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Abstract

The design study of tritium producing blanket systems has been 
carried out since the middle years of'1970's.

The outlines of several designs in this study are introduced, and 
the design philosophies, the design bases, the design concepts, and the 
issues are discussed in this paper.

These are discussed in following 3 stages here.
Stage 1 contains the designs related to INTOR-Phase 0. The design 

of Li„0-breeder~He-coolant ^pot type blanket is mainly discussed. 
Breeder in the pot vessel is directly cooled by high temperature He for 
utilizing generated heat and in-situ tritium recovery.

Stage 2 contains the designs related to INTOR-Phase 1, which are 
based on the specifications standardized at INTOR workshop. The design 
of LizO-breeder~water-coolant~tube-in-shell type blanket is mainly 
discussed. The blanket concept is Breeder Outside of Tube / Coolant 
Inside Tube.

Advanced type blankets are discussed in Stage 3. The present design 
study of these blankets includes the improvements for the issues pointed 
out in Stage 1 and Stage 2. As an advanced design of He-cooled type 
blanket tube-in-shell type is studied for the simplicity of structure 
design and temperature control. This concept is Breeder and Coolant 
Inside Tube with moderator. The feasibility of He-cooled blanket is 
discussed and clarified here. The advanced design concept of water- 
cooled type blanket which performance is non-sensitive to operating 
conditions is also described.

1. INTRODUCTION
The design study of tritium producing blanket systems has 

been carried out in three stages in Japan since the middle years 
of 1970's.

In the first stage (1975^ 1978), He-cooled type blanket 
design was carried out. This design is characterized by power 
generation and the use of helium as coolant. This concept was 
presented and discussed at INTOR Phase 0 workshop [1].
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In the second stage (1979^1981), the blanket design study 
based on the standardized specifications agreed internationally 
at INTOR workshop [2] was carried out. Low temperature water 
was selected as coolant in blanket in order to keep the structure 
material at low temperature. Therefore no electric power will be 
generated.

In the third stage (1981^), the advanced design study for 
the He-cooled type blanket and the H20-cooled type blanket have 
been carried out, considering the technical issues pointed out in 
Stage 1 and 2.

These types of blankets have got the improvements of the 
complicated piping and the rather low TBR of the first stage's 
one, and the distressing temperature control of the second 
stage's.

The issues which should be investigated on applying the 
blanket to a power reactor are also pointed out in this paper.

2. DESIGN STUDY OF HELIUM-COOLED BLANKET : STAGE 1 [1]
JAERI has promoted the research and development programs 

for the construction of the Very High Temperature Gas Cooled 
Reactor [3,4]. Helium is used as the coolant of this fission 
reactor because of its high thermal capability and chemical 
stability. Based on this helium technology, the design feasi
bility study of He-cooled type blanket was carried out in the 
first stage.

500

FIG. 1 Cross Section of Pot-type 81anket(Stage 1)
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FIG. 2 Elevation View of Blanket Strueture(5tage 1)

Major philosophies adopted for this study are as follows: 
i) The use of high temperature helium as coolant for elect

ricity production.
ii) A minimum tritium inventory in blanket is to be maintained. 

Therefore tritium bred in breeder zone should be continuously 
recovered.
iii) The use of natural lithium oxide (Li2O) as breeding material.

Based on the above mentioned design philosophies, the concept 
of pot-type blanket has the preference in this stage. FIG. 1 
shows the typical blanket vessel of this type. Helium of 3 MPa 
enters from inlet duct at 250°C, becomes about 340°C at the top 
of the dome, flows through breeder zone and exits from outlet duct 
at 550°C. Helium coolant removes tritium bred and heat generated 
in blanket simultaneously. The overview of the blanket assembly 
is shown in FIG. 2. In the plasma side of blankets, cooling 
panels are installed in order to remove the radiant heat.

The major design parameters are shown in TABLE I. It becomes 
clear that the He-cooled type blanket has the feasibility from 
structural, neutronics, thermal-hydraulic and tritium recovery 
standpoints. However, there are following disadvantages to the 
use of helium as coolant.
i) Blanket structure temperature becomes to be above 550°C. 

It is concerned in this case whether type 316 stainless steel 
withstands stringent service conditions in the long period.
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TABLE I. Major Specifications of Tritium Breeding Blankets

STAGE 1 STAGE 2
STAGE 3 (low temperature)

water-cooled nelium-cooled

Thermonuclear power 395 MW 620 MW 620 MW 620 MW

Neutron well loading 1 MW/m2 1.3 MW/m2 1.3 MW/m2 1.3 MW/m2

Tritium producing blanket

Concept pot-type TIS BOT/NM TIS BOT/SM TIS 8IT/SM

location outer,top and outer and top outer,inner outer,inner
bottom and top and top

Breeder material Li.,0 pebble Li20 pebble Li20 annular Li20 annular
and block pellet pellet

Enrichment of $Li natural natural 30 ?! 30 %

Neutron multiplier none none Pb (30 mm) Pb (30 mm)

Neutron moderator none none graphite block graphite block

Structural material type 316 SS type 316 SS type 316 SS type 316 SS

Maximum temperature of 550 °C 190 °C 350 °C 350 °C
structure

Cool ant He (FW HjO) H20 (FW D20) H20 (FW He) Ha (FW He)

inlet/outlet temperature 250/550 °C 50/90 °C 50/90 °C 100/200 °C

inlet pressure 3 MPa 1 MPs 1 MPa 5 MPs

pressure losses 0.1 MPs 0.2 MPa 0.1 MPa 0.3 MPa

Tritium breeding ratio 0.85 1.0 1.07 1.05
(local)

Temperature range of A00 - 650 420 - 1130 460 - 890 430 - 900
breeder

Control of breeder coolant tempe- He gas gap He gas gap He gas gap
temperature rature coolant tube breeder pellet Al20^ spacer

arrangements thickness breeder pellet
thickness

Tritium recovery continuous continuous continuous continuous
by He coolant by He purge gas by He purge gas by He coolant

Breeder inventory 105 ton 109 ton 46 ton 39 ton

TIS : Tube In Shell
80T : Breeder Out of Tube
SIT : Breeder Inside Tube
NM : None Moderator
SH : Solid Moderator

ii) A blanket cell must be smaller for the higher coolant pres
sure to achieve more efficient thermal energy removal. This 
causes the installation of numerous blanket cells in a plasma 
chamber.
iii) A large number of coolant supply and exhaust lines are 

necessary to numerous blanket cells. This causes the existence 
of numerous welded joints on the vacuum boundary.
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3. DESIGN STUDY OF WATER-COOLED BLANKET : STAGE 2 [2,5]
In the INTOR Phase I activity started in 1979, water cooling 

in the blanket was recommended from the point of view of main
taining the structural material at low temperature. The design 
study was focused on this type of blanket in Stage 2.

The design philosophies reflected on our design study are as 
follows:
i) Low temperature water coolant is used for maintaining the 

structure at low temperature and electric power is not generated.
ii) The continuous tritium recovery from the breeder zone to 

keep the tritium inventory in the blanket as small as possible.
iii) The installation of blankets at outer and upper parts of 

the plasma chamber to achieve the net breeding ratio above 0.6.
iv) The use of LijO as tritium breeding material.
v) The use of type 316 stainless steel as the structural

material.
Although various blanket designs were studied, the final 

preferable design is described in this section. The overview of 
blanket system is shown in FIG. 3, and FIG. 4 shows the structure 
of a blanket module.

FIC. 3 Elevation View of Blanket S t ruetur e ( S t aq'e 2)
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FIG. 4 Cross Section of H20-cooled 80T/NM 81anket(Stage 2)

The tritium producing blankets are installed at the outer 
and upper parts of a plasma chamber. The type of blanket is tube
in-shell, namely the breeder and arranged coolant tubes are 
contained in a shell type vessel. The heat generated in the 
breeder zone is removed by water coolant in tubes. Breeding 
material is packed arround the coolant tubes. And helium of 0.1 
MPa flows through a breeder zone as tritium purge gas. HjO 
coolant tubes run poloidally in the blanket from bottom to top. 
In order to keep the temperature of breeder above the lower limit 
(400°C) for in situ tritium recovery, a thermal gap is placed 
around coolant tubes. The maximum temperature of breeder is 
controlled not to exceed l,200°C by arranging coolant tubes leav
ing in some margin for melting. Non-breeding blankets, made of 
stainless steel cooled by water, are installed at the inner and 
bottom parts and act as the shield structure for preventing the 
excessive radiation heating or damage of the vacuum vessel and 
super conductive magnet systems. At the plasma side of blankets, 
an H20-cooled first wall is attached to protect the blanket wall 
from the sputtering erosion and excessive radiant heat. The 
first wall, stainless steel plate with coolant tubes attached on 
the other side of the plasma, is grooved to reduce the thermal 
stress. Low temperature H2O is used as the coolant in the breeder 
zone, whereas D2O is used as the coolant in the first wall from 
the point of view of breeding capability. The net breeding ratio 
goal 0.6 can be achieved by the simple preference blanket design 
with natural Li20 and without neutron multiplier and moderator. 
Higher breeding ratio can be achieved with the use of enriched Li 
and neutron multiplier.
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The major characteristics of this blanket design are shown 
in TABLE I. The feasibility of H20-cooled type blanket is assured 
from the view points of neutronics, thermal-hydraulic, mechanical 
and tritium recovery performances. However, it should be pointed 
out that this type of blanket has the issues as follows:
i) Temperature of the breeder is rather sensitive to the un
certain operating conditions such as the distribution of nuclear 
heating rates, effective thermal conductivity of breeding material 
and the allowable operating temperature for in situ tritium recov
ery .•
ii) There is the possibility of large amount of tritium perme
ation into the water coolant even if the coolant tube is kept at 
low temperature. Considering the extension to a power reactor, 
the technology for the protection of tritium permeation into the 
water coolant must be established. If the permeation is allowed, 
large-scale tritium recovery systems from water will be required.

4. DESIGN STUDY OF ADVANCED TYPE BLANKETS : STAGE 3
In the study of Stage 1 and 2, it is clarified that both He- 

cooled and H20-cooled blankets are basically feasible.
Since the beginning of this year, the design study of 

advanced type blankets which would improve the issues of the 
blankets of Stage 1 and Stage 2 has been carried out.

The basic philosophies of improvement are as follows: 
i) The supply of tritium is a matter of great concern to Japan, 

because there is little capability to supply or generate tritium. 
Therefore, the breeding ratio is required to be raised up as high 
as practicable.
ii) In order to supply the bred tritium in the early operation 

stage, breeder temperature should be kept in the appropriate 
range for continuous tritium recovery leaving in some margin. 
The design that is insensitive to uncertain conditions such as 
the blanket size, distribution of nuclear heating rates in the 
blanket and the physical properties of breeder is desirable.
iii) The blanket concept which can be applied to power reactor 

should be developed.

4.1. Advanced He-cooled type blanket
Although various types of He-cooled blanket have been studied 

in this stage, two of them are presented in this section. One is 
"HLB", namely He-cooled and low temperature blanket which uses 
low temperature (100 200°C) helium as a coolant to keep the 
temperature of the structure low. And another is "HHB", namely 
He-cooled and high temperature blanket which uses high temperature 
(400'v500°C) helium as a coolant to plan to generate an electric 
power.
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SEMI-PERMANENT SHIELD

FIG. 5 Elevation View of Advanced Blanket Strueture(Stage 3)

FIG. 5 shows the concept of HLB which is being studied at 
present. Helium at high pressure and the tritium breeding mate
rial of pellet type are contained in a pressure tube for the 
simplicity of heat removal system. The pressure tubes with 
poloidal axes are arranged in a blanket shell. The weight of 
the outer blanket is supported by an upper support structure. 
And the middle and lower support structure support the blanket 
by some margin for thermal expansion. The breeding material is 
cooled by helium and its temperature is kept within the range 
required for continuous tritium recovery. The allowable tempera
ture range for continuous tritium recovery still has not a little 
uncertainty and therefore it is desirable to be designed by a 
considerable margin.
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FIG. 6 shows the cross-section of the blanket with the 
temperature range of the breeding material, Li20, from 400°C to 
900°C. Neutron multiplier at the plasma side of the blanket and 
enriched lithium are adopted in order to improve the breeding 
performance. And graphite is used as a moderator in this design 
to make the temperature control easier. This type of blanket 
has high tritium breeding ratio with rather small amount of 
breeder.

In the case of HLB, it is planned that the temperature of 
the structure is kept lower than 350°C. And for that purpose 
100°C/200°C of inlet/outlet temperatures and 5 MPa of inlet 
coolant pressure are adopted. The breeding material, Li20, is 
formed to annular pellets. Coolant flows the inside of the 
annulus. And the lowest temperature of the breeder is maintained 
higher than the allowable minimum temperature (400°C) by appro
priate setting of the sizes of annular pellet, AK^S as a spacer, 
and stagnant helium as the insulator. AJI2O3 is selected from 
the viewpoint of neutron economy. Helium coolant also acts as 
tritium purge gas and continuously carries bred tritium out of 
the blanket.

The pressure tube made of 316SS is cooled below 350°C by 
coolant in the moderator zone and providing stagnant helium gap 
between Li20 pellet and the pressure tube. Thus the permeation 
of tritium through the tube will be restricted.

The characteristics of HLB are shown in TABLE I. It is 
concluded that this type of blanket is feasible enough from its 
nuclear, thermal-hydraulic, structural and tritium recovery 
performances. This type of blanket has rather high tritium 
breading ratio (1.05) with small amount of breeder. And it is 
easy to control the temperature of breeder for continuous tritium 
recovery in narrower allowable temperature range. In this design 
the temperature of breeder is rather insensitive to reactor 
conditions.

Tritium permeation from helium coolant into graphite 
moderator is reduced by keeping the temperature of pressure tubes 
low. By coating the surface of pressure tubes with PyC etc., 
tritium permeation through pressure tubes will be remarkably 
decreased, but it is necessary to investigate its reliability.

The feasibility of HHB has also been investigated. This 
type of blanket makes it simple to control the breeder tempera
ture for continuous tritium recovery, and has a potential to 
generate electric power. This concept is shown in FIG. 7. Inlet 
and outlet temperatures of helium coolant are 400°C and 500°C, 
respectively. The inlet pressure of coolant is 5 MPa. In this 
design, as the breeder temperature is naturally kept above 400°C 
because of coolant temperature, thermal gap to control the mini
mum temperature of breeder is not necessary. Helium coolant 
directly cools both outer and inner surfaces of annular breeder 
pellet, and also purges bred tritium. This type of blanket is
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(a) H ^O-c ooled (b) H e - c o o 1 e d

(low temperature)

(c) He-cooled

(high temperature)

FIG. 7 Breeder Concept of Advanced Blank e t(S tage 3)

preferable to control breeder temperature. However, the tempera
ture of structure will exceed 500°C. Therefore it is necessary 
to develop a material proof against high temperature and severe 
irradiation, and countermeasures of tritium permeation through 
pressure tubes must be investigated.

4.2. Advanced HjO-cooled type blanket
FIG. 7 shows the concept of the advanced H20-cooled type 

blanket, which is under investigation.
In order to improve the tritium breeding performance, helium 

as the coolant of the first wall, enriched Li20 as the breeding 
material, and the uses of neutron mutiplier and moderator are 
adopted.

Annular pellet of Li20 is installed surrounding the coolant 
tube, and its temperature is controlled for the continuous 
tritium recovery.

Pressurized water (H20) of 1 MPa is selected as the coolant. 
Its inlet and outlet temperatures are 50°C and 90°C, respectively.

A gap filled with helium is provided around the coolant tube. 
The gap acts as a thermal insulator to maintain the temperature 
of Li20 higher than 400°C which is required for continuous tritium 
recovery.

On the other hand, in order to maintain the breeder tempera
ture lower than 900°C (allowable maximum temperature), the outer 
radius of a pellet is changed corresponding to the neuclear 
heating.

Another gap is provided between the pellet and moderator 
j acket.



172 TANAKA et al.

It functions as an insulating layer to keep the moderator 
jacket at low temperature. And keeping the low temperature, 
lower than 150°C in this design, prevents tritium permeation 
through the jacket into the moderator zone. The tritium bred in 
the breeder diffuses into those gaps, where it is swept away by 
helium gas at 0.1 MPa.

The specifications of this blanket are summarized in TABLE I. 
The breeding ratio is 1.07, breeder temperature is 400 to 900°C, 
and the temperature of structural material is lower than 350°C.

It shows the feasibility of this type of blanket.

5. CONCLUSIONS
The blanket design studies in Japan were described in three 

stages.
In the first stage, the engineering feasibility of He-cooled 

blanket is shown.
Based on the proposed INTOR blanket specifications, H2O- 

cooled blanket was designed in the second stage. This blanket 
design study is focused on the aspects of continuous tritium 
recovery and breeding ratio above 0.6. Water-cooled blanket, 
which uses D2O coolant for first wall, H2O coolant in breeder 
zone, and natural Li20 as breeder, can meet the need of the above 
mentioned items without the neutron multiplier and moderator.

In the third stage, the advanced design studies for the 
He-cooled and H20-cooled blankets have been carried out. These 
studies are focused on the improvements of tritium breeding 
performance and the simplicity of tritium recovery. At present, 
the advanced blankets are still under investigation. Although 
the design optimization of He-cooled blanket (low temperature) 
is now in progress, the present design reduced the complexity of 
structure compared with the blanket in Stage 1 by adopting tube
in-shell blanket concept.

As to the tritium breeding capability, local TBR of 1.05 is 
obtained and improved by about 20% compared with the local TBR 
in Stage 1 (0.85).

It is possible to control the temperature of breeding mate
rial between 400°C and 900°C or even within narrower range, and 
the temperature of breeder is insensitive to reactor conditions. 
Li20 inventory in the blanket is remarkably reduced compared 
with that fn Stage 1.

High temperature He-cooled blanket has the essential advan
tage of utilizing the property of helium effectively, and 
temperature control of breeding material relative to tritium 
recovery is rather easy. It has the great potentiality of 
developing to power reactor.

Regarding to H20-cooled blanket studied in Stage 3, the 
present design gives higher TBR than that of Stage 2 by about 
7% even in case that the maximum temperature of breeder is 
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limited to 900°C (l,200°C in Stage 2). Li20 inventory in the 
blanket is about a quarter of that of the blanket in Stage 2.

One of the important problems of these blankets is to 
minimize vulnerable tritium permeation into the neutron moderator. 
However, using a reliable non-metalic barrier (e.g., PyC coating) 
or reducing the temperature of the moderator jacket will solve 
this problem.

In order to generate the electric power using helium coolant, 
strenuous efforts should be made to modify the conventional 
materials or to develop new material which withstands the 
stringent conditions in the long period.
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