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Abstract

Research and development of technologies for the safe handling of high-level tritium are
indispensable for realization of a thermonuclear fusion reactor, and trittum measurement
techniques play an important role in this subject. More than 35 years have been spent for the
studies in this field at the Hydrogen Isotope Research Center (HRC), University of Toyama.
Nuclear fusion systems need new measurement techniques that work in the limited range of
conditions with high tritium level, as well as at the environmental level, because nearly pure
tritium is used as fuel particles in the fusion system. Therefore, new measurement techniques
have been investigated so far at HRC, and some of them have already played a certain role in
the research on tritium-material interactions, but they are not enough yet. Further studies on
measurement techniques will be required to establish the ability for precise control of

concentration, amount, and/or distribution of tritium under various conditions.
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Table 1. Historical change of half-life of tritium.

Year |Half-life, Years References
1940 [0.41+0.11 L.W. Alvarez and R. Cornog, Phys. Rev., 57 (1940) 248.
1940 |>10 L.W. Alvarez and R. Cornog, Phys. Rev., 58 (1940) 197.
1940 [31£8 R.D. O'Neal and M. Goldhaber, Phys. Rev., 58 (1940) 574.
1947 [12.1+0.5 A. Novick, Phys. Rev., 72 (1947) 972.
1947 110.7£2.0 M. Goldblatt, E.S. Robinson and R.W. Spence, Phys. Rev., 72 (1947)973.
1949 [12.46+0.2 G.H. Jenks, J.A. Ghormley and F.H. Sweeton, Phys. Rev., 75 (1949) 701.
1950 |12.46+0.1 G.H. Jenks, F.H. Sweeton and J.A. Ghormley, Phys. Rev., 80 (1950) 990.
1951 [12.41+0.04 W.M. Jones, Phys. Rev., 83 (1951) 537.
1955 [12.262+0.004 W.M. Jones, Phys. Rev., 100 (1955) 124.
M.M. Powy, I. V. Gagarinskii, M.D. Senin, I.P. Mikhalenko and I.M. Morozoy,
1958 |12.58+0.18 Atomnaya Energiya, 4 (1958) 296.
J.F. Eichelberger, G.R. Grove and L.V. Jones, USAEC Report MLM-1160,
1963 [12.355£0.010  |\16und Laboratory, (1963).
J.F. Eichelberger, G.R. Grove and L.V. Jones, USAEC Report MLM-11786,
1963 112.355+0.010 Mound Laboratory, (1963).
1966 [12.31+0.13 J.S. Merritt and J.G.V. Taylor, Report AECL-2510, Chalk River Lab., 1966.
K.C. Jordan, B.C. Blanke and W.A. Dudley, J. Inorg. Nucl. Chem., 29 (1967
1967 [12.346£0.002 |70 ¥» J. fnorg (1967)
1967 112.25+0.08 P.M.S. Jones, J. Nucl. Mater., 21 (1967) 239.
C.R. Rudy and K.C. Jordan, Progress Report MLM-2458, US DOE, Mound Lab.,
1977 |12.32320.004 [ gress ep
M.P. Unterweger B.M. Coursey, F.J. Schima, and W.B. Mann, Int. J. Appl.
1980 [12.43+0.05 Radiat. Isot., 31 (1980) 611.
1987 [12.29+0.10 B. Budic and H. Lin, Bull. Am. Phys. Soc., 32 (1987) 1063.
1987 [12.38+0.03 B.M. Oliver, H. Farrar IV and M.M. Bretscher, Appl. Radiat. Isot., 38 (1987) 959.
1987 112.32+0.03 J.J. Simpson, Phys. Rev. C, 35 (1987) 752.
Y.A. Akulov, B.A. Mamyrin, L.V. Khabarin, V.S. Yudenich and N.N.
1988 112.279+0.033 Ryazantseva, Pis'ma Zh. Tekh. Fiz.,14 (1988) 940.
1991 |12.31+0.03 B. Budic, J. Chen and H. Lin, Phys. Rev. Lett., 67 (1991) 2630.
2000 [12.33+0.03 M.P. Unterweger and L.L. Lucas, Appl. Radiat. Isot., 52 (2000) 527.
2000 4500+7 days L.L. Lucas and M.P. Unterweger, J. Res. Natl. Inst.Stand. Technol., 105 (2000)
(12.32+0.02 y) 541.
2004 112.264+0.018 Yu.A. Akulovand B.A. Mamyrin, Phys. Letters B, 600 (2004) 41.
+
2006 44974 days Desmond MacMahon, Appl. Radiat. Isot., 64 (2006) 1417.
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Table 2. A list of methods and techniques available for tritium measurement.

) ) physical state Real-time

Method / Device Common Working Range gas quid p— Measurement Remark
Volumetry ~ above 370 MBq @] - - - requirement of purity data
Gravimetry ~ above 3.7 GBq - A A - requirement of purity data
Calorimeter ~ above 3.7 GBq O (@] (@] - large amount of tritium
Mass Spectrometer ~ below 10-3 Pa O A processing of exhaust gases
Gas Chromatography ~ below 37 GBq O processing of effluent gases
Infrared Absorp. Spectrom. ~ above 1 Pa - (@) A A stability of infrared beam intensity
Laser Raman Spectrometer ~ above 100 Pa (@) A A stability of laser beam intensity
Electron Multiplier ~ below 10-3 Pa O A A processing of exhaust gases
lonization Chamber 37 mBg/cm? - carrier free (@) A depending on chamber volume
Proportional Counter ~ below 370 kBq (@) A A requirement of quenching gas
Inorg. Scinti. Counter ~ above 10 kPa O A contamination of scintillator
Liquid Scintillation Counter ~ below 370 kBq - (@] A -— processing of liquid waste
Plastic Scintillation Counter ~ below 370 kBq - (@] A A contamination of scintillator

Others: Autoradiography, Gas Flow Counter, Nuclear Magnetic Resonance, Nuclear Reaction, Electret Dosimeter, and so on.
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Table 4. Measurement methods of tritium retained on surface of materials.

Sensitivity

Detector 2 Remark

Bg " cm
>30 Radiation Monitoring Devices-APD
>10 PIN diode

Semiconductor

Air-flowing proportional

>2 P
counter rototype
Plastic scintillator >1 Hugh Whitlock Ltd. VSC 5000 Vacuum Scintillation Counter
>1.5 Harwell Instruments-Tritium Smear Monitor 9212-1

Gas-flowing proportional -
>0.4 Berthold-LB1210 with LB6225 probe

counter

>(0.08 Nuclear Measurement Corp. PC-55(smear)
Smear/LSC >(.02 Assuming 10% removal
Nd: YAG laser/LSC >().02 Removal efficiency:65-95%
Windowless ionization o . .

>78 lonization surface activity monitor

chamber
B-ray-induced X-rays/Nal >50 Characteristic/bremsstralung X-rays induced by B-rays

ENREEL 72D, ZOXI AT —IROZEZRET H7-0121E, NI FULEHESF
WAE LWL D 2B 2 BRFE T2 2 SUEAE L CHELHITHEET 5 & 5 72t 2 250 3 5
DM D IFIE L2, L, BIED X 5 7Rtk 2B 3 M EOTRR IS TIHNEE T H
D, BEOHEIED SDE2HFR, BEOHFED—2& LTKIRT 7 ONAHZ L D
b LB D EHE 2RI L= HEN ZEDIC L » TIRE SN, T OARMENHERE Sl 39,
ZORRRRIEICINZ T, Fig. 3 {R Lo X9 i@ O EHEE CldMtasNo U F 7 A
BORRLTRIEL NI A—F L RDGENRS D, FFlZ, NIFUAVH ATV AT AT
IERKELU T ORERECTEILRISND VAT ANEL RDHTHAH, EoT, ZDLXHRE
BEMHOGAEIZIE, 2FEFPOOT —42% ) F UL T «— KXy 7 L, EJESF
PEEFIET 2 TRBMNEL D,

(4) W& - W b U F 0 L0575

INFETHERL MU F U LEHEREEESE LTRERED M) FULEZRERNRETDHHD
ThHoTeh, BRETFMEIOG RS 2 VIR &0 5 BLED DTS TEM O RIS H 5
VMINERIC TSR L72IRRED R U F 0 L5l b IFEF ICEHE L 2D, b U F U LIRS E
KEIITWA N FULNERET D, RECWERERET L5 M) FULEZMETLHIEE L
TIiX, Table 4

CET LS Table 5. Measurement methods of the tritium amount/depth profile in materials.
(- 45 il L
Method Detectable depth c?wer' . Remark
D e H detection limit
e Calorimeter | = ------ ~10 mCi |Non-destructive, Large amount
‘%E ‘ Chemical etching |  ------ ~1 pCi Loss of a sample, Choice of electoryte
e Ik Nucler reaction ~2 pum ~10 ppm |Large device
N b D Backscattering ~0.1 um ~10*" ¢m™ |Large device
3537 = B-ray-induced X- 100~1000 um | uCi/om® Non-destructive, in-situ measurement
ray spectrometry H HEEM o mount and depth profile

b
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R EHEETL2HTETHL, £z, BEEMEINO ) F U LRI GMOREZRIRE L
TZHEMEE, Table 5 IZRT L 9L IERV, BTy F 7k (kP y F U 725
%, BIEIC K-> TRBMBIZERT 22, N F U LNRESH A EMICFHIT 2 20Kk bR
B HiETh D, L, NETEMT Y F o 70N alieg 2B EHIRE S, B—2 v F
V7 R D AITMEE L AEARIR, B R VMR ORI A RER LR T T
H7pvN, BEFHANEL, EERND N FULRERELS, NI FULBEOHLOT —F PLE
REAITEHATHD B, —J5, EEMEIORRBMIO b U F o AREREICE, KR
A WL T D08, BESOGE O0% T HGELIE VENEA RE T H, AL, FHllERO Y
F U LGGNL Z D ATREME D B D O THEANCZE OXM R ARG L TR ERFETH S,

Table 4 IR L7 X 21C, FUFUAICK
L MBIk D & 7 A3 2 A 722 0
EO—2/Z” HEMVE (AITIE) 7 H
BHb, ZITRELFTO 10x10 em® & FH
OHEIMVAMTEY | ZhERIE T
L—yar by —CHET D HIET
bb, ZOIFEITFEDSGFTNHRI N
TWDLMNE I MEEMERTIX D L 3 FLRF
I CTHARD IO SN TS, AL, $HLEHY

Fig. 9 Photo of a B-ray detector for tritium
measurement. Thin membrane of the entrance

window is 0.15 mg/cm? in thickness.

1.4

A TE ST DMK R AR R B 7 1 [Aramcstes]

Ar(Ko)

O BRIFHIIIZ 1T XIT 5,

HYR LA 2 O THIET 2 72D ORMEIHYE
=2 — & U TR 72 Wi 28 2 B 0 A1 72 Bl R K
Brita e TR —% 7 VRO RIE e D
IZXoTHFEENA D, fIlREN TS, RHEFHOE
HO— % Fig. 9 \TRT, B MRAFEOBIRIL 0.15
mg/em?® EMED CTHWIZDEBID A o 2 [T FF
LU CHEBBREE &2 EIF T2 28 BHIHRIC IR kA
RFT < PPENITITEE LT ET 5,

D& G g A A TR & L FHEOMIZ, T
EEMEZ S HOoMBIORE & NEBICHFIET ol R e o
L8V F U LR L CTRFEELZIET DL ¢z 4 Zne;y’g/k::v 1ot
LCVEF LN LI BREFEE X #REHINE
(BIXS: B-ray-Induced X-ray Spectrometry)” 73
bHo PP KAEEOEARFHIL, NI F ¥
LB E T BB O —EIIAM R T

= o - N
o © =} [}
T T T T

Counting rate, N/ counts min™ (AE)"
£
T

o
N

Fig. 10 X-ray spectrum observed for a
trittum-containing SS316 sample in Ar
atmosphere. The SS316 sample was prepared
by ion irradiation of tritium at 593 K.
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Fig. 11 Measurement of X-rays emitted Fig. 12 Tritium depth profile estimated from

from a trittum-containing  tungsten the X-ray spectrum, which was observed for

sample in Ar atmosphere. The tungsten an SS316 sample irradiated with tritium ions

sample was prepared by ion irradiation of at 593 K.

tritium at room temperature.
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FpSr T D Cr, Fe LONNi OFFME X AR E— 7 R ORI IX55 VDS 6 keV (T IR KEE & D
g A7 B X MR e — 7 LIS, MU F U ARNTICHIEE L TS 0D 2 L &R
LTCW2 %, Fig 111X R F U LA A BB TEIERS V7 AT ATHRE U BRI &
Nz X AT bV TH D, Fig. 10 IR ST2 X AT BV L& RIFRIC Ar(Ka) & TN W(May)
DOFFE X DB STV D, B L, B X AR IO T < . WEl~DIEBNIZE AL
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MRINEED N U F 7 MESOARIET v F o VS L0 2 L IEARETH 228, HIE
BRI N F o ZBER O EOMENRH 5, —F . Fig 10 128 L7oReE X E
— 27 L BB SN D HIE) X R — 27 OFIRIL, MEINRICHES TS N F U LD
EEDHIEAFET D20, ZORREFEMKY I 2L —v g k- TRIEfMTT 25 Z &1
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Fig. 13 Cross-sectional view of high sensitivity calorimeter used

for performance tests.
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NV AN = A RN Fig. 15 Calibration curve for the present calorimeter.

Fig. 14 An example of changes in the output
due to temperature difference between sample
and reference-cell holders. The applied voltage

to standard resistance was set at 36.93 mV.
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Sample Cell

Reference Cell

Tritium-containing Quartz Ampoule

Fig. 16 Photo of the sample and reference cells
for solid material absorbed tritium: A is before

assembly, and B is after construction.

Table 6. Measurement examples of change in the activity of tritium

loaded with metallic material.

rUF ‘7 N %@Y)ﬁ% High-level sample Low-level sample
BEFE S TN, Measuring| Elapsed Tritium activity / GBq Elapsed Tritium activity / GBq
Table 2 |28 S AL MH date fime fime
. e (day) From From (day) From From
i) .2 %ﬁiﬁ@ﬁiﬁﬂ’f half-life |calorimeter half-life | calorimeter
NI 3 2004/4/20 0 33.0 (from IC)
B |
R D TR S 2004/5/21 0 3.49 (from IC)
5 YT LEEE [2006/3/30 709]  29.6 28.8
oo . 2006/5/20 729 3.12 3.08
BEHZ L2 TRO L Hooriane 1104] 278 274
nE=rUF o AEIT 2007/5/27 1101 2.95 2.95
- . 2008/4/20 1461 26.3 26.1
A 3%LINT—E L [2008/5/01 1440]  2.80 2.84
TND I ERGMD, 2009/3/16 1790 25.0 24.9
BB FHIEAFE O Z 70 b THRESCRMEREHI R L CHEHAFEETH 5, Bl iX. FrER

ED R F T LKERAEFNC L > THE L2 & 2 A, FEHERARENCRIE S =ik v
—2ar AU I K HMEMR LR LN T L7 %0, i, IREE 2 BVERHC
HET DB, BB v O ERE & RIE L ORINC LB MIENE Z 520X 91T
TOLLRPBUETH D, BRI Y F U LIKORIEHE M Lz I35 P el RE 22 i3S 25
DNl ZETI—T 4 7 LTS ORHNL TN D,

7. AERMORFEEICEHLLSEROZRE
(1) AE V=2 RO

6.1(3) THAZZLSIZ, MIFULLLHHEND B MO FNF—=D/NENTZDIZ,
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