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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 -

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 magrietic fusion
and inerttal 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. Introductlon |
2. Hellcal ' Tokamak Physncs Models |
3. Hellcal / Tokamak Engmeerm_g Mode“' s
4, Hellcal ! Tokamak Cost Models
5. Assessment Results R

6. Summary

NIFS

For Future Reactors Steady-—State and Good e
Confmement Compact System is Requnred

Good Confmement Tokamak L
=>CD required and mefflment’?

Steady-State Helical . S

- =>Large & Expenswe’? ‘ L

Equwalent system evaluatlons are requ1red e
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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System Analyses Flow'._Chart -
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sngmgqﬁiﬁgféagi-gn-_
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<“Alpha Confinement

‘_‘geta:.tijlt . P Wall. Loading
‘Density Limit Cost Analysis | ‘System size .

Ignition M | i .
gnition .argm‘ Remote malntenanc space
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Physucs Models B
Hellcal Tokamak
Conﬁnement o |

'NIFS

Transport Slmulatlon for Both Systems Using TOTAL code :
' fg(S),a(M),R(m),P(W W, (10'°m"),

B(T),!m S

Den31ty 11m1t

| | Based on Recent Scaling
(By=5% ity
Dependin g on Configurations

‘Kozo Yamazaki - 7
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Shigld

3 -Umt Cost ] Thlckaess(m) Spec:ﬂc Waighl .
171  {U=100MY “reide | oulside | {tovm3) - |-
Capital Cost NN I
Direct Cost
Fusion island - i . R
{ [Blarket 0.2]Ulton D45 | 086 48, - |Ferte.Bs,ti20 "
First Wall . _0.1]Ullon -0.05- 01 3.9 ' :{55/Frte - -
"V |shield . —o.04{URon 0.6- 1 78 - zo%addl,loml \
TC Magnet . - - . 0.12|UNan 7.8, . INb3sns
PC Magnet - 0.42]URon 7.9 .| 25% ofTFIHF Volume
HC Magnet- - . 0.45|URon 7.9° - |NBaSn...
. |Healing 2[unaw . -|icRF (M%.etﬁclm)".
17| {Cument Dive 4| UMwW -~ INNBI {50% eficiency}). .
Support - 0.06[Uton - ~]50% of Cail Volume- .
Base - egauren T 1 T 25% of God Voluma .
‘ Diwertor - . - - ] - 02Uk - | 0.05 ,0.1, b o T
= Balanceofplam : - 2700|U"{PF4000Y0 6 6% eddiditonal pawer:
_ |indirect Cost e 25%ofDlrechosl LI R i
) timeelated Cost * 5% of Direct,Cost
Annual charge . “10% of Capital Cost
Operaling Cost i .. 4% of Capital Cost
Component replacing | T |- - R
_ |t [ Blanket” - until maximum flux 10MWim’2*year
.|| Divertor 00% of inal Cost ' S
Heating & CD . - 25% of Initial Cost
Fuel - -150|Uiyr
Waste disposal 0.2]YWh
Decomissioning 0.1]YRWh
‘|[Electric conversls:onne!ﬁcaency 350% |
A v labilily 75|%,

Kozo Yamazaki- 13




Reference Design Point

NIFS
Helical Tokamak
A, =6.5L=2, M=10,y=1.25  A,,=3.0, x=2.0, 5 =0.5
£,=0.05*(1/10) 2 q,=1.0, q,=3.5
fa=0.90 fa=0.95
a'B
B Ry aa,m 002 ¢ Ve 1003 Ip=5“"uf
B M ) ) (1?2) R,q. ‘
R,B, {1+ 5214267 -1.26%)}
- =3 7= 2
gty 5 06-068.)° fus =2 =1132-0235 2 4 0 0185¢ ey (VE B,)1
S {1+ (Bpe /12)") ‘ ) 1 0 0
Ry oot R 10.,1.2.45 05 =_____n(1‘° _I”)RP
A=o.14m{1.5(1;—0§;)(r—c) -0.5) I 05
B, =13T

impurity(Z=6) 1%, alpha 5%, Z=1.5
T~(1 _xz),~ n~(1 _x2)0.5
Beta = 5%, Py = 1GW

Helical ' Tokamak
Type LHR LHR QAR Reference | Reference
NiFS ‘ m=10 m=4 N=2 (8,=3.1) ($=4.4)
R {m) 15.6 125 | 920 7.76 6.36
B(T) 4.5 46 47 7.0 6.62
Ap_avarage * 6.5 5.0 3.2 3.0 3.0
x* - - - 20 2.0
Vp (m*3) 1,773 1550 1,500 1.025 564
Ip (MA) - - - 14.7 11.4
f_BS (%) - - - 41 85
H_15595 2.75 2.54 2.21 - -
H_NLHD1 1.28 1.15 0.95 - -
H_ITER - - - 0.908 1.17
<B> (%) * 50 | 50 50 3.5 5.0
B - T - 3.1 4.4
Pwall (MW/m*2) 1.50 1.76 2.10 35 463
Flweight (ton) | 233,870 | 26780 | 23890 20,814 14,550
Ft cost (GY) 199 152 145 182 112
BOP cost (GY) 267 255 | 250 272 244
Capital (GY) 538 | 470 - 456 524 411 o
aaln® | 75 | 78 75 75 75 200Y-1US$
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(YAWh) | 140 12.4 120 | 144 1.3
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Reactor Assessme

) IR TE PR ' | S—

LHR meto| ".-'_,‘.-:'_'I" e |
1_8 . % I NEPURSTN SN0 EARSDis (R .6000 |-

~ coE A8l INeo Ml beg ] Cap"a' --:HN%S.J‘; arma

5 Tokama | (oY) 700 FTTS
NS R -:_4500_;;.-‘_';‘“"

e R 2 & Siaon- e SR

: R e, iy S 3
il v B'é’i‘l'.ITTIEEFﬁ'ék ey 3500

) P EPE IV A PN S . 3000 Fa
04 06 08 1 12 14 16 - 0.4

| PO

NlFS

\(1) ngh temperature operatron 1s requlred in tokamak reactors to

“‘increase BS current fractlon and to reduce CD- power In: contrast,‘ -

low temperature operatlon is feasible and deslrable in ,helrcal system'
to reduce hélical rlpple transport o S :

-(2) Capltal cost of hellcal reactors is rather hlgh however, COE |s :
almost same.as that of tokamak reactors, because of smaller re- '.‘_ B
circulation power (no CD power) and Iess-frequent blanket
replacements (Iower neutron wall loadlng) B

| (3) The m—10 LHD type hellcal reactor W|th 5% beta value is .
econom|cally equivalent to the standard tokamak wnth 3% beta value.

(4) The COE of lower-aspect ratio helical reactor (m-8 LHR N—2 QAR) is N
on the same level of high-f, (B, ~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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ANYHLFEDORE

RIS HFHR HRAB

1. XL &®HIC
AYANBEREFOEHIE. £ & L'Cj77\7ﬁuu.’éﬁ‘§t L&L\g LiZhmE

T5, Hn.

(1) BEEEBLFBEHTHS SHEHERKR).

(2) ERT1ARASTLavhigd, ReEIEL (BERTS X)),

(3) 7S ATERBBO-HOERIFXILF—HFE (KFLQHE).

(4) FANR—2BBRICEDL>TLS GBURIFEA/3—4),

FTHD, BlZz, 7S5ATBEFRE2VELLLGVLOT, EFIZEALTIZ DT YICRT
BTV—2ONLFRREIFELEL, TOES, SLEETOEGENAFEIATLS,
T, BREEAYANLAASANTCEEHDEREALTIGETHS,

- L DBEREZEMNLT. BEHFLITANYDIILBERESFOBAMNRE SAIED
TEY, PHTVBBRERTCELURRELATEMERSABHTLS, t_hb’\
DANBERESHFEOBERH T FRIBICE 1 ISR,

Heliotron-H T-1 UETOR-M MSR CTe HSR FFHR-1 MHR-S SPPS
Main field coils 2 . |3 (modular) {3 (modular} | 2{modular) L2 50 (modular) 3 2(modular) [ 32(modular)
Torgidal field periods 15 20 [ 6 6 5 18 10 4
Major radius 2lm 29.Im 24. 1m 20.2m 6.57m 20m - 20m 16.5m . 13.95m
Average plasma radius 1.Bm 2.3m 1.7m 1.8m 1.74m 1.6m im 2.35m 1.6m
Toroidal ficld on axis 4T 5T 55T 6.4T 6T 5T 1zT 5T 4.95T
Average beta 6% 3.54% 3% 4% 4.70% 45% 0.70% 5% 5%
Fusicn outptt 34GW 4.3GW 5.5GW 4GW 1. 8GW 2-3GW IGW 3.8G6W 2.29GW
T-breeder LizO Li Lii7Pb&3 6Li117FPh83 Flibe Li
Structure material sSuUs HT-9 HT-9 ] JLF-1 )i
References 7.8 E 10 11 12 13 15, i6 17 18
1974- 1982 1978 1981 1981 1989 - L1992 - 1995 - T 1996 - 1997
Kyota-U MIT Wisconsin-U | Los Alamos ORNL [PP-Garchung NIFS | NIFS ucsh
Princeton g )

x1 HRBEE, F5X7 - BRSEEE 74-9 (1998) pp. 947-951.
(BE2) FFHR-2 (1998 - ): LHD-tvoe. 10m/1.2m. 10T. 1.8% 1GW

BARMEEOAN)F FOVEED Heliotron-H (RX) ICHFEY. +—4 ) vy OE
SRR (K) T ALY FOLEED CT (Compact Torsatron) & —X, T w4 X
TS OWMERR () TIEAYPAEED HSR (Hel ias reactor) ZOEEHRIHIEH
BIZITHOATETILNS, BIEEa /89 MEIZEY, EBAX FEENA R AT HRF
LR AAHEMERL T D, HBEIACADRBREEBBLLELES2S5—0 L
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F F H R 2 Parameters LHD  FFHR-1 FFHR-2
-
. major rachus 1 R 39 20 10m
av, plasma radius : <ap> < 0.65 2 12m
. fusion power : Pt (GW) - 3 1GW
ls:?g-coohng thermal externsl hesting power - Pex <20 100 100 MW
He cooling 'be T-breeder ¥ insulation neuron wall loading : Pa - 15 15MWim2
! torcidal field on axis : Bo 4 12 10T
G R average beta : < B > =5 0.7 1.8%
enhancement factor of TLHD 1.5 15
plasma density : ne(0) 1LE2 2B0 283E20m-3
plasma temperature : Te(0) > 10 e 37 keV
effective ion charge : Zeff 1.3 1.5
alpha heating efficiency : ho - 0.7 0.7
alpha density fraction : foi - 0.05 0.05
synchrotren reflectivity : Ret - 09 09
hale fraction : fh - 0.1 0.1
av, hea load on divertor < 10 1.6 1.5 MW/m2
number of pole : € ' 2 3 2
toraidal pitch number : m 1o 18 10
pitch parameter © Y £.12<125<1.37 1 1.15
coil modulation . o +0.1 0 +0.1
av. helical coil radjus - <ac> 0975 3.33 230m
cail to plasma clearance : L. 0.03 1.1 070~-1.25m
coil current : TH 7.8 66.6 50 MA/eml
. divertor [ cail curent density © J (53) 27 25 Afmm?2
vacuum chamber target radiation shield max. field on coils : Bmax (92) 16 13T
I I . T g & reflector stqred magnetic energy 1.64 1290 147 GJ
6 7 8 g 10m construction cost 50 Byen

A.Sagara et al., 17th IAFEA(1998, Yokehama) and ISFNT. -5(1999, Rome}

BHMLBREHFIER2. NS A—SER2IZTT. BEEIALIHT EREHE
ERMEEIZEL | FUEORBNLETHD BHIHTIEEPHEFILIOR
10%n/en? LT, @HISNT B4 TRBRIFEC 2FMBRMLL). SHIZ. HR
BEESRAICEBET—UURR. BUEBSCUIM U MIEIRROTRLLE
ETHH3. THIEICHE L TIHEEH Li €53 9o R, EEL, £RAERPO-17LI.
BRI Flibe. %) ISk YBEEEIRAE LI N A THY . & LANBRE
ENEETHSD, 3DMKHFLASHRORETHS. 1 H.lobig SOREDE S,
oA XEEFHOTROYICIMNBREEEZTIFCIS Oy v PERMEET 58
HLBANEEAN SRINBETSH B (4],

3. FRBADORFTTREROER |

FFHR 75 24y MEAMICIE., AVTFHUR - 7Y—5BRE L, PHFEAEH
% 1.5MN/m2 S HE IR FAS, IFE® 3 0 ETOREHBEMETE 1 B TH 450dpa L1
Y. 500°CLEDRESEETRESRED AN SEHTHRLWVEREH 4D, £
FEH 150dpa ETHEATEEITHAIE 1 OFEBITKERT 2, BEMOBREMERE L.
SHOBBEBRLT IF-t 2F1BBEL. AFSHLES, 0SB, FE+TY
3VELTWS, REBROHHMENABTHS. BENOLERIL. JLF1 HH
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A=y FEEREYRA
LTAHPVYa2a—+-3—2
F—RHERELTLS,
COF, BEITSr

LHD T

DEE

-
-

MY A Sopes -

vh -2z w MEEIILT tton UTFICB(TES, BEMYSLESLEANA 3D

B L DBRHANBETHD. OB, LD TORA—FALORBI= Y FEH
AADEENSE LD (H3NEEH),

EL2—LEOBE LT HSR
DI =5 E 4z, SPPS DX
B|E2xEA557T., a4 LBHLE
BRTOREREANHLLOT,
TSy bDHER— I
BT BFENEREEZLATL
5, REEACEKNAEER
FHFLTHEDZEHAIBHTE
BETH3, | |

&& 3k

(1) fkEE BE. 1999 FEFSES
T% - -#BEEEER By
R AL A1-12 (1999.6.7)

[2] H.Hashizume et al., ITC-12
(2001).

(3] H.Wobig et -al.,
(2001).
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Safety and Enviromental Research Center, National Instlwre for Fusion Science,
"Report on Administrative Work at Radiation Safety Center in fiscal year 2001": Feb. 2003 {In Japanese)
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"An Archival Study on ihe Nuclear Fusion Researches in Japan Later Haif of 1980's. AnTnterview with SEKIGUCH] Tadashi, Professor
Emeritus at The University of Tokya” May 2003 (in Japanese)
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Yuki Ishimoto, Misuiaka Miyamoto, Yasutomi Morimorto. Hajime Yoshida. Kenjirou Maisuhire. Hirotomo [wakiri, oshi Hirooka, Yasunori
Yamamura. Kenji Morita and the PWI-Taskgroup
Plasma-Wall Interactions Data Compendium-3
“Hydrogen Retention Property. Diffusion and Recombination Coefficients Database for Selected Plasma-Facing Materials™ Jan. 2004 (in Japanese)

NIFS-MEMO-43  ZiiH2d HEMSHFElEn *2EEt-&7-
I RERERER 200251
Safety and Enviromental Research Center, National Institute for Fusion Science,
"Report on Administrative Wark at Radiation Safety Center in fiscal year 2002": Feb. 2004 (in Japanese)
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Workshop at Data and Planming Center of NIFS in 2003 "Assesment of Fusion R&D”
- The Critical Issues of Demonstrarion Fusion Reactor - Mar. 2004 (in Japanese)
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