (to relieve internal gas 
pressure), use of beryllium in relatively unstressed 
mechanical environments, and provision for space in 
the blanket design to accommodate future swelling. 

Another potential problem is the availability of 
limited beryllium resources. Although it is clear 
that sufficient beryllium exists to support a fusion 
breeder option, beryllium is a limited resource, and 

2 



spent beryllium discharged from a fusion breeder must 
be recovered and recycled for future use. Such 
recycle will be complicated by induced activation of 
impurities for up to 50 years after discharge and 
contamination due to tritium bred within the 
beryllium (i. 0.01 per fusion) and possibly fission 
products. Even unirradiated beryllium is highly 
toxic, especially in the oxide form, 

Another consideration is associated with the 
neutron moderation properties of beryllium (a high 
efficiency moderator used in some fission reactors). 
If lithium and/or thorium compounds are not used in 
the same region as the beryllium, thick beryllium 
regions (t 15 cm) tend to trap the excess neutrons 
produced and can increase parasitic absorptions in 
structure. This situation was alleviated by mixing 
lithium and/or thorium-bearing materials into the 
beryllium region, but neutronic efficiencies, 
materials compatibility, and thermal-hydraulic issues 
can add complexity to the design. The following two 
blanket options use beryllium for neutron 
multiplication in a one-region configuration. 

2.2.3 One region pebble bed blankets using 
beryllium as a neutron multiplier^ 

Beryllium/Thorium Pebbles Blanket Option. A 
schematic diagram of a beryllium/thorium pebbles 
blanket option is shown in Fig. 6 and more fully dis
cussed in references 1 and 4. This option features 
only one neutronic zone and utilizes beryllium pebbles 
as the neutron multiplier. In this design, nonre-
active lead-lithium is substituted for liquid lithium 
as the primary coolant since the neutron multiplica
tion occurs primarily in the beryllium spheres and 
liquid lithium is not required for neutron multipli
cation. The fertile fuel form in this design would 
be metallic thorium pebbles much smaller than the 
beryllium pebbles. The thorium pebbles would be 
randomly packed between the larger beryllium pebbles. 
The remaining voids are filled with a liquid metal 
(e.g., sodium) to improve heat transfer. 

This design option offers several potentially 
attractive features: 

1. excellert fissile breeding performance; 
2. one-zone mechanical design; 
3. conventional liquid-metal and pebble-bed 

technologies; 
4. possibility for nonreactive primary coolant; 
5. continuous recycling of both beryllium and 

thorium pebbles in mobile fuel form; 
6. excellent heat transfer capabilities; 
7. fuel cycle flexibility (i.e., fertile pebbles 

can be thorium metal, thorium oxide, or uranium 
oxide); 

8. separation of fissile and tritium breeding. 
9. structural temperatures below 350°C ensure 

long life. 
Concerning the fissile breeding performance, 

excellent neutron multiplication is achieved for two 
reasons. First, the design features a high volume 
fraction of high efficiency neutron multipliers. For 
instance, the volume fractions in Fig. 6 could include 
45* beryl linn, 13S lead, and 3J thorium. The remain
der could be 2X lithium (primarily k i ) , i t stain
less steel, 32t sodium, and \ 0.1J "V. Second, 
tiis one-2one option effectively suppresses fission 
due to fertile dilution and fissile discharge at low 
concentration. Thermal and eplthermal fissioning of 
the bred " % material 1s largely eliminated in this 
design (due to fuel discharge at < 0.5* " 3 U assay 
in thorium). 

Another advantage that should he highlighted 
concerns the use of beryllium in the above design. 
This design is insensitive to concerns about 
beryllium swelling since the beryllium pebbles are 
circulated frequently within their loose lattice. 
They can also be easily removed and reworked during 
fuel management operations, Since beryllium pebble 
tolerances would be unimportant, the toxic nature of 
recycled pebbles would be minimized in a rather 
simple clsanup and refabrication process requiring no 
precision machining. A problem not well understood 
is the possible break up of pebbles due to radiation 
damage and mechanical abrasion. 

The principal design issues to be encountered in 
the beryllium/thorium pebbles blanket option are: 

1. adequate pipe clearances and pebble flow; 
2. limiting MHD pressure drops; 
3. achieving satisfactory pebble mixing and 

packing fractions. 
4. heterogeneous effects on fissile breeding. 
5. Coatings may be required to prevent solid state 

reactions with structure. 
6. Impurity control. 

Concerning the issue of pebble mixing and packing 
fractions, these should be accomplished by charging 
and discharging the system at several points at the 
top and bottom of the blanket with a mix of larger 
beryllium pebbles and smaller thorium pebbles. The 
size of the beryllium pebbles would be determined by 
flow requirements (e.g., ball diameter less than 
approximately one-eighth of minimum pitch between 
pipes), and the size of the thorium pebbles would be 
such that the thorium pebbles pack efficiently 
between the beryllium pebbles. However, non-optimal 
packing should produce minimal impact for the 
following reasons: 

1. long neutron mean-free-paths; 
2. only 3% thorium by volume is required to gather 

the available neutrons; 
3. excellent heat transfer is obtained regardless 

of packing because liquid metal-filled voids; 
4. overall power generation rates in the fuel are 

low. 
An artist's drawing of this blanket module is shown 
in figure 7. 

2.2.4 The updated 1979 beryllium/molten salt 
(Be/HS) reference blanket design. The combination of 
beryllium (Be) and molten salt (MS) for a fissile 
breeding, fission-suppressed blanket is even more 
attractive if materials concerns can be circumvented, 
because beryllium gives the highest fissile breeding 
ratio (5), and molten salt, the lowest cost 
reprocessing. For the two blanket concepts examined 
in this study, the Be/ThOj blanket has an F of 0.73 
and a reprocessing cost of 46J/9 U233, while the 
Lithium/molten salt has an F of 0.49 and a 
reprocessing cost of 3.1}/g. Combining the advantage 
of Be and molten salt would be most desirable. 

Our first try at conceptualizing a Be/MS blanket 
(1979 study) 5 was based on Be for neutron 
multiplication and the 0RNL molten salt breeder 
reactor program technology base for materials and 
chemical processes. Based on the 0RNL work, we 
initially chose Hastelloy-N for structure and 
graphite as cladding for the Be. Unfortunately, 
radiation damage problems preclude using Hastelloy, 
at least near the first wall. TZH was chosen to 
replace Hastelloy, but TZH has welding problems that 
require further developiient, so its choice was also 
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unattractive. The 1979 Be/HS reference blanket 
design is shown 1n Figures 8 and 9. 

If stainless steel structures can not stand 
corrosion, adapting the frozen salt wall concept to 
the Be/HS blanket would allow the use of conventional 
structural materials, such as SS-316, for salt 
containment, thus circumventing a major feasibility 
issue encountered in the 1979 Be/HS design. 

Another major feasibility issue with the initial 
Be/HS blanket was radiation damage (mainly swelling) 
of the beryllium and its graphite coating. A combina
tion of factors are combining to alleviate the 
potential effects of swelling. One is the idea of 
having free standing Be spheres that can move to 
adjust for swelling and that can be dumped and 
replaced when necessary. Swelling in Be is predicted 
to saturate at 10 percent by volume. The desired 
packing fraction may be achieved by using spheres 
with two or three different diameters. 

The proposed Be/HS blanket is conceptually simple. 
It contains clad Be pebbles in a zone about SO cm 
thick, surrounded by a graphite zone for additional 
moderation. Molten salt (HS) containing W 4 , BeF 
and LiF is pumped through both the Be and graphite 
zones. The HS is the coolant as well as a mobile, 
fertile fuel. The 55-316 blanket structure is pro
tected from the HS by a frozen salt layer, as in the 
Li/MS design. The frozen layer is maintained by a 
second coolant circuit keeping the SS-316 temperature 
below the freezing point of the salt (190 °C for 12 
mole percent and 550 »C for 27 mole percent TI1F4 
salt). The secondary coolant could be Li, as in the 
Li/MS design, but more benign coolants, such as He, 
Flibe, or H^O, may be more attractive from a safety 
point of view. The Be/HS design does not require Li, 
as the Li/HS design does. By running the blanket 
structure cool, it could last a long time, maybe even 
for the entire reactor lifetime. The Be pebbles 
could be changed as required without blanket 
disassembly. Fissile and fusile fuels bred in the HS 
are continuously removed by the same HS processing 
used in the Li/HS blanket. 

A schematic drawing of the updated Be/HS design is 
shown in Figure 10. The walls are cooled to keep the 
salt frozen to protect the steel from corrosion. 
Since the wall is made up of two layers, separately 
cooled, it serves as an independent first wall, as in 
the separate first wall of the 1979 Be/HS designs. 
cai!ure of either the vacuum boundary wall or the HS 
boundary wall, separately, need not expose the vacuum 
chamber to contamination by fuel material. Another 
feature of the design also coming out of this 1981 
study is to use Hastelloy for all structural material 
and piping in the back of the blanket where the 
neutron flux is low. Thus the back of the blanket, 
piping, and heat exchangers all are MSRE-based techno
logy, and hence can be considered near term techno
logy. HSRS is the Molten Salt Reactor Experiment, a 
reactor at ORNL which operated well and successfully 
demonstrated many of the features of molten salt. 

There are several key issues which may be go/no-go 
items. They are: 

1. Coating of Be pebbles which will adequately 
impede 
corrosion by the fluoride salt and accomodate swell
ing, mechanical abrasion, and other radiator) damage 
effects. 

2. A feasible mechanical design which will allow 
occasional removal of the Be pebbles and adequate heat 
removal and avoid MHO enhanced galvanic corrosion. 

3. Haintaining a frozen salt layer on steel 
structure. 

4. Tritium removal requires development. 
The combination of beryllium and molten salt makes 

such an attractive fissile breeding blanket, assuming 
we are successful in circumventing the materials 
concerns, that development of the Be/HS blanket should 
remain a goal of the hybrid program. Studies can 
provide the information needed to do cost/benefit 
comparisons, including the cost of the development 
program. These comparisons would aid in choosing 
which blanket concepts should proceed on to the 
hardware stage of development. 

3. Conclusions 
He have shown that the fusion breeder has the 

potential to produce unprecedented quantities of 
fissile fuel. The resulting high LWR support ratio 
leads to several important advantages. The high 
support ratio relaxes both the fusion performance 
required and the economic constraints for commercial 
feasibility. It reduces the number of fusion 
breeders that must be deployed, and it enhances the 
fusion breeders' ability to rapidly impact our energy 
needs. We are convinced that by producing fuel for 
LURs, fusion can have a significant impact on our 
energy needs in an even earlier time frame than the 
IHFBR although the technology of fusion is not as 
developed as that of the LMFBR. 

The timely development of the fusion breeder 
requires an aggressive fusion engineering development 
program such as the one called for by the Magnetic 
Fusion Energy Engineering Act of 1980. This 
aggressive program in engineering should be pursued 
as soon as possible and it should be supplemented with 
a fusion breeder development program aimed at identi
fying and developing the technologies that are 
specific to the fusion breeder and its interface with 
the eaisting fission reactors. Elements of this 
fusion breeder development program during the next 
five years should include: 

1. detailed design studies; 
2. integral neutronics experiments to verify 

nuclear performance; 
3. blanket testing in existing fission test 

reactors; 
4. technology requirements definition; 
5. fuel cycle technology development; and 
0. blanket material development including 

coating development and corrosion tests. 
The long lead times and large capital investments 

required to develop and commercially introduce this 
new technology establish the need to determine the 
feasibility of the fusion breeder and the incentives 
at the earliest possible date. 
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TABLE I . 
Keutronlc Performance 

for Serylllu^ ana Lithium Baled Blanket! 
(5asls: per fusion neutron generated in blanket region) 

Beryllium l i thium 
Blanket Blanket 

Tritium Ereed.nq 

0.075 0.007 6|.( concentration in l i thium 0.075 0.007 
(nat.ral) (depleted) 

hiln.t} 1.078 0.389 
7 U [ n , n ' t ) 0,005 O.SU 
Ee[n,T) 0.017 

Tr i t iun breeding r j t i a 1.05 1.05 

f.SSlori5 jnC flrtpejim; 

23 fn , ( n , f ) 0.007 0.003 
?33j f t . r i c ^ e n t 0.00! 0.001 
" J U ( M ) o.ou COM 

Total f l i i l o n s c.cw 0.077 
" ' " ( » . Y > 0.751 0.519 
f J J u l M ) 0.007 0.00* 

Kel fiislle breeding 0.(30 0 .«1 

[neroy Generation 

l ioatroi energy deposited, £ 71.7 J1.3 
H n ' E/ lo. l 1.89 1.51 

'rll^+WHn-lH^tllMr^ 

Fig. 1. Tandem Mirror Hybrid Reactor (THHR), The 
breeding region of the reactor is 129 m long and is 
composed of 20 modules of the type shown in figure 3 
and similar to that in figure 5. 
AXI-CELL EHO PLUS FOR TANDEM MBROB REACTOR 

CENTAL CELL BARSt f l TRANSITION OUAB,Y-Y 

CnVOPuW PANELS 

tOW ENEROV 
PUMP BEAMS MEDIUM 

IPB I ENEMY p B ENERGY PR. 

STRUCTURAL BOX QnOEFH 

SCALEiMETESS 

0 « C T CONVERTER 

Fig, 2 /\xi-cell end plug - elevation view. The 
electron cyclotron resonant heating (ECRH) microwave 
tubes located in the first mirror cell are shown. 
Neutral beams used to pump (remove unwanted ions) the 
thermal barrier region are also shown. 

nHMrfnwn»wrtl.M,ywm«r,.Binlrt,iil,il ,,ww.,nrntft 

M*l*«. * htrtl ej I*, IrtW 

Fig. 3. One region Beryllium multiplier blanket with 
ThOj microspheres suspended in a mixture of tiPb 
cooled by helium in concentric tubes. 

LOCATOR 
SPUING 
AND PIN 

BLOCK 
luCATTJP, 
OfTEHTS 

Fig. 4. Beryllium zone showing the prismatic blocks. 

Fa « t ( * * m m «l m l '« wnH, i t TMilmAv T i l >H 

Nnwii ••••iiwf.MaeMiii,«HR,iiiiiii*iiwpiej«» 

Fig. 5. Two region lithium neutron multiplier 
blanket with a molten salt second region for the 
breeding media. 
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fUflAWKmUUMCHMGE 

BHEEWH/MULTIPLIER 
ZCINEI'ES-'tVOHTOTAU 
BERVLlM - « W 0 K 
THOfllUM-nV/DK 
UflAKIUM.-.fl«V/0% 
SOOlUM.-3:WO% 

Fig. 6. One region beryllium/thorium (or uranium) 
pebble blanket cooled by liquid metal. 

Fig. 7. Artist's drawing of the one region 
beryllium/thorium blanket showing the cooIan' ducts 
similar to those in Figure 3. 

Fig. 10. Schematic arrangement of updated 1979 
Be/molten salt reference blanket design. The 
molybdenum structure is replaced by steel protected 
from corrosion by a frozen salt layer and the. 
beryllium 1s In the form of pebbles coated with 
molybdenum, graphite or other material. _ ^ 

Fig. 8. 1979 beryllium/molten salt reference blanket 
design. 

M O L Y W A L L 

Fig, 9. Cut-away of the 1979 beryllium/molten salt 
reference blanket design. The updated version of 
this design uses steel. 
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