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The Government of Japan issued the ALPS-treated water discharges into the sea. To
satisfy international standards, total amount control, and domestic regulation standards for
tritium discharge into the sea, it is desired to establish a technology for total and continuous
measurement of tritium. The liquid scintillator method, which is a conventional measurement
method, cannot measure the total amount and continuously, so it is not possible to shut off
the discharge in an emergency. In this development, the use of a solid scintillator, the GAGG
scintillator, enabled total and continuous measurement. In addition, we succeeded in measuring
tritium in a short period of time and succeeded in developing a continuous total amount of tritium
measurement device that enables emergency response when ALPS-treated water is discharged
into the sea.

[Key words] Continuous measurement, Tritium, Low-energy Bata-ray, GAGG, Scintillator,
Fukushima Daiichi Nuclear Power Plant
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Fig.1 Coincidence counting method. (2) Analog processing. (b) Digital processing.
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Fig.4 Detector of tritium measurement. (a) Block diagram. (b) Structure of detector.

FEINTFNTOoEyY (7Y ) X—E—
52 APVSOI6A) IZ X DG MIBL AR 2 B
MEZVICERENS. FPINITFNT0
Ty T TRRHIZAEL G52 FY F I 4R
KOEGETS, MR SBRHEEENL .
KHDBDORKEG X ) 1 XERIZL, X—%
PUICEBIEHERPL . o F L —% Kinifl
ERMARLEMEZESZEICED,. PUFIA
HEOE T OGHE LG, #REUTHRINF
PR#%E FiFaZ &htnffig&iz o7, Figd (b) ik
KIER L RIS ORPEZ Y. JHM
il Bl oMt R RABEZD 20
L/min &@%0FL 7=, b, REKZEY > F
=21l I 852 &BRXUNR—-FHDRE
BEINZ EM S, RSO AT Y
B2 RTINS EZ A SN DA, RMFETH
ETHaMAKIE. ALPS EVWH ZEDT7 1LY
&R LK TH S0, BdTHIAK
IEVWKTHS. E->T, REKOKIUZNT
ik AMTIAE <.

106

3. PUFOALRMER

BRIy 2 ) T AURRK (2% 1 MBy/
L) OatIE % Fig.s (TRT. W0 XE i
HEICBOTHEERQE L TRILE WG
(PMT-A BLUPMT-B) &, ENSZEMITL 7
a1 27 2 A% (Coincidence) HEANY kb
(BAREASHE WS - Tabb T R F—, &
AR PMGTROEAEE) &L TRENTNHA.

RUFILNS D= BT LI F—IIFH

- |~0—PMT-A
600 | PMT-B
- A— Coincidence

Intensity / cps

0 100 200 300
Energy / ch

Fig.5 Typical tritium spectrum by 1 MBg/L.

XBAHOMSE 54



ROEYSD B I R IR A O ALPS AR EMGE L 72 b 1) 77 ARG M R o

5.7 keV EIERIZAC L A2, MW THIITAM
W TLUES. ANZETIE Rl % oC
AL TN ZRDIRL 7=, F£/2, a1
PITUAARY BIVE, #IF5EE (Gauss Fit.)
C& D 24 XhiklEE5 & ) F 7 ARSI
SHEL 7. R ERRERSETHIET, b
U F ARKOEHOAMD T Z TR L
. TNEFig6iZRLAE. FigoiZHBWT, M
i1 DEE 2DEHMENEFETDI L,
KM A XA T, AR R)F 2 LMEDER
TH5H. Wiz 30,40 EMKESEDHE /1 Xk
ERYFILBEDETFOIHEAHNYIRL T
W ZEAbMA. Mi% 60 TIE. /1 Xk
REFEALEZET, MIFILBEDEESO

AT M S LN TER.

I F 7 LR ES K TN Gep i I o 4k
(A% Fig7 (RY. Fig7 @ IRTMD, [k
PegeHsERE A5 80 ns, 200 ns, 400 ns &WVITHH
FEWITHOFFERIEZR L 2. RRFY Qe
MEWIZEIRCBEBHIAL, &REL TR
BRI AHINICHS. LMLEAS. Fig7(b)
ICRZ &SI, W SRER A3 5 42
Z5 &, AFECRIZIEMINEREZRR T S. Zh
%, 400 ns £ TIRET &G B ORI E Qo
THoEM 00nsZADE, G+ /71X
HLLIE A X+ 7 A XD GRIE 27
TLE-S>TLWREEASN, ARHETIAIH
SO TOIINTE £ L <O EHIL 7.

Fig.6 Coincidence spectra of
tritium depend on threshold.
Separated into noise and tritium
signal by Gauss Fit.

1,000 e noise ‘ ‘!Coincidence
500 Tritium
] Threshold 1
oim
w 500
Q o
(&) :
> : Threshold 30
g O
0 b
& |
500 ;
| Threshold 40
O r————’ | -
2001 |
] %
100+
] ) Threshold 60
"0
Energy / ch
X BSHFOME 54

107



RS — KU JPEAT B A0 ALPS AR ZANEL 2 B -F o LR WGEEL TN LR O 58

@ | y=0.0019x + 27.
m"f .......... Fronsrerernaes L T =
F| % 80ns |
-| @ 200ns : :
8 A ao0ns : :
<GB0
§ !
£ |
A0 koo mniomin o m MG o s R T s Vi i dns
| y=0,0005x + 27.884
20 " H N M i I "
() 10,000 20,000 30,000
Tritium concentration / Bq/L

(b) 300 T 1'.
250
@ 3
S 200+ :
—~
2> .
@ 150} -
§ ;
£
100 + o
—".'.
ol ot 1 MBg/L
.
0 200 400 600 800 1000
Coincidence time / ns

Fig.7 Calibration curves of tritium. (a) Dependence of tritium concentration and simultancous event judgment
time. (b) Dependence of judgement time and simultaneous event.
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Fig.8 Tritium continuous measurement equipment. (a) Appearance of 8-series measurement equipment.
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