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The INTOR Scoping Study was performed by using the new-TORSAC which
was developed from TORSAC (TOkamak Reactor Systems Analysis Code}. The
ASDEX type TE scaling was used in this scoping studies.

The difference of the possible burn time between quasi-steady state
and inductive operation scenario decreases with increasing plasma elonga-
tion.and triangularity. The maximum stored energy, total PF coil Ampere
turn and the capital cost are less in single-null divertor case than in
double-null divertor one, The effect of increasing toroidal field is not
expected to be large., The capital cost has a weak minimum point at plasma
elongation of 1.8 ~ 1.9 in the case of adopting radial access at reactor
maintenance. The capital cost of inductive operation reactor is expected
to be higher than quasi-steady state operation one by approximately 2 ~ 4
%. No clear merit can be expected by using ergodic limiter concept since
the ergodic region increases machine size. The capital cost can be sig-
nificantly reduced (10 ~ 20 %) by adopting steady state operation scenario,
though the energy multiplication factor and wall loading would be low

compared with other operation scenario.

Keywords: INTOR, new-TORSAC, Systems Analysis, Plasma Design, Relative
Capital Cost, Possible Burn Time, Single-Null, Double-Null,
Plasma Elongation, Operation Scenario, Energy Multiplication,

Radial Access, Obligue Access
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1. General Description on Systems Code

The TORSAC (TOkamek Reactor System Analysis Code) systems code was
revised for the scoping study of next generation tokamak devices. The
new TORSAC consists basically of four ﬁarts, i.e, {1) plasma design, (2)
strocture design, (3) magnetic field calculation and (4) miscellaneous.
First of all, plasma parameters are calculated so as to provide desired
performance objectives (e.q. ignition margin, burn time, wall loading,
fusion output power, etc.). Then, the radial and vertical builds of
machine are defined, based on the cslculated plasma parameters and other
necessary input data(thickness of clearances, blanket, vacuum vessel).
The configurations of the first wall, blanket, shield, vacuum vessel and
toroidal field (TF) coils are automatically generated in the code. The
optimal PF coil locations and their sizeg are determined by plasms
equilibrium calcunlations, The operation patterns of PF coil currents
are obtained by superposing Ohmic heating (OH) fluxz component on plasmsa
equilibrinm component, according to the assigned (Te(t), ne(t), etc.)
and calculated (OH flux consuwmption, Lp(t), Ip(t), etc.) scenario data.
In determining PF coil current patterms, the magnetic fields in the PF
coils are calculated and are limited to less than the assigned maximum
field. This limitation on peak magpnetic field in PF coils determines
burn time and/or avazilable OH flux change, Based on the PF coil current
operation patterns, the key parameters on PF coil power snpply are
calculated (Max. Ampere x Max. V, stored energy, peak power, etc).

Other parameters such as pumping requirements, cooling requirements and
cost of reactor are also calculated.
In the following paragraphs, brief descriptions are provided for

the main routines of this systems code [1].
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1.1 Plasma design

Plasma parameters can be chosen to satisfy ome of the following
performance combinations in onr systems code, i.e. (1) ignition margin
and burn time/aveilable Ohmic heating (OH) flux change, (2) ignition
margin and location of TF coil inmer 1eg,.(3) ignition margin and
neutron wall loading, (4) ignition margin and fusion power, and (5)
neutron wall loading end fusion power, The simplified relation is used
to provide the assigmed burn time or eavailable OH flux change in the
step of plasma design, In this scoping study, the option (1) is used
for inductive operation and for quasi steady state operation, and (2)
for full non inductive current drive operation scemario, respectivelj.

The power balance irn & plasma is calculated by a zero dimensional
steady state model. Plasma ion temperatﬁre, Ti’ and electron
temperature, Te‘ are assumed to be equnal to each other. Various TE
scaling can be chosen, e.g. (1) INTOR-ALCATOR/Neo—ALCATOR scaling for
electrons and neoclassicel scaling for ioms, (2) Mirrnov scaling, (3)
ASDEX E mode scaling, etc. ASDEX H mode scaling with ignition margin
2.5 is assumed in this scoping study according to the gunide line for
this scoping study.

Troyon type of scaling is used for critical toroidal beta. Fast a
and NBI particle pressures are estimated by using amalyticel solution of
the Fokker-Plank equation (the lowest order solutionm of Legendre
expansion) [2], [3].

Space distributions of plasma parameters can be taken into account

by the following formulae.

£(r) = £ {1_(_5_)n} m for density, temperature and toroidal
0 a carrent.
P
. B
f(r? = £, + (£, - fo?(—;—) for elongation.

Where, f : valne at plasma center

0
fa : value at plasma bouvndary
ap : plasma minor radius.

The parabolic distribution is assumed for plasma temperature and
the distribution represented with n = 2, m = 0.3 for plasma demnsity.
One turn plasma resistance, Res’ is calcunlated by using the

following relation.
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e

| R st2 = J'vnp(r) ip""(r)dv

Where, np(r) : plasma resistivity distribution

ip(r) : plasma torcidal current distribution
Ip : plasma total toroidal current

Plasma resistivity, np(r), is calculated by using plasma
temperature profile., Classicel resistivity or neo—classical resistivity
can be chosen by option. In this scoping study, classical resistivity
is used. The OH flux consumptions due to plasma resistance are
calculated for start up and burn phase according to the assigned
operation scenario, The OH flux consumption at break down phase is
estimated by using the empirical scaling [41].

Main input parameters for plasma deéign calculation are plasma
temperature, elongation, triangularity, operation scepario and various
engineering parameters such as blanket/shield thickness, maximum fields
and current densities in TF/PF coils, etc.

Upper and lower plasme elongations, triangularities and null points
pre defined in this systems code for plasma equilibrium calculations
based on the assigned elongation, triangularity and the option on plasma
configuration such as limiter, single mull divertor and double null
divertor configuraions. In single null divertor case, lower elongatiom, K
gnd triangularity, &, (null point side) are setlto be larger than the
average ones by 20 % and upper K and & be smaller than the everages by
20 %,

The thickness of blanket and shield can be modified from input
thickness according to the nentronm well loading in calculating plasma
parameters.

The required input power for plasma heating and current drive are
elso calculated in this plasms design step. As for the plasma heating
power, the reguired heating power is defimed as 1.5 times of the saddle

point power in the equi-contour map.



JAERI-M B7—107
1.2 Structure design

Radial and vertical builds are defined based on the results of
plasma design calculation, The prohibited regions against poloidal
field coil arrangement are determined from the radial and vertical
builds. There are three options in determing these prohibited regions,
i.e. (1) no restriction, (2) prohibited regiom for radial maintenance
access and support of torus, and (3) prohibited region for oblique
maintenance access and support of torus.

Poloidal contour of toroidal field coils is represented with one
straight line (wedge part of TF coil) and three arcs in this code. The
volume and weight of TF coil shear panels are calculated based on the
configuration of TF coils and the prohibited regions against the PF coil
arrangement, ﬂ

Poloidal field coils sre located at the effective positions slong
the line outside the TF coil contovr, based on plasma equilibriom
calculetions. Cross—sectional sizes of PF coils are determined so thst
the current density in each PF coil does nct exceed the maximum
allowable value. When tbe minimum distance between some PF coil and TF
coil is shorter than the assigned ome, this PF coil is moved outwards so
as to keep the assigned distance from TF coils,

Cross—sectional view of the first wall, blanket, shield end vacoum
vessel are defined so as to match with a plesma configuration and TF

coil shape.
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1.3 Magnetic field celculation

The scenario for time dependent magnetic flux consumption is
defined by & plasma curreant ramp up scenario {input data) and
resistively consumed magnetic flux obteined in the step of plasma
design. Poloidal field coil currents are provided by summing up two
components, i.e. those (1) for plasma eguilibrium and (2) for OH flux
supply, according to the scenario of magnetic flux consuﬁption. In
superposing the latter component on the former one, magnetic fields in
all of PF coils are calculated, The time dependent PF coil current
patterns are calculated so that the peak magnetic field in all of PF
coils are determined to be less thar the maximum aliowable field (input
data). This procedure provides a maximum burn time and/or an aveilable
OH flux change, If the burn time nnd/or‘available OH flux change is
significantly different from the assumed bunrn time/available OH flux
change supposed in calculating plasma parameters, calculation must be

redone all over again,
1.4 Others

Based on the time dependent PF coil current patterns, the power
supply requirements are calculated such as power supply cepacity,
maximum poloidal magnetic store energy, peak power, etc.

The cooling system is sssumed to consist of several subsystems
(1) divertor/limiter plate cooling subsystem, {(2) first wall/blanket
cooling snbsystem, (3) shield cooling subsystem, and (4) plasma
heating/current drivérsystem cooling subsystem. The mass flow rate of
eech subsystem is calculated based on heat load, imlet/outlet
temperatures and other data. '

The characteristic parameters are calculated for the exhaust system
(required pumping speeds, etc.), cryogenic system {cryogenic loads,
etc.) and tritium system (tritium consumption/circulation rates, etc),
based on the date such as plasme densities, fusion power, nentron wall
loading and so omn. '

The capital costs are cslculated by using fhe characteristic
parameters of each system., The cost of land, buildings end plasma
diagnostics are assumed to be constant independently of the reactor

design.



JAERI-M 87—107
2. Results of INTOR Scoping Studies

The parametric surveys are performed to study the following items
(1) effect of plasma shape on burn time, (2) comparison between single
null and double null divertoxr, (3) effect of increased peak toroidal
field, (4) dependence on plasma shape (elongation and triangularity),
{5) compaiison between radial access and obligque access, (6) comparison
between inductive and gquasi steady state operations, (7) ergoedic
limiter, and (8) steady state current drive operation., In these
studies, the peak toroidal field and overall current demsity in TF coils
are assumed as 12 T and 13 A/mm2, respectively, except the survey of
(3). Plasma tempersture is fixed to 10 keV except the survey of (8).
Safety factor in cylindrical model, Qs is fixed to 2.1 at plasms
boondary. The capital costs are normalized by that of standard case in

these studies. Main features of the standard case are as follows.

Plasma configuration Single null divertor

K=1.8, 8§ = 0.35

Reactor maintenance Radial access
Operation scemnario Quasi steady state
Burn time 1500 sec

Pegk toroidal field 12 T

Overall current density in TF coils 13 A/mm?

Peak poloidal field <107

Current deansity in PF coils < 25 A/mm?

The followings are the cost percentages of subsystems in the case

of the stndard reactor.

Torus system 25 %
Toroidal coil system 16 %
Poleidal coil system 13 %
Heaet transfer and cryogemic cooling systems 6%
Plasma hesting end current drive system 12 %
Power supply system (quasi steady state operation) 8 %
Exhaust and tritiom systems . 8 %
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Instrumentation and control (including diagnostics) 2%

Others (including land and buildings) 10 %

The results of these parametric studies ere briefly described in

the following paragraphs.
2.1 Effect of plasma elongation and triangnlarity on burn time

A possible burn time is compared between inductive and quasi steady
state operation scenarios as functions of plasma elongation and
triangularity. Figere 1 shows the difference in 2 possible burn time

between the two operation scenarios, AT . A single null divertor

‘ burn
configuration is assumed and peak magnetic fields inm PF coils are

limited to less than 10 T. The possible burn time difference, ATburn'

decreases with the increases of plasma elongation and triangularity.

. . I
The possible burn time of inductive operation case, Tb:in’
~ 500 sec in this figure. The check calculations are also carried out to
survey the TInd dependence by changing TInd from ~50 sec to ~700 sec
burn burn Ind

and the results show that the AT dose not strongly depend on T
burn burn

(error is approximately 5~10 %). The lerge difference of the possible

is set to

burn time can be expected betweén indvctive and gunasi steady state

operation in the machine with a relatively low plasma elongation and

triangularity. On the other hand, only a small difference in ATburn is

expected in the machine with & high plasma elongation and triangularity.
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1500

1000

Burn Time Difference Atburn {(sec)

500 o o
L ¢ = 0.20
§ = 0.30
o d = 0.40
0 1 1 1
1.6 1.8 2.0

Plasma Eiongation x

Fig. 1 Difference of possible burn time between guasi steady
state operation and inductive operation as functions of

Plasma elongation and triamgnlarity.
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2.2 Comparison Between Single Null and Double Null Divertor

Configurations.

The comparative stody is carried out between single null and double
null divertor cases. No restriction is imposed on PF coil
locations and guasi stéady state operation is adopted in these
calculations, Burn time is set to approximately 1500 sec., The
dependences of the key output parameters on plasma elongation, K, are
shown in Figs. 2(a) and 2(b). Figure 2(a) shows the dependences of
plasma major and minor radii'Rp, ap, and total machine weight on plasma
elongation., Figure 2(b) shows the dependences of the relative capital
cost, magnetic stored.ehergy and total Ampere turn of PF coils, All of
these ountput parameters decrease monotoujcally with the increase of a
plasmz elongation, K, within the regior of 1.6 { K { 2.0, These output
parameters of sihgle null divertor case are aiways less than those of
donble null divertor case except plesma major and miner radii, though no

restriction is imposed on PF coil arrangement,

6
T T T T TETT
=
o
4-) —
fi“&>2:;ﬁ&; -4 E
L2 5 B N [ 743
=
T o ‘\‘\\‘“- —_— o
O - -~ P -3 (=4
i ;% “““‘::“~§H‘ I
o "'-..__‘__.,___ o
£ g Ty | @
- .E -] =
53]
o =— Total Machine Weight =
o ‘@ o
]
=]
a 1
Opened : Single Null
Closed : Double Null
0 | | ] 0

1.6 1.8 2.0
Plasma Elongation

Fig. 2 (a) Dependences of plasma major radius, Rp' minor radius,
ap, and total machine weight on plasma elongation for both

single nnll divertor and double null divertor cases.
igi
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1.2t ’\ ———— Relatijve Cost
\\ \ —————— Stored Energy
\ —————~Ampere Turn -120

Opened : Single Null
N Closed : Double Null

Relative Capital Cost
Peak Stored Energy (GJ)

Total Ampere Turn (10 MAT)

Plasma Elongation k

Fig. 2 (b) Dependences of the relative capital cost, magmetic
stored energy and total Ampere turn in PF coils on plasms

elongstion for both single null divertor and double null

divertor cases,.
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2.3 Effect of High Magnetic Field in TF Coil

The merit of increasing peak magnetic field in TF coils, Btp' is
surveyed for a single null divertor, quasi steady state operation case.
No restriction is imposed on PF coil locations and burn time is fixed at
approximately 1500 sec again in these calculations. The overall current
density in TF coils, Jcav’ is assumed to decrease so &s to keep Btp x
Icav constant in this survey.

The results are summarized in Figs. 3(a), 3(b) and 3(¢). Figure
3(a) shows the effect of increasing Btp on.piasmé ﬁajor radius, RP,
minor radius, ap, and summation of major and minor radii, Rp + ap. A
plasma major radins increases with the pesk magnetic field, Btp’ though
a minor radius decreases. The reduction in a minor radius increases &
plasma resistance and then increases a ﬁajor radins to obtain the same
burn time as assigned. Figunre 3(b) represents the dependences of the
relative capital cost, peak poloidal magnetic stored energy and peak
total ampere turm on the peak magnetic field, Btp' The effect of
increasing Btp on these parameters is very smell as shown in this
figure. Figure B{c) shows the Btp dependence of total machine weight,
TF coil weight and torus weight, It can be seen that the cost reduction
due to the machine size redoction is compensated by the cost increase in.

TF coils.
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2,4 Effect of Plasma Elongation and Triangularity

The effect of & plasma elongation, k, and triengularity, &, is
studied for a single null divertor, quasi steady state operation case.
The radial access is assumed for reactor maintenance. Then, the
prohibited regions are imposed on PF coil locations considering s radisal
remote maintenance and support of reactor. A burn time is fixed at
~ 1500 sec again in this survey.

Figures 4(a) and 4(b) show the results of this survey., There is a
weak minimum poiﬁt in the relative capital cost as shown in Fig. 4(a).
This result comes from the cost increase of PF coil system and power
supply. The peak stored emergy and totsl ampere turn of PF coils
increase with elongation, K, (compare with Fig. 2{(b)}). The weight of PF
coils also incresses with K, though totgl weight decreases as shown in
Fig. 4(b). The relastive capital cost decreasses with the increase of 3,

however the sensitivity is weak.

15 3
& = 0.30

Total Machine Weight

§ = dfgg”“\\\\

§ = 0,40 I

—
Q
|

]

PF Coil Weight "’,,»/’

-

e

—

st 41

TF Coil Weight (103 ton)
Total Machine Weight (103 ton)
PF Coil Weight (103 ton)

= —
--.—.—.._..__._ ——— e ]

TF Coil Weight

0 ! 1 A I Q
1.6 1.7 1.8 1,9 2.0
Plasma Eiongation x

Fig. 4 (a) The relative capital cost, magnetic stored energy and
total Ampere turn in PF coils &s functioms of plasma

elongation and triangnlarity.



JAERI-M 87-107
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- - 5
LS E
o 1-0F 8§ = 0.35 —>9 2~ 118 g o
m e
8 = 0.40 —>o /,’ s
[1=]
ot /f' a-”‘(’ E 8
g s 5 g
= - @
— (=T
- 0.9p-" =110 5
= o
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——=——=— Total Ampere Turn
1 f | 1
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Fig, 4(b) Total machine weight, TF c¢oil weight and PF coil weight

as functions of plasma elongation and triamgunlarity.
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2.5 Comparison between Radial Access and Obligue Access

The impact of adopting obligme access for reactor mzintenance is
studied by comparing with the radisl access case, A plasmz
configuration is a single nnll divertor with K = 1,8 and & = (.35, A
quasi steady state operation is assumed and a burn time is fixed at
~ 1500 sec in both cases,

The result is summarized in Table 1. The reduction of the relative
capital cost due to the obligme access is only~3 %, though the pesk
stored energy of PF coils decreases by ~30 %.

Figure 5(a) and 5(b) show the cross—sectional views of radizl access

type and obligque access type of reactcrs, respectively,

Table 1 Comparison of Obligue Access
(K= 1.8, &6 = 0.35)

Radial Access Oblique Access

Piasma Mzjor Radius (m) 4.97 5.01
Plasma Minor Radius (m) 1.52 1.50
Plasma Current (MA)} 10.9 10.7
Toroidal Field (T) 4,43 4,51
Total Weight (ton) 11350 10990
TF Coil Weight (tomn) 3030 2750
PF Coil Weight (tom) 1150 1020
Pesk Stored Emergy (GI) 11.65 7.84
Power Capacity (MVA) 787 675

Total Ampere Turn (MAT) 115 101

Relative Capital Cost 1.0 0.970
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2.6 Indoctive Operation vs. Quasi Steady State Operation

The comparison study is carried out between inductive operation
and quasi steady state operation scenarios as & function of plasms major
radius (or burn time)., The plasma configuration assumed in these
calcunlations is & siﬁgle null divertor one with elongation Kk = 1.8 and
trisngnlarity & = 0,35, For the radial reactor maintenance access and
torus support, the prohibited regions are defined against the PF coil
arrangement, The result is shown in Figs. 6(a) and 6(b). Figure 6(a)
represents the dependences of the relative capital cost end plasma minor
radius, ap, on plasma major‘radius. Rp. The burn time of eech reactor
design (each calculation point) is written near each calculation point.
The plasma minor radius decreases with the imcrease of Rp, since the,TE
scaling used in the scoping study has a RP dependence instead of ap
dependence and the toroidal field at plasma center increases with Rp.
There are minimum points in the relative capital costs of both inductive
and quasi steady state operation cases. It can be seen from Fig. 6(b)
that the cost increments in the smaller Rp region come from the cost
increments of PF coils and power supply system., Compared with inductive
operation case, about 7 % of cost reduction comes from the cost
reduction of PF coils and power supply system, bhowever about 4 % of cost
" increment comes from the cost increment of plasme heating and current
drive system. As a result, the relative capital cost of quasi steady
state operation case is less than that of indoctive operation case by
approximately 2~4 %, In these calculations, the capital costs of both
plasma current drive and heating system are independently counted in,

If we can also use plesma current drive system for plasma heating, the
relative capital cost will decrease by approzimately 4 %. Figure 6(b)
also shows the relative capital cost of gnasi steady state operatidn
caese where both plasma heating and current drive can be performed by

common heating system.
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2.7 Ergodic Limiter

The relative merits are surveyed for systems with ergodic limiters.
The thickmess of the ergodic region is assumed to be 20 cm (at outboard
side) ~40 cm (at inboard side). A quasi steady state operation is
assumed and a burn time is set to ~1500 sec in thkis survey. No
restriction is imposed om PF coil arrangement for simplicity. Two
cases of plasma elongation are calculated, i.e. (1) K = 1,8 and (2) K = 2,0,
The result is summarized in Table 2. Although no restriction is
imposed on PF coil arrangement, no merit could be expected by using
ergodic limiter concept since the increment plasma minor radius due to
ergodic plasma regiom incresses machine size and reduces the toroidal

field in tbe plasma center as shown in Table 2,

Table 2 Comparison of Ergodic Limiter

Standard Ergodic Limiter

K = 1.8 K = 2.0 K = 1,8
Plasma Major Radius {(m) 4,97 5.43 5.71
Plasma Minor Radius (m) 1.52 1.52 1.80
Plasma Current (MA) 10.9 10.8 11.7
Toroidal Field (T) 4,43 4.16 3.96
Total Weight (ton) 11350 11680 12850
TF Coil Weight (ton) 3030 3040 3340
PF' Coil Weight (ton) 1150 1070 1080
Power Capacity (MVA) 787 742 6g2
Peak Stored Energy (GJ) 11.65 T7.54 £.67
Totzl Ampere Turn (MAT) 115 1032 97
Relative Capital Cost 1.0 1.026 1.077
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2.8 Steady State Operations

The relative merits of steady state operation scemario are studied
for a single null divertor configuration (RF current drive) and limiter
configuration (NBI current drive). The piasma temperature.is set to 20
keV in the former case, and to 10 keV and 20 keV in the latter case.

The plasma elongation is fixed to 2.0 in all cases. No restriction is
imposed on the PF coil arrangement for simplicity. Two cases of
solenoid coil option are calculated, i.e. (1) no solenoid coil and (2)
with solenoid coils. The energy multiplication factor, Q, is set to
five.

The results are summarized in Table 3. The relative capital costs
of steady state operation systems can be significantly redeced (10~20 %),
compared with the standard case. The syétems with solencid coils are .
more compsct, and the relative capital cost and the pesk poloidal
stored energy, etc. are less, compared with no solencid coil cases.
Though the 10 keV plasma is more preferable than the 20 keV plasma from
the viewpoint of machine ecoﬁomy, a large amount of power (~200MW) is
required for plasma current drive in cese of 10 keV plasma, The
relative merits of steady state operation scenarios are significant from
machine economic point of view. However, low energy multiplicsation
factor, Q, and low neutron wall loading are not necessarily attractive sas

2 mission of the mext generation tokamaks.
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3. Japanese Proposal

The result described in the paragraph 2.2 shows that the capital
cost of a single null divertor case is less than that of a double null
divertor case as well as the stored energy and total ampere turm in PF
coils in the range of ~1.6 { ¥ {~2.0. So, we propose to adopt a single
null divertor configuratidn rather than a double null divertor one.

Since the imﬁact of changing a peak toroidal field, Btp’ is very
small as shown in the paragraph 2.3, we dare not alter it from the
current valame 12 T. On the other hand, since the merit is clear to
increase an overall current density in TF coils Icav’ we increase the
Icav to 13 A/mm? at Btp = 12T based on the preliminary engineering
consideration for the innovative TF coil design.

A plasma elongation should be deterﬁined not only by cost analyses
but also by physical considerations on plasma vertical position control,
The analyses by rigid and deformable plasms models show that & high
plasma elongation beyond ¥ = 1.8 would be very serious in the next
generation tokamak reactors

Furthermore, the relative capital cost has a weak minimum point at
the plasme elongation of 1.8~1.9 in the case of a radial access for
reactor maintenance &s shown in the paragraph 2.4. Based on these
results, we propose to select a plasma elongation of ~1.8,

The comparison study between radisl and oblique access for reactor
maintenance shows that the differemce in the relative capital cost is
only ~3 % between the two cases as shown in the paragraph 2.5. This
amount of differemce can not be strong motivation to adopt the oblique
access at the risk of the difficulty in a reactor maintenance brought by
the obligue access.

The system analysis represented in the paragraph 2.6 indicates that
the relative capital cost in the case of a guasi steady étate operation
is less than that in the case of an inductive operation by approximately
3~7 %, Furthermore, a gquasi steady state operation scemerio should be
adopted as the first step to a steady state tokamak reactor plant since
the pulse operation of tokamak reactors is ome of the big weak points,

The parametric study on the effect of plasma major radius, Rp, (or buren
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time, tbn n) shows that the relative capital cost is minimized at Rp =
4.85~4,90 m (or Tbnrn:=1000 sec) as described in the paragraph 2.6.
Based on these comsiderations, we propose to adopt a guasi steady state
operation scenario with ~1000 sec burn time,

The merit of an ergodic limiter would be poor as shown in the
paragraph 2.7, since the ergodic region substantially incresses machine
size and decreases & toroidal magnetic field at plasma center. So we
abandon to use an ergodic limiter concept. '

The substantial cost down (10~20 %) can be expected by using
steady state operation scenario (see the.paragraph 2.8). HBowever, low
energy multiplication factor, Q, (Q=5) and low neutron wall loading,
Pwn’ (Pwn:¥0.2-0.4 MW/m2) are mot so attractive to adopt this concept
as the next generation tokamak reactor.

Our typical proposal for the INTOR innovative reactor is summarized
in Table 4, Figures T(a), 7(b) and 7(c) show the cross—sectional view
of our reector and plasmﬁ configurations at high and low beta phases,
respectively. The shaded zones in Fig. 7(a) are the PF coil prohibited

regions for reactor maintenance and machine support. Figure 7{d) shows

radial build of this reactor.
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Table 4 Characteristics of Japanese Proposal Reactor

Plasma major radius (m)
Plasma minor radius (m)
Aspect ratio .
Elongation
Triangularity

Plasma temperature (kev)

Electron demsity (1/m?)

Ion demsity (1/m3)
Fuel density (1/m*)
Zeff

Plasma cunrrent (MA)

Energy confinement time (sec)
Safety factor 95

Total toroidal beta

Foel toroidal bets

Toroidal field in plasma center (T)
Peak toroidal field (T)

Overall TF coil current demsity (A/mm?)
Peak poloidal field (T) '
PF coil current demsity (A/mm?)
Fusion output power (MW) .

Neatron wall loading.(HW/mz)

Burn time (sec)

Operation scenario

Reactor maintenance access

4.87
1.60
3.05
1.8
0.35
10
1.27 x 1020
1.17 x 1020
1.11 x 102°
1.5
11.6
2.33
2.1
6.13
5.16
4.16
12.0
13.0
10.0
25.0
655
~ 1.08
~ 1000
Quasi steady state

radial access
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4, Summary

The results of the INTOR scoping study sre summarized as

follows,

(1) The difference of the possible burn time between quasi steady
state and inductive operation decreases with the increases of
plasma elongation and triangularity.

{2) The comparison study between single aull and double nnll
divertor configurations shows that the peak poloidal stored
energy, total PF coil Ampere turn and the relative capital cost
are less in single null divertor case than in double null
divertor case in the ranpge of plasma elongation K < 2.0,

(3) The impact of incresasing pesk toroidal field can be expected
-to be very small.

(4) The capital cost has a weak minimum point at the plasma
elongation of 1.8~1.9 in case of radial reactor maintenance
access, In this survey, the PF coil locations are limited so as
not to violate the zomes for reactor maintenance and machine
support.

(5) The difference of the relative capital cost is estimated to be
'approximately 2~4 % between inductive operation and guasi
steady state operation scenarios (Indnctive operation case is
expensive.).

The capitai costs of both inductive operation and quasi steady
operation cases have & minimom point at some plasma major radius
{or some burn time). The increase of cost in the smaller major
radius region is dﬁé to the cost increments of PF coils and
power supply system.

{(7) No clear merit can be expected by using ergodic limiter
'concept since the ergodic region increases the machine size and
reduces the toroidal field at the plasma center,

(8) The capital cost can be significantly reduced (10~20 %) by

“adopting steady state operation scemario, However, the low
energy multiplication factor and low nentron wall loading would

be problem of this scenario.
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