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ABSTRACT

The U.S. blanket design activity has focused
on the developments and the analyses of a sol-
id breeder blanket concept for ITER, The main
functior of this btlanket is to produce the
necessary tritium required for the 1TER opera-
tion and the test program. Safety, power
reactor relevance, iow tritium inventory, and
design flexibility are the main reasons for
the blanket selection. The blanket 1is de-
signed to operate satisfactorily in the phys-
Ics and the technology phases of ITER without
the need for hardware changes. Mechanical
simplicity, predictability, performance, mini-
mum cost, and minimum K&D requirements are the
other criteria used to guide the design pro-
cess, The design aspects of the blanket are
summarized in this paper.

1. INTRODUCTION

A solid-breeder water-cooled blanket con-
cept has been developed for ITER based on a
multilayer configuration'. Two versions of
this blanket have been studied. The differ-
ence among the two versions 1Is in the fabri-
cated forms of the breeder material. The
breeder material form is sintered products
(blocks) or packed bed of smail pebbles. Both
versions have beryllium for neutron multipli-
cation and solid-breeder temperature control.
Beryllium has a sintered product form

(blocks). The blanket does not use helium
gaps or insulator material to control the sol-
1d breeder temperature, The beryllium zones

provide the desired temperature gradient
between the low temperature coolant and the

bfeeder, Lithium oxide (LiZO) and lithium
zirconate (LisZr0;) are the primary and the
backup breeder materials, respectively. The

lithium-€ enrichment is 95%. The use of high
lithium-6 enrichment reduces the solid breeder
volume required in the blanket and conseguent-
ly the total tritium inventory in the solid
breeder material. Also, it increases the
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blanket capability to accommodate power varia-
tion. The multilayer blanket configuration
can operate at 150% the nominal power without
violating the different design guidelines.

The blanket 1is designed to produce the
recessary tritium required for the ITER oper-
ation and to operate at power reactor condi-
tions as much as possible. Also, the relia-
bility and the safety aspects of the blanket
are enhanced by using low-pressure coolant and
the separation of the tritium purge flow from
the coolant system by several barriers. The
other c¢riteria used to guide the design pro-
cess are mechanical simplicity, predictabili-
ty, performance, cost, and minimum R&D
reguirements.

The inboard blanket has a single breeder
zoue embedded in a beryllium zone. The poloi-
dal coolant of the first wall and the shield
behind the blanket were used to cocl the in-
board blanket by conducting the nuclear heat-
ing to these coolant zones. This results in a
simple design. The outboard blanket has two
(or three) breeder zones with toroidal coolant
which improves the performance and the mechan-
ical design of the blanket. An aaditional
coolant panel is used in the beryllium zone
between the two breeder =zones to get the
appropriate temperature profile  for the
blanket materials.

The net tritium breeding ratio based on
three-dimensional analysis is in the range of
0.81 to 0.92 depending on whether two or three
breeder zones are used in the outboard blan-
ket. These values do not account for any tri-
tium generated from the test sections. The
analysis uses detailed models for the differ-
ent reactor components including the divertor
zones, the sector side walls, the assembly
gaps, the copper stabilizer, and the spatial
source distribution.

The blanket box 1is designed to accommoO-
date the plasma disruption conditions without
exceeding the stress limits for the Type 316
austenitic steel, The accommodation of the
electromagnetic pressure on the blanket DOX
insures a maximum first-wall deformation of
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ss than 100 um during normal operation from
e helium purge gas and the surface heat
ux. This results in a satisfactory thermal
anket performance.

Each breeder 2zone 15 purged by He with
2% H2 for continuous tritium recovery. The
otium is added to the purge gas to reduce
Jubility and adsorption, important at higher
‘mperatures; and to enhance desorption kine-
cs, important at Jower temperatures. The
rerage H/T ratio in the blanket is 30. The
: flow rate is chosen to be high enough to
:ep the total moisture (H,0 + HTO + T,0)
~essure to <10 Pa throughout the whele blan-
2t. The tritium inventory is calculated to
<14 g in the Li,0 breeders for both phases
f pulsed operation. Assuming no tritium
2covery from the peryllium material, the to-
al inventory is -1.4 kg at the end-of-life of
.8 full power year. However, the blanket is
esigned with separate helium purge loop for
ne beryllium mulitplier which will reduce
his inventory.

w

[. MATERIAL SELECTION

Li,0 was chosen as the reference breeder
waterial because of its excellent thermal and
.ritium transport properties. L1 Zr03, which
ias good tritium properties, goog stability,
ind low thermal and in-reactor swelling, but
Joor thermal conductivity, was chosen as the
sackup material, LiAlO2 has good stability,
‘ow thermal and in-reactor swelling, good
hermal conductivity, but poor tritium release
characteristics below 450°C. Thus, it was not
considered serliously for ITER application.
“inally, LiuSiOu, which has very low thermal
conductivity and is not superior In any cate-
zory, was eliminated for ITER application.
flgure 1 1s a comparison plot of the tritium
residency times for the breeders based on
correlation fits to experimental data.
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Figure 1. Comparison of tritium residency

times for solid breeders based on extrapola-
tions from tritium release experiments.
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fustenitic stee! (Type 316 solution
annealed) was selected as the reference struec-
tural material on the basis of an extensive
database and ease of (abrication. Water cool-
ant with low temperature (60-100°C), and low
pressure is specified for safety considerations.

The desire to achieve a net tritium
breeding ratio close to unity with limited
breeding volume because of inboard shielding
requirements, plasma systems, and provisions
for nuclear testing dictates the wuse of
beryllium as a neutron multiplier.

111, DESICN GUIDELINES

Design guidelines and limits were estab-
lished for blanket compogents to satisfy the
ITER mission of 3 MWa/m“ fluence and insure
satisfactory performance. The maximum load
structural temperature during normal operation
for annealed Type 31¢ Stainless Steel is 400°C
based on sSwelling consideration. While the
corresponding temperature during off-normal
conditions is 800vC based on deformation
consideration to avoid damage to the neighbor
segments. The allowable stress intensity, S,
for annealed Type 31¢ SS at 400°C is 110 MPa.

Temperature limits are defined for the
non-structural components of the blanket:
solid-breeders, Be multiplier, and stainless
steel cladding separating Be/breeder zones.
The temperature limits are based on tritium
retention/recovery, materials stability, mass
transfer, and compatibility. 1t should be em-
phasized that the design guidelines and limits
give general target ranges based on materials
performance. Within these target ranges, de-
tailed thermal, mechanical, tritium and mass-
transfer analyses were dore to answer design-
dependent issues ana insure satisfactory per-
formance for a particular design configuration
and set of operating parameters. Table 1 sum-
marizes the temperature limits for the blanket
materials based on experimental data.

While there ar¢ no constraints on Tmin at
the material interfaces, Be/stecl and breeder/
steel interaction rates determine Tmax ar the
interfaces. & limit of 0.1 mm is chosen some-
what arbitrarily assuming a total steel clad-

ding thickness of 1| mm, The correspongding
temperatures are 480°C for Be, and 500°C for
Li,50. Very little interaction was observed

experimentally betwe=2n Lizer and steel, thus
the 750°C limit is arbitrary.

Iv. MECHANICAL DESIGN

The outboard (Ob) blanker is divided into
LB poloidal segments of equal toroidal extent,
three segments for each torcical [field (TE)
coil sector. The three segments consist of a
central segment and two side segments. The

side segments extend the full height of the
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Table 1
Summary of Long-Time, Steady-State Temperature Limits for Non-Structural Blanket Components
Material Toin» °C Basis Tmax' °C Basis
Solid Breeders
Lis0 320 tritium 1000 mass transfer/sintering
transport
L122r03 320 tritium 1000 sintering
transport
Be multiplier none -—- 600 swelling
Be/steel none -—- 480 <0.1 mm wastage
Li,0/steel none - 500 <0.1 mm wastage
Li22r03/steel none --- <750 <0.1 mm wastage
reactor. The central segment is located be- poloidally. This gas then f{lows toroidally
tween TF coils and is divided into an upper across the Be plates and comes out on the

and Jower segment. A penetration is situated
at midplane betweer the upper and lower cen-
tral segments, Side segments and upper cen-
tral segments have service connections at the
top, while the lower central segment has
service connections at the bottom.

The OB solid breeder blanket is of lay-
ered configuration consisting of Be blocks
interleaved with solid breeder zones and cool-
ant panels, all contained within a stainless
steel box. Figure 2 shows an isometric view
of the outboard blanket internals. Figure 3
shows a poloidal cross section of the upper
central segment. It Is noted that the multi-
plier zone thickness increases from midplane
to the upper extremity. This is done to ac-
commodate the change in the neutron wall load-
ing. There are two solid breeder zones and
two blanket coolant panels extending the full
height of the module. The present design can
use three solid breeder zones and three cool-
ant panels to enhance the tritium breeding
capability. 1t should be noted that the solid

breeder zones and coolant panels are of con-
stant thickness regardless of their poloidal
location,

The Be zones are designed with the option
of purging with He gas for tritium recovery.
This 1is accomplished by providing spaces at
the interfaces bctween the Be plates and the
side walls as shown in Fig. 2. These spaces
act like manifolds for distributing He gas
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other side of the module.

The solid breeder consists of Li,0 pan-
els, 0.8 em thick, clad in 0.1 cm thick SS
sheets. The panels are continuous from top to
bottom and have built in manifolds on the
sides running in the poloidal direction.
Purge gas flows poloidally through the mani-

fold, then toroidally across the panel through
semi-circular cylindrical grooves at the
breeder cladding 1interface and finally back

out through the return manifold.
gas carries with
the solid breeder.

This purge
1t the produced tritium from

Three neutral beam ports are integrated
with the OB blanket, which comes In tangent to
the circumferential centerline of the plasma
and thus sweeps across two side modules and
one central module. Figure U shows a modified
blanket segment with a missing f{ront corner.

The inboard (IB) blanket
32 toroidally equal segments, or two segments
per TF coil. Figure 5 has a side view of an
IB module with cross sections at midplane and
at the top extremity (Z= :3.4 m). As in the
0B blanket, the radial build is smaller at
midplane than at the extremities. Water and
purge gas connections are all at the top.

is divided into

To reduce the plasma disruption effects,
each segment is subdivided into thrce parts
electrically insulated from each other. The

FUSION TECHNOLOGY VOL. 19 MAY 1991



1lated zone extends 27 cm at midplane and
cm at the extremities. The solid breeder

the Be zone are purged with He gas. The
blanket has poloidal coolant flow and one
id breeder zone,
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Figure 5, Inboard module with cross sections

at midplane and the top cxtremity.

V. NEUTRONICS ANALYSIS

The first wa!l blanket’/srigle design anc
DOS) was us=2¢ to carry
nd thermal-hydraulics

optimization system- {35
out the neutronics a
analysis in an inctegrated mznner. Tnhe analy-
sis 1s performed to defline a blanket confligur-
ation that maximizes the tritiam treeding ra-
tio and satisfies the temperatures limits for
the different materials. BSDOS uses the one/
two-dimensional discrete ordinates code ONE/
TWODANT to carry out the transport calculations.

The radial build of the blanket is ce-
fined at six locations to insure the accommo-
dation of the poloical distribution cf the
neutron wall loadingz. Tre racizl build is de-
fined at the midplane and the end of the blan-
ket in the poloidal girection for the inboard
and the outboard sec:ions. The other two lo-
cations are at the starting point of the cop-
per stabilizer in the poloigal direction. At
each location, the calculated neutron wall
loading is used tc cetermine the radial bulild
of the blanket.

-

The total 1rocara b

anke 4 shield
thickness is deflirnel tas=2a on

el an
the global Sys-
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tem stuclies. This thickness does not permit
the use of & full blanket module and an ade-
quate shield thickness to protect the inboard
section of the toroidal field coils., There-
fore, the inboard blanket thickness is mini-
mized to provide an adequate radial space for
the shield.

In the inboard section, the beryllium
material is used with a 0.65 density factor to
reduce the thermal conductivity of the sinter-
ed block. This reduces the beryllium thick-
ness required to get the temperature distri-
bution of the solid breeder material within
the temperature window. On the contrary, the
peryllium material of the first outboard
breeder zone has a density factor of 0.85 to
get high thermal conductivity. This permits
the use of a thick pberyllium zone in the front
section of the blanket where it is needed from
the neutronics point of view. The beryllium
material of the secono breeder zone has a 0.65
density factor to reduce the required berylli-
um thickness similar to the inboard section.
Tne range of the beryllium density factor of
0.65 to 0.85 is defined based on material con-
siderations 1including swelling and mechanical
oroperties,

The calculated radial build of the out-
poard and inboard blankets at the different
poloidal locations &are given in Table 2 for
the blanket with breceder blocks. The change
in the beryllium material thickness in the
poloidal direction is similar to the poloidal
change of the neutron wall loading on the
first wall. The local tritium breeding ratio
for this concept varies from 1.375 at Z = 0.0
to 1.461 at Z = 2.7 where the copper stabili-
zer starts. Ar the end of the blanket, the
local tritium breeding ratio is 1.310. The
blanket thickness varies from 26.5 cm at the
midplane to 58.5 cm at the end. The local
tritium breeding ratio of the inboard blanket
changes from 0.755 2zt Z = 0 to 0.895 at the
end of the blanket. The corresponding blanket
thicknesses are 10.7 and 18.3 cm, respectively.

Tne outbeard blanket is reconfigured with
three ©breeder zones and the same minimum
breeder temperature. The local poloidal tri-
Lium breeding ratio at the midplane for the
new configuration is 1,634 compared to 1.375
for the blanket with two breeder zones, which
is about 19% increase. However the blanket
thickness is increased from 26.5 to 45.1 cm.

Three-dimensional neutronics calculations
have been performed for the solid-breeder
water-cooled blanket design with sintered pro-
duct materials to cetermine the net tritium
breeding ratio as well as tritium breeding and
nuclear heating in the different components of
the blanket. The continuous energy coupled
neutron-gamma Monte Carlo Code MCNP, version
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38, bhas been used with cross section daty
based on the ENDF/B-V evaluation. R
The blanket segments were modeled in d;{
tail with the poloidally varying radial builds
required for breeder temperature control. The
sidewalls, the 2-cm-thick assembly gaps bex
tween blanket segments and the detailed lay<
ered configuration of the FW and blanket are
included in the model. The copper stabilizep
loops used 1n the outboard region were
modeled. The FW configuration in the inboard,
outboard, and divertor repions was modeled ip

detail. The divertor plates and vacuum pump-
ing ducts in the lower divertor region were
included in the model. Sixteen standard 1.07

m x 3.4 m radial ports were used at the middle
of the outboard region. These ports are uti-
lized for testing, plasma heating, startup and
maintenance. A typical Li/V blanket was used
in the ports to represent a blanket test module,

The results indicate that the net TBR is
0.81 with 15% of it contributed by the inboard
blanket. It is interesting to note that coup-
ling the 1-D toroidal geomeiry results with
coverage fractions of the different breeding
zones, the net TBR was estimated to be 0,84
which is only 3.7% different from the value
obtained form the detailed 3-D calculation.
In addition, the 1-D analysis for the blanket
design with small breeder pebbles resulted in
3.2% lower net TBR compared tc the design with
breeder blocks implying that the 3-D calcula-
tion for the packed bed design is expected to
yield 0.78 for net TBR. Furthermore, the 1-D
analysis indicated that the overall TBR
increases by §.6% if three breeder plates are
utilized in the outboard blanket in the zone
2.7 m ¢ 2z < 2.7 m Therefore, the net TBR
from the 3-D calculations 1is expected to
increase to 0.59 and 0.86 witrh three breeder

plates for the block and packed bed designs,
respectively.

VI. THERMAL ANALYSES

The thermal analysis is always performed
for each blanket configuration after the neu-
tronics analysis to insure the appropriate
temperature profiles of the different materi-
als. In all the blanket configurations, the
zone dimensions and material density factors
are defined to get 450°C as a minimum tempera-
ture for the solid breeder material for the

technology phase. This choice results in a
satisfactory tritium inventory for the physics
and the technology phases. Also, it 1limits

the maximum temperature at the clad beryllium
interface to <430°C. Which results in a steel
reaction layer of <0.1 mm at the end-of-life.

The BSDOS system gets the zone dimensions
and the radial distribution of the nucl?ar
heating over a fine mesh from the neutronlcs
analysis. BSDOS transfers tnese data to the

FUSION TECHNOLOGY VOL. 19 MAY 199!
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Table 2. BRadial Build of the Blanket
THICKNESS (cm)
ZONE MATERTAL uthoard. lnbeard
(DF) 1.2 M/ 0.958 MW/mS 0.6 MW/m? 0.884 MW/m?  0.325 Mu/m°
7:0 2:227m 2:=:Ud3m 2:0 =230
First ¥Wall Layers
Tilefad) ¢ 2.0 2.0 2.0 2.0 2.0 2.0
First wall steel 0.5 0.5 0.5 0.5 0.5 0.5
Coolant H,0 0.4 0.4 c.4 0.4 o.u 0.4
Back wall steel 0.5 0.5 0.5 0.5 0.5 0.5
Stabilizer Cu 0.5 0.5
Blanket
Multiplier Be soutal oy gla) g gla) g Hla) 3.3(%) g.0l®)
Clad steel 0. 0.1 0.1 0.1 o1 0.1
Breeder L1,0 (0.80) 0.8 0.8 0.8 0.8 2.0 g.?
lad steel 0.1 0.1 0.1 0.1 N .
gultiplier Be s5.90a0  7,9(a) g g(a) 5 qla) ALY g.500)
Coolant channel steel 0.2 0.2 0.2 0.2 0.2 2.gtc)
Coolant H50 0.2 0.2 0.2 0.2 0.2 0.2
Coolant channe} steel 0.2 0.2 0.2 0.2
Multiplier Be (0.65) 5.7 8.u 8.u 19.0
Clad steel o 0.1 0.1 0.1
Breeder LiZO {0.80) 0.8 0.8 0.8 0.8
Clad steel 0.1 0.1 0.1 0.1
Multiplier Be (0.65) 7.1 11.6 1.6 15.2
Coolant channel steel 0.2 0.2 0.2 7.20®
Coolant HZO 0.2 0.2 0.2 0.2
Total first wall/blanket thickness 26.5 371 371 58.5 10.9 18.5
Local tritium breeding ratio 1.375 1.U461 1.356 1.310 G.79% 0.895
a- A 0.85 density factor.
b- A 0.65 density factor.
c- 2.6 cm of the steel in this zone is part of the bulk shield and it is not included in the total first
wall/blanxet tnickness.
d- 7.0 cm of the steel in this zone is a part of the bulk shield and it is not included 1n the tota: Tirst
wall/blanket thickness.
aree-dimensional mash generator for modeling In the physics phase, the reactor fusior
dnlinear systems, INGRID, tc model the blan- power is 1100 instead of 860 Mw for tne tech-
2t segment, Geometrical data, coolant condi- nology phase, and cartbon tiles arz usza [(or
ions, and gap conductance model are included first wall protection. Also, the fla:z DT burs
n the calculations. INGRID pgenerates a time is relatively snort. It is 400 s instezd
hree-dimensional finite element model for the of 2290 s for the technology phase. The nz.-
lanket segment. The three-dimensional finite tronics and the thermel analys2s were per-
lement heat transfer code TOPAZ3D uses this formed for the physics phase. Figure & gives
odel to calculate the temperature distribu- the temperature histary of tne irst solid
fon profiles and the change in the coolant breeder zone at the midplane of tre outboard
onditions. The physical properties of the blanket. At the midplane saction, the solid
ifferent materials are evaluated at each node breeder temperatures reach very clcse Lo szi-
S a function of the temperature and the mate- uration during the second pulsa, whiiz n2
tal density factor. The value of the surface blanket extremity requires 3 to 14 puises o
eat flux is taken 0.25 the neutron wall load- reach saturation values.
ng. The coolant inlet temperature is £0°C

ind the water pressure is 10 atm. The coolant

‘low direction is included in the model.
The neutronics and the thermal calcula-
-1ons  are iterated. The purpose of this

teration 1Is to get the minimum temperature of
Ne solid breeder at U450°C for the technology
hase. The results from these analyses give
‘he radial build and the temperature distribu-
ion of the blanket. The extreme temperatures
ire given in Table 3. The solid breeder mate-
“lal in this concept uses only about 90°C of
the 600°C temperaturs window (400 to 1000°C)
for the lithium oxide.

USION TECHNOLOGY YOL. 19 MAY 1991

VII. TRITIUM DESIGN ANALYSIS AND PERFORMANCE
The solid breeder zones of the blanke:
consist of blocks of 80% dense Li,0 Wwith radi-
al thicknesses of 8 mm ang 10 mm for outboard
and inboard zones, respectivaly. The treedeér
ts purged by He -+ 0.2% H, gas wnion [lows
through semi-circular cylindrical grooves at
the breeder c¢ladding interface. Tre purge
flow rates (2.7% moles/s outboard and 0.53
moles/s inboard) are choser basad on limiting
the maximum local moistire {H0 » K70 « T50)
Lo be <12 Pa to avoid precipitation of sepa-
rate phased LIiOH(T). The minimum lonz-time
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Table 3, Steady State Extreme Temperatures of the Different Blanket Materials for the Technology Pnase

Z0NE MATERIAL OUTBROARD TEMPFRATURES, °f I 2 pe a 5
1.2 MW/m? 0.958 Mw/m® 0.6 MW/ml 0.884 Mv/m 0.325 MW/m
z2:0 Z2::2.7m Z::243m z:0 Z-t34n

First Wall Layers(a)

First wall steel 77191 74-168 74-168 69-132 92-174 65-98
Back wall steel 82-225 81-222 g2-228 79-203 Gu-187 69-131
Stabilizer Cu 230-237 205-210
Bianket
Mult plier Be 280-40) 277-L40 285-L12 252-418 22h-u13 185-427
Clad steel L26-438 4p2-672 432-442 u32-439 433-u40 435-438
Breeder L)20 u53-537 484-559 us55-522 Lug-u4g92 452-526 Lu2-472
Clad steel 424-437  459-470 433443 432440 431438 y35-437
Multiplier Be 192-401 180-437 174-413 143-418 162-U15 2B8-u27
Cooiant channel steel 77-138 75-131 75-127 71-109 §1-126 67-275
Coolant channel steel 70-109 68-101 68-99 65-84
Multiplier Be 13B-u21 124-454 121-431 97-4u0
Clad steel 435-u86  UeS-uT2  HA1-Aug )
Breeder Liy0 U51-505  476-514 u52-u87 u49-460
Ciag steel y3L-uu3 Ub5-u71 uy2-4u7 uu6-L47
Multiplier Be 123-422 106-U57 104-U3y 309-4uy
Coolant channel steel 68-99 66-88 66-86 63-303
Total first wall/blanket thickness 26.5 37.1 370 58.5 10.6 8.5
Local Lritium breeding ratio 1.375 1,468 1,356 1.310 0.755 0.895

2- The surface heat flux is 25% the DT neutron wall load value.

sso.oo_ tritium generation rate and temperature pre
file, were included in the steady-state analy
sis, as well as uncertainties in model parame
ters. The calculated steady-state inventor
is only 14 grams using nominal model paramet
ers and technology phase operating conditions
With uncertainties included, the inventor
ranges from a lower bound of 6 grams tc &
upper bound of U5 g. Using the same mode
parameters for the pulsed mode of technolog
phase operation the calculated transier
inventory is only 18% higher than the steady
state operating mode due to the thermal- an
tritium- response lags. Figure 7a shows th
inventory build-up at the outboard core
midplane as a function of the number o
< technology pulses (2290-s flat burn, 20-
Min - S08 - C } ramps, 2490-s total cycle time).

$00.00 ©

400.00 «

(°C)

Temperature

Sieady Siate Values

Max. §0% °C

The tritium inventory analysis is base
on a conservative (slow release) model to pro-
vide an upperbound on the inventory. A dif-
& 0.6000e202 fergnt appr"o?'ch was used for calcu'lating the
maximum = 0.5834¢+03 Time(s) maximum tritium release rate during pulsec
Figure 6. Lowest temperature history of the operation. For this bounding analysis, the
first breeder zone during five physics pulses model parameters lending to the fastest
at the outboard midplane section. release and lowest inventory were used., This

approach s important in providing guidance tc
the design of the tritium processing units.

Detailed steady-state and transient Figure 7b shows the results of this transient
analyses of tritium inventory and release rate calculation at the outboard midplane locatior
were performed for the LiZO breeder 1in the during technology pulses. The results app}y‘
layered design. Poloidal variations in to the LiZO at the purge outlet. In this
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mall region the local tritium release rate tritium retentior, and compatibility with
an approach -5 times the generation rate. other material.

iowever, wWhen the toroidal and poloidal varia-

jons are considered, the owverall increase in - Characterization of the ceramic breeder,.
.elease rate is <2 times the generation rate. Data on tritium release and irradiation

. ) ) X ) effects on the mechanical properties are
1.2 required to reduce the design uncertainties,

1 /15 I - Temperature control. The method used to
provide a thermal insulation between the
8 R/G structural material and the ceramic breeder
: require testing under reactor conditions.

- Structural material data base for Type 316

austenitic steel. There is a need for data
4 on 1irradiation effects on low temperature
fracture toughness, cyclic fatigue, and
o crack growth. Also, data on welds and
: brazing without and with Iirradiation are
required.

O -~ T
0 20 40 60 80 100
Cycle
Figure T7a. Inventory (1/Iss) and release The above issues are included in the ITER
(R/G) fractions (technology phase). R&D plan to provide the necessary data during

- Fabrication and testing of a blanket module.

5 the engineering design phase.

IX. SUMMARY

)

The U.S. solid breeder blanket design
satisfies the design goals of ITER. Also, the
R&D requirements have bezen identified to pro-
vide the necessary data during the engineering
design phase.
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Figure 7b. Tritium release history for the
outboard Lis0 region 1 during the technology

phase with a 20 Pa tritium partial pressure in
the purge.
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VIIT. BLANKET R&D ISSUES

Several R&D tasks have been identified
for the blanket design. It includes the
following R&D tasks:

~ Characterization of bperyllium. There is a

need for data on fabrication techniques and
irradiation effects such as swelling,
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