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Fusion reactor fuel cycle and energy utilization gz CNNC
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O The fuel required for fusion reactors to operate is deuterium and tritium. Deuterium is abundant in seawater, while
tritium needs to be recycled.

O Tritium that has not reacted in the fusion reactor core needs to be recovered and separated through a kilogram-scale
tritium circulation system for reuse.

O Fusion neutrons react with lithium in the blanket to produce tritium, which is extracted online to replenish the tritium
consumed by the core, achieving tritium self-sufficiency.

O Most of the fusion energy is deposited in the blanket and is carried through the primary loop into the conventional island
for power generation.




Key functions of Tritium breeding blanket gz E&‘EE

BE
Blanket

- O Key functions:
: 1. Tritium breeding - Tritium cycling - Tritium self-
: sustaining

® Using neutron to generate tritium, complement Tritium, complement
the tritium consumption in DT fusion reactions, achieve tritium self- :
sufficiency in the fusion reactor :

2. Nuclear heat deposition and exchange = Heat-electricity
: conversion

® Convert fusion neutron energy into usable heat and transfer it to the
cooling circuit;

® Transfer the energy radiated from the plasma to the first wall to the
cooling circuit;

® Enable power generation in the fusion reactor

: 3. Radiation shielding = In-site person and environment

protectlon :
® The first radiation shielding barrier; together with other components
of the tokamak :

® Protect external equipment and the environment.

.
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Tritium breeding blanket is the iconic component as a ‘nuclear reactor®!



Working environment and design requirements gz CNNC
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O Facing plasma temperatures of hundreds of millions of degrees
: ® high-energy particle bombardment — Equipped with surface
armor protection without affecting the plasma
® High surface heat load (~1MW/m?) — Good cooling and high-
temperature resistance
® 14 MeV high-energy neutron irradiation — Structural radiation
: resistance and nuclear heat deposition
: O Located in a complex strong electromagnetic environment
: ® ~5-7T transient magnetic field — Good electromagnetic
: compatibility and structural integrity
: O Achieve tritium production and extraction functions
: ® Neutron-multiplying materials, tritium breeding materials —
Optimized structural layout
® Tritium extraction — Consider tritium extraction channels (for
: solid blankets)
: O Achieve energy deposition and extraction functions
: ® Surface heat load, neutron nuclear heat deposition — Good heat
: dissipation performance
: O Achieve radiation shielding function
: ® 14 MeV high-energy neutron irradiation — Good shielding
: performance
: O Adequate Reliability, Maintainability, Safety, Economic
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Breeding blanket concepts——DEMO TBBs
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Breeding blanket concepts——ITER TBMs
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Comparison of potential code &
standards for tritium breeding
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List of potential code & standards gz l:ll\Jl(NI:

® The following code & standards for nuclear industry or pressure equipment might be

considered for tritium breeding blanket:

O O000 O

OO0OO000O00 0

TSG 21 Supervision Regulation on Safety Technology for Stationary Pressure Vessel

GB/T 150 Pressure Vessels

JB 4732 Steel Pressure Vessels-Design by Analysis

EJ/T 321 Design criterion of reactor internals for pressurized water reactor nuclear power plants

EJ/T 322 Design Code for Reactor Pressure Vessels of Pressurized Water Nuclear Power Plants

NB/T 20407 Specification for design and fabrication of reactor vessel internals in pressurized water reactor nuclear
power plants

GB/T 16702 Design code for mechanical components in nuclear island of pressurized water reactor nuclear power plants
ASME BPVC Il Rules for Construction of Nuclear Facility Components

ASME BPVC VIII Rules for Construction of Pressure Vessels

RCC-M Design and Construction Rules for Mechanical Components of PWR Nuclear Islands

RCC-MR/MRx Design and Construction Rules for Mechanical Components of Nuclear Installations

EN 13445 Unfired pressure vessels

ITER SDC-IC Structural Design Criteria for Internal Components
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Design allowable stresses in different C&S

g m.lml:l
,3 CNNC

Minimum of S;. S,. Ss. S,v Sse Sge Sy Sg

S1/Sy.min(20°Clo) SZ/Sy,min(e'()) SB/Sy,min(es(Pt) SA/Su,min(Zoocﬂo) Sslsu,min(ero) SGISu,min(e’(Pt) S7/SD(9) SBISn(e)
TSG 21 1/1.5 1/2.4 1/1.5 1
GB/T 150 1/1.5 1/1.5 1/2.7 1/1.5 1
JB 4732 1/1.5 1/1.5 1/2.6
NB/T 47003 1/1.5 1/1.5 1/2.4
JB/T 4735 1/1.5 1/1.5 1/2.5
1/3 (Class 1) 1/3 (Class 1)
GBI/T 16702 1/1.5 1/1.5
1/4 (Class 2. 3) 1/4 (Class 2. 3)
NB/T 20407
Carbon steel, EJ/T 321 1/1.5 1/1.5 1/3 1/3
low-alloy steel EJIT 322 1/1.5 1/1.5 1/3 1/3
1/3 (Class 1, TC, SC) R*1.1/3 (Class1, TC, SC)
ASME BPVC Il 1/1.5 R,/1.5 F.e (Class 2, 3) 1 (Class 2, 3)
1/3.5 (Class 2. 3) R;*1.1/3.5 (Class 2, 3)
ASME BPVC VIII 115 Ry/1.5 1/2.4 1/2.4 Fave 1
EN 13445 1/1.5 1/2.4
1/3 (Class 1) 1/3 (Class 1)
RCC-M 1/1.5 1/1.5
1/3.5 (Class 2. 3) 1/3.5 (Class 2. 3)
RCC-MR/MRx 115 1/1.5 1/3 1/2.7
SDC-IC 115 115 115 1/3 1/2.7 1/2.7
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il S5 1)
Design allowable stresses in different C&S gz :ﬁN:

_ Sl/SY-mi"(zooc’O) SZ/SYJ"""(G’O) S3/Sy,min(e’q)t) S4/Su,min(20ocﬂo)

Minimum of S;. S,. Si. Si Sse S Siv Sg

SS/Su,min(elo) Selsu,min(esq)t) S7/SD(9) SB/Sn(e)

TSG 21 115 1/2.4 ] .. 1/15 1
@Different coefficients
GBIT 150 1/15 115 127 115 1
JB 4732 1/15 115 1/2.6
NB/T 47003 1/1.5 115 1/2.4
JBIT 4735 1/15 115 125 ] ..
@®Different scope for determination
S — e e 1/3 (Class 1) 1/3 (Class 1) > St th der t t
' ' 1/4 (Class 2. 3) 1/4 (Class2. 3) rength under temperature
NB/T 20407 >  Strength under radiation
Carbon steel, EJIT 321 115 1/1.5 13 13 >  Durable strength
low-alloy steel EJIT 322 115 1/1.5 13 13 >  Creep strength
@Different material classification 5C)  R*1.1/3 (Class1, TC, SC)
LR (s, Fae (Class 2, 3) 1 (Class 2, 3)
>  Carbon, low-alloy, martensitic high-alloy, austenitic high-alloy 1135 (Class 2. 3)
. e nrs . 1/2.4 F 1
>  Ferrite, austenitic, Ni-Cr-Fe alloy, Ni-Fe-Cr alloy
»  Carbon, low-alloy, quenched and tempered high strength alloy,
1/3 (Class 1) C . .
iah- onsideration for nuclear safety class
high-alloy ) 1/3.5 (Class 2. 3) ® y
>  Other than austenitic, austenitic, cast Ay > Class1,TC, SC
>  Other than annealed austenitic, annealed austenitic 127 > Class 2,3

12



Welding joint coefficient in different C&S

European standards.

Welding joint types in GB/T 16702:

>

Cat. I: Full-penetration butt joints or welded parts with an included
angle of less than 30°, welded from both sides

Cat. II: Full-penetration butt joints or welded parts with an included
angle of less than 30°, welded from single side

Cat. lll-a: Full-penetration joints with an included angle of 30°~90°,
welded from both sides

Cat. lll-b: Full-penetration joints with an included angle of 30°~90°,
welded from single side

Cat. IV: Partially penetration butt joints or fillet weld with double-
sided groove

Cat. V: Fillet weld without groove, welded from both sides

Cat. VI: Partially penetration butt joints or fillet weld with single-
side groove

Cat. VII: Fillet weld without groove, welded from single side

Table RB 3834.3: definition of types welded joints

538

B The classification of welding joint types is different in national standards and

Definition of types welded joints
. . two sides .
m 11 |buttwelding full penetration accessible back welding
. two sides gaseous back protection with or
m 12 [bultwelding full penetration accessible without insert
two sides on temparary backing strip can be
I:KI 1.3 |buttwelding full penetration accessible :I;Eem after removal of the
. back side gaseous protection with or without
m 1 [outtwelding full penetration inaccessible insert
- back side . .
m q 1.2 |buttwelding full penetration jnaccessibie permanent backing strip
. two sides .
p 1 |flleterT full penetration a ble back weld or back machining
‘ I " back side .
mz |filetorT full penetration inaccessible gaseous back protection
back side . .
D ms3 |fletorT {ull penetration inaccessible permanent backing strip
V.1 |filletor T . . double opening
\:J] [ ]| v [putvelaing partiai penetralion  preparation doule bead
. " straight edges or
rtial penetration N A
1 v |filletor T pa y single opening double bead
ﬂ:l | | ornopenematon =79 26
-| fillet or T " " single opening .
|—1 D l_ﬂ Vi butt welding partial penetration preparatinn single bead
fillet jno straight edges . .
J |fl orT |penetration preparation single bead single bead

.Ii.lm-
NNLC
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Welding joint coefficient in different C&S

B The welding joint coefficient is basically similar.

4.5.2.1 MREER AL o ORI X BBk B R 4R T 3K K 0B K I A % HOB R RE
4.5.2.2 BHIESFREBEEL RBHEWT

a) S AR Rk A Y T AU R M AR E R L

D 2BEHREN . =1.0;
2) RELHEN N $=0.85,

by BERN L (NIRRT KA B4 £ R iR

D SHEHEN. | 4=0.9;
2) REIHEN, ) $=0.8,

4.5.2.3 FAbS R ORI IR B Sk RBOHH R FIRR RO

%82 WRANEEELMZITRY

Table IC 4121-1: Joint efficiency coefficient n

Type of welded joint | 1.1,1.2, 1.3, lll.1

Examinations

1,02 | 1.2, 0.3, 1V, V, VI, VI

Volumetric examination! +
Surface examination? after 1.0
welding (both sides)

Surface examination2 during
welding + Surface 0.85
examination? after welding
(one side)

0.5

Surface examination? after
first pass + Surface 0.7
examination? after welding
(one side)

0.5

Surface examination? after 0.5
welding (one side)

0.5

1 radiography or ultrasonic

2 liquid penetrant (for components not exposed to high vacuum) or magnetic particle

Table RB 3291.1: joint coefficient n

3k YFH X B A T 7 B L IE (] (1 i R 8
R 123k P Al 151 o 4 e Bri ity B AL TH V5 35 0 0
ALBC n=1 =1 * P
1
D.E n=1 =1 n=0.70 f=1
B.C n=1f=2 X
I
D.E n=1f=2 n=0.75 f=2
M-a D.E X n=075 f=1°
-b D.E =< n=0.75 f=2
V.V D.E >< — n=0.7 f=41
VI LV D.E > n=0,45 f =41
FEP o SHIREE R B L RHIEST R W 9.3.3.3.
b > PR AN BE SR P BCRE (38 L mu SRR 88 A ) L .
© 2N RO A% AT P i A A B L SR SR IR ST R B 1.0 B H A N S T IS SR NI HL S 2.0,

Types of welded joints
Examinations 111213
Volumetric examinations: radiography or ult e ination: A I1m.2 2 3 v vvvi
Surface examinations: liquid penetrant or magnetic particle examinations :
Volumetric examinations + 1
surface examinations after welding (both sides) -
Volumetric examinations during welding +
surface examinations after welding (one side) 085 0.85 05 05
Volumetric examinations after first pass +
surface examinations after welding (one side) 07 o7 05 0.5
Surface examinations after welding (one side) 0.5 05 05 05

14



Regulatory test pressure in different C&S

and regulations of different country.

TSG 21
GB/T 150
JB 4732

NB/T 47003

JB/T 4735
GB/T 16702
NB/T 20407

EJ/T 321
EJ/T 322
ASME BPVC Il
ASME BPVC VIII

EN 13445

RCC-M

RCC-MR/MRXx

SDC-IC

Vessel with internal pressure

Hydrostatic
1.25*pd*Sm(Ttest)/Sm(Td)
1.25*pd*Sm(Ttest)/Sm(Td)
1.25*pd*Sm(Ttest)/Sm(Td)
Max(1.25*pd*Sm(Ttest)/Sm

(Td), 0.05)
1.25*pd*Sm(Ttest)/Sm(Td)

1.25*ps

1.25*pd
1.25*ps*Sm(Ttest)/Sm(Td)
Max(1.25*pd*Sm(Ttest)/Sm
(Td), 1.43*ps)
1.25*ps
Max(1.25*pd*Sm(Ttest)/Sm
(Td), 1.43*ps)
Max(1.25*pd*Sm(Ttest)/Sm
(Td), 1.43*pd)

Pneumatic
1.1*pd*Sm(Ttest)/Sm(Td)
1.1*pd*Sm(Ttest)/Sm(Td)
1.1*pd*Sm(Ttest)/Sm(Td)

Max(1.15*pd*Sm(Ttest)/Sm

(Td), 0.05)

pd*Sm(Ttest)/Sm(Td)

Hydrostatic-pneumatic
1.1*pd*Sm(Ttest)/Sm(Td)
1.1*pd*Sm(Ttest)/Sm(Td)

1.1*pd
1.15*ps*Sm(Ttest)/Sm(Td)
Max(1.25*pd*Sm(Ttest)/Sm
(Td), 1.43*ps)

1.15*pd*Sm(Ttest)/Sm(Td)

Hydrostatic

1.25*pd
1.25*pd*Sm(Ttest)/Sm(Td)
Max(1.25*pd*Sm(Ttest)/Sm
(Td), 0.05)
1.25*pd*Sm(Ttest)/Sm(Td)

1.25*pd
1.25*ps
1.25*pd

Max(1.25*pd*Sm(Ttest)/Sm
(Td), 1.43*ps)

Vessel with external pressure

Pneumatic

1.1*pd
1.1*pd*Sm(Ttest)/Sm(Td)
Max(1.15*pd*Sm(Ttest)/Sm
(Td), 0.05)
pd*Sm(Ttest)/Sm(Td)

1.15*ps
1.25*pd

&8

B Regulatory test pressure is also similar, with slight difference considering the law

Hydrostatic-pneumatic

1.1%pd

iz E
CNNLC

15



Structural analysis criteria in different C&S

538

The basic structural analysis criteria is similar, with Sm for global membrane stress, 1.5*Sm

for local membrane plus bending stress and 3*Sm for primary plus secondary stress.

Figure RB 3216a: flowchart for analyses to be carried out for level A —

Figure 5.1
Stress Categories and Limits of Equivalent Stress

.Ii.lm.
NNLC
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;SWFH& P, I_P'_—| Ij 4p'+Q i-——-r}’ +p._+Q+F |
— REiHRd
- - HIAER = _15KS, = 1sKs,, E =35, =5

Primary
Stress Secondary
Category Membrane Peak
General Local Bending plus Bending
Membrane Membrane
Description | Average primary Average stress Component of Self-equilibrating 1. Increment added

(For stress across solid
examples, sections. Excludes
see Table discontinuities but
56.) not concentrations.
Produced only by
mechanical loads.

across any solid
section. Considers
discontinuities but
not concentrations.
Produced only by
mechanical loads.

primary stress
proportional to
distance from
centroid of solid
section. Excludes
discontinuities and
concentrations.
Produced only by
mechanical loads.

stress necessary to
satisfy continuity of
structure. Occurs at
structural discontinu-
ities. Could be
caused by mechani-
cal load or by
differential thermal
expansion. Excludes
local stress
concentrations.

to primary or
secondary stress
by a concentra-
tion (notch).

2. Certain thermal

stresses that
could cause
fatigue but not
distortion of
vessel shape.

Symbol Py

P

Py

1) f% Po. PL. Py QHIFARARF—A R, WRFRO, . — A mm 5
. BRRGHLRE QS HEN. .

2) RF @ HBB AR RIEINGE A — W VG, B FREE SEMTESSRNA; NEEmE, EW,
BERBORE 1 BT A B R— BN 5 WU N 2 P (BL PL) +Pet+Q, TIRBRWRS 05 R, F 3%
R 1SR e SR B A 9K b 3R 0 4 SCRE AT RSy s Bldm, —BRPA BB S, HEHALRAT R SRR
R K, B4 Pu=S, Py=0=0, F=Py (K;-1), Wig{HR IRAER K P, H W,

3) RBK ek 3-3 ko

4) Bdb BT 4 B — P YR AR B R, T 38, (RERUE W TAEURERRT (BIMSEATIM ) B R
{EIREE F AT Sy B9 E B2 3 1%, TERE —YOM =R W EE, B% R &R R R RE M TR ER,
R T A 5 A 308 B RS L T AR B A — SR RO DR SR A R BB . ey T B — R O TR SRR R 4 A M R 3R
EHETERTHREMN, BEWAME S, G RRERN, BFUMRE TAMFRERAETRERD
VPR I 38, LRI /N0 H B o

5) 5, BH T C BORES 2R B, 3T S0l B IKEH RS, Aol ) MR AR B (HE Ry SRATTE ) By 25,0

Oy Oyn

2 o~ Tz~ T

——— Use design loads

Use operating loads

AP, +P,+Q+F) }— 28,

[No&er [©)]

No

L

TpePMmau

RB 3250

| o

Primary stress limits |
RB 3251.11

=5n
P S15% S,
P+ Py <15%x5,

l

creep 7

No

No

Yes

Creep usage factor
RB 3252.11

Uyl % By) <1
UpelPL+ ¢ xP) <1
Wicn(135X 2 x By <1
Wiaeoll35x (Po+ ¢ x P <1

L
l

.

Cyclic loading 7 |

Yes

*  Type S damages
RB 3280

]

Ratcheting

RB 3261.111 or RB 3261.121

Py = kypy % 5p
Py £ 1.5 X kypp XS
or

Max(P, +Py) + 60 < 3 X Spy

Significant creep 7

Yes

Interaction creep - ratcheting
RB 3262.111 or RB 3262.121

F_4

& +5(125 X P) € eqpa
p+ & (125 X Py) S £appa

l

Interaction creep - fatigue
RE 3262.112 or RB 3262.122

Allthe points [V,(B5); W (a)] are located
within the creep - fatigue interaction
diagrams

Fatigue

RB 3261.112 or RB 3261.122

Vy(8e) <1

(and RB 3261.113)

End of the analysis
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Structural analysis criteria in different C&S gz :ﬁN:

B For standards related to equipment under high temperature or irradiation, more criteria
for preventing creep or irradiation damage is added, i.e. RCC-MR/MRYXx, ITER SDC-IC.

_ JB 4732 GB/T 16702 NB/T 20407 EJ/T 321 EJ/T 322 ASME BPVC Il ASM\EAEPVC EN 13445 RCC-M RCC-MR/MRx ITER SDC-IC
Sm Sm Sm Sm Sm Sm Sm Sm Sm Sm Sm

* H *
1.5*Sm 1.5%sm 1.5*Sm 1.5*Sm Max%‘)g 2, 1.5*Sm 1.5*Sm 1.5%Sm M'”%{:’) 2,
*
PL+Pb 1.5*Sm 1.5*Sm 1.5*Sm 1.5*Sm 1.5*Sm 1.5*Sm Max%‘)g Sm, 1.5*Sm 1.5*Sm 1.5*Sm Keff*Sm
SemA Se
PL+Pb+Q+F 2*Sa 2*Sa 2*Sa 2*Sa SetA Sd
| Pe | 3*Sm 3*Sm 3*Sm
e v v y v y y v
Max(Pm)/v1 1.3*Sm 1.3*Sm
Max(PL+Pb)/v2 1.3*1.5*Sm 1.3*1.5*Sm
% * % * * * Max(3*sm’ * * * %
Max(PL+Pb)+Q 3*Sm 3*Sm 3*Sm 3*Sm 3*Sm 3*Sm 2+y) 3*Sm 3*Sm 3*Sm 3*Sm
(PL+Pb/Kt)/Sy+(P Min(1.25*St,
L+Pb+Q)/Sy 2*Sy)/Sy
1 1
V(N(Salt 1 1 1 1 1 1 1 1
1 1
U(PL+Pb/Kt 1 1
W(1.35*Q*Pm) 1
W(1.35*(PL+Pb/Kt)
C/CL 1/1.5 1/1.5 1/1.5 1/1.5 1/1.5 1/1.5 Sm/Sy
CICI 1/2.5 1/2.5 1/2.5 1/2.5
KI(PL+Q 0.33*Kc
KI(PL+Pb+Q+F) Kc/2 Kcl2 0.67*Kc
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3 Application of RCC-MRx in CN

ITER HCCB TBM-set

18



. Wil S5 6
RCC-MR Application in CN TBM Program gz |:I|I\J|(N|:

® The "ITER TBM Program” foresees the simultaneous operation of 4 TBSs whose
TBMs are located in the 2 ITER equatorial ports #16 and #18 (2 TBMs per port). in
order to demonstrate that Tritium Breeding self-sufficiency can be achieved.

® CN HCCB TBM (Chinese Helium-Cooled Ceramic Breeder Test Blanket Module),

developed by SWIP, will be installed and operated in the ITER equatorial port #18,
together with JA WCCB TBM.

Parameter Design value
Neutron wall loading 0.78 MW/m?
Surface heat flux 0.3 MW/m?
Structural material CLF-1/CLAM (~1.1t, <550 °C)
Tritium breeder Li,SiO, pebble bed (<900 °C)
Neutron multiplier Be pebble bed (<650 °C)
Coolant He (8 MPa, 1.04 kg/s)
FW (300 °C/390 °C)
BU (390 °C/500 °C)
. i e Purge gas He+0.1%H, (0.3 MPa, 0.3 g/s,
Shield 20 °C/400 °C)

19



RCC-MR Application in CN TBM Program

g m.lml:l
,3 CNNC

B Requirement from SRD-56 (Test Blanket Modules System) from DOORS (ITER_D 28B3A7v 5.2)

[565686-R;Defined Requirement] RCC-MR Edition 2007 shall be used for components providing first
confinement barrier of the plasma chamber. Any deemed necessity to use a subsequent edition of RCC-MR.
such as RCC-MRx Edition 2015 or future ones. has to be proposed to the ITER Organization for acceptance.
Such proposal 1s to include an exhaustive demonstration how that the used edition 1s enveloping the previous
RCC-MR 2007 requirements and prescriptions. or alternatively. how this equivalence is reached.

B The RCC-MRXx 2018 standard is
currently selected as the design and
manufacturing Codes for HCCB
TBM-Set.

» The RCC-MRXx class of HCCB TBM
set is supposed to be N2,

» According to Section Il - Tome 1 -
Subsection C of RCC-MRx 2018, the
size of different pipes crossing TBM
shield will follow the suggested code:
EN 10206-5.

Table RB 3615.1: list of dimensional standards used

Designation Relerence
Dimensional standards for piping products
Carbon stesl or low alloy steed pipes ASME B3IE, 10M

Carbon steel or iow alioy stool pipas withaut welds
Carbon steal of low alloy steel welded pipes
Stalnksss stesl pipes

EN 10218-1, EN 102182
EN 10R1T7-1, EN 10217-2

ASME B36.18M, EN 10216-5 (thal refers o
EN IS0 1127 for the dirmensional paris)

Dimensionsl slandards for fittings
Sleel Ranges and fanged fittings

Butt welded stesl fitings

Short radius but! welded sieel elbows

ASME B16.5
or EM 17581
or EN 10821
ASME B16.9,
EM 10283-2 or EN 102534
EM 10253-2 or EN 102534

20



.3 iz
RCC-MR Application in CN TBM Program gz N

Application of rules for design:

[0 Reference: Section |l
— Hydrostatic test pressure and allowable stress (REC

3257.4)
O Reference: Section Il Tome 1 Subsection B&C Assessment of P-type damage
Load Pm PL PL+Pb
— Neglect creep or not (RB 3216) conditon [“Maximu | _ Allowable | Maxim | _Allowable | Maxim | _ Allowable
.. . .. m um um
— Minimum distance of welded joints (RC 3834.2) Normal | <179.0M | 21IMPa@20 | 179.9M | 316.5MPa@2 | 28IMP | 316.5MPa@2
. L. operation Pa 0°C Pa 00°C a 00°C
— Types of authorized welded joints (RC 3834-3) <543M | 163MPa@50 | 54.3M | 2445MPa@5 | 110.7M | 244.5MPa@5
.. .. Pa 0°C Pa 00°C Pa 00°C
— Weld joint coefficient (RC 3851) Baking | <63.6M | 199.3MPa@3 | 63.6M | 209MPa@30 | 128MP | 299MPa@30
Pa 00°C Pa 0°C a 0°C
— Allowable stresses for P-type damage (RB 3250) Hydrostatic | <165.1M | 284.9MPa@2 | 165.1M | 427.3MPa@2 | 332.5M | 427.3MPa@2
test Pa 0°C Pa 0°C Pa 0°C
— Allowable stresses for S-type damage (RB 3260) Inbox | <378.8M | 308MPa@45 | 378.8M | 462MPa@45 | 437.3M | 462MPa@45
— Allowable stresses for bolts (RB 3280) LocA Pa RS Pa RS Pa RS
. Assessment of S-type damage
— Rules for prevention of fast fracture (RB 32100) P °
. . Logq PL+Pb+AQ Loz_:\(_i Fatigue usage fraction
O Reference: Section Ill Tome 1 Subsection Z condition [ Yiaximum | Allowable condition  [~Caicuiation | Allowable
. . N I 485.9MP 489MPa@50 Normal 0.82 1
— Recommendation of size of bolts (A6.2800) operation : e operation
— Guide for prevention of fast fracture, Leak Before Baking | 128WPa [ 597.9Pa@3 Baking <Se-4 !
Break analysis and defect assessment (A16)
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®m Application of rules for material:

[J Reference: Section Ill Tome 2
— Common general provisions (RM 010-0)

— Procurement provisions as per reference standards (RM 030-0)
— RPS Austenitic stainless steels (RM 330-0)

.

Development of Chinese Low-activation Ferritic-

martensitic No.1 steel (CLF-1)
» Special procurement specification(S-SPS): RM 0111.1, RM 0330,
RM 0350, RM 0120
» Fabrication: RMC 1000, RMC 7100, RMC 2000, RMC 4000,
RF 2000, RF 3000, RA 3900
» Material testing and database: RPP4-2012-EUROFER
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B Application of rules for manufacturing:

[0 Reference: Section Ill Tome 4

Acceptance of filler materials (RS 2000)

Welding procedure qualification (RS 3000)
Qualification of welders and operators (RS 4000)
Qualification of filler materials (RS 5000)

Welding operations of production welds (RS 7000)
Destructive tests and examinations on welds (RS 9000)

[0 Reference: Section Ill Tome 5

Cutting - repair without welding (RF 3000)

Forming and dimensional tolerances (RF 4000)
Surface treatment (RF 5000)

Cleanliness (RF 6000)

Heat treatments (parts and components) (RS 8000)

el
7
! e

Forming of double-layer pipe assembly mockup
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4 Conclusion and remark

24



, g (D% S5 E
Conclusion and remark yZ CNNC

B Tritium breeding blanket is one of the key components in fusion reactor, with
functions of tritium breeding, heat extraction and radiation shielding.

B Different C&Ss were developed for nuclear industry and pressure equipment.
The current C&Ss are not fully compliable to tritium breeding blanket, covering
both nuclear safety and pressure-bearing requirements.

B For CN HCCB TBM-set, RCC-MR/MRXx is adopted due to 10 design requirement
for 1st confinement boundary.

m Specific standards still need to be developed for tritium breeding blanket of

fusion reactor in future.
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Thanks for listening!




