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Abstract

Energy is a vital necessity for humans life and we have been consuming a large
amount of fossil fuel especially since the beginning of the industrial revolution. Nowa-
days, this large consumption of energy is now threatening our daily lives and what we
need now are nonfossil fuels, for instance, solar energy, biomass energy, nuclear energy,
etc. Fusion energy is unlimited as an energy resource and one of the strongest can-
didates as a future energy source.

At the National Institute for Fusion Science, we are debeloping and constructing a
new fusion experimental device called the Large Helical Device. This device will be able
to generate a small amount of tritium, as a fusion product. To remove it from the ex-
haust gases, we have designed a tritium cleanup system based on a innovational new
concept. This system is mainly consists of a palladium permeater, decomposer and hy-

drogen absorbing alloys. It will be able to perfectly recover tritium without oxidizing it.
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Fig.2. Four main plasma confinement systems
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Fig.3. Conceptual design of fusion nuclear plant
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Fig.4. Conceptional drawing of LHD at completion
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Ventilation
Normal Operation
& Discharge Cleaning
.................... .
Experimental System Vacuum Exhaust Cleanup System(l)' O Monitoring
LHD:270 m? ; ;
NBI and Other Apparatus Roygh Evacuation ; (without air)
:150 m3 l i ;
Startup
& Shutdown
Experimental Room
————— Storage
200,000m? Monitoring
Ventilation

Fig.5. Total flow chart of the tritium cleanup system

Table1l Legal reguration levels of tritium in air [Bg/m]

1 FEULEEEIPKEI W E
Wb TWwb, Tablel (2 Chemical form Q2 Q.0
RLUZZE DD, MEERE

BFiEEICBVTH AKERAE
DHTOM & ) b 13 % 12 Regulations
LA SN TS, L Labo. air 2.0x10'° 7.0%x10°
HDA»LEHSNnB MY F
m AR E A YD HTE
(£BIZIXDT) THDH, b
)7 sk X ¥ ¥ & HTO
B O(EBRIZIZDTO) bME
GEInsrELEIONL, EEFR, TOMNIF Y LAREBILLTHTORIZT 2 2L %<, B
BEBAZENMYE L TLBT2EREBORBE LB L7,

DTIHELETPOEEBEOMERIICOWVWTHMAT 5, ZEI

AR T B EENPKREVHTONEE L 2\,

CHERHBDO MY FTLDOETREICERTE S,

- EEO/NULSRN S,
EWVWIHIBODOEFMH DL, MEKZOFAFEHA SN 227212

Exhaust air 9.0x107 5.0x10°

N.B.Q means an isotopes of hydrogen (H, D, T)
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HEOBENIRESRICELELYS A5,

BREYOESNEL D,

EEZLNTWIALTHL, EEZRhOD40o08TRLT, EXFEOMNY F
LBEEBOMELITo 7,

LHDIZ S ADDERICBVWTRAET L M) F U LADBED L) RIbERTH LD, LI
FOL)LBENIHFETANPIIERICIITFRATELV, #2C, BREXRBR R 572012,
Table2 IR L2 E R ) Foargiish s EREL, BEIERCEITND MY Y
Lid, EFREKBEEOWPIGBaFHEFEEHH INDL LD EKE L,

Table2 Exhaust gas of LHD

Operating condition Normal operation Discharge cleaning
Flow rate {Nm®/hr] 0. 1404 1. 4400
He 0.0014 1. 4400
Hz, HD, D2 0.1359
HT, DT 4,27x10°° 3.17x10°7
Composition H20, HDO, D20 0. 0003
{Nm®/hr] ]| HTO, DTO 8.84x10°'?
CHxDv 0.0028
CHxD+T 1.77x10°'°
Pressure [Pal 1.3 1.3
Temperature {cl 20 20
HT, DT 1.50x10° 1.07x10*
Activity HTO, DTO 3.1
[MBq/Nm®] | CHxDvT 30.9
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LHD? L OHRZ 3Ny 7 7 #2180, 4HB0TCITMBA L TRAT Iy A5 MBICANS,
e EBTE M) FTAREONERKEEREREASCRE L CRERE T 2,
THSNGZVWEELTAYT AL - XYY - REFTA - KBLEORS 2 HERB Y v & —
MICBISS®TRX Y ¥ - REEFT R - KERFLTBRESEDL, BESKLZWV Y F 7 4
ZEIHRVAYTLAIBNT S, KEBRBEEEE LTEERTOAKEFHE - LE - Y
BODELS - MBFOBRANL TS Y EMERH, A¥ Y ABRREORMYWARE O FE
BT -, AN TETFT—-9PHLTU NIy A - TAIZYAEE (Trs
AlL) FHVWTEREI 2 1To 712,
KIWEAELBAEORE Y, FAH6CEREORKERE R T, OREREYE,

Table3 Comparison of the dry and wet tritium cleanup system

Hee Dry system judg Yel system Judg.
¥asle amouni ~800kg-alloy/yr, 60LXx38 A ~320kg-water/yr @]
Siorage space ~30m® X 4n/yr Y ~ 168" X 4n/yr O

of wasle | Storage in two layer Storage in Su’ vessels
Tresimert of Reduction by nonvolalile getler ? Oxidation by palladium calalyst @]
impurities | Fev data {or methane trealment
Safely Gas phase waste is safer than liquid phase ¥asie vessels have to be sirong
Can be treated as solid except fire and broken o P
at the same time
Systen cost Flow rate is 1/100 compered with wetl sysiem Air has to add in order 1o oxidize hydrogen
Vacuun line is needed O A
Concentration Can be evacualed directly Can not be evacualed directly
of tritium in|cf. Table 2 o] cf. Table 2 A
lreatled gas
Utitities Electricilty Electricity
Cooling waler Cooling water
Hydrogen @] Humidilying water @]
Vessels of hydrogen absorbing ailoy Pressurized air
Fig.6. Flow chart of the dry tritium cleanup system for LHD exhaust
Heater Cooler
Getter(1) Getter(2)
Decomposer
(Getter)

Herica! Exhaust
System
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QEFEWYOFZBEANR-A, QAL MPLEE, OZet, @FIR M, @K
NFYyARE, OVEL—-F4)F4, OTHBIZOWTEELZ, H#R22OLQRER
AR TREYE T E800ke /F Il LERE20kg /FETH D, QIEERAE THE
BRETH L, QOOBERNEIEFNTH S, QIEIREETH L, &4 ITAEBZIZHR T
ORI FYAREOHEMER L, BREC LD LRBNCERLETH Y, BRAET
BEDOT INRICHHMTERVIBETH - ZHTOM (KER) DMV Fr AL ERETI
FOFFTHHTEX2REZ
THRETLIENTEL D Table4 Tritium concentration sfter treatment by the
dry and wet system [Bg/nf]
Ebhrotz?,

meRkatokmiz, LH
Do¥RRE T L L TER
EVPBRELDLELTY
HIELERLTS. 5 Dry systenm 1.4X 10° 64.9X 10°
o F—DAY T A
HiEEZHIrDLDIZ, B
KBRS LETH S,

Chemical form Q: Q:20

Wet system 0.3x190° 0.0X10°

N.B. Q means an isotope of hydrogen (H,D,T)
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