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ITER A= Gl
1)Y—RA—Ls
FEIIRE  $92kg. BT FEEEE  #2kg. BEW: 1kg(ITER
PUFIL AR Jakg kg, BEREM: Tkg <18kg |[AZEFE)
Il PRI R DRK o 13ko (17 ABEMHIE R E
A CECAB WIS E RIS R #5200g O e w DL #4500/
SIAUIS THRH IR (%1009)
LIFDFREMER) BHRA~DBITEZDRERS DT
BT AVAE (<1 kg)

HEHES A~

W 100 kg [HIEBEGEMOTHEN) |[EME |[RIRLE-E— B EGEEHICLYEE

C 200 kg [ B 42 (EHT E) — —

Be 100 kg |1 B 42 — —
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2) IS EE BT AR EEAT AT RILE—
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TS5y Pt F RS — — — (HEESHABR)
F(BLK) & |- 1&5E# EREM D RIGE  |— — Ea i -AHAEREDHEGEEETARED
FAIN— | BEMEAINMORIGE |— — E i - AHABREDABIGEEETREL
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A OREBIRILF— REICKLBE -AHMRENFNHEEICLLHBE
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. ERETAILR
NBIN e ARRMASBEE e it L
N ey — f | BETEn |
| ene |1 Jawm """"""" !
rIF 0 LRI R !
. ¥ je4 5 B peewonmn
o iiTkmEsE | | MFos b EET |
[ EAEE | T EL R ITER  DEMO
itk (0.5GWy,) (3GWy,)
RBIREE
DT flow rate [Pam3/s]: 200 ~200
AR 11 &
I DT reaction rate [%]: 0.3 a few
REXB |
T processing [kg/day]: 5.8 23
- processing [kg/day]
T Combustion [kg/day]:0.017*  0.45
Tritium Inventory [kg]: <1 ~]

* 0.5GW x 450s x 2shots/h x 24
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| EHETATILER
(NBIN —— K RAREHHEE | IR .
" 3 BT
BT T e i Ay S 1
| eEE |
E"?A*% N
| EARE |
— ___J:___T_‘
AENK
BIBEE
BRER T
RERIE |
R

He, Q,0,
CH,T, others

KERRE:

He, Q,0,

(Q,, He, Q,0, CH,T, other impurities)

i |
i CHST, others
' Plasma exhaust | - '

Pd/Ag alloy membrane diffuser

®1.6mm °4 x 80umtx 900mm Lt

Heater
/
(= _\_ + ______
ﬂ_“jﬁ‘_ﬁ-)
D)
DF:10~100

Q, (Q=H,D,T)

To ISS

) F o LEIUR(HTO, CH,T, etc.)
Water shift reaction w/ CO,
Methane cracking, Isotope exchange,
Oxidation-Reduction

CAPRICE
AR

CH3T, HTO i}

A EF-C6mr i
I
e

: PERMCAT

CO2, CH3T, HTO

CAPER

[ R P

i b

INT P LR

CO +H20 — CO2 +H2
CH4 — C+ 2H2

DF:100~1000

CH3T + HTO + 2H2

= CH4a + H20 + 2HT

- DF:1000~10000

DF: >108
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Cryogenic Distillation Columns
g === 4 columns: ®70~100mm X 3~5mh

| EWEGAILE

| NBI 4_1_ KRFASHEE |« o Hz, HD |

i Y permn || To WDS -« mm—

[Cpmesr | TR | R | . From WDS
ReER || Rdes | L1 Al _HD,T

. ¥ 158 ' Temas

1 [ 1! WI‘JI;FF\, !

D | KBRS MIFOL || 2 :
EAEE | =8 EREE | | BB |

S — "“'T"k ______ l R S S . .
A7k BERIEA
EIBIEE H
B ) o A5

REFE |

Boiling temp. of hydrogen isotope gases(K) 50T-50D

s H2 HD HT Dz DT Tz To SDS crom Fuel
0.1MPa) vyVvewvy
L1 Y To SDS cleanup sys.
20 BE (K) 25 90T-10D
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ERHTAIILER
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HWETHY |
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PRRETE | 1
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e

Storage & Delivery System (SDS)

Metal (U, ZrCo, etc.) hydride beds,
Equilibrium pressure (Pa):

103 (RT), 10° (~673K)
Capacity: ~ 100 g/bed (ITER=709)
Numbers of bed: >50 (ITER)
depending on site inventory
In bed tritium accounting function:

_______ -
= z
29 : o
s i @
o] g
= 131811 Y
b= i
[+ i
“ - ~
5 X i 1A
] g
=T :
=o - : s s
€S
o o T P =
ay 23 = 2
83 2 I
EE g = d =
o -~ ! L4
= 5 2 |
<V o0 =
s 8a 5
88 nhis
< oD = -
=2 4N =313
aa —— z
5 00
3 = =
-
T =
@ *®
a -
[«3
<
< §m
@2 -
— i
i
§_3/ =T 763 |l
9.9" mme
25g ZrCo tritium’ st b

Calorimetric method
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| FREGAHILE

j NBI~ 4_1_ KER A EEE <

! A
e |0 ZZ;;;;Zi;ii}iiillliliiiii]}
| it,‘nﬂ \ 2T by
N sl F I GE2 AN e x
! ! 1 ms :
./ HET T eI

V| EAEE | 1 B R B

AENK

EREER

AR Tl
RERH |

e

i)
MIREE

e « oo s

DEMO

3H production [g/day]:
TBR [3H breeding ratio]:
Tritium Inventory [g]:

> 450 (3GW,)
1.05
$100. #£100

(Li ceramics, Be)

Example of solid breeding blanket

Be, Be, Ti (<2mmdg)

' Li,TiO,. Li,O (<2mmg)

ITER-TBM: 2 module x 3 ports

Breeder
Solid: Li,TiOs, Li,O etc. J
Liquid:Li, LiPb, FLiBe etc. 1 66m

o 42}

Coolant:
Water, He etc.
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Recovery [-]

e T o
| Yz | - ) v
! ! — = Y *
| NBI~ KRR D BEEE < PRS- | Tritium Recovery Pre-concentration
i I T WEAMY | = System Sysrem
e | TTLTLTTIIIIIIIIIIATIUIILONG | mEKE ! =112
| gtﬁag%rfg ol AP X 7y | 2 (LIS »
! » RUF LB ! ! B WS- & WDS
: o 1o gs \ | = g g
| P! =JE ! BHooHES ! JoH] ©
. [ kmmssE RJFS L ! :—:::HFR\, ! (%n ‘
[ EABRE | || mpzw || [FE i 2 Main
— eSO 3 NN | S o s B I s mw— - -l Fuel
\ = -~ Loop
AHEIK BESUEA~ Breeding_Blanket -
fRIR=E . Tritium recovery system concept using hydrogen pump
AR 1 -
- 2.0 , | , , 1.0
. ’ HT, H, | SCO | He l
EElE [ 'R Y — HH: 6700-8400 ppm
= N i P - HT:1.0-1.3 ppmIDIO — 0.8
s 1.5 =Temp.: 873K ° ®
‘ SrCe; 5Yby 505, '-f ® 0.6
s s ol 3 IS L J <_$ '
b= 1.0 |-
c
Test peace of £ o 04
Proton conductor = Cvﬁ
3 0.5} o) o 02
---14th Stage = P,/P,:94.0/104.0kPa |
? F,/F,: 0.2/0.4 I/min(STP)
180 tubes/stage x 14 stages 0.0 ' l l ' 0.0
= 99.9% recovery 0 200 400 600 800 1000
, Recovered Gas Ap[?lled VOItage [mV]
e DF & Recovery ratio of the test peace 13

Application image of test peaces to ITER-TBM
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. FREGAYILER
(NBIN —— K EEANHEE | PR AL
i | 7y R )
[ pmeei | DLl | mEEE
RS o 72Tk X ’
| PeEE L GELIGIE: ¥ ‘
| 1 178 e
AEIK
EREE
AR 1L
] 100
| i

— 80 - ==

© i I [1 .‘i.

> ~nF ' y B

=, 60 + S

X % Q. [ &

4'&4 A | ~

= 40 0

i 6 years

0 «— durability
0 500 1000 1500
7 FREBESHRE [ kGy]

Rad Tech Asia 2011
Proceeding p242-243

CECE:

X% (3/3)

Combined Electrolysis Catalytic Exchange

Environmental release

500 kBg/m?
100 times dilution

Cooling water
407400 GBaq/ke,
20 kg/h

Natural water

—

LPCE, based on “Fugen”
(Liquid Phase Catalytic
Exchange Column)

[E— romss

[ EC (electrolysis cell):

}O'TBq/kg

using polymer :
Easy maintenances, No alkali solution
Require > 2 years durability (>530kGy)

Generate electrolysis membrane using

PEEK,

Demonstrate > 6 years durability

14
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(fuel cycle)

V=) G R—

EFRHTAIILFR

IKFRELADBEEE

PAFIET R
HiagkE

h i

HH
Z
3
o

[ ks

A ENIK
RIREE

A

FERH

<
<«

NBI
RF

& 56
r)F L
EUREE

---::---T-l _______ I e

BRIEA

AR R R
R Y

V| AEEE

[
»

FREHAIILR

Integration demonstration (ITER)

Steady operation and experiences (ITER)

Performances improvement to DEMO
(each sub-system, whole loop)

BRED Sy F ) LRI

System integration with ITER-TBM
Effective tritium permeation barrier
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2-2 M) Fo Lo meitEEERXE

NIFLETEEEXE DR E RS (iR CHA X E (Tritium Tracking Area: TTA))

¥R A% [DEMO: < 18 kg*, ITER: around 4 kg]
e o S R e T el e e s sy .
D BREERBALIEERE [DEMO:1-3kg with WDS, ITER:<2kg] i h')ﬁ?’-ﬂ;bé; 2y |
e L PRERE il
o ESMIEZR [DEMO:1-2 kg, ITER:< 1 kg] prow— 1 L[<afewg] RLoHEk
: '+ NBIN — = (4 A 4\ kS < R e S
i KRS REE bl ol mlﬂ&%
SR FITIrIIIIIIIIzoIIIIiiiiIiiIIIII| mREEE o RKEN
S| BRMRETRE | | | IO vk ¥ ¥ PR A S
D Sk HEIY N EA ¥ X | MATRT R PAnRE S
D[ ERE ] [DIJE:ICIg1 k@]”ﬂ;ﬁ } Y L :
| 2 ka) [ e Tt i R
: . v :E JKALIE B R)F L :i :I% E : I pessssssessssnenderaduennnnannn,
| EAZE | EiEE | L=E e I
R e S LI HL _______ ke e S T B4R |
LR e T T .1 SR
! mA7 : =L TS |
4EE TED 34 : - E DEMO: 13 kg* -
BT T i [ITER: <11
— TN T .
% EE:DQ{EHE ‘E : | T U f’ /) E / DEMO < 1 k I‘—‘—-—’. - v r-;’qrﬂl}?#q I
e ER TN I — ' ITERw/Rad.” 1% %0 - REVIRE
/mAaxX R i _____ F_{ |_:_ o 1 i E Waste : <1 kg] [DEMO: <1 kg]
: HEARER[DEMO: <1k Y - S-S
freereena TER W/ CP - <1kg] :

[Pure T, gas : 101 kBg/m3, Exhaust control (HTO) : 5 kBg/m?]



2-21 M)FOLET=EEERAUE

* ZEHREH EDEBRSR K& EE% [DEMO: < 18 kg*, ITER: around 4 kg]
DADDEFEEIE | eeereeresrnsresessnssssssesnssssssssssesssenssnees eeseeseesessestesearearesteazeseeasasesetenseaeassinnes errerreenenes .
1) HAMEES fH<YEE [DEMO:1-4kg, ITER including Rad waste < 3 kg] KALIBERE LU :
2) BHEL D PRH{EIBALEER(E [DEMO:1-3kg with WDS, ITER:<2kg] | BUFIL AV -
ARSI e | BERE e
D ERBMLER [DEMO:1-2 kg, ITER:< 1 kg] e 1 L[<a few g] RL> 8K
shEpoBEE, Te |11 NBIN KEACAEDREE |t mobaion ||
E{an))g;gﬁﬁ: P Py rofofooIozooooozzzzzzzizioooiion| maE L KLEEEA
A JEtE | 1 | PAMET ! IS ¥ ¥ PR ] B T A4 4
e ol R R et LI = | PR RS EA
S s e P [E=ER DEMO i X S~ &Y :
‘I) JE%‘EJEEK E ! E % i - <1 kg] igy[—ﬁ :i EW*;F’: E: :.. ----------------------------------
2) RERYKLY i i T EE ii KA E F'}?’;Zéx Ei EI% x ii et s
% : ITER&DEMO | i L =2=2 I JH( | ERER | — I HARA B
% : DEMO AR TR R D.. IR A B Y A PR 45 B R ::. : : :
EssssmmEEEEEEnEEE ..E AEIIK i E E n___I-D_E-'_\'/Il'g-_:]_B_I_(__*_]____' E
premEny | EREE , . ii [ITER <1 )
= e > N S SR,
- H Rkl T E
RBERR e ® [DEMO: < 1kg] e F;%;%Qﬁ e g
—— ' | NBI ' 1 [ITER w/ Rad. o BEERTIRE G
R R . ' 1 Waste : < 1kg]




2-22 N)F I LET=EEFIE

CRL/AECL/MPSTPL/IJAEAN20gD

ZeRH LD EEE: N)FIAZBELRDEEZ=~1%

- BAROBSHREZFHLEICIORFOERRLOEEZETE

-MFOLRBEEDERHE (TTAE)

-M)FOLOHEAYERE

NEIFOLZANE. REIN)F0LOHKE (PVT-c, Calorimetry)

2Q)RFAVIRRLUNDMN)FOLEBEHE  (sampling + LSC)
3)AKLHE R U AR (neutron monitoring)
AR)F LRE: iEREERUITERICEIEOMELEG =
5)DEMOYRIZH T AR FH LEES

HEMEEEIE (G RAEERHIH):
-ITER: E¥FEHIE (shot, day, week, campaign,etc)
-DEMO: E#stE8 (PFT-c-t)

Practical

Accuracy
1%

10%

> 5%"7

18
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ITERDDD/DTRERICRIF /=5REE

m *E’Qo)n E:

FEICEIT D15

o /J:I: = MZE—J E =

s ITERGEDBREISHEER

SHICRBFICMIT/ZERE

. EEMFIADHEE

E-HEMsLEDMm E
Wfﬁﬁ%@ﬂ]%ﬂ’]?&ﬁf S

o

D EEEZEERDOER

IR & IR DHEL

. HRA L0 REDRUEL
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BEh & R B R Y
MhZURERR KL E LY

e : o~} =5

MIFOLREREE N

\ A 4

_______________________

On-site Fuel

Storage Area

- g RS BEK

B 7 KRACEIHERN |« mams |

o \ BERHY || | KEREa fesssn

AR Yo S e i A NRELE | AT A
CLAEEE T (e smaR | T

= X 1858 ' Trzgs |

Lo ! ) 1 v | BEHR Lo

. E3e T ¥ LS Hﬁ-rb | BB B

I e s  SE S R R e e L I

kR 8

| 4
T : ! \ | | A 'R b okyktL i :_ _______________ - I
REZR | : Il TR {kTransfer Handle, E——r»' FAERRRNRE : N

Y¢Confine RI durlng

Ao NBI maintenances for L
mERE RF > Divertor, Blanket, On-site Waste
e SRS SR . Diagnostics, NB etc. Storage Area

Fig.1 REFETSVEORB{AZEMEENE (MFOLRED) DN
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BE [CRAORALADBE(2/2)

UL
=
40|

*Tritium inventory at normal operation
*Isolation function as a primary containment at incident / accident conditions
(response of monitor & emergency isolation valves etc.)
« Tritium release behavior at normal operation and/or incident / accident conditions in/from the
containment (PVTC, flux, chemical species, etc.)

—RF2EE: EZERZ. MEERLERES. 520108 —

* Isolation / mitigation functions as a secondary confinement at normal operation and/or incident /
accident conditions  (response of monitor & emergency isolation valves & detritiation systems,
performances, leak rate etc.)

* Migration, soaking & de-soaking, conversion in the confinement

ZRREEE: sO0—TRyOR, RybtIb R—bIVIZE

* Isolation / mitigation functions as a multiple / final confinement at normal operation and/or
incident / accident conditions  (response of monitor & emergency isolation valves & detritiation
systems, performances, leak rate etc.)

* Migration, soaking & de-soaking, conversion in the confinement

ZE | xiRfREE: BE. [UBE. EvbiaL

» Migration behavior in the environment & dose evaluation at normal operation and/or incident /
accident conditions
(geographical & meteorological conditions, monitoring of air, water, soil, plants etc.)

IRIR 22



2-3.2 MJF LBRELEE(1/3)
ITER F')?@AB?% F@*ﬁﬁﬂ?‘]

T e e FEBONFIARERME:
i f . :‘%"_, / iR B b +RUF D LKERE
————————— I e MS: [R5 ->SCALEDFE
; f HVAC 4 e MSY) S (MS: B& EPE)
i | ' \ >
' HVAC |
: ; /\ |
E Vault NB ( Vacuum) Port Port E Q
Lo vessel [ plue L cel i ' | REBONTFARERNE:
: Gall — =P, . ) e .
HVAC i T d | BB NUT O KRR
’ VA i : SC: MBI KERRRIRE
. Tokamak build e — Ii —C ————— J_ —!— -] = —%| M3 ( SRELK K FRIHIR)
______________________________________________________ " I M2 ] l/
HVAC £ A A > "
4 SCDS —&—¢ »M4 M5
D)l( ' : tﬂ' > _&Q&' Release
» Triti GB ISS ——R—SCDS —&—> p01nt
GDS [ s;étleurilns others I BN R —&@&» B jr

Tritium plant rooms

t & SCDS >
HVAC

Tritium plant build. —SCDS S—> 23




2-3.2 FYFr9 LRELEE(2/3)

Gallery, Room temp Low temp. Scrubber
Rooms of TP Catalytic R. Catalytlc R. column
T. monltor Stack

\
SCDS Incident/Accident Blowers

Catalytic Reactor:
2HT + O, — 2HTO

Wet Scrubber column:
H,O(L)+HTO(g) — H,0(g)+HTO(L)

1400m3/h x 3modules x 2
DF: 1000

Dryer (MS):
detritiate by HTO adsorption
V.V., GB, TP Low temp
[exhaust etc. Catlytic R. Dryer Stack
ac
T monitor Blowers

MSDS  Normal operation/Maintenances 24
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R IKKZZRRIE: ITERMN) F LKREEED

N N= A . o =1
BRKEERN)F o LEEC AR : Va3BRE D/ 4 O L ER (TPL/JAEA)
(JAEA & TKK) 002
The inorganic-based hydrophobic Pt-catalyst CheC"T°(;;fmp°Si“°”SC:m ~ [~
named H1P has been developed especially for — V-004 s
efficient oxidation of a tracer level of tritium
over the range near room temperature, even in L
the presence of saturated water vapor. H002 § —

] .
o — ﬂ,f | e
—_— | [ T2 Inlet Conc.=0.02ppm || sv=556 h-1 || _ P-003
':‘ I I I I O - P-004
@ 0811 O  AO3Dry
) 1 O  H1P-Dry ©—
S o064 Q
= | W AzOs-wet o]
g 04l ® H1P-Wet
§ ]
€ 0.2 N ,_]J
P A
0 10 20 30 40

Temperature of Catalyst [C] 25




2-3.3 FHLCAHRERNR)

ETEINGRN) FOLMEERZZEIZER
g
§ 30_;2 :"EF'EEJW;TLEA
37 GBg-T released w 2017
N

to 12 m3 of Caisson in ;;"ﬁ
TPL/JAEA. T behavior "

data were accumulated. 0-

”""‘Fa‘il*l{_l.%B

60
FEfE] [#]

120

Fry LB E

BEZEAZER12m3
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