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Workshop at Data and Planning Center of NIFS in 2003

“Assessment of Fusion R&D”
- The Critical Issues of Demonstration Fusion Reactor -

edited by:
Teruhiko Tazima and Harukazu Iguchi

National Institute for Fusion Science

Abstract

In order to asses the fusion research and development, we discussed on proposals
which might have possibility to overcome the critical issues of a demonstration fusion
reactor.

Advanced Tokamak reactor concept and a fast ignition method of laser fusion are
proposed to reduce the high capital cost which is common for both of magnetic fusion
and inertial fusion. Hopeful divertor concepts are also proposed for both of Tokamak
and Herical reactor.

These summarized presentations are appended.

Key Words:
Fusion, Reactor, Capital Cost, Tokamak, Herical, Divertor, Laser Fusion,
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1. Introduction .

2. Helical 1 Tokamak Physics Models

3. Helical / Tokamak Englneerlng Models
4. Helical  Tokamak Cost Models

. Assessment Resulits

6. Summary
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Why hellcal vS. tokamak ‘7

NIFS

For Future Reactors, Steady-State and Good
Confinement Compact System is Required

Good-Confinement Tokamak

=> CD required and mefflclent?
Steady-State Helical |

=> Large & Expensive?

Equivalent system evaluations are required.
Related to physics, engineering and economics,
comparative assessment will clarify the optimized
target and limitations of both systems

Kozo Yamazaki - 3
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Helical Reactor Tokamak Reactor

Heliotron
Modular Heliotron
Modular Stellarator

ITER-like Reactor
High Beta Compact Reactor

~ ITER-like

Example: CREST

CHS-qa like

Progress on Reactor Desagns

Lower-aspect designs are explored.
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Depending on Configurations
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MNIFS
' ) Umt Cost Thlckness(m) Speclﬁc Welght
1. {U=100MY] inside | outside | (tom™3) -
Capital Cost : B
Direct Cost
Fusiaon Island ) L ] | L e
T TBtanket - 0.2[Utton. 045 | 06 | 48 - [FerteBeli20
- First Wall - 0[Ukon [ 0051 of | ~ 39 " |SS/Fite. - .. -
"I IShield | o.04fuiten’ 06 | 1 78 . |20% addmona'l
| [[CMagnet - of2Uiton | ~7.9.  INb3Sn . .
PC Magnet : - 0.12)Uton . 7.9 }25% of TF!HF Volume
HC Magnet -~ . -~ 0.15[Utton 7.9. Nb3Sn: o
Heating S .- 2{UIMW ) . |ICRF (50% eﬁiclency) ;
Cument Drive . . ) - {NNBI (50% efficlency)-
Support . ©f: - -/0.08]Ukton 6.7 - |50% of Coil Volume:
Base . ) -0,03|Uton f - : 6. . - [25% of Coil Volume: '
Divertor - ] 02Uton. | 005 | 04, .  69-. |ex10%ofwall -
| Bafance of Plant _ . 2700{U"(PHA000)06 | T |6% addiditonal pows
Indirect Cost j S 25% of Direct Cost K B
time-related Cost ) ) 5% of Direct Cost
Annual charge _10% of Capital Cost
Operating Cost 4% of Capital Cost
Component replacing R ] [ I B E L
) Blanket until maximum fiux ) 10MWim"2*year
Divertor 100% of Initial Cost ) )
Healing & CD 25% of Initial Cost
Fuel i . - 150[Ulyr
Waste disposal 0.2{YkWh
Decomissioning 0.1{Y/kWh
Electric conversisionnefficiency 35|%
Availability 75(%

Kozo Yamazéki -13



NIFS

NIFs

Reference Design Point

Helical Tokamak

A, =6.5,L=2, M=10,7=1.25  A_=3.0, k=2.0, 5 =0.5
8H=0.05*(1I1 0) 23 q°=1.0, qa=3.5
fa=0.90 fa=0.95

B R} I Sa’za’ f

max _ 04, Mo Yo \ons P

T_Z'I(E(_).—S':) (E) (ﬁ) R,q.

1.,u=5R:nB' fE{l+x (1+2;5‘ -1.25°)}
e 5 06-068)° Jae =22 = 11322023522 4 0.0185(22)) (/5 ,)"
Tt =g T A (B 1)) 1, % A

oraRe adu R0 1255 _nd, ~Iss)R,
A_o.14;3{1.5(a—0E;x;:) -0.5) (o 03

B, =13T

impurity(Z=6) 1%, alpha 5%, Z.=1.5
T~(1-x2), n~(1-x2)%-5
Beta = 5%, P, .= 1GW

Helical Tokamak
Type LHR LHR QAR Reference | Reference
m=10 m=8 N=2 (B\=3.1) (B,=4.4)
R (m) 15.6 12.5 9.20 7.76 6.36
B (T) 45 46 47 7.0 6.62
Ap_avarage * 6.5 5.0 3.2 3.0 3.0
x* - -~ - 2.0 2.0
Vp (m*3) 1,773 | 1550 1,500 1.025 564
Ip (MA) - - -~ 147 1.4
f_BS (%) - - -~ 41 65
H_1SS95 275 2.54 2.21 - -
H_NLHD1 1.28 1.15 0.95 - -
H_ITER - ~ - 0.908 1.17
<> (%) * 5.0 5.0 50 35 5.0
By - - - 3.1 44
Pwall (MW/m*2) |  1.50 1.76 2.10 35 463
Flweight (ton) | 33870 | 26760 | 23,690 20,814 14,550
Fi cost (GY) 199 152 145 182 112
BOP cost (GY) 267 255 250 272 244
Capital (GY) 538 470 456 524 411
_avail (%) * 75 75 75 75 75 200Y~1US$
P_thermal (GW) | 3.04 3.04 3.06 3.89. 3.44
P_elec (GW) * 1.0 1.0 1.0 1.0 1.0
COE (Y/kWh) 141 | 124 [ 120 | 144 11.3
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w=  Reactor Assessment

1) et 6500 |~
18 [ %& LHR m=10]| . n 6000 -
1 HR »ké g
coe 16 Captal 5500 |
- Cost o
(vrwh) | o , 5ooo .
b OO\ Pk gyt Tokpmar | 600 0 g
[ ~ ¥ 4500 P N
] ) :
12 ~ N S £ S ]
] S ~o | 4000 [ YA ¥ p =44 Tokgmak—]
L ~e. 4 F By, & i ;
i _ .., ] FLHR =8¢/ 4" | 1 4
10} BEAZ TokamAK TPy ] 3500 |-t —
. "] : | _
;J) ST N SURTUPE NI I 3000 Ceoo L b vvad o bv vty
a0 o T T2 e s 04 06 08 1 12 14 16
P.“(GW) Pclec(va)
- Summary

(1) High temperature operation is required in tokamak reactors to
increase BS current fraction and to reduce CD power. In contrast, e
low temperature operation is feasible and deswable in hellcal system L
to reduce helical ripple transport. , CE e

(2) Capital cost of helical reactors is rather high, however, COE is
almost same as that of tokamak reactors, because of smaller re-
circulation power (no CD power) and less-frequent blanket
replacements (lower neutron wall Ioadmg)

(3) The m=10 LHD type helical reactor with 5% beta value is
economically equivalent to the standard tokamak with 3% beta value.

(4) The COE of lower-aspect ratio helical reactor (m=8 LHR, N=2 QAR) is
on the same level of high-B, (By ~4) tokamak reactors.

(5) More compact, higher beta reactors operating in steady-state should
be investigated for realization of future attractive fusion reactors.
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ANYANWLFEDORRA

BREHPHER HRHASB

1. TLOHIC
AYALBREREFOBNIE, TELTISAIEREZLEELE LBV LIZHRE
5, BHb,
(1) EREBENBZTHS GHEBHER),
(2) BRT4RASTL 3ol ‘e (BEFRTSX9).
(3) IS5 ATEBHREHOL-OHDERIRIILEF—HFE (KELQfl).
(4) FAN—42BRIZHH->TLS EYFRITFA/8—4),
ETHD, BIZ, T53XATBHRERLELLLBEVOT, EEICEALTIEMNATOICRIT
59)=0 L FBRBREFELEL, T0EH. BLVEETOEENSRHEFE IR TIVS,
Tl EHEEZAYHILIALTIIBEHIEINTIETH 5.
hoDBFEEENLT. BEHLISAYNLEBRESFOBHINREINKRYD
THEY. rHT IV BBRERTTETHAREENHEMICERIABHTNS, ChoA
DANBEREBHFOBSEEHHEERIBIZE 1 (2RI 1],

Heliotrop-H T-1 UETOR-M MSR CT6 HSR FFHR-] MHR-S SPPS
Main field coils 2 3 (modular) | 3 (modular) } 2(modular) 2 50 (modular) 3 2(modular) | 32(modular)
Toroidal field periods 15 20 6 6 6 5 18 10 4
Major radius 21m 29.2m 24.1m 20.2m 6.57m 20m 20m 16.5m 13.95m
Average plasma radius 1.8m 23m 1.7m 1.8m 1.74m 1.6m 2m 2.35m 1.6m
Toroidal field on axis 4T ST 5.5T 6.4T 6T 5T 12T 5T 4.95T
Average beta 6% 3.54% 5% 4% 4.70% 4-5% 0.70% 5% 5%
Fusion output 34GW 43GW 5.5GW 4GW 1.8GW 2-3GW 3IGW 3.8GW 2.29GW
T-breeder Li20 Li Lil7Pb83 6Li17Pb83 Flibe Li
Structure material SUS HT-9 HT-9 JLF-1 \4
References 7,8 9 10 11 12 13 15, 16 17 18
1974-1982 1978 1981 1981 1989 - 1992 - 1995 - 1996 - 1997
Kyoto-U MIT Wisconsin-U | Los Alamos ORNL 1PP-Garching NIFS NIFS ucsD
Princeton

#1 HERBE., T5X7 - BREFRE 74-9 (1998) pp. 947-951.
(i8&) FFHR-2 (1998 - ): LHD-tvoe. 10m/1.2m. 10T. 1.8% 1GW

ABEEEDAYA OV EED Heliotron-H (FRXK) IZHBFEY., =2 Uy PE
SR CK) TR ALY FO2EEED CT (Compact Torsatron) ) —X, TvH R
TSUOWMEM () TEAYFREIFED HSR(Hel ias reactor) FDBMESHREHNED
MIZITONTETW S, BIERXI /) MMEICKY, KB X MREN DTV BYF
ICBAHREMERLTOS, RERFALAHEIBRLEZRELLL-EY25—a11L
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&Y., BERANDEBLZRBELERLTLS, BETIE, LD BRTOMEBIE
BREEBICLEFFRELUEDAS—AYF FAVFEMRAREDH SN TETLS,
chBIZHEELT, FAT oL ARIES F—L (k) T% SPPS (Stellarator Power
Plant Study) FEEMNTbh, EENICKILS S5 ENRTETATNS,
. AN)HNLROBREE L TIE,
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FFH R 2 Parameters LHD  FFHR-1 FFHR-2
L]
major radivs : R 3.9 20 10m
av. plasma radivs : <ap> < 0.65 2 12m
; fusion power : P (GW) - 3 1GW
) } gﬁg:’oo“ng »  thermal external heating power : Pex <20 100 100 MW
He cooling insulation neutran wall loading : Pn - 15 1.5 MW/m2
toroidal field on axis : Bo 4 12 10T
average beta - < f§ > >5 0.7 1.8%
enhancement factor of TLHD 15 2.5
plasma density - ne(0) 1E2 2E20 2.8E20m-3
plasma temperature : Te(0) > 10 22 27keV
effective ion charge : Zeft 15 13
alpha heating efficiency : hot - 0.7 0.7
alpha density fraction : fou - 0.05 0.05
synchrotron reflectivity : Reif - 09 09
N7~ coils hole fraction : fh - 0.1 0.1
av. heat load on divertor < 10 1.6 1.5 MW/m2
number of pole : 2 2 3 2
toraidal pitch number : m 10 18 10
pitch parameter : Y 112<1.25<1.37 1 115
coil modulation © 0, +0.1 0 +01
av. helical catl radius * <ac>  0.975 333 230m
coil to plasma clearance : 8L 0.03 11 0.70~125m
: cail current : [H 7.8 66.6 50 MA/coil
divertor coil current density : J (53) 27 25 Almm2
vacuum chamber target radiation shield max. field on coils : Bmax (92) 16 13T
T I r 1 & R & reflector stored magnetc energy 1.64 1290 147 GJ
6 7 8 9 10m construction cost 50 Byen

A.Sagara et al., 17th IAEA(1998, Yokohama) and ISFNT-5(1999, Rome)

ERMEBRHAIER 2. XS A—2%K210RT, BEEI/ILICHT HKREHE
ERIERIIES | HULORBENRETHD BMITHT 2BEPHFIILIT VR
10%n/cm? BT, @HISRT 2P U TRBBEEIIC24ELHKLLY), SHIT, B8
BIEEERICEDRET— D URR, RS CU a4V Mk AXBROTHEM LA
FCHBH[3], THIBICE L TIZEEM (Li €53 v R, iALi. #EES Po-17LI.
ARE Flibe, %) ICEYRBESEEAANEARA 0 ATIERTHY ., ©LANEHE
ENEETHD. 3DMRHENSHRORETH S, 275 H.Wobig SDRENELS.
e REBEFEOTROYICOA LERBEEFFTIS Uy VEMELITF 5%
HLRAMAEEAN SBRENBETHB4],

3. FRBEDORTIRBEBOER

FFIR TS5 24y bEEMIZIE, AVTFFHUR - J2Y—2BEE L, PHFREH
Z 1.5 /m2 B KHIZ72AY, (RE 3 O ETOMETRIEHIZE 1 B2 TH 450dpa & 71x
Y, S00CLUEDREBB TEESRAREO RN SBOTERLWVEREH LG, ER
MEA 150dpa ETHEMATMREIZENIE 1 OFEBICRBT 5. REVMOEKITILES L.
SHOUBEFVELT JUF-1 ZE1EHBEL, NFOHLESR, DS, E24TS
IVELTLS, MERNOMHARENSETHD, BEVORERIL, JLF-1 A%
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