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Outline of BA DEMO Design
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Structure of JA-HT

DDA Unit of ~okkash
okkasho
IFERC-PT 5 PpY
EU-HT JA-HT
Garching, Rokkasho

~6 PPY (full time)
70-80 PPY (parttime)

JA policy:

To implement DEMO design
on a Japan-wide basis

8 PPY in full-time

Research collab. Contract

30-40 PPY 15-20 PPY
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Meetings for close communication

TECHNICAL COORDINATION MTG.

® Planning and sharing of joint work
® 1-2/year

TASK MTG.

® Technical discussion
® As needed

“Rokkasho, NOV. 011 5



Approach of BA DEMO design

Previous DEMO design BA DEMO design

“Top-down” approach “Bottom-up” approach
Requirements:
* Small power core as ITER (DEMO COncepD
» GWe-level electric power

* Year-long SS operation
* Self-sufficient tritium

AEC Report (2005)
@ Assume technology development

__ - 3 by post-BA projects
s || B SSTR (JAEA) e i

Rp =7.0m, BN =3.5
First SS tokamak concept

CS Codt Shaeld

)

PF Call

On-going projects

* Know-how on design
* Target achievement

|||||

Maintrmance Port

Demo-CREST (CRIEPI)

SIimCS (JAEA) R,=7.3m, By=1.9-4.0
Rp =5.5m,By=4.3 Step-wise development of development
To improve economy




Master plan of DEMO design

System code

® Benchmark of JA/EU codes » ® DEMO scoping study

Critical design issues

® Assess design options on » ® Narrow down options
RM, divertor, T breeding, etc.

A

Advanced

Tech. Level

Conservative

A 4

I
Design DB, guidelines

® Materials DB, physics guidelines, design tools, etc.

\

"

“Pre-conceptual”
design options



Outline

* DEMO Design under Broader Approach

* Recent Development in DEMO Design

(1) Syetems code study

(2) Tritium breeding

(3) Divertor heat removal
(4) Remote maintenance

s Safety Research



(1) SYSTEMS CODE
Sy

 TPC (JAEA)
< PROCESS (CCFE)
® Benchmark and model comparison

carried out in preparation for DEMO
scoping study.

® After bug fixing,
both codes are in good agreement.
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v’ profile consideration

v’ bootstrap current model
v impurity content

v engineering models
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Scoping study of DEMO

® J-AEC’s requirements for DEMO

» “steady state” 2 X
- compact as ITER | ‘ £
=> still required s —
SlimCS (2005)  SSTR (1990
® A trade-off on “steady-state” tokamak
small €=— R, =—> large
CD capability a2 e
Nep < 1/Rp lower Py huge Pqp
X5 W
Volt-second . =/
limited sufficient
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|, ramp capability of previous concepts

T —

SIimCS JAEA, 2006 ~23%
Demo-CREST CRIEPI, 2006 7.3 3.4 ~70%
SSTR JAEA, 1990 7.0 4.1 ~100%

® All concepts based on a sacrifice of CS
® Evenin SSTR, no extra volt-second prepared for pulsed operation

All these DEMO concepts assume mature technology on non-inductive CD

In the beginning of operation. Who guarantees?

PROGRESS Short pulse Long pulse

Y TV 3
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Approaches to SS DEMO with sufficient Vsec

(1) Conventional CS winding Inter-linked CS

: q
® \olt-second of ~L |, needs to be ensured with large R, (=8 m) . O

Lo csj I
] I

—l

[

[

|

(2) Inter-linked CS winding ‘ |
|

i

® + “volt-second saving” in I ,-ramp phase with external CD

® |Inter-linked with TF, but out-of-vessel coil |

>> separated from plasma chamber Iﬂ?csr
>> shielded for n and y several tim(_as
® lLowerR,~75m ~4 T  of conventional
AY g = 2B R -
> 1.2
(3) High field CS g
0
® FEvaluate the possibility of B, ~20 T S 10
® lowerR,~7.5m p

o
o
o

7 8
Rp (m) 12



(2) TRITIUM BREEDING
WATER-COOLED SOLID BREEDING BLANKET

%

Mixed pebble bed

o Li,TiO; (°Li-90% enriched)
* Be,,Ti

0.5m

Coolant: water, PWR condition
15 MPa, 290° C (in) - 330° C (out

lanket module

R ing of lin
Sector assembly outing of cooling tubes -



Efficient arrangement to maximize TBR

(1) To satisfy the op. temp. of materials but minimize N of cooling tubes

N F82H < 550°C
g Be,,Ti < 900 °C
> 5 Li,TiO, < 900°C
0.6 LiaSiOa & Be12Ti (= 900°C)
TV
et so A AN A A
8w |
AlRIETRVREE
Heatflux %600 1 A N A A
€ <00 1 . A—
g I — \
£ / 1§ . \
g 400 —" U N
300
NucI WE\E High in the fore region O T

0 5 10 15 20 25 30 35 40 45
Distance from first wall [cm]

(2) To change the detailed arrangement in accordance with P(0)

50 Divertor
. T T T T T T I T LI U

_Outboard ‘{‘ Inboard blanket |0utboard
10 ~ blanket 'I‘blanket

L1 1
v

(1) +(2)

® Overall TBR = 1.05
(pbl packing frac.: 0.65, 5Li-90% enrich)

U
l
I
______________________________________ t-----F--------—
I
I
I
|

w
o

__________________________________________________

P.(0)
Neutron wall load [MW/m?]

Still marginal

0 90 180 270 360

Poloidal angle [degree] © 14



Lesson from blanket design

® Lower P, (<3 MW/m?) seems favorable to facilitate the
fabrication.

Higher P, (e.g., ~ 5 MW/m?) requires cooling tube arrangement
In a submme-accuracy in the fore blanket region

® Additional benefit of low P, = design margin in TBR

1.50

TBR for breeding zone

1.30

145 |
140 [

135 |

lllllllllllllllllllllllllllll

0 1 2 3 g 5

P_(MW/m?)

Low P,
=> Frac. of cooling tube y\
= TBR /
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(3) DIVERTOR HEAT REMOVAL @ Asakura-san’s talk

Allowable heat flux
~ 6-7 MW/m?2 Water-cooled divertor concept

qmax

W mono-block armor Requirement

v BRI

RAFM cooling tube
- T B 2ocsTssec

RAFM substrate

ITER DEMO (JA)
Structural mat. Cu alloy RAFM (F82H) Kegon ~ K, /10
Armor W W
Coolant Water (100°C, 4 MPa,10 m/s) Water (~300°C)

0 gjv (design) 10 MW/m2 (20 MW/m?)

16



Approaches to resolve divertor problem

SIMULATION OF CONVENTIONAL
Dy %ﬁaﬂm species
Detachment by Ne, Ar and Kr injection

® Extended divertor
x1.5 times longer divertor leg

Z (m)

® |mpact of cross-field transportin SOL |
1 = 2 m?/s, significant reduction in heat load

APPLICATION OF ADVANCED DIVERTOR

® PFC currents required for super-X and snowslake config.

21MA

divertor

(Flax=6m)

17



(4) REMOTE MAINTENACE

“In-vessel maintenance”

In-vessel vehicle

The ITER scheme, not applicable to DEMO

® Replace all blanket and divertor in a reasonable period

® Dose in VV: ~3x10% Gy/h (1 month after shutdown) , x100 of ITER
= Few RH equipment of ITER, durable in the environment

18



RM scheme for DEMO

“Hot cell maintenance”
Most feasible RM scheme in DEMO

Unit of maintenance

® Sector, or & JA-HT
® Multi-module segment (MMS) < EU-HT

Work segquence

1) During tokamak operation
1 Prepare spare sectors (or MMS) in the hot cell

2) Reactor shutdown

l Remove used sectors and install spare sectors
sector

3) Resume reactor operation

Replace blanket and divertor modules

and inspect in the hot cell
19



Possible RM schemes for DEMO

Multi-module segment (MMS)

o EIIIEIT o - Barana oo

(1) RM port arrang. in all sections

Difficult to support TFC turn-over forces

(2) RM port arrang. in partial sections

TFC turn-over forces, resolvéd | 20



New Issue on maintenance

Decay heat removal during maintenance

102

—_—
Q

100

Residual heat (MW)

103

SIimCS (Py,, = 3 GW

101 L

102 L

S e— total :
\ 22 blanket OB
= shield E
blanket IB

divertor
1s 1m 1h 1d  1mo 1
__l_*u.Luu_A_l_l.umlj_l_u.Lu.ll L1l uu* TEERTII| |‘kmul 1 ||J|* | |||l|* L ||pu|;|

108 107 10® 10> 104 103 10210" 1 10

Time (hour)

how to remove residual heat of ~ 3 MW with limited cooling

Residual heat (MW)

Time 0 1lday 1month
Blanket 395 50 1.8
Divertor 13.1 6.0 1.2
Shield 1.8 0.3 0.1
Total 544 11.3 3.1
ITER 10 1 ~0.1
DEMO: x10 higher than ITER
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Maintenance scenario and cooling issue

Cooled by existing lines Cooling capability, limited
< >< > €— >
Prep. :
Cool down by water RM Transport RM in hot cell
1 WaT;er |
Shutdown shutoff

Manifold Transport
disconnected to hot cell

“Sector transport
hot cell maintenance”

cut/reweld

22



Natural convention cooling

Cooled by existing lines Natural convection (air or N, gas)
30 days 1/3 day 1 day
<€ >< > € —>
Prep. :
Cool down by water RM Transport RM in hot cell

() 4 4 Forced cpoling needed

Shutdown Water M TP 0 D 5 B s O 2 O
shutoff

disconnected

| I

Shield front
| | v | |
- reused 1000 L
g 800
o [ :
S 600 - 550°C
T i : : ¥ RAFM ope. temp
o Blanket front
Q400 | 5 i
£ . ; _
2 o0k Shield front
Blanket front - . : -
- disposed 0 e
0.1 1 10 100 1000

Time after water shutoff (h) 23



Outline

* DEMO Design under Broader Approach

*» Recent Development in DEMO Design

(1) Syetems code study
(2) Tritium breeding

(3) Divertor heat removal
(4) Remote maintenance

s Safety Research
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Safety Research

v Started in 2012, in response to the growing interest in safety

O Targets
® Characterize safety on DEMO
® Formulate DEMO safety guidelines
® [oster young specialists

0 Schedule
Now End of BA

v v

sarery (St 4
P

rep. Assessment :
Feedback :

DEMO Design

25



Status of safety research g Nakamura-san’s talk

O Preparation of framework
® Team building (10-15 PPY)

O Tasks done so far or doing now
® Source terms and energies of DEMO

® Preparation of codes (e.g., MELCOR-FUS from INL)
® Defined accidental sequences on DEMO
® Planning of the research program for Stage-2 (2013-2016)

O Collaboration with EU expert
p— - — T N :

/ = BE &
: L X ' e ST S
i | By R
i - l-'- A —

Rokkasho, Apr. 2012 Garching, Oct. 2012 Tokyo/Rokkasho, Nov. 2012
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Emphasis on the safety research

® Assess posulated events and bounding sequences

Q > Feedback of information

® Consider active and passive safety systems

¥

Show an overwhelming feature of fusion
as aradiologically secure nuclear energy source

Target: public dose <20 mSv

27



Summary

BA DEMO design with EU is right on track.
Progress is seen on design study on divertor, maintenance
and blanket, but the study has not grown our confidence on

DEMO. Further work is necessary.

Safety research will be start in a full-scale program in FY2013.

28
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