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Abstract
Symposium on assessment of fusion reactor development was held to

make clear critical issues, which should be resolved for the commercial

fusion reactor as a major energy source in the next century. Discussing

items were as follows. '

(1) The motive force of fusion power development from viewpoints of
future energy demand, energy resources and earth environment for
" Sustainable Development".

(2) Comparison of characteristics with other alternative energy
sources, i.c. fission power and solar cell power.

(3) Future planning of fusion research and advanced fuel fusion
(D’He).

(4) Critical issues of fusion reactor development such as Li extraction
from the sea water, structural material and safety.

Keywords : assessment, fusion reactor, energy source,
energy demand, earth environment, sustainable
development, deuterium-tritium fusion,

advanced fusion, critical issues of fusion research
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Figure 3, Marginal Cost of Natural Gas Supply
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ENERGY |
- FUEL ——» OUTPUT
. PLANT o

INVESTMENT

OUTPUT

ENERGY BALANCE = — ,
: INVESTMF;NT

OBJECTIVE FUNCTION

|

TOTAL PRIMARY ENERGY = FUEL + [NVESTMENT

Table 1. Energy balances of energy resources.

Coal | Oil T Gas | Shale | Solar
Heat 95| 23.7] 68| 7.5
Electriciy] 65| 80| 22| 27| 13

—u—
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1990 2065 2140 2215 2290 O solar -~
Year

Fig.2.a. Primary energies in Scenario 1.

SCENARIO 2

Table 2. The Cost-energy ratio of major energy plants.

N Coal . Oil GaS Solar
a. Construction cost 11.6 78-.5 .5 125.0
(¥ /kWh) :_ 8
b. Energy cost 0.043 | 043 10.3
Céfcwh) | 9993 [PR4S 110.043
Cost-energy ratio 210 199 | 199. 12
(a/b)

OBJECTIVE FUNCTION |

l

FUEL + INVESTMENT x COST-ENERGY RATIO
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Fig.3.a. Primary energies in Scenario 2.
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Fig.3.b. Energy balances of resources.
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Fig.4.a, Primary energies in Scenario 3.
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Fig.4.b. CO, emitted in the air and disposed of.
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Evaluation Method
" EPT = (TIe)/(O¢) @

Tle : Input energy
Oe: output energy

Energy Input

Utility Electricity

Fossil : Qutput
SN—— D Energy for Materials Electricity
Conversion .
factor . &[
0.35_0.37, 0.40 == ==
feed manufacture = PV
Materials and module = ==
i cati 001 GWry /==, ==
©—@) fabrication 1 Gwiy
100 Gwly .
ﬂ Power Station
Energy for Materials Energy for Construction Energy for Construction

Tle = I, +(I;)(E() / 0.86
EPI = (T1,) / (O¢)



Energy Output of Solar PV Systems

Oe = (W) (Ty)(Ed) (Ei) (Eb) (1)
Wc:Annual PV-cell production scale [GW] 0.01 1.0 100
Ty:Total annual day light in hours [hrs/y] 1200
Ed:Direct current control efficiency- [- ] ' 0.8
Ei:Invertor efficiency . [-] 0.9
Eb:Battery efficiency [-] - 1.0
Oe:Output Electricity [kWh/y] 8.64x106 8.64x108 8.64x1010

Annual areal manufacture of cells(SY¢)

We = (Cs) (Ec)(Eg)(SYe) (2)
WeiAnnual PV-cell production scale [GW] 0.0 1.0 . 100
Cs:Solar energy density[kW/mZ2] | 1 |
Poly-Si _ : o
Ec:Conversion efficiency[ -] - | 015 - 017 . 0.20
Eg:Energy penetration efficiency [-] .. 0.96 096  0.96

SYc:Annual areal manufacture[m?2/Y] 6.94x10% 6.13x106 5.21x108
Amorphous

Ec:Conversion efficiency] - ] 008 0.13 0.16
Eg:Energy penetration efficiency [ - ] .o 1.0 1.0
SYc:Annual areal manufacture[m2/Y] 1.25x105 7.69x100 6.25x108
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Calculation Results of EPT

Production scale [GW] 0.01 1.0 100
Poly-Si EPT [yr]

Cell production - 2.09 1.10 0.66
Module fabrication 0.65 0.40 0.35
BOS (Power station) 2.93 2.56 2.24
Total 5.68 4.06 3.25
Amorphous EPT [yr]

Cell production 0.50 0.13 0.05
Module fabrication 1.55 045 038
BOS (Power station) . 4.79 3.08 2.57
Total 6.34 3.66 2.99

Effects of technology improvement and scale- -up
from 0.01 GW/yr to 100GW/yr o
of PV cell manufacture and fabrication on EPT

Technology 1mprovement Scale-up factor

Poly-Si 66 % | 34 %
Amorphous 55 % | 45 %



EPT increase by adding battery system

Poly-Si

Module
BOS
Total

Battery
Total

" Amorphous

Module
BOS
Total
Battery
Total

Case 3 (100Gw/yr)
- 1.01-
2.24
3.25 yr L
1.46

470y

- Case’3 (100Gw/yr)

0.42 .
2,57
T 142

441yr. .

EPT reduction by usmg recycled aluminum and
wood for supports on power stat10n o

‘Poly-Si

Module
- BOS
Total

Amorphous
Module

BOS
Total

Case 3 (IOOGw/yr) ,' |
1.0 o

2. 24 |
3.25 yr

Case 3 (100Gw/yr)
0.42
2.57
2.99 yr

0.83

. 1.26
-+ 2.09yr

0.13
1.44

- 1.57 yr
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NaR{4 FRIGE., LAk/K ' 2. 47 3.10
Fo7 2 -0ERKEE, $Ak/K -0, 12 —-0. 15

(600-1000°C)
* fRIE 80%
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5. HIGH SAFETY LEAD-COOLED FBR
FOR BASE-LOAD POWER PLANT

CORE PERFORMANCE

(©»: Inner core (180)
(&) Middic core (1)

REACTOR POWER(MW1) 1500 J Jololalofololofol L (@): Outer core (66,
CORE HEIGHT(mm) 1000 DUEY0PCEVIRTIC
oaanapooosanano
DEAMETER 3550 oﬁnnosooocioooo Ooooooo oaoao
BLANKET 300 - - S OO
PIN DIAMETER 102 SOOI 0
. N Q212 JOIOICIOIoICICIOIOICIOICIOIO* (2 1O
PITCH/DIAMETER 1.51 o~ nAPOOOOOOOO %:l) Q OOOOOOOOOOO So“a“ (+)
FUEL 12w%Pu (U,Pu)"N ! ' AT
o ( ) 0"000000030 OOOOOOQ“a'“O
LOADED Pu(ton) 4.0 B e T e a2 O
BURNUP (GWdA) 92 ol OIIOIOICIOICIOI0ICIOICIoI0T A 1510
EFPD 2000 000‘30“00 OOOCD OOOOOOOOOO OO Oa'-"aﬂoo
o212 1r ICIOIOICIOIDIDICICS e (a0
BURNUP SWING (%dk/k) 0.14 SOOI e
oo
FISSILE GAIN 1.26 O T SIOCICIEIST T 10
YOID REACTIVITY (%dk/k) -1.5 Qlola]2Ya[a 2o e 810 : Primary rod (7.
¥
DOPPLER COE.(10°Tdk/iT)  -3.7 60000007 . Secondary rod (6)
Pb DENSITY COE(%dk/kic  3.55x10~ CPL reflecior (2341)
FUEL TEMP. COE(%dk/k/c)  ~7.88x10™
Beta-cff (%dk/k) 0.44 Cross scction of lead cooled FBR core confipuration
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Example :

Jirradiation functionalization
grafling
acrylonitrile NH2OH

~ CHpCH2} ~—> A CHoCH > CH2|CH-);1
| :
{CHaCHY,  ~(CHaCH4,

CEN PN
HoN NOH .

Appiication : Recovery of uranium from seawater

10 T T T T T

10

O. LDPE- AQ- A
e HDPE- AD- A

Adsorption Capacity [ mot/kg-Resin(HCl)]

10

Dependence of pH on adscorption capacity
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1.0

[g-U/kg-Resin(HCL)]

0.5

Average uranium confent

|

L=09m
Temp.= 299-303

1
10

Time [day]

AOHEHMDY I v IRERORFEL

1.0

05

u=4 cm/s

1 1 L 1 1 1

Amount of U adsorbed [g—-U/kg—Resin(HCL))

1
30 60
Helght . [cm)

90

ATLEEEEMDYT T DI

Amount of Mg.Ca cdsorbed [g/kg-ResIn(HCL))
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\ . Mg

| N
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Uranium concentration [g-U/m’)

TE | = A (B
- (g/L). (g/kg) _(L/ke)
U 0.000003 0.66 200000
Mg L. 4 46 3.3
Ca 0.40 2.5 6.3
200 4
100 -

3 4

TR HE R

KM REE

Etfluent volume [ BV )

S0csh T Al LB S vy EHMEE



amount of Fe odhered {g-Fe/kg-Resin(HCL)!

J L 4 i
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2 @
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Seawater 5 1 9
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10— _
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015
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Amount of U adsorbed [g-U/skg—-Resin(HCL)]
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--{--PCA satisfy primary stress criterion
e for a disruption pressure loading
. <> 31655 (Ann) of 0.5 MPa.

« A heat flux of 0.19 MW/m? on back
- plate.

- Copiant temperature 60°C (250°C
for V alloy}.

= Maximum surface heat flux
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LD Pumped Solid State Laser
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Power Supply

LD Pumped Sclid State Laser
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Laser Diode Pumped
Sotid State Laser System
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(2 x 8 Beam)
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ILE OSAKA

Laser Diode Pumped
Solid State Laser System

(2 x 8 Beam)

Pellet Area
Cooling System
Steam Generator

Electric Power Plant
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ILE OSAKA

Cross Section of the Reactor Chamber(1) : Concrete Shield @

ILE OSAKA
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Spebkle structure of focused pattern is reduced
due to introduced incoherency @

ILE OSAKA
I Spectrally dispersed
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Foam Shell with Plastic Overcoat is so fine that sphericity ,
and uniformity can be inspected by usual optical techniques. Q

ILE OSAKA

{dry condition) (wet condition) {wet condition)
He-Ne interferometric picture

Diameter 630 pm

Thickness of foam layer 30 pm
Thickness of plastic layer 5um
ILE Scenario toward Ignition and High Gain @
' ILE OSAKA
Present Near Future Goal of ICF
High gain

Ignition
Plasma

T, = 10keV pR = 0.3g/cnt
(1986) Ti > 4keV
p= GOOp cowntral ot R-T IMQHLM
T oaKey . ime cosh
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D,0 shield

4 J Neutral Beam Injec_zo‘r
Burning Chamber -
Magnetic Shield . Direct En_ergy Conver{er

Pinch Coils R :

Fig.5 & H 711 GWe D-3He #88 FRC 1%R84 47 "ARTEMIS - L"

( Pr-=17s7Mw>', .-

! I 1 I :
Ashes Fuels I;;?;;ga,s Radiations Neutrons
94MW 469MW * “612MW 56MW

T.W.DEC
7=0.76
- 1
Cusp DEC L 169MW | I'Thermal Conv.
n=0.65 . n=0.33
' 28MW I 516MW!
400M W L
366MW 276MW
Pe=1042MW

’;-» Paux=42MW
.
Cpne[=1000Mw>

Fig.6 (a) "ARTEMIS-L" : Power Flow
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3He637kg/y

*He:0.5 %10 *kg/min He
¥ o | Cryofraction —a
(°He Reservoir ) :
10.62x10" *ke/min ' He|a
: ; Turbo Molecular| | Permeation
{E’Het R | Plasma j— Pump | Membrane
0.35%10 kg/min a,’He,p,D, T (p,D,T),0
D, T Reservoir ¥
Isotope Separation
D,O Gasifer
D:0.25x10" kg/rmn .__—_.] DT
15:50.4kgly T:3.34 x10™ *kg/min »

Fig.6 (b) "ARTEMIS-L" : Particle Flow

Fig.7 AO%E "3 ks (LKE) T llmenite (F 5 » &)
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TSAIHE conventional advanced (tsmovakive
@ R LA ot gE(H-factor) " 2 {H-mode) 4 {(VH-mode)
T = {H. TL-M.[( .
8 X~ 9R %(Troyon facItor} > 5 (2nd stability)
L '3 |
P2 a2, ~ Lag,
@ N D LR (recycling rate : R) >0.9 <<t
Tr- T
P~ I-R
© THEEH (v: mEMA/MW) <05 > 1

. = MR
= >
BTN —9HRNE
Pot < (5~t0) MW/

@ B 7% A4 | (disruption)

(3' Limit

VOLUME 62, NUMBER 1]

PHYSICAL REVIEW LETTERS ™

common {gas divertor, etc.)

common

I
fe = %a’ét

13 MARCH 1983

Trn\irn”_‘fﬁﬁ
10 15 - 15
{a) e een ettt et el
DINN-D DIVERTORS — 'p:i)r,—"\'_y—\L\_\
3- p MW —
— DOUBLET 1l 0 BEAM (MW)- . 0
DIVERTORS

2 3

0 .
(MA/m/T)

FIG. 1. Operating regime of DIIE-D divertor discharges.

{ The dushed line represems the scaling of maximum achievable

) B lsom Doublet 111 (Rel. 3}. The sohd line shows the envelope

of Doublet-11} divertor discharges.  Inset:  Equilibrium flux
susfuces of the highest-# discharge {55 3%0).

has not been an exiensive effort 1o establish a ¢ limit in
DII-D. we believe that g9s=20%0.2 represents the
minimum in bath DI1-D elongated limiter and divertor
discharges.

A volume-averuge toroidul 8 of greater than 5% has
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L) A (100 m3)—

0
0
CENTRAL -
SXR (a.) Mﬁﬂ i .
+)/| "imﬁ,b
: A v
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(c) DIVERTOR
Dy {2}
0 . un..lm_l'-] )ﬁ&u——‘\
9 1000 2000 3000 4000

TIME (msec)

FIG. 2. Temporsl evolution of a tvpical high-f discharge.
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BURN CONDITION
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o—o D-T.pa9
—— DT, p = 1]

- (GNITION CONDITION (O/T)  RADIATION LOSSES EXPUICIT (NOT IN )
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FIG. 3. lIgnirion paramerer n_r; in a pure (no impurities except ashesj burning D-'He plasma as o Jfunction of T and p

fte be compared with Fig. 4(aj).
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TPX Experimental Objectives

simultaneous achievemen! of

«  Efficient current drive, via high baotsirap fraction,
exlrapolating lo Qg = 15 - 30 in a sleady-slale

reaclor.

- Advanced lokgmak operation:

"=5-6{Byud-5 B Hud-4,a1qe~4
P N ) o5

+  Advanced power and pariicle exhaust, extrapolaling
o ~ 3 MW/m2 neutron flux & ~ 10% He ash.

- High ptasma and compenent reliability: 80% avail-

ability of ali companents, - 1 disruplion 7 10 hoyrs

on limescales long compared with current-relaxation and
plasma-wall-aquilibration times.

ARIG- 0
plel o d)

Long pulse ignflion,

Nuclear lechnatogy

Mission & Objectives of TPX

The mission of the.Tokamak Physics Experiment (TPX) is
lo develop the scientific basis for a compact and
continuously operating tokamalk fusion reaclor.

Supporling Objectives are to:

* Oplimize plasma performance through aclive_conlrol pl
the currgnt profile and of plasma-wall interactions, and by
advanced plasma shaping - leading to a compact
tokamak fusion reactor.

Achieve this oplimizalion using techniques for ngn-
induclive current drive and profile controi that are

consisient wilh efficient contipyoys_ operatjon of a
tokamak fusion reaclor.

+ Demonstrate the integralion of optimized plasina

pedormance and efficient continuous operation in fully
steady-state lokamak plasmas.
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INNOVATIVE ENERGY PRODUCTION IN FUSION REACTORS

presented by A. liyoshi

National Institute for Fusion Science, Japan

~in collaboration with

H. Momota, O. Motojima, M. Okamoto, S. Sudo, Y. Tomita, S. Yamaguchj,
M. Ohnishi*, M. Onozuka™", C. Uenosono™™*

National Institute for Fusion Science, Nagoya 464-01, Japan
*Kyoto University, Uji 611, Japan

“*Mitsubishi Heavy Industries, Lid., Minato-ku, Tokyo 105, Japan
“**The Kansai Electric Power Co., Inc., Kita-ku, Osaka 530, Japan

Outiine of this talk NIFS @&

I. Concepts of lnnovatlve Energy Productlon in Neutron-
Lean Fusion Reactors |

II. Dierect Energy Coversion Schemes
(a) Traveling wave direct energy conversion of 14.7 MeV
protons [Momota: Paper AP-46, Tomita: AP-47]
(b) Cusp type direct energy conversion of charged
particles [Momota: Paper AP-46, Tomita: AP-47]
(c) Efficient use of radiation with semlconductor Chydrogn 4
[Sudo: Paper BP-26] prostus ion)
(d) Direct energy conversion from deposited heat to
electric power with semiconductor
[Yamaguchi: Paper BP-25]

IIl. Candidates of Reactors for Application of the New
Concepts 40—



Fusion Reactions MIES @

D + T - %He (3.52MeV) + n (14.06MeV) (1)
D + D = 3He (0.82MeV) + n (2.45MeV) (2)
D+ D T (1.01MeV) + p (3.03MeV) (3)
D + 3He — 4He (3.67MeV)} + p (14.67MeV) . (4)

Ignition Conditions for D-T, Catalyzed NEE =N
D-D and D- 3He Concepts Mirs &

Confinement Parameter n, T (msec)

1023[_ : IR g T T ;
- — D-3He
i -—-Cat.D-D

1022

1021

T rrrg

T

o0 L
| 10 100 1000
Temperam}ﬁ_ T (keV)
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Principle of Direct Hydrogen Production by vy Rays MIFS @

When \r\‘.ah enera_)( Photons Proo'ucec’ (N a‘rusi‘on P7asma

irradiate the Semiconductor‘) hiah enera.y e.lectr‘or\s
are Proc‘ucecf there. The hiah energy electrons induce

mu]tip"e electron-hole pairs -t}\mu&h cascade

PY‘O Cess,

These e]e#tron—hole Pairs work for

e]cotrol sis of water
-By the Fu&_ishima-Honda efHect.

Thvus, \n)«droa.en gas is direct'f)r ProJuceJ'in Sitv,

Principle of Direct Hydrogen Production by yrays NIFS @

Water Semiconductor
(Electrolyte)

/ e —
Ceramic . ... \ o

Window !
@) o
T
Plasmaé' [ 2H+€\\' e ©
] - JonDNege  otal
y Ray 09 i eta
AL 4l (Electrode)
1 -2H07 At
. % @ gl
| e %
A,__ Y ® Y
[j Cascade
High Energy Process :
Electrons—— ™% Energy
Band Gap © Level
/t:jﬂfr;‘f?i»'ﬁ
hv \‘i‘g‘T Erm =
L8] T Eon
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“Radiation Ionuatlon Energy” g, (CV)

defined as the average cnergy
required to-form one electron-hole

pair

8, — C.O gg + C.'l

where Cpy and C; are constants,

experimentally obtained as 14/5
and 0.5 - 1.0 (eV), respectively.
These arce independent from the
form of cnergy source,

in semiconductor

materials:

{rvl

2ifaIDs RMZATWN [RISE

that 1s,

applicable all to alpha [)Ellll(,l(.S
electrons, and photons

)
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From C.A, Klein, Jour. Appl. Phys. 39{i%68)2029. -
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MIFS "
~Table Efficiency of hydrogen”production
Assumed Meaning of
Symbol | Values e
/ Unit |[Case|Case Symbol
: A ‘B 3
£,/ eV 3.0 | 1.5 |Band Gap Energy
0.5 ] 0.7 |Normalized
EV/‘SS Available Voltage
n. 0.85]0.85|Ratio of Available
S Surface Area
., 0.90(0.90 [Transparency of
W 1st Wall
Efficiency of~
.. 0.4910.80 |Photon Energy on
m the Deposition of
Semiconductors
Symbol [Calculated Meaning . of
/ Unit Values Symbol
Efficiency of
) 0.10]0.14 (Direct Current
Sem Production by
Photons in the
Semiconductor
. Efficiency of
n 0.06[0.18 {Direct Hydrogen
- lhyd ' Production by
Photons



Basic Configuration of Direct INEIAS =)
Hydrogen Production System ‘ MNIFS <

S

Diaphragm

Water

Ceramic

Electrode

Semiconductor

Semipermeable
Membrane

Ptasma

Vacuum

1 Coit
| Can
4

Pipe for H 2 Production

WIFS @

Thermoelectric Conversion

Thermoclectric and thermogalvanomagnetic effects in
the presence of temperature gradient and magnetic
field.

Generalized Ohm’s law and heat flux density equation:
E=J/0+SVT+RyBxJ+NBx VT
q=ST)—xkVI+NIBx]+[LBxVT

where 1£: electric field, J: current density, ¢: heat ftux
density, o: electrical conductivity, §: thermoelectric
coelficient, Ry: Hall cocelficient, N: Nernst coefficient,
k: thermal conductivity, and L: Right-Leduc
coclficient,
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Schematic Configuration of Heat
- Conversion Device Using Nernst effect

S
S
i, )
-,
Q)

(

Heat Flux
* % * Insulauon
RXEHIIIIIRIR KR, Lay
Semiconductor ¥ /
Copper
Base

Coolant pipes

o Electrical
Output
® H:magnetic field direction

Cables

Efficiency of Thermoelectric and Nernst Effect WFS @)
07 .

.l 'i-—l'"l_lﬁ-l"'l T I L | L L i e 1771771 I'I"'l"f—l_ “I‘"I"T"I"l-l"l_'l‘I7
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Efficiency
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The conversion efficiency 7, is given as:

M= Nea [+27, r, + (1 '”;)2 / e

where 1., =48T/T,, r,=R, [ R,, AT: temperature

dl[‘l"erence, [+ temperature of the hot side, R : external

resistance of the circuit, and R,: internal resistance.
[For conventional thermoelectric effect,

- 2

Z, =C, (ko)
where C;: thermoeclectric coefficient.
FFor Nernst effect

- 2

ﬁ_; C”B2 [(K&D)
-where C,: Nernst cocfficient, and B: magnetic field
strength.

Magneti Field

Semiconductor for
- >
3000

Fig. 5 Schematic structure of energy conversion
pipe
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Conclusion MIFS &

I. Concepts of innovative energy production in
neutron-lean fusion reactors without having a
conventional turbine-type generator are
proposed for improving the plant efficiency.

Il. The concepts are

(a) Traveling wave direct energy conversion of
14.7 MeV protons ( n, = 0.76),

(b) Cusp type direct energy conversion of
charged particles ( n. = 0.65),

(c) Efficient use of radiation with semi-
conductor and supplying clean fuel in a form
of hydrogen gas ( a4 = 0.18), and

(d) Direct energy conversion from deposited

heat to electric power with-semiconductor
utilizing Nernst effect ( n, = 0.22 - 0.32).

Ill. The candidates of reactors are also studied for
application of the new concepts. The example
of power flow is also shown. The total plant
efficiency is estimated to be 59 - 64 %.
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Major conclusions of the ITER safety analysis

Maximum public dose from atmospheric effluents
is estimated to be about 10 mSv/yr, lower than the
anticipated regulatory dose limit of 50 mSv/yr.

Maximum public dose from the upper bound
accident scenarios is 58 mSv, lower than the
anticipated regulatory dose limit for accidents,
100 mSyv. |

The dominant accident hazard in the physics phase
is tritium and the dominant accident hazard in the
technology phase is activated tungsten.

From the safety and en\}ironmental viewpoint,

ITER is capable of meet'in,g'anti'cipated regulatory
limits. | -

Further design and future safety research needed
to make the safety and environmental performance
of ITER to be more attractive.
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R&D needs evolved from the SSTR design study

1)Low activation materials

Low activation materials to reduce radiation dose
during the maintenance operations and radiation
hazard in the event of accidental release, and to
ease the radwaste problems

2)Tritium__ barriers
Tritium barriers at high temperature first wall
and blanket as well as in the steam generator .

3)Corrosion reduction by primary coolant
Coolant chemistry control measures to reduce
activated corrosion products

SSTR-2
The Steady State Tokamak Reactor (SSTR)

concept with improved safety and economics.
water cooling — helium cooling.

Improved safety aspect:

*No pressure rise due to coolant phase change

*Reduced activation by use of Ti-Al metallic
compound

Improved economic aspect:
*Net thermal efficiency: 30% — 40%
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Ti-Al _metallic_compound is used as the main
structural material for plasma facing
components and blanket.

*Ti-Al is selected for high temperature
strength

*Low induced activity at 10 years after
shutdown

Ti-Al _metallic compound

*Ti-Al metallic compound used as the main
structural material for plasma facing
components and blanket.

*Ti-Al selected for high temperature strength and
reduced activation 10 years after shutdown.

*Helium cooling and Ti-Al structure resulted in a
relatively high tritium breeding ratio which
enables minimal use of beryllium which will
result in less tritium inventory and low cost.
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TiAl First Wall after 1.4 FPY
(First wall density factor = 0.533)
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SSTR-2 desmn with _improved safety and economic
characteristics

Helium cooling

*No pressure rise due to coolant phase change and
minimal chemical reactlons

*Improved net thermal efficiency of about 40%
resulting in less thermal pollution. -

*Improved heat transfer capability by introducing
fine particles (~um diameter) of SiC in the
helium coolant. |

~ *Divertor plate cooled by solid-gas mixture

coolant injected at the back of the striking point
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'Fig. 1 SSTR-2 helium cooled blanket
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Solid breeder will be used for tritium
breeding.

*First choice is Li20

*Helium cooling and Ti-Al structure resulted
in a relatively high tritium breeding ratio

*High breeding ratio enables minimal use of
Be and no s6Li-enrichment

.T-retention and hydrogen embrittlement are

of concern and irradiation test has been
started.
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Table 1. 'Comparison of'safety and environmental parameters

for ITER, SSTR and Future Power Reactors

Prospects of

Item ITER . .SSTR  |-Pewer—Reactors
Fusion power 1 GWt- 3 GWt - 4.5 GWt .
Tritium . 6 kg - .5 kg 3 kg
~inventory ' ' .
Activation ~109 Ci, . <109 Ci, <<109 €i, Ti-Al,
product $S5-316 Reduced or SiC
inventory . activation - :
, steel
- Primary Water - Water Helium
coolant - o -
Coolant 60°C~100°C | 285°C/325°C | 400°C/700°C
inlet/outlet ~ s . . ‘
temperature ' :
Thermal ' ~30% ~40%
efficiency
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Chemical Composition of F82H & JLF series

Mo Ti W Ta V

10070 0.19 -

JLF Y <0.01-0.001 L8

JLF2 S <001 B8 GiE8 002 020
JLF3 3 <0001.-0.001 fifi@A 0070 020
JLF4 <001 0.003 FA%7 o068 020
JLF5 <0.01 0.002 X588 ~0.066 0.19 |
JLF6 <0.01 [0 £%64 o.oes 0.19 :
F82H 000 - [20% 0040 020

(mass%)
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Core Program i1

-7 ~ 9Cr (F82H, 9Cr-2W VTa)

Non-irradiation; Creep, Tensile, Large heat production, Welding
. Reactor irradiation; Tensile, TEM, Creep, 1/3CVN (FFTF, JOYO HFIR, etc.)
~ 1992 EBR-IL

1992 - 1993 « Selection and Fabrication (10 ~ 50 tons heats)

-2+ a Candidate alloys
¢ P\ah-;u'u.a, o Yeoret  Jppad. \‘.’-KP e .

1993 ~ 1999 Reactor irradiation; Fracture toughness, Fatigue, corrosion
Tensile, CVN, TEM, etc. (including weldment)
In-reactor experiment; Compatibility, Creep
lon-irradiation etc.; Dynamic effect (effects of temperature
change on hardenlng. stress change on creep, etc.)
Strength test of model blanket (including miniature
irradiated models)
Industrial heat production.
[Determine design method]

1

2000 ~ ‘ Selection of the prime candidate alioy and
Test module design/construction

Selection 5f'Jaﬁénéé.e Ce;hc.iidate'Mater'ié!s‘- and F.tjiulre'Work' g
IMPORTANT PROPERTIES WITH HIGH PRIORITIES

- Toughness (DBTT shift, [Dynamic] Fracture toughness,
(He and He+H embrittiement), etc. )
- Compatibility (H,0, Be, Solid/(Liquid) breeding Materials)

- High temperature strength
Creep, Fatlgue —

Projected service condition; 200 ~ 550°C, =< 70dpa

7 ~9Cr : Smaller DBTT shift, Hngh Creep Stlength
Lower irradiation hardemng(ngher toughness may be expected)
Corrosion resistance?

- F82H , JLF{



Mo

0N

[Tl CVN TEST RESULTS OF JLF-1 S

o
®

o
P

Kia '
A at 683K 7
RS H skl

o

Absorbed Energy (J)
(=]

Temperature (K)

Three point bend test results of FFTF/MOTA
in F82H & JLF series

~ [3Point Disk Bend Test

FFTF Cycle-11}
1 MOTA-2A |

35dpa -

(UV . O"’unin‘! (MPa)-

Yield Strength Change

PPN CA ST B SPRTE| PRI PR

500 600
Irradiation Temperature (C)
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MANUFACTURING PROCESSES OF ODS STEELS

Method - Laser Melting Mechanical Alloying

Attritor
Processing

Oxlide Cdntents

Handling in
Inert Gas

Near Net Shape
Production

Structure

) 5
& —
=400 &
o 4
7 Z
w <
£ :
"B 300~ W~ 3 7))
L | w
o | 5- x
Q © B Unirradiated ; 2 2
a " O
2290 @ m Irradiated =
N EBR-ll/8.5dpa o' ; 44 I
S A
ORI G 0
700 800 900 1000 1100

S
‘(% Koliyama Lab. Univ. of Tokyo TEM PE RATU RE (K)
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Publicati_on List of NIFS-PROC Series

NIFS-PROC-1
NIFS-PROC-2

NIFS-PROC-3

NIFS-PROC-4

NIFS-PROC-5

NIFS-PROC-6

NIFS-PROC-7
NIFS-PROC-8

NIFS-PROC-9

NIFS-PROC-10

NIFS-PROC-11

NIFS-PROC-12

U.S.-Japan on Comparison of Theoretical and
Experimental Transport in Toroidal Systems Oct. 23-27, 1989
Mar. 1990

Structures in Confined Plasmas —Proceedings of Workshop of
US-Japan Joint Institute for Fusion Theory Program— ; Mar.
1990 ‘ '

Proceedings of the First International Toki Cdnference on
Plasma Physics and Controlled Nuclear Fusion —Next

Generation Experiments in Helical Systems— Dec. 4-7, 1989
Mar. 1990 '

Plasma Spectroscopy and Atomic Processes —Proceedings of
the Workshop at Data & Planning Center in NIFS—; Sep.

~ 1990

Symposium on Development of Intensed Pulsed Particle
Beams and Its Applications February 20 1990; Oct. 1990

Proceedings of the Second International TOKI Conference on
Plasma Physics and Controlled Nuclear Fusion , Nonlinear
Phenomena in Fusion Plasmas -Theory and Computer
Simulation-; Apr. 1991

Proceedings of Workshop on Emissions from Heavy Current
Carrying High Density Plasma and Diagnostics; May 1991

Symposium on Development and Applications of Intense
Pulsed Particle Beams, December 6 - 7, 1990; June 1991

X-ray Radiation from Hot Dense Plasmas and Atomic
Processes; Oct. 199

U.S.-Japan Workshop on "RF Heating and Current Drive in
Confinement Systems Tokamaks” Nov. 18-21, 1991, Jan.
1992

Plasma-Based and Novel Accelerators (Proceedings of
Workshop on Plasma-Based and Novel Accelerators)
Nagoya, Japan, Dec. 1991, May 1992

Proceedings of Japan-U.S. Workshop P-196 on High Heat
Flux Components and Plasma Surface Interactions for Next
Devices; Mar. 1993



NIFS-PROC-13 INIFS v F T A
(BRI ATOMRLEL L -BRESBONM Y ML F ]
19924 7R 1580, BB&REHEm]
19934 7A4

NIFS Symposium

"Toward the Research of Fusion Burning Plasmas -Present
status and Future strategy-", 1992 July 15, National Institute
for Fusion Science, July 1993

(in Japanese)

NIFS-PROC-14 Physics and Application of High Density Z-pinches,
\ July 1993

NIFS-PROC-15  MATLH#. #3% [ 77 X 2yB ok

FHSFEE ReERERAF -~
19945 2H
M. Okamoto,
“Lecture Note on the Bases of Plasma Pysics”
Graduate University for Advanced Studies
Feb. 1994

~ ({in Japanese)

NIFS-PROC-16 #=E WERE
- FRSEE  EREFFER T MR,
MASHRES
[ X=pD i+ A%k ]
“Interdisciplinary Graduate School of Engineering Sciences"
Report of the meeting on Chaotic Phenomena in Plasma |
Apr. 1994
(in Japanese)



