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Introduction S8 prummnEgE

e The ITER facility could offer a unique opportunity to
demonstrate the feasibility to test tritium breeding
blanket technology in a tokamak reactor and to test
Tritium producing components.

e Verification of tritium breeding technology by Test
Blanket Module (TBM) program is one of the
engineering goals for ITER.

e CN TBM Program was established by CN DA in 2009
and the Helium Cooled Ceramic Breeder (HCCB)
TBM concept was selected.

e CN TBM Program is the first step toward the future
breeding blanket for CFETR and DEMO.
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General Objectives of CN HCCB- ) —
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The objectives of CN HCCB TBS is to test the tritium breeding blanket
technology in the tokamak operation conditions provided by ITER.
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Core component: HCCB TBM &3 mrummmEmER
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Main design parameters

Parameters Values

Flexible
supports

Neutron wall load | 0.78 MW/m?2

Sub-modules

Surface heat flux | 0.3 MW/m?2 o

Anti-shear
keys

Coolant
- ~ inlet 3 o ,‘.':.ﬁ.o..‘.a
Structural material CLAM/CLF-1 ~1.3ton Back plate »

(<550°C)

Purgegas
inlet

Tritium Breeder Li,SiO, pebble bed (<900°C)

Coolant
outlet

Beryllium pebble bed
(<650°C)

Neutron Multiplier

Helium (8MPa) 1.04 kg/s DES|gn of HCCB TBM

Coolant (Normal) ® Design features
e 10°C) * Four sub-modules concept
Breeding zone (370°C/500°C) - Manufacturability
- PIE/ transportation
» U shape breeding zone ,,./‘]
-

Purge gas Helium with H,

TPR 0.061g/FPD - Reduce the structural material .
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Design Optimization for HCCB TBM-set § ETumEmERAR
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Design optimization of TBM
e  Manufacturing feasibility
e  Engineering performance

Preliminary engineering

assessment of TBM

e Neutronics
e  Hydraulic

e Thermal

e EM analysis
e  Structural

Power density (MW/m®)
s o B s

Distance lo FW Surface (cm)

Neutronics analysis

Thermal analysis
Sge%l?iﬁi;*ow

1.360+002
9.070e+001
| 4.535¢+001

5.548e-003
[ms*-1]




Design Optimization for HCCB TBM-set § prummmEnR
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e Design optimization of TBM shield
e Manufacturing feasibility:
e  Engineering performance:
e Preliminary engineering
assessment of TBM shield

e  Thermal-hydraulic
e  Structural
e Modal

BM shleld

Temperature
Contour 1

5.196e+002
4.696e+002
4.197e+002
3.697e+002
3.198¢+002
2.698e+002
2.198¢+002
1.699+002
1.199e+002 [
6.996¢+001
2.000e+001

2.8286e8
247598
2.1232e8
1.7704e8
14177e8
1.065e8
7.1225¢7
3.5952e7
6.7891e5 Min




Material Development 8 ErumsnEyEy
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e |ndustrialized manufacture process of RAFM steel (CLF-1 and
CLAM) has been finalized and will be qualified by CN DA.

e Up to 5000h, 550°C thermal aging experiment was performed.

UTS- 1 Q&T
UTS- Q&)

Yield & Tensile Strength (M Pa)
s B g & 2z g 2

Impact Energy (J)
s @ e

Several 5-ton ingots of CLF- DRI TE T Two types(Full annealing and Isothermal annealing) of

Temperature ()

1 steel and CLAM steel annealing process were developed.
have been fabricated into

plates and forgings by
industrialized manufacture
process.
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Material Development S8 prummnEgE

® New facility for Li,SIO, fabrication has been constructed, which will
ensure the fabrication capability for the HCCB TBM.

e Facility for thermo-mechanical properties testing of pebble beds
under multi-physics field was under construction.

e The X-ray computed tomography (CT) was used to investigate the
packing structures of mono-sized and binary-sized pebble beds. The
CT experimental results agreed well with DEM simulation results.

w .: -‘.é“'\n oo

Li,CO5(LiOH) Sio,
I I
¥

mixing raw materials
homogeneously

2D CTsl

l Schematic of the X-ray CT imaging processing
Li,SiO, powder [—* melting | Adjustment parameters & | 1] =" ° Cracked pebble
installing sample Results of the X-ray computed tomography
$ sample roitit_)n 360° & Average Packing factor
spraying and forming recycling [ ZECS"?:: | TR
pebbles d Methods sdccne i
PRI reconsiruction Factor
7y
l | 3D Structure | | XxraycT  0.6254
collecting and screening _anad‘zmg DEM 0.6240
| Detailed 3D Structure |
[ Results of the DEM simulation
v v Procedure of X-ray CT experiment
characterizing pebble | . . .
performance « Heat treatment Pebble bed packing structure by CT and DEM simulation

Li,SiO, fabrication process
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TBM Fabrication Technology & srusmmmsss

CNNC

e Semi-prototype mockup of TBM was successfully fabricated and
tested by NDT. Pressure test and helium leakage test will be
performed.

e A small mockup of external frame with inner plate in TBM shield was
fabricated and tested by RT. Another mockup of double-layer pipe
was under fabrication.

Component sample
:  for TBM shield

Fabrication processes for semi-prototype of HCCB TBM
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Progress on systems integration &2 srumsmesmss
e Updated functional analysis of HCCB TBS for normal operation and
maintenance, including functional break down and IDEFO.

e Re-defined HCCB TBS operation state and shift scheme.

Functional breakdown
of HCCB TBS (level 1) First installation

T
1 1 1 |

To extractand recovery To account the total To cool the HCCB TBM, To provide monitoring To measure neutron TOETED h 4
tritium, distribute service and bred tritium el listribute service ar and control for HCCB parameters and confine i
. maintainability

c
5653 ez & 5655 e 56.5.6 €81 Maintenance

A
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confine hazard and confine hazard hazard
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Press on 1&C design and R&D & srumsmsmsmn
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Overview of Safety assessment and gg T ——

demonstration

DeSign HCCB TBS material HCCB TBS HCCB TBS operation and Safety functions and safety control design ( Fusion
data system design maintenance design shutdown, isolation valve closure, pressure relief ...)
¢ T Iteration for
Nuclear data library ITER Global neutronics HCCB TBS - ] desien
(FENDL,EAF) model (C-Model) neutronics model [ RAMI and risk analysis ] o .g
optimization

o ! — L by ALARA

Nuclear Analysis ] Prevention, detection and mitigation ..
[ y measures for hazards pI'II’ICIp|E
. — | —r——
Activation Shutdown dose rate Tritium Nuclear Decay
products Contact dose rate production heat source heat r\
r ~ F v Tritium transport HCCB TBS tritium HCCB TBS accident Postulated initiating events
Occupational material data transport model analysis model (LOFA, LOCA, LOSP, LOHSA ...)
safety analysis r y
Rad-waste ~ i N A o
s analysis - [ Tritium transport analysis —» [ Accident analysis ]
Occupational Radiation N\
Exposures 'I / \ '( J
Rad-waste and Tritium permeation Tritium concentration Radioactive .
T L . . . System impacts
decommissioning safety and releases in fluids and materials consequences

! b 3

Safety assessment and demonstration
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Nuclear analysis & srummmena
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. It I
The Concern The Methods Al
. Sh|e|d|ng functions « HCCB TBM+Port Cell+ITER C- =
o Model S
Activation » ITER neutron sources - %ﬁl—m
» Decay heat - ITER irradiation scenarios Lt
e Dose rate « MC code, FENDL 2.1
- Rad-waste characteristics. | * FISPACT and EAF-2007 library - HCCB TBS neutronics model
- Direct One-Step Method. integrated into ITER C-model

The Results

entory (Bq)
-

* Neutron fluxes spectrum :
 Tritium production rates %
* Nuclear heat

» Neutron activation and
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Tritium safety analysis

The Concern

Tritium - confinement
Tritium
e concentrations
* inventories
* releases
« - accident analysis
* - rad-waste analysis.

Bio-shield

'
Tokamak Building ITritium Building

1st confinement barriers for in-vessel inventory: TBM shield, Frame, VV, pipe
forest, isolation valves;

1st confinement barriers for ex-vessel inventory: other pipes and component walls;
2nd confinement barriers: TES Glove boxes, ITER buildings, detritiation systems,
ventilation systems ...

The Methods

Self-developed system
transport analysis code

Modelling of all sub-systems and
interface systems

Considered physics:
* balance, dissociation
* recombination
+ Diffusion, trapping
* isotopic effects
* Permeation, absorption

The Results

Tritium concentration in

different fluids in the system

Tritium concentration in
atmosphere of different

confinement compartments
Tritium concentration profile

in solid materials, tritium
inventories.

Tritium permeation fluxes
through solid walls.

Tritium removal rates

TBM

0.037 mg
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The Concern The Methods
* Thermal hydraulics codes like |
« Postulated initiating events RELAPS
(PIEs), : LOFA, In-vessel LOCA, . Modelling of TBM, HCS, TES
In-TBM Box LOCA, Ex-vessel and interfacing systems
LOCA, Heat exchange break, «  Nuclear heating, plasma heat
tritium process line break etc., flux and decay heat sources
« Transient thermal hydraulic -« Safety controls
behavior in HCCB TBS and - Considering aggravating failures Accident analysis model
impacts on surrounding of neighboring systems
SyStem_S _ _ The Results N
» Check if the radioactive releases : _ e | 4
are the within the release limits * Transienthelium mass ' N Wizttt e
) flow rates ; — | Iz p g
» Check if the safety control _ R
measures are appropriate to * Transientpressure He mass flow rate Temperature
mitigate the accident « Transienttemperaturein  at break point transient in TBM
consequences. TBM and other heat - S I S S S e =
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. * Helium release and | T
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Summary S8 prummmERE

e CN HCCB TBS is one of the most important part of China fusion
development strategy toward DEMO.

e The design of the HCCB TBS has been significantly optimized
based on the interface and manufacturability. The qualification of
materials and pre-qualification of fabrication processes are
planned to support the design.

e According to the two main safety functions in HCCB TBS,
confinement and shielding, the safety of HCCB TBS covering
nuclear analysis, tritium analysis and accident analysis has
been assessed to ensure and demonstrate the design of main
safety functions, as well as supporting safety functions.
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Thank you for your attention!
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