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This report corresponds to Chapter VII of Japanese contribution report
to IAEA TNTCR Workshop, Phase Two A, Part 2, The purpose of technical kenefit
study is to examine the implications of having different manufacturers
fabricate components of a major system of INTCR. A systematic examinations of
advantages and disadvantages of designing and fabricating major INTOR com-
ponents in the frame of one international joint projects is performed.
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i, Purpose and Scope

The purpose of this critical issue is to examine the implication of
having four participants fabricate components of a major system of INTOR.
There are potential advantages and disadvantages from such an approach, and
5o a systematic examination of them will be perfafmed.

Informations of an identification of differences between fabrication by
a single manufacturer and fabrication by multiple manufacturers, would be
most helpful in progressing the international joint project of the four

INTOR participants.

2. Technical Benefit

A study is in progress on the technical feasibility of partitioning in
design/fabrication/comstruction on INTOR in the frame of on international
joint project of the four INTOR participants. International partitioning in
such INTOR project implies some advantages and some disadvantages. Provided
the disadvantages can be kept within a tolerable range and the advantages can
have the sufficient meanings in technology and in cost for four participants,
such the advantages in technology would be implied to be the technical
benefit in present studies. That is, in INTOR project involved in many kinds

of advanced technologies, the technical benefit is defined as follows;

(1) Technical transfer of advanced technologies developed in INTOR project

among four participants.

(2) Development of industrial capability and experience for future fusion
reactor technology. However, such technical benefit is based on the

ideal assumption that each partichpant will. have sufficiently developed

his own advanced technology basis at the start of INTOR construction,
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3. Approaches and basic assumptions

3.1 Basic assumptions

(1) Reference organization scheme
A reference organization scheme is characteriged as shown in Fig, 3.1
and its responsibilities are given also,

(2) Three scenarios for realizing INTOR
Three scenarios are shown in Table 3-1,
Scenario A is the reference for comparison between international
partitioning approaches, scenario B and scenario C, and a purely
national approach, scenario A, A mixed scenario betweenB and C
are likely considered also,

(3) Reference cost
International average figures as of phase Il A Part 1 (Case 8)

(4) Reference schedule
Phase II A Part 1,

(5) Classification of systems/comp, in scenario B and C,
Table 3.2

(6) Approximately equal shares per participant,

3.2 Evaluation methods
(1) Cost evaluation
{a) First step

Relative "direct" and "indirect" capital costs are estimated in the
following way; direct and indirect capital cost in average values of
cost estimations of four participants, and indirect capital costs of
each systems/comp, are set-up by considering both distributions of
direct capital costs for systems/comp. and correction factors assum-

ed from degree of their importance,

(b) Second step
Weight factors for estimating costs in three scenarios are estimated

by using incremental costs in the systems/components questionnaires.
(Table 3.3)

(c) Third step
Direct and indirect capital costs for Major INTOR components and
systems in three scenarios are calculated by the above steps based

on the following.
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i) Scenario A

. 7 P
total cost ticipant = 1. A direct 5 A
/particip NZ Wi, 1%C4q +y W, .
1=1 '22 1"]
3
LT
i,j

ii) Scenario B

: 5
total cost/participant — L W B < <f11rect +5 W c
N‘i=1 i, 1771, j=2 i3
ind
¥C, .
i,
iii} ScenarioC
1 7 . 5
total cost/participant = —) |y ¢ cdirect YW ¢
N ._ 1,1 i, " isj
i=1 J=2
ind
xCi,j
where,
N : number of participant W : weight factor CdEECt; direct

cind . indirect capital cost A,B,C : scenario, capital cost

i : comp./system(7) j : evaluation items

(2) Schedule and manpower evaluation
Based on the systems/components questionnaires (Table 3.3-1 ~ ~21)
and the impacts on construction process (Table 3.4 & 3.5).

(3) Evaluation of benefit from partitioning
A benefit from partitioning is evaluated by using the examination of
impacts on construction process (Table 4,4 & 4,5), That is, relative
evaluation values of scenario B & C V S, scenario A for three systems
of reactor system, supporting system and facilities, are estimated in
the impact tables. Total relative evaluations of benefit from partioning

are performed by above relative values weighted with capital cosis.
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Reference orgznization scheme

Responsibilities

- set up basic specifications

- design the total system
- set up_ management scheme
- cooriination, standards

- _control, data exchange

- plan facilities, assembly,test program

- operate the machine

- cgnt:ol detailed national
- sele-t national manufactu
- control procurement and f

- survey acceptance CLesCs,

design and R and D
rer
abrication, QA

inscallation and

check-out of national components

- provide national management scheme

- prociction design
- fabrication and test
- guarantees

- R and D

Table 3.1 Three Scenarios for realizing INTOR
A B "
(advanced technology components (branch)

Four nations each build
their own "INTOR" based
on their national R and D
= reference case for

benefit evaluation

split, conventional technology
components branch)

One international machine is

built by four nations based on

four national R and D programs
sharing fabrication of multiple
high technology components and
of the different conventiomal

components.

One intermational
machine is built
by four natioms
based on four
national R and D
programs sharing
fabrication of
different com—

ponents.
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Table 3.2 Classification of systems/comp. in scenario B and scenario C

Systems/comp .

scenario B

scenario C

Multi.

Diff.Multi.

Diff.

Remarks

Reactor systems
1 Torus
Divertor
Blanket sector
Blanket test module
. Shield sector
First wall
Mechanical support

Pumping system

2 Magnet
TF magnet

PF magnet {solenoid}
PF magnet (ring)
Cryostat

Mechanical support

Refrigerators

3 Heating
ECRH
ICRH

5000 O 00000

(@)

OO

OQO

00 O0O000

OO0 OO0

00

Multi: multiple
high technology
components

Diff: different
conventional
components.

% in scenario C,

all divertors
are fabricated
by one partici-
pant.

Supporting systems
1 Fueling
2 Electr, supply

TF
PF
RF

Tritium

Diagnostics

3
4 Cooling
3
6

Maintenance

Q)

Facilities

ol 0000000 O

O| OO0O00O0 O
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Table 3.3-1
SCENARIO A B C
COMPONENT Divertor
No, of modules it
esfunits 12 12 12
Ma . of redundant modules 1 ~2 4 1~ 2

Are different designs
tolersbhle?

yes, but not
economic

yes, but not
economic

yes, but only
small differences

Give items that may dilfer in

detailed design or material 4

. cooling tube .
. moving mechanics

support structure

. incident heat load. , incident i:article evergy . sceparatrix line

Necessary basis and detail of ) s 3 i -
; ) onditions,_, incident particle flux. .operating sgepario .neutron
proproduction design 5 flience - diverior plate material . coolant material .temperature,
pre
LY
Give main int it »conductance of divertor duct .cooling tube ,support structure of
ve maln interface items moduel . maintenance process , maintenance porlg
Messures of quality control ,cooling test , thermal fatique test ,moving test of divertor module
. vacuum leak test
Transportation problems national 75% overseas 75% overseas
Is on-site fabrication no no no
necessary? g
Is acceptance test on-site
necessary? . 10 no no no
Specil'.ic assembly problems no no no
n
18 more than one national pro-
duction line economic/necess,? Yes no yes
12
For conventional components:
is scenario B leasible? —_— no
13
For high-technology components
Is know-how exchange in
scenario C sulficiently not enough
benelicial? 14
Benelit, il one component
concepr.‘f:u'ls 15 no large no
Incremental time for design 20 * 5
18 {interface)
Incremental cost {manpower) *
for design (%) 17 _— . 20 10
Incremental time Tor 10 * 5
procurement (%)
18
Incremental time for fabrice- * 0
tion/construction (%) 19 —_——— -30
Incrementalcost for fabrice- (l'or reduction‘of *
tion/construction 20 40 ‘mass ?roductxon 5
. ffect
*
Incremental time {or transpor-
tation/assembly (£} 21 40 30
lucremental cost for transpor. *
tetion/assembly (%) 22 30 20
Incremental cost for Lests 20 * 10
(%) 2 .
Other incremental tine {%) 2 10 * 5
Other incremental cost {%) 25 15 * 10

% in scenario B, incremental cost and time mean a value per one participant same as
for other components,

-__6_
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Table 3.3-2
SCENARIQ A B o)
COMPONENT Blanket Seciors
No. of medules/unit
M unils . 1 2 12 1 2
No , of redundant modules {for?2 2 or 4 {1 or 2

Are different designs
tolerable?

yes, but not
economic

yes, but only
small differences

yes, but not
economic

Give items that may differ in
detailed design or material 4

design : coolin

blankef vessel dimension . [withinccompl
material: breeder, neutron multiplier

pipe structure, its arrangement, spacer structure

ing with all interfdces)

Necessary basis and detail of
preproduction design
5

breeding ratio, breeding materials,
material, operating scenario, o
and pressure, design base faul

coolant material, neutron multiplj
?erating temperature (above materials
s, separable first wall or integrated

Give main interface items

. s 1]
f.l.l. StTWalIS

cooling pipe, purge gas pipe, setting to shields

Measures of guality control

density of Li,O inventry, pellet size physical dimensions (pipe,
vessel et,}, welds, flaw purity of Libz and multiplier, cold testing
el

Transportation problems national 75% overseas 75% overseas
&

Is on-site fabrication no no no
necessary? 9
Is acceptance test on-site
necessary? 10 no ne nO
Specilic assembly problems no no no

n
is more than one national pro-
duction line economic/necess ,? yes no yes

12
For conventional compeonents:
1s scenario B feasible? no

i3
For high-technology components not enough
Is know-how exchange in ; .
scenario € sulliciently (even if detailed
benelicial? 14 documents
Penefit, il one component
e il y no large no
Incremental time for design 20 5
(%) 1% (interface)
Incremsental cost {manpower)
for design (%) V7 20 10
Incremental time for 10 5
procurement (%) 18
Incremental time for labrica-
tion/construction (%) 19 _ =30 0
Incrementalcost for fabrica= (for reduction of o
tion/construction 20 40 glﬁ;ggtgro uction
Incremental time for transpor-
tation/assembly (%) 21 40 30
Incremental cost fer transpor-
tation/assembly {%) 22 30 20
Incremental cost {or tesis 20 10
(%) 23
Other incremental time (%) 24 10 5
Other incremental cost (%) 25 15 10
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Table 3.3-3

SCENARID A B c
COMPONENT . Blanket test module
No. of modules/units 1 4 1
1
No . of redundant modules 1 0 1
2
Are different designs -
tolerable? yes yes yes
3
Give items that may differ in
detailed design or material see also blanket sectors
Necessary basis and detail of ’
preproduction design see also blanket sectors
' 5
Give main interface items . see also blanket sectors
Measures of quality control 7 . see also blanket sectors
Transportation problams national 75% overseas 75% overseas
Is on-site fabrication no no no
necessary”? g
Is mcceptance test on-sile no no no
necessary? 10
Specilic assembly problems no no no
11
Is mora than one national pro-
duction line economic/necess . ? yes no yes
12
For conventional companents: .
Is scenaria B feasible? P — no
13

not enough (know how

igh-technolo, ont
i bt s Lt could not enough under-

Is know=how exchange in

scenario C sulficiently _— S — stood only with detailed

benelicial? 14 review 5)

Benelit, il" one component no largé no

concept [rils 15

Incremental time lor design 20 5

) 16 ‘ (interface)

Incremental cost {(manpower)

for design (%) —— 20 10
17

Incremental time for

procurement (%) 18 ———— 10 5

Incremental time for fabrica- 0 0

tion/construction (%) 15 —_—

Incremental cest foy febrica- 0

tion/construction 20 5

Incremental time for transpor-
tation/assembly (%)

40 40

21
Ipcremental cost for transpor-
tation/assembly (%) 22 —_—— 30 20
Incremental cost for tests

20 0

(%) 2 1
Other Incremental time (%) 2 0 5
Other incremental cost (%) 15 . 10

23 —_—m——
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Table 3.3-4

SCENARIC A B c
COMPONENT Shield Sectors
No. of modules/units 12 12 12
1
No . of redundant modules 1or 2 2o0r 4. 1o0or 2
2
Ave dilferent desigas ‘ ves, but not © yes, but only yes, but not
tolerable? , economical small differences economic

o cooling channel structure
o cooling channel arrangement
4 o cooling conditions
. . nuclear heating density distrubution, structure material, dose rate
Necessary basis and detall of - | Jimjt gutside belljar cxyyostat shielding conditions for T'F & PF
preproduction design . PR A ?

5 {coil, 1 turn resistivity structure

Give items that may differ in design
detailed design or material

divertor/limiter, RF port, blanket, NBI port, torus sector,

Give main interface ilems - . .
6 mechamcal support, coohng pipe

Measures of quality control physical dimensions, welds 1 turn resistivity testing, vacuum
T | characteristics '

Transportation problems * national 75% overseas 75% overseas
Is on-sile fabrication no no ne
necessary”? g
Is acceptance test on=site :
necessary? .10 no no no
Specilic assembly problems no no no

11 |
Is more than one naticnal pro—
ductiop line economic/necess .? yes no yes

12
For conventioral components:
Is scenario B feasible? —_——— no ——r——

13
For high-technclogy components
Is know-how exchange in ot h
scenario C sufliciently — —_— n enoug
beneficial? 14
Beneflit, if one component )
concepl’fa.i.la 5 noe yes no
Incremental time Jor design 20 5
(%) 16 {(interface)
Incremental cost (manpower)
for design (%) 17 — 20 10
Incremental time for
procurement (%) 18 [ 10 5
Incremental time [or febrica-
tion/construction (%) 19 — -30 0
Incrementalcost (or fabrica- 0 (l‘or reduction_ of 0
tion/construction 20 —_— mass production

effect

Incremental time for transpor-
tation/assembly (%) 21 R — 40 30
Incremental cost for transpor-
tation/assembly (%) 22 e 30 20
Incremental cost for tests 0 0
(%) 23 _— 2 1
Other incremental time {%) 2 ' 10 5
Other incremental cost {%) 25 15 10
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Table .3 . 3-5

SCENARIO A B c
COMPONENT First wall

Ne. of modules/units 12 12 12
1

No . of redundant modules
) tor?2 2or4 ior2

Are dilferent designs yes, but not yes, but only yes, but not

a2 - = -
lolerable? 3 economical small difference economical
Give items that may differ in design 1 cooling tube, first wall surface condition cooling condition

detailed design or material material : coating

. heatload (incident particle & nuclear heat) . cooling conditions

Necessary basis and detail of 3 : > F H
preproduction design ,mmdept partlcle‘flux. & energy . neutron wall load . sputteringyield
5 |.operaticn scenario .eleciromagnetic forces ,shell effect , structure
. mater ials
Give main interface items blanket medule, tritium breeding ratio
6
Measures of quality control physical dimensions inspection water tighteness for cooling
T vacuum testing
Transportation problems national " 75% overseas 75% overseas
8
1s on-site fabrication .
necessary? 9 no no no
Is acceptance lest on=-site
necessary? no no - no
10
Specific assembly problems no no no

11

is more than one national pro—

duction line economic/necess.? yes no yes
12

For conventional componenls:

Is scenario B leagible? —_—— no -
13

For high-technology components

Is know-how exchange in not eno ugh

scepario C sufliciently — —

beneficial ? 14

Benelit, if one component )

couceptlfails 15 no large no

Ipcremental time for design 20 5

) 16 (interface)

Incremental cost (manpower)

for design (%} 17 _— 20 10

Incremental time for 10 5

procurement {5) 18

Incremental time for [abrica- -30 0

tion/construction (%} 19 —

Incrementalcost [or fabrica- ) (TDI‘ redu CtiOl’l_Of

tion/construction ‘20 . 40 -mfarlsstgro duction 0

ellec

Incremental time for transpor—

tation/assembly (5} 21 40 30

Incremental cost for transpor-

tation/assembly (%) 22 ———— 30 _ 20

Incremental cost for lests

(%) 2 —_ 20 10

Other incremental time (%) 24 10 5

Other incremental cost (%) 25 15 10
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Table 3.3-6
SCENARIOQ A B l C
COMPONENT Mechaniecal support (torus)
HNeo. of modules/units 12 12 12
1
No, of redundant modules 1 1or?2 1
Are different designs yes, but not yes yes, but not
tolerable? 5 economical economical
Give items that may differ in design: mechanical structure (within interface condition)
detailed design or material 4
Necessary basis and detail of electomagnetic conditions, seismic condition
preproduction design thermal expansion
5
Give main ::mtertace items Plasma vacuum vessel (DI‘ ShiEIds)
[}
Measeres of quality control weld inspection, dimensioniinspection., electrical inslation testing,
: 7 | one-turn resistivity testing
Transportation problems national 75% overseas 759 overseas
is on-site fabrication no no no
necessary” g
Is acceptance test on-site no no no
necessary? 10 -
Specilic assembly problems no no no
11
Is more than one national pro-
duction line economic/necess,? yes no Yes
12
For conventional components: e
Is scenario B feasible? ———— yes
13
For high-technology components
Is know-how exchange in not enough
scenario C sulliciently —_——
benelicial? 14
Benelit, if one component :
cancept’l'aila 15 no yes no
Incremental time for design 20 5
16 (intexface)
Incremental cost {manpower) 20 10
for design (%) 31 ———
Incremental time for 10 5
procurement (%) 18 —
Incrementsl time for fabrica- .
tion/construction (%) 19 - =30 0
Incrementalcosi for labrica=
tion/construction 20 - 20 5
Incremental time for transpor=
tation/assembly (%) 21 —_— 40 30
Incremental cost for transpor-
tation/assembly (%) 22 _— 30 20
Tncremental cost for tests 20 10
{%) 23 -_
Other incremental time (%)} 24 10
Other incremental cost (%) 25 15 10

— 11 _
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Table 3.3-7
SCENARIO A B ¢
COMPONENT Pumping system (eryopump) o

Na, of medules/units 12 12 12

; )
No . of redundant modules 2 4 2

2
Are dillerent designs yes# but not yeS‘ yesl but not
tolerable? 3 economical econoimical

Give items thal may diller in

detailed design or material 4

he absorption material

refrigerating pannel siructure

Necessary basis and detail of
preproduction design
5

he absorption materials

liquid he refrigerating loads

nuclear heating

Glve main interface items

conductance of divertor exhaust duct,refrigerators, TMP

6
Measures of quality control vacuum leak testlng
7 | pumping speed testing (He , T.D}

Transportation problems national 75% overseas 75% overseas
Is on-site [abrication no no no
necessary? 9
Is acceptar;ce test on-site no no no
necessary? 10 :
Specilic assembly }:lx'c:lblems11 no no no
15 more than cne national pro- e no es
duction kine economic/necess . ? yes ¥

12
For conventicnal components:
Is scenario B fensible? [ yes

13
¥For high-technology compenents not eno Ugh
Ts know-how exchango in (even if detailed
scenario C sufficiently _—
beneficial ? 14 document)
Benelit, il one component
concept'fails 15 no la‘rge no
Incremental time for design 20 5

16 (interface)
Incremental cost {manpower)
for design (%) ' 20 10
Incremental time for
procurement (%) 18 10 >
locremental time for fabrica- =30 0
tion/construction (%) 19

. 6T Feduction of

Incrementalcost for labrica- .
tion/censtruction 20 20 (gﬁgstproductmn) 5
Incremental time (or transpor-
tation/assembly (%) 21 40 30
Incremental cost for transpor—
tation/assembly (%) ag - —_—— 30 20
Ioeremental cost for lests 20 10
%) 23
Other incremental time (%) 24 10 5
Cther incremental cost {#) 25 15 10
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Table 3.3-8
SCENARIO A B s
COMPONENT TF magnet

No. of modules /units 12 12 12

1
No. of redundant modules 1 or 2 2or4 1 or 2

2 .
Are different designs yes, but not yes, but only yes, but not
tolerable? , economic small differences economic
Give ilems thal may differ in d851gn. COH(} g'c::%rc%esdl%?d n'f]l deSIgn’ coll case aESIgn ot. (Wlthln
detailed design or material . Imaterial: super copductor miaterial, stabilizer, material, insulator

material [within lntprfapgcnnﬂxhnnq

Necegsary basis and detail of
preproduction design

coil geometry, {field only plasma chamber axis, maximum field,
cooling method super conductor material, gradmg, operation

s |scenario, AC 1oss nuclear heating
Give main interlace items bukmg regmap,_ OUt—Of_p]'ane struct ure, electrical SUPP1Y conditions ?
¢ | cooling conditions,
] material, welds, conductor testing single coil testing physical

Measures of quality contrel dimensions
Transportation problems national 75% overseas 75% overseas
1s on—site fabrication no no no
necessary? g
Is acceptance test on-site ‘o
necessary? 10 no no ©
Specilic assembly probiems 1o no no

11
Is more than one national pro-
ducticn line economic/necess.? yes no yes

12
For conventional components;
Is scenario B feasible? —_— no .

13
For high-technology cempenents
Is know-how exchange in yes
scenario C sullficiently ———————
beneficial? 14
Beunefit, il one component )
concept fails 15 no large no
Incremental time for design 20 5
(%) 16 {(interface)
Incremental cost (manpower)
tor design (%) 17 20 10
Iocremental time for 15 5
procurement (%) 18 _—
Jocremental time for fabrica- =20 ) 0
tion/construction (%} 19 —_—
Incrementalcost for fabricas 0 {for reduction of 0
tion/construction 20 5 mass p fo duction

effects

Incremental time for transpor-
tatiop/assembly (%) 21 —_— 40 30
Incremental cost for transpor—
tation/assembly (%} 22 —_— 30 20
Incremental cost [or tests 20 10
(%) 23
Other incremental time (%) 2 10
Other incremental cost (%) 25 15 10
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| B

1 c

COMPONENT

PF magnets (central solenoid, ring coils)

No, of modules/units

central solenoid,: 1

jB

central solenoicz_: 1 53
sections

central solenoid.: 1 (3

s 1. . sections . . X . sections
Iring coil 3 ring cpil; 8 ring coil: 8

No . of redundant modules 0 0 0

2
Are different designs yes, but not yes, but only smalil yes, but not
tolerable? s economic differences economic
Give items that may differ in design: ?g&%%gg%rc%esdll ?dngtnl design, coil case design etc, {within
detailed design or material 4

ria

material ; super con uctor nmiaterial, stabilizer material, insulator
Saul

Neceasary basis and detail of
preproduction design

coil position, coil size, coil current & voltage, stability margine,
material et., interfaces, electrical insulation eperation scenario

5
] PFC support structure in brucking post & in TF magnet,
Give main interface items electrical supp]_y conditions
coecling conditions
Measures of quality contral materials, welds, conductor testing;
single coil testing, physical dimensions
‘ ] transpor, . :
Transportstion problems D%:C)Jb ean% .LY ruﬁ% itor 75% overseas 75% overseas
8 flarger ring col X _
. o es (in order to resolve yeg (for larger es (for larger
18 on-site f’abr:cntmn ran(sport problem or d (I‘l_l‘l 2:;5.5) d (ring coing)
3 ? . .
necessary g Arger Ting COllS) g
Is acceptance test cn-site no yes yes
necessary? 10
Specilic assembly problems noe no no
11
Is more than one national pro=- yes no yes
duction Une economic/nacess,?
12
For conventional components:
Is scenario B {easible? no
13
¥or high-technolegy components
Is know-how exchange in
scenario C sulficiently not enough
beneficial? 14
Banefit, if one compenent
concept' Tails 15 no large no
Incremental time for design 20 5
) 16 (interface)
Incremental cost (manpower}
tor design (%) 1T 20 10
Iocremental time for
procurement (%) 18 15 >
Incremental time for [abrica=- —
tion/construction (¥} 19 20 0
Incrementalcost for fabrica- (fOI‘ reduction _Of
tion/construction 20 50 ‘mass production 0
effect
Incremental time for transpor-
tation/assembly (%} 21 40 30
Incremental cost for transper-
tation/assembly (%) 22 30 20
Incremental cost for tests
%) 23 20 10
Other incremental time (%) 24 10 5
Other incremental cest [#) 25 15 10

714___
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Table 3.3-10

SCENARIO A B c
COMPONENT Cryostat’
No. of modules/units . 1 1
1
No , of redundant medules
2 v 0
Are dillerent designs yes, but not yes, but not
tolerable? : —_—_— .
3 economic economic
Give items that may differ in design o . o
detailed design or material bell-jar structure (within all interface conditions)

Necessary basis and detail of vacuum condition, 1 turn resistivity, selsmic condition,.cooling

preproduction design condition (LN2)
5

Give mein interface items. floor structure, TF & PF magnets, vacuum pump

6
T _ P Y
Measures of quality control materials, xivelds, 1 turn-resistance testing,
7 vacuum testing
Transporiation problems national P national or
8 overseas (7%)
1s on=-sile fabrication
necessary? 9 no no
Is acceptance test an-site
necessary? 10 no no
Specilic assembly problems11 no [ no
Is more than one naticnal pro-
duction line economic/necess.? yes —_— yes
12
For conventional compenents:
Is scenario B feasible? —_— no —_—
13
For high-technology compenents
Is know=how exchange in
scenaric C sufficiently — —_— not enough
benelicial 7 14
Benelit, il ene camponent
concept [ails 15 no yes no
Incremental time for design 5
16
Incremental cost {manpower)
for design (%) 17 _— - 10
Incremental time for 5
procurement (%) 18 ——
Incremental time for fabrica= 0
tion/construction (%) 19 —— p—
lncrementalcost for fabrica- o
tion/construction 20 ——
Incremental time for transpor. 30
tation/assembly (%) 27 e ——— 1 over-
Incremental cost for transpor— seas
tation/assembly (%} 22 _— E— 20
Incremental cost [or Lests
(%} 23 _ —_— 10
Other incremenial time (%) 2 5
Other incremental cost {%) 25 —_— 10
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Table 3.3-11
SCENARIO A B l c
COMPONENT Mechanical support (magnet)
No. of modules/units . 12 12 12
Neo . of redundant modules 2 4 2
2
Are different designs yes, but not yes yes, but not
tolersble? ’ , economical economical
ive items may differ in design ; ghare-panel structures (T¥FC) |

e e il 1en i“l%c sl?ppgrtsstructure adfa\)atlc support legs)

detailed design or material 4

material: FRP (TFC support)

Necessary basis and detail of
preproduction design

electromagnetic force distribution (T FC, PFC)low temperature
characteristics of structure materials (5US, FRP etc.

5 |1 turn-resistivity, seismic condition
Give main interface jteams TF COils PF coil
6 [temperature defference between TFC and flower base

Measures of gquality control

weld inspectio imension inspection
clectrical fnsulilé,tiion testing P
pne-turn resistivity testing

Transporiation problems national 75% OVerSeas 75% overseas

1s on-site fabrication no no no

pecesgary? "

Is acceptance test on-sile

necessary? 10 no no no

Specific assembly problems no no no
11

Is more than one national pro-

duction line economic/necess.? yes no yes
12

For ceonventicnal components:

Is scenario B leasible? —_— yYes -
13

For high-technology components

1s know-how exchange in not enough

scenario C sufficiently

benelicial? 14

Benelit, il one component e no

cancept fails 15 no yes

Incremental time for design 20 5

%) 16 (interface)

incremental cost (manpewer)

tor design (%) 17 —_—— 20 10

Incremental time for 10 5

procurement (%} 18

Incremental time for {abrica- 0 0

tion/construction (%) 19 —_— -3

Incremental cost for fabrica-

tion/construction 20 20 5

Incremental time for transpor-

tation/assembly (%) 21 _— 40 30

Incremantal cost for transpor-

tation/assembly (%) 22 —_ 30 20

Incremental cost for tests

(%) 23 20 10

Other incremsntal time (%) 24 10 5

Other incremental cost (%) 25 15 10
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Table 3.3-12

SCENARIQ A B c
COMPONENT Refrigerators
Ne., of modules/units 1 e ]
1
Neo, of redundant modules
2 0 - 0
Are different designs Yes, but not . yes, but not
tolerable? R economical economical
Give items that may dilfer in slightly changes are possible in parts and equipments of refrigerator
detailed design or material system (within all interface conditions)
Necessary basis and detail of reactor operation scenatio
preproduction design 5 liquid He & N3 refrigerating load of TFC, PFC ete.
Giive main interface items
3
Measures of quality control performance tests for each equipment of refrigerators
7 performance tests for total refrigerator
- iona
Transportation problems national national aﬂd
& overseas
Is on-site fabrication 1o no
necessary”? g
Is acceptance test on-site no ' no
necessary? 10
Specific assembly problems no [ no
1

1sx more than one patienal pro-
duction line economic/necess . ?

yes, but slightly yes, but slightly

12

For conventional components: yes

Is scenarioc B feasible? —_— —_—
13

For high-technology components

Is know-how exchange in .
not enough

24

scenario C sufficiently — —
beneficial? 14
Benelit, if one component
concept fails 15 no —_——— no
locyremental time {or design 5
% 16 —
Incremental cost (manpower) 50
for design (%) 7 —_— —
Incremeantal time [or
- 5

procurement (%)} 18 S —
Incremental time for fabrica- o
tion/construction (%) 13 —————— —_——
Incrementalcost oy fobrica- ) 0
tion/construction 20 -_— —_———
Incremental time for transpor- 30
tation/assembly (%) 21 —_— ————
Incremental cost for transpor-
taticn/assembly (%) 22 e — — 20
Incremental cost for tests
(%) —_— 0

23
Other incremental time (%) o

Other incremental cost (%)

25 —_—
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Table 3.3-113

SCENARIO A l B
COMPONENT ECRH

No, of modules/units & 4 4
1 (25gyrotroms/modul e)

No . of redundant modules s 2 2 2

Are diflerent designs .

tolerable? yes, butf not no yes, but not
3 loconomical loconomical

Give items that may differ in

detailed design or material mirror direction, window, line-antenna interface.

4

Necessary basis and detail of geometry, voltage level, line impedance, cooling parameters,
preproduction design antenna diagnostic, neutron and heatload, common hasic

3 design.
interface antenna-line, matching ranges, antenna diagnostics,
cooling characteristics, materials, geometry,

Give main interface items

vacuum tightness, RF voltage strength, quality of ceramics,

Measures of quality control ;
geometry, radiation hardness.

Transportation problems national 75% overseas 75% overseas
8
Is on-site fabrication
necassary? 9 no no no
Is acceptance test on-site
necessary? 10 no no no
Specific assembly problems” no no no
Is more than one national pro-
duction line economic/necess,? yes ves, but sl ightly yes
12
For conventicnal components:
Is scenario B feasible? no —_—
13
For high-technology components
Is know=how exchange in
scenario C sufficiently —————— - not encugh
benelicial? 14
Benelit, il one component
concept fails 15 no Yes no
Incremental time for design
{%) T e _— 20 (interface) 5
Incremental cost (manpower} C :
tor design (%) 17 —_——— 20 10
Incremental time for
procurement (%) 18 P 15 5
Incremental time for fabrica-
tion/canstruction (%) 19 _— =20 . 4]
Incrementalcest for fabrica- 'f01' reduction of
tion/construction - 50{ mass production ) 0
ect
Incremental time for Lranspor-
tation/assembly (%) 21 - 40 30
Incremental cost for transpor—
tation/assembly (%) 22 e — 30 20
Incremental cost for tests
) 5 S 20 10
Other Incremental time {%) 24 10 ‘ 5
Other incremental cost (%} _ ’
s 15 i0

_ 18 —
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Table 3.3-14
SCENARIO A l B I o
COMPONENT ICRH
No. of modules/units 16 i6 16
1 - .
No . of redundant modules ) 4 2
2
Are different designs .
tolerable? YeE, but not no yes, bu‘f not
3 lconomical loconomical

Give items that may difler in

detailed design or material P

central conductor, faraday screen, vacuum feedthrough,
line-antenna interface,

WNecessary basis and detail of
preproduction design
5

geometry, voltage level, line impedance, cooling parameters,
antenna diagnostic, neutron and heatload, common basic
design plasma loading impedance. :

Give main interface items

interface antenna-line, matching ranges, antemna diagnostics,
cooling characteristics, materials,geometry.

4
" ¢ auali ol vacuum tightness, RF veltage strength, water tightess for
easures of qualily control cooling, quality of ceramics, geometry, radiation hardness,
Transportation problems national 75% international 75% international
Is on-site fabrication no no no
nécessary”? 9
Is acceptance test pn-site ne no no
necessary? 10
Specilic assembly problems
_ 1 no no no
Is more than one national pro-
ducticn line economic/naces:z.'f yes no yes
For conventional components:
Is scenario B leasible? [V —_—
13
For high-technaolegy components
Is know-how exchange in
scenario C sufliciently no
beneficial? ' 14
Benefit, il one component
concept fails 15 no large no
Incremental time for design
interface 5
16 20 ( )
Incremental cost {manpower) 20 10
for design (%) 17 _—
Incremental time for
procurement (%) 18 _— 15 5
Incrementzl time for fabrica-
tien/construction (%) 19 =20 0
Incrementalcast for fabrica- for reduction of o
tion/construction 20 50 ( mass production )
effect
Incremental time for transpor-
tation/assembly (%) 21 —_— 40 30
Incremental cost for transpor-
Lnlion/lssembly ] 22 —_— 3 0 20
Incremental cosl [or tests
(%) 2 20 10
Other ineremental time (%) 2 10 5
Other incremental cast {%) 25 15 10
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Table 3.3-15
SCENARIO A l B | c
COMPONENT 1in gas puffing system
fueling {pellet injection system ]____ o
No. of modules/units . gas ;12 } 14 14 14
pellet : 2

Ng . of redundant modules s ) 2 4 2
Are different designs -
oo e s yes, but not yes yeg, but not

3 lconomical lconomical
Give items that may difler in
detailed design or material number of gas puffing port, gas pressure.
Necessary basis and detail o gravity feed/forced flow pellet injection rate injection
preproduction design 5 velocity : 7 .
Give main interface items blanket, shield, RF and NBI system,

6
Measures of quality contral gas flow rate, pellet iInjection speed, gas pressure

injection rate.
Transportatian problems national . 75% international 75% international
Is on-sgite :abricalion no ‘1o no
pecessary”? 9
I8 acceptance test on-site .
pecessary”? 10 no o no
$pecilic sssembly problems no no no
11 .

Is more than ope national pro—
duction line economic/necess.? yes, sl ightly no yes, sl ightly

12

For conventional components;
Is scenario B feasible?
13

For high-technology components
Is know-how exchange in
scenaric C sufficiently

not enough

beneficial? 14

Beneflit, if one component

concept fails 15 no large no
incremental time for design

) ' —_ 20 (interface) 5
Incremental cost (manpower)

for design (%) 17 —_— 20 10
Incremental time for

procurement (%} 18 [ 10 3
Incremental time for fabrica-

tion/construction (%) 19 _— =30 4]
Incrementalcost for fabrica- 40 'f?r reduct ign 0
tion/construction 20 { gioglag?f ggg uc—

Incremental time for transpor-

tation/assembly (%) 21 — 40 30
Incremental cost for transpor—

tation/assembly (%) 22 30 20
Incremental cost for tests

(%) n 20 10
Other incrementsl time (%) 24 10 5
Other incremental cost (%) 25 15 10

,720_
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Table 3.3-16

85-079

SCENARIO LA | B c
COMPONENT Electrical supply : PF
supply sysium dividuw bo *

Ne. of modules/units 1 e e prior

1 Reis, powar fecder cble
No . of redundant modules 0 0
Are differenl designs yes, but not yes, bllt not
tolerable? economie econonic

3.

Give items that may differ in

delailed design or material 4

equipment specifications in system (within all
interface conditions

Necessary basis and detail of
preproduction design

FFC operation scenario{veltage, current, power, energy)
back structure and control of thyristor set

5 energy strage system (fly-wheel MG or SC coil)
Give main interface it voltage and current conditions between interfaces, such as main
ive main interface items |l substation, PF power supply and PFCs,

Measures of quality control

performance tesis for each equipment (ex. MG, thyristor sets)

performance tests for total PF power supply

Transportation problems national 75% overseas

Is oo=site fabrication no no

vecessary? 9

Is acreptance test on-site

necessary? : 10 no no

Specilic assembly problems no no
1

Is more than ore naticnal pro-

duction line economic/necess .7 Yes —————a Yes
12

For conventional components:

1s scenario B feasible? [ ne —_—
13

For high-technology components

1s know=how exchange in not enoug‘h

scenario C sufliciently —_—

benelicial? 14

Benelit, il one component i

concept fails 15 no ]'arge no

Incremental time lor design 5
16

Incremental cost {manpower) 10

for design (%) 17 —_— _—

Incremental time lor

- 5

procurement (%) 18

Incremental time for fabrica- o

tion/construction (%) 19

Incrementalcost for Iebrica- 0

tion/eonstruction 20

Incremental time for transpor- 30

tation/assembly (%) 21 —_— _—

Incremental cost for transpor- 20

tation/assembly {%) 22 —

Incremental cost for tests 4]

(%) 23

Other Incremental time (%) 24

Other incremental cosi (%) 23
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Table 3.3-17
SCENARIO A B C
COMPONENT Electr. supply (TF, RF)

No. of modules/units

1 1 1
No, of redundant modules 0 0

2
Are different designs yes, but not yes, but not
tolerable? R economical economical
Give iloms that may differ in changes of parts and equipments specifications in power supply
detailed design or material {within all interface conditions)

Necessary basis and detail of
preproduction design

TFC operation scenario (voltage, current, power, energy),
TF coil characteristics parameters energy strage system

5
Give main inferface items electric characteristics of TF coils energy strage system
AC power supply
Measures of quality control performance test for each equipment (transformer, thyristor sets)
performance test TF power supply
Transportation problems national %%'nc?w?earlseas
Is on-gite fabrication no no
necessary? g
Is acceplance test on-site no no
necessary? 10
Specific assembly problems no no
1
Is more than one national pro—
duction libe economic/necess.? yes yes

t2

For conventional components:

Is scenaric B leasible? —_— yes
13
For high-technology components
Is know-how axchange in not enou gh
scenario C sufliciently
benelicial? 14
Benefit, if ope component
concept lails 15 no Yes no
Incremeantal time for design
(%) —_— 5
16
Incremental cost {manpower) 10
tor design (%) 17 — —e
Incremental time for
- 5
procurement (%) —_——
18
Incremental time for [abrica- 0
tion/construction (%) 19 — ——
Incrementalcost for fabrica- 0
tion/construction 20 — —_——
locremental time [or transpore
tation/assembly (%) 21 —_—— —_ 30
Incremental cost for Lranspor.
tation/assembly (%) 22 I — I — 20
Iacremental ¢cost for tests
(£} —_ - 0
23
Other incremental time (%) 24 0
Other incremental cost {%) 2 ) 0

J— 22 -
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3.3-18

SCENARIO A B c
COMPONENT Tritium
No. of medules/units 1 1
1

No . of redundant modules 0 Q
Are different designs yes, but no,t yes, but not
tolerable? s economical economical
Give items that may differ in changes of paris and equipments specification in toritium system,
detailed design or material |, (within all interface conditions)

Necessary basis and detail ol
preproduction design ’

l

operation scenario ;plasma, pumping system, {low rate of tritium released in

accident situations, ‘system design of subsystem:plasma exhaust reprocessiog

syslem, breeding tritium processing syslem, waste processing system

estimations of tritium ioventr,

; characteristics of T3, Dg._ﬂ'l{ HD, TD, T,0, THO, DTO, DHO ete. = __ —_—
y compositions and fow rates of gas including T, D, H, He etc. as follows,
Give main interface items . 0 exhaust gas from pumping Eystem
& o circurating gas from blanket
o atmosphere in reactor room p——————
Measures of quality control . inspections of tritium
performance tést {or each squipments
erformance test for each processing sysiem -
_ P : national (?%) and
Transporiation problems national
8 overseas {?%)
Is on-site fabrication no no
necassary? 9
Is acceptance test on-site no no
necessary”? :
10
Specific assembly problems no no
11

Is more than one national pro-
duction Lline ecencmie/necess.?
12

yes, but slightly

yes, but slightly

For conventional components:
Is scenario B feasible?
13

For high=technolegy components
Is know=how exchange in
scenario C sufliciently
beneficial? 14

not encugh

Benelit, if one component
concept fails 15

no

no

Incremental time [or design
16

Incrementel cost (manpower)

for design {%) 17 S 10:
Incremental time for
procurement (%) 18 5

Incremental time for fabrica-

T

tion/construction (%) 19 —_——— 0
Incrementalcost for fabrica-

tion/construction 20 0
Incremental time for transpor-

tation/assembly (%) 21 30
Incremental cost for transpor- 20
tation/assembly (%) 22 ——e———

Incremental cost for tests

(%) i — 0
Other Incremental time (%} 24 0
Other incremental cost (%) 25 0

- 23 —
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Table 3.3-19

SCENARIO A B c
COMPONENT Cooling
No. of modules/units , . 1 ' 1
9
No, of redundant modules 0 0
2
Are different designs yes, but not . yes, but not
tolerable? 3 economical economical
Give items that may differ in changes of parts and equipments specifications in cooling sy stem
detailed design or material , | (within interface conditions)
Necessary basis and detail of temperature, pressure, velocity, etc, of coolant in an inlet and
preproduction design outlet of each equipment operation scenario,
5
Give main interface items temperatu}‘-e, pressure, velom_ty ete, of c'oolant in an inlet and
6 | outlet of first wall, blanket, diverter, shields,
Measures of guslity control performance test for equ1pment_s in cooling system
performance fest for total cooling system
Transportation proklems national 2artloo‘?earlseas
8
Is on-site fabricatien no no
necessary? 9
is acceptance test on-site no no
necessary? 10
Specific assembly problems no no
11
Is more than one national pro-
duction line economic/necess .7 yes e yes
12
For conventional components;
Is scenario B feasible? — yes —_— -
13
For high-technology components
Is know-how exchange in not enough
scenario C sufficiently —_— - g
benelicial? 14
Benelit, il one compenent es
concept lails 15 no y no
Incremental time for design 5
% 16
Incremental cost (manpower) 10
for design (%) 17 —_—
Incremental time for 5
procurement (%) 18
Incremental time for fabrica- 0
tion/construction (%) 19 —_— —_—
Incrementalcost for fabrica=- X
tion/construction 20 —— e 3
Incremental time for transpor- 10
tation/assembly (%} 21 —_— E— 'Lover
Incremental cost for transpor- 20 J seas
taltion/assembly (%) 22 ————
Incremental cost for tests ) 0
(%} 23
Other incremental time (%) 24
Other ineremental cost (%) 25 0
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Table 3.3-20
SCENARIO A B c
COMPONENT Diagnostics

No, of modules/units 4 ?

1
No . of redundant modules o P

2 * e :
Are different designs yes, but not ] : yes, but not
tolerable? R economical economical
Give itams that may differ in slightly changes are possible in parts and equipments of
detailed design or material diagnostics {within interface conditions)

Necessary basis and detail of
preproduction design

tc be investigated in recent future

1

5

Give main interface items 12 port structures, shields, blanket, divertor
6 maintenance ports
Measures of quality control vacuum leak testing, weld inspections,dimension inspections.,
performance tests.
Transportaiion problems national I national (r‘) %) and
overseas (’? %
Is on-site [abrication no no
necessary? g
1s acceptance test on-site noc no
necessary? —————
12

Specific assembly problems no no

Is more than one naticnal pro-
duction line economic/necess.?
12

yes, but slightly yes, but slightly

For conventional components:
Is scenario B feasible?
13

no

For high-techuclogy components
1s know=how exchange in
scenario C sufliciently

not enough
{even if detailed

beneficial? 14 document)

Benefit, if one component

concept fails 45 no [ — no

incremental time for design

(%) D —_— b]
16

Incrementel cost (menpower) 0

for design (%) 17 _— —_— 1

Incremental time for

procurement {%) 18 —— e —_—— 5

lacremental time for labrica-

tion/construction {%) 19 —_— -_— 0O

Incrementalcost tor fabrica-

tion/construction 20 . -_ G

Incremental time for transpor-

tation/assembly (%) 24 [ [ — 30

Incremental cost for transpor- 20

tation/assembly (%} 232 _— —_—

incremental cost for tests 0

) 2 S -

Other Incremental time {%) 2 - 0

Other incremental cost (%) 25 0
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Table 3,3-21
SCENARIO A B c
COMPONENT Maintenance
Na., of modules/un.ils o ?
1 : :
No . of redundant modules o ?

Are different designs

yes, but not

yes, but not

tokerabla? ) economical economical
Give items that may differ in slightly changes are possible in parts and equipments
detailed design or material which consist of maintenance machines

Necessary basis and detail of
preproduction design

to be adjusted in’.:_recent future

3
Give maip interface items reactor module weight
]
Measures of quality control
] national {7%) and
Transportaticn problems . —
P pr s national overseas (7%)
Is on-site fabrication no —_—— no
becessary’? 9
Is acceptance test on-site -
necessary? 10 no no
Specific assembly prohlems” no ——— no

Is more than one nrational pro—
duction line economic/necess.?
12

yes, but slightly

yes, but slightly

For conventianal compongnlss:
Is scenario B leasible?
13

yes

For high-technology components

Is know-now exchange in not easy
scenario C sufficiently —
beneficial? 14
Beneflit, i one component
cencept failg 15 no ———— no
Incremental time for design
%) —_— — b]
16
Incremental cost (manpower)
for design (%) 17 _— —_— 10
lacremental time for
- e - 5
procurement (%) 48
incremental time for fabrica— 0
tion/construction (%) 19 O — —_—
Incrementalcost for labrica- 0
tion/construction 20 —_
Incremental time for transpor-
tation/assembly {%) 21 _— JE—— 30
Incremental cost for transper— 20
tation/assembly (%) 22 e — —_—
IncTementsal cost for tests
_— 0]
(%) 2
Other incremental time (%) 24
Other incremental cost (%) 25




85-079

JAERI-M

* K3 ofougsay Jo
spum Auew dojasap

o arqissod aq ABw af ()
‘sIoyRSIIqe)
padejueapwcTy 01
Adorouydai STy SIB]]0
I0y1eR1I0 8] PAIUNADE
LiTearuycoy v T SILILSUW

BuwILs alu atanl,

“L1renba dn rasay
J3e1s 8Ty syem

01 123dx2 uEd

‘walfka Te301
® 03 simauoduga 3o

IFUn mol3y 10w118U0D

*sjuavodisod
3o saton 1oy
SI01RITIGR]
YItA uu‘nhunﬁuu
pu% ajayaofau

01 L1essassu ‘Ing

"9303¥dFIGR} g
Aq apwa
sjuzuoducd jo
FITUN tR3AIEq
4u07 3T puad
FIWIIIIUT

19312 dn 325 (Z)
‘ufpatp walmis

*¥3wmuodmen

7o ®#3jun ulysap

61 yiInous sp
201WIjaqeY Yoe3 (7)

“gaInpaaoxd

ITGEISST IUTWEXD

a3 L{irssacan o8 Ty

(sTr02

41 swom "xa3)

*sjuau

~odmod jo s3fun

. 10} suof3ypuoa g
"irnsar au siueyaxs I03WITIATT y2eq (2) 0 s1oyeatIqE] s1010311q¢) 1303 uo paswq aBteep Liessasau
pUw {UIWEE [EDJUYI ) TIIvIE parpuEls urascd oy humnnuuu.ma {z) « Ay ooy aan FANITUIPI0AT UISMIAG aqmaucdmon O S
jod P ¢ saEys ~431y 3jo zaqmnu ‘SI01BOTIQR] ~EUTPI0OD ARy O} srswasads yorax o0y 70 Tafun 10§ -uodwe1 smyes
30 ( ¥ Y 100 5311IEd affaey e dasy 19nm ) Hoamiwq JIpI0 pasmbat st xo fsra sty -spduns sy N — pur m@3sds 103
toreariger uzRg {1} ne33 333fexg (1) ur ind oy Lzessaoep (1} -engey ey (1) wawaansoad Jo axnren (4) agzeq dn 13g (1) w udyeap 3sny (1)
Q¥ Y seTIIED. “ise) puw )
zo1entIqE] 2o Jy olqWesse® ‘a1esrrqe}
HSTX swos axe arauy () ‘odsep oy yeis
TorEalIq Y prepuets yirg daay ey nasmiaq <kpes
paauvape A[erbragon N I01EI1Iq T} sout{eq JEOIUGIA| xoredlIqE} UL
s1eudisap o1 paxsaq (z) samsnpoxa vy (Z) ‘spaav Jurrapisuoa yim 51 10alqo Ay ¥
q § Y N0 sslrren -jreis yitm Burpood £347e91a02) IE00YI UED aoms Htyqrs
I01ROLIGE] PAIERIOXE yasford aziuroms —FaII0d WUy #aRjumed paziuvdle ~uodsax jo jpuny
ayj J! 1EXluCUcoa 0y adejusape #Q 1ED uaw 3y ‘xa 'issdwis ayg &7 ‘evoneayypads ® IES[? pUw
puE aanasird {i) we gy agaql (1) “Aswg (1) | RHeba Iueol (1) | yuswaanacad jo asmyey (1) a1s%q dn g (1) Aysea qoswan (1)
avy wawesbay Juymg | Beneurproos jmswsldvugy wawazmbay Jurjoor _E.h,w.wwuhmm :o_““”uﬂnuw 1eaued udiisq CHIRUIS
{dn peisyy axw | yse ], 07 dn jas sjavodwon/swaisis o) FOWWOD SWawWOD jurlIodw])
(s1utod reravad) ssacoud weniannisuod uo SiojEaTIqE; [BI0A8S S ad¢ o joedw} eupwerd  "{ NSEL

't STOEL



85-079

JAERI-M

5% reway

¥ 103 s aweg (1)

{z)'q
Iol s 3umeg (Z)
g
0FARUIDS UBYY
£897 qnq 'pa
-a1nbal 5T wedy
joafoad zo pyeas
prepuris-yiry ayr (1}

'm31s{9 [Ei0l ®@

01 1puodwod aun

well 3091100 O3

S1071BILIQEY uidaod
01 Kaessazay (Z)

(1}'q 103 se aues (T)

'y 103 se awes (1)

waisds tE1my
® Sugiquesse A3
=1zvodsar ay) sayeT, HS
fEIMEDd
—ninw o Ispdo
aseqornd oy arqe ag (z)
-juauodmoa
yaEa 103 SUOT3
-J813003 pu® BuOTI

-gyocdau sajew Ing

(r1s4a
1509 i1}
“uBysap waisde
1¥30] uc paseq
sijuauodwo? 183

sunylesy 3y oads

"91018071GTF
aaanlaq
FINUTPI0OI

poE (=2184s
TFO2 a1 “x3) o]
s3uanod

-ma3 yo ufysap
waisds 103 Hy1g

~1sundsax ayey

(T) 'y 303 8 ames (]) 3T3eq dn 325 (]} o Lxessaoap (1)
3 b Juswasnooad uoreslyivady 3 o 5
vawaitnbay doymis SOl EUIpI00 JHaWRIeury tnawaxmbay Jurpoo ; i jasiuos udisaq rreq
ars k e S - ‘ H Sy, jo aamey juswdinby

bt STURL



85-079

JAERI-M

*y xof su sweg (1)

¥ 203 s aweg ()

TpRiEdTaqEy
aq o3 JwRuodumsa
I® ton ARy ® Jo
, JEOEOAY 150D UOE]
-RO1IqE} JO jOSwWATIOY
.kvuku._ ay spear

saoqT wopanpoxd axop (|)

gy

—~13a4 10awdinba
JERLELTLE ¥YT

a8yl 'exojaray]
*wautp 15npagd aan
|u=ﬂcuo“uu u.uon:

101e313q%9] goeg Amv

qnv 103 9 aueg M

*(p a8 Q)
*{esmadur ajzed

azeds ‘sxoasataquy 4
Jo sEnzaeq) juauod
~WO3 JuUIAIFITP puw

raucdmod ITdTIty (1)

*g3uauodasd
IYy jo sajun
lo joxtuen Lpenb o1
Ljrqrsuodsaa say=
Ioyworiqel yawg Anu
‘WAMAS WO ® EW
fyr#nb w gauvrend

oy Lxessanay (1)

°SA0]EDTIGE]
g#anlaq ajeInpom

91 A3gSsasap

‘oste

majsdd [eiol

¥ JO Spoy3jam

. Burisay 4ano

L1193 puw spio
, U oand pyeoig (z7)

(81700 4L amos)

"S3uan

-odmod ay3 yo

IIFUN 103 poylaa
Qupyzsay dn 325 (1)

* SI079NPUOD UIIMIEG
ZOTI0aUU0D A[qerat
310 fymagissod st axagy
p ‘f{xessaocau jou ST 3
rsy102 Jurr g4 adaey
Jo SJuTpUlAM . I0}20PTOD
107 £10308]J-8)1s 8 ping
03 Lxessaasn st 1 (1)

(" 1w

‘puox ® wa nape WY

Jo wamednrw 10 1mn

* napisndwodap *x3)
PpaImbar ax8 varnseow
-I31UNC 310s fopEEws
® IE3U 04 ST ?ﬁB

Ia) uentao] sFqme |
tapsEIs

JHAU STEIOT u__.n a1
PUR $30109¢ T wony
~w1xodsu?I] ayy wo moy

“TINWY oU 1 axaqy (i)

‘e[mpanss Ig)I0YSs pud

3509 Iamoy 0} aoNpax

£few (sagT] axow)

aury worjonpexd jo
zagumt ayeredoxddy (1)

("e1s aqy 1
siuavodmon ajqmasse
01 £10778] jods—-am
~HO [[RWS ymg ag

- & £11q1ssod amos
afn Sxayj Mu>u.snE
rs12npaud Jo
vommizedsmeay tof
SROTIBINUT] oU gaw
axay gt Lxmavg
1ods-agi=to e
PIMq 01 L1@ssadau

1ou spIp (k)

*£Z 30 1) symuod
-003 JUIIAJFTp pue
Imeuodwes adyatmi (1)

‘mWAIELAS [E301
ayy 103 [0I17uad
; L3p1enb 30 )
£17TrqTsuocdsaz
e reaTa saney (1)

«2ansey

jo LHiqisvodsox

s83® J017OTIqR]
esarsnioxs Yy (T)

“zoreatIqEf

suo Lo yirm

spogyew Jupss)

Ayswes dn g {|)

uo1E2IIgqe] 8115 U0

Juawaxtnbay
vonslrodsumry

euT] ToTaNnpord arom/ang’

wawsIthbay fipPee g

Syied ageds

sauvernssw Lenf)

Burisay jusuodwor)

otaeurg

hn:. paisty pue [ yswug ardn jas mEunanGU\mEmG.nm 0} QOUNIOD S |UIAWIKDT Eu..h_ua:.é

(swted oyrasds) s5as0ad UBTISNIISUOD UO SICIRSIXQE) [EL348S T SA aun 10edun grwExg “p Ns®E

ST E FORL



865-079

JAERI-M

syIPWay

ML-FLTY
P09 11}
s 3juauocd
-mo3 3o fox ('
-3u00 £3y7Rnb 203 se sees {Z) 2
03 K31TI978 " (maishs
~updsaz saxel 109 AL “X2)
101r3TIqE] Y2r3 (7) s3uauedned
{2} (ne 203 spoyIm
v 16] se Bwns {1} ¥ 1oj s® aweg () ¥ 10) SE aweg (1) ¥ Ao} se ameg (1) ¥ xod £ SwRS 5} 03 ¥ 2meg (1) Supased dn 235 (1)

UOTBOTAGES B11S UQ

JuswaImbay
uoneliodsoel ],

SUT[ OO1RIPOLS 210w /280

waowarmba y Ly7raeg

sired axedg

asuwansse Ajrpend)

Sunsay wauedway ] orreurg

STt SIGeL

— 307



JAERI-M  85-079

4. Informatiom input

Table 4.1 Estimations of relative "direct and indirect" capital cost

direct oc.apita'L Indirect Captal Cost (%)
cost (%)
No. | Systems/Comp.
bri i i T t
Fal rlcatlc.m/ Des}gn/ ' ransport/ Contingency
Construction Engineering | R&D |Assembly
Torus 10 5 3 3 T.5
1 Magnet 30 - 14 8 7 21
Heating 10 4 2,5 3. 7,5
Electr, supply 13 2 1 1 3
2 | Tritium & Fueling 7 - 1 1 1 1.5
Other supporting 15 2 1.5 1 . 3.5
system
3 Facilities 13 2 - - 3
Total 100 30 17 16 47
1} Relative capital cost is based on case § in INTOR Phage IIA part 1,
Table 4.2 Weight factors for estimating costs in three scenarios
Fabrication . Desi T i

No. | Comp./System sce. /const:r::tlilon /;glggizeering R&D /iasnssej:l:'l;auon Contingency
Torus A 4x1.0 4x1.0 4x1.0 4x1,0 4x1.,0

1 Magnets B 4}1.3"-;:0.25 4x1,2 4x1.0 1x1.3 1x1.2
Heating c 1x1,0. 1xl.1, 1%1.0 1x 1.2 1x1.1
Power Supply A 4x1,0 4x1.0 " 4x1.0 4x1.0 4x1,0
Tritium/

2 Fueling B - . - - =
Supporting C 1x1.0 1x1l.1 4x1.0 1x1,2 1x%,0
System -

A 4%1.0 4x1.0 - 4x1.0 4x1,0

3 Facilities B - - - - -

c 1x1.0 1x1.0 - 1%1.0 1%1.0




JAERI-M 85-078%

Table 4.3 Evaluations of direct and indirect capital costs for Major Intor component and systems

Cirect cost {73) Indirect cost (%)

No. omp ./ sce . Fabrication/ Design/ R&D Transportation Contingency
system ‘ Construction | Engineering /assembly /others
Torus
(Blanket, A 40 20 12 12 30

| Shield, .
1 First wall, B 13 24 12 4 . 9
Pumping
SYS ., C 11 6 12 4 8
Divertor) :
Magnets A 120 56 32 28 - 84
(TFC,PFC, :

2 | eryostat, B 39 | o7 32 9 25
Re- i
frigerator) | C 33 . 15 32 g 23

| Heating A 40 16 10 12 30
3 | (ECRH & B 13 19 10 4 9
ICRH) c 11 : 5 10 4 8
Power A 60 : 8 4 4 12
supply

4 |(TFC,PFC | B - - - - -
ECRH, |
ICRH) - 15 2 4 1 3

P A 28 4 4 4 6
Tritium &
> Fueling B - - - - -
C T 1 & 1 1.5
Supporting A 60 8 6 4 14
system
6 | (cooling, B - - - - -
Diagonostic
Maintenanceh C 15 2 6 1 3.5
A 52 8 - - 12
7 Facilities B - - - - -
C 13 2
A | 400(100) 120(30) 68(17) 64(16) 188(47)
Total B 115 (29) 115 (29) 68(17) 20 {5) 51(13)
Cc | 105(26) 33 (8) 68(7 19 (5) 47(12)

(1) value of ( ) means % cost per partner

(2) Summing of scenario B
No, 1 ~No. 3 : scenario B
No, 4 ~No., 7 : scenario C
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5. Evaluation results
5.1 Cost, additional manpower evaluation
From Table 4,3, the relative evaluation between three scenarios for
total cost per pa,rticipa.nt is shown in Table 5.1-1, On the otherhand, the
total increase (%) of staffing manpower in scenario B and C may be roughly
estimated from the weight factors of Fabrication/construction and Design/

Engineering in Table 3.3,

Table 5 .1
Scenario
Item A B C
Rela'tifre cost per 1.0 0,43 0.32
participant
neeane ) ; S G

5.2 Schedule evaluation

The results of an evaluation in case of scenario B & C are shown in
Table 5.2. These estimations are based on the evaluations of incrementsal
time in the questionnaires and on the consideration of preserving the rela.
tion among preceding and succeeding items in the schedule,

From INTOR design and construction schedules of scenario B & C; the
net increase of total schedule is about 1,8 years in scenario B and about 1 .C

years in scenario C.

Table 5.2 Schedule evaluation

Factor Increase (Yrs)
Sce. B Sce, C Sce. B Sce. C
Production design 1.3 1.1 0.9 0.3
Procurement 1.5 1.2 1.7 0.7
Fabrication/construction 1.2 1.2 0.9 0.9
Transport/Assembly 1.7 1.5 1.75 1,25
Engineering tests 1.2 1.1 0.3 0.2
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5.3 Evaluation of partioning impact on construction process, risk and

informaticn exchange

Evaluation of partioning on construction process is performed for impact
of scenario B & C and the result shows that scenario C is superior to scenaric
B, as shown in Table 4.6, This coresponds to results of cost evaluation in
5.1, that is the partioning of scenario B needs a lot of manpower and leads to
cost—up of INTOR construction,

From the answer of No..15 in the questionnaires (Table 3.3-1 ~ =21},
scenario C is estimated to be risky . The risk needs to be emphasized that, .
in case of scenario C, there would be a great damage for INTOR project

execution if a participant should fail in the fabrication of one component,

Information exchanges for technical transfer are indespensable for
scenario C, which only one participant is engaged in the
fabrication of one component in advanced technology areas, but a
effort have to be made for fruitfull information exchanges., On the otherhand,
in case of scenario B, information exchanges will be made successfully on the

same technology base, because four participants execute the same R & D

and fabricate the same system.



a)

b)

c)

d)

1.
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6. Other large projects' experience in LCT and JT=60

An ideal approach is that each participant takes equally splitted portion
of the work just like LCT project. For- example, each participant designs
and manufactures one of equally divided sectors of the torus.

To perform an international collaboration such as INTOR, neutral and
independent organization which supervises specifications and technical
subject 1s needed.

Anocther organization is needed to check the progression of the work.
Large difference in the progression between participants obstructs the
execution of collaboration work. In preparation for this situation,
some rules of judgement should be established.

Industry should be involved even in R and D work which will not neces~
sarily be followed by a comnstruction of a prototype reactor. Otherwise
industry cannot improve its technology to the degree needed to constiuct

a prototype reactor.

Examples in LCT project

Level of detail needed in design
Since LCT project includes fabrication of coils, each participant

made detailed design and production of its own coil-

2. Organization scheme

{ the United States will explain)

DOE
I

Operating Agent ——— ORNL
] ™~

Euratom JAERI Switzerland

3. Interface problems

Interfaces are common to all coils and details are determined in
the specification.

4, Communication problems

Participants exchanged their detailed design reports and then Fovrie
site representatives' stay at ORNL to get better communication.
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5. Standardization problems
There is no problem in standardization, because the design was umade
under the condition that the inside of the coil shall have its origi-
nality.

6. Code problems
Fach participant used its own codes for design. Some codes were used

in common by chance.

7. QA problems
Participants control QA by its own method.

8. Transport problem .

Transport itself doesn't have any problem. But the problem arised
in the customs of the United States, because the United States doesn't
apply its duty free treatment tO the articles except government prop—
erty.

Big international collaboration such ‘as INTOR must be imposible unless
more flexible treatment of the customs 1is applied to articles pro-
duced by participants.

9., Information exchange
Participants made much efforts to exchange informatiom. But it is
difficult to evaluate the quality and quantity of information which
satisfies each other. Therefore a standard should be determined for

information exchange.

10. Equity problems _
It seems to be lacking in equity that no system Wwas formulated omn
the penalty concerning the delay of work which troubles other partici-

pants.
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7. Conclusions

Technical benefit evaluations in scenario B and C versus A were studied
from many kinds of viewpoint.
As a result, the following conclusions were obtained that from benefit evalua-
tions of cost, manpower and schedule, scenario C is superior to scenario B, a
and to the contrary in the technical information exchange and the risk, scenaria
B, is most promising, From the definition of technical benefit, scenario B
seems to be very favorable for technical transfer of advanced technologies
develped in INTOR project. In erder to adopt scenario B, technological level
of each participant is necessary to be almost equivalent at the start of INTCOR
construction and so, each participant should make a great effort to develope
his own technology basis, On the other hand, the INT OR central team sheuld

be consisted of many staffs with strong management power and strong technology

power, for the purpose of successful INTOR project in scenario B.



