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Application of Trace Rare Gas Detection Technique Using Laser to JOYO

Hideki HARANO™, Chikara ITO",
Toshihiro ARIMA™ and Katsuyuki YAMAGUCHI®

Abstract

An early detection of fuel failure and subsequent precise identification of the failed
fuel subassemblies are important and indispensable for operating fast reactors from the
viewpoint of their safety, reliability and plant availability as well. In order to improve
the failed fuel detection and location (FFDL) technolbgy, the laser resonance ionization
spectrometry (RIMS) has been proposed to use for the trace analysis of krypton and
xenon contained in cover gas. Various promising features have been reported through
the fundamental study using the RIMS device at the nuclear engineering research
laboratory (NERL) of the university of Tokyo. The results suggest the feasibility of this
method to on-power real-time monitoring.

Based on the information obtained above, we are developing a new laser FFDL
- system which employs RIMS, and it is apphed to the fast cxpenmental reactor JOYO.
By using this system at JOYO, the isotope analysis can be performed with high |
sensitivity not only for radioactive nuclides but also for stable elements of fission
product (FP) and tag gas which are usually diluted in the cover gas argon. This enables
to improve irradiation technology and fo identify the failed fuel subassemblies"
immediately. For instance, it becomes possible to identi_'fy‘ breached steel capsule to be
used for on-line creep rupture experiment of cladding materials under the irradiation
condition. The fuel burn-up of failed subassembly can be estimated by measuring the
isotopic composition of FP nuclides, which allows the pre-location in the FFDL'
procedure. ' - '

The present paper describes the basic design of the laser FFDL system. Some
experimental results are also reported from the performance tests to examine the
feasibility to fast reactor cover gas analysis.

*] Experimental Reactor Division, Irradiation Center, O-arai Engineering Center

*2  Inspection Development Company, Ltd.
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Xe FEIALARALA LD BIERE R

7= 2-1
FIfrs | ScikiE (%] | BieliE (%] | RIEE/ SCHEE
124 0.096 | 1.017+0.762 11
126 0.090 | 0.819+0.537 9.1
128 1.9 1.84+0.66 0.97
129 26.4 26.86+1.73 1.02
130 41 | 4.05+0.82 0.99
131 21.2 21.28+1.55 1.00
132 26.9 26.83+1.57 0.997
134 10.4 10.40+1.22 1.00
136 8.9 8.75+1.14 0.98
= 2-2 Kr AR OBIERER
E4riE | ScEkiE (%] | BEE (%] | BiEE/ SCiiE
78 0.356 0.377:+0.145 - 1.06
80 2.3 2.483+0.339 1.1
82 11.6 12.178+0.921 1.05
83 11.5 11.728+0.859 1.02
84 57.0 56.329+ 1.772 0.988
86 17.3 16.905+1.094 0.977
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3. MERESERE

1 EEWE
RIMS 35BS H BITHREBELEL DU TIRE L DD, 2B, VAT LAOHMEEZRK -1 1
Y, ' '

3. 1.1 FATRRGAEVE B 454755 (TOFMS) DFRE

T, BEREY +572~—% 0 72T, REEPKAB TP DA —HICET
5L ERRLE, T0%, BFEE AT TORMS GYTRHAZE &5 OREL
1Fotr, BEIHT AL LTIL Xe OFITRAZRV, =— FARICLHMEFEICLD,
HAERRITEAT 0 PaBEL 2D LIV —FEALL, S5 TORUS O
AR O R IEEE L 8 HEBENER NV ARCEESE LN L, EFERA A4k
LV ECTEA AL E LV RRICRITEICR Y AT Z & T TORMS 2EMEE 72, B R
WCEHET 3 EE. RUA A riHicAvs NP OBMESRE R HE Lz, TOREE.
ERE O TORMS & LTEESE-HEAIE 100 BEOEESMELZF L. RO
TOFMS & L CEIMES ¥ EEIIR 0 BEOCHELSMHEEZ A TOI L 2R LT

3.1.2 BEFE VRS FBRINLT (PSV) OFRE

B L D EFERA A BV PSV OBMERBREIT o7, ZDPSVIL, 3
10~100 usec DH ARV = % 10Hz TRETDHZ LB TE, EREZERVARE
RICRS L CEES T, AUEZEEC L, FERERTHmELE, A%
Sz L CIEERERABICBY T LEBER L

3.1.3 #MA A LA V—TORE -

AEUAT BITED Xe, Kr OIMBA A ALICHUET 256nm, 212m 2RET B, Th
ETIATH LABRUTIERTHOTH Y. ZhiERLEENRLOTH D, ZOR
B, VP RRET 5 J L CERREORHEET S,

(a) Nd:YAG LV —FOFTE |

OP0 ZRhEET B, =fEHEH /1T 400n]/pulse RREFZE— FICTHETHDHZ
s, A NGYAG L—FRBA v Pl vavi—F g v T ENEF Y L—F LB
DOZBOBESRFHELELED L VEBRINTHS, BFRE—FEFTHV
—FOREOED, 753 vaF Uy TEE QAL Y FOEFAIVT, =K, V7
I T — NEEOEEER Y ( ERNRRELTo . 2O R, 1177 400m]/pulse.
U Fe—F, TEMOO E— FORFR Y —ADREEER LT,

(b) OPO L—FOFFEE | |
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LTix 512nm'6‘50mJ/pulse PETH B Lh e 0P0 b _F3R0 Nd: YAG L—F e I’H%%
j/V~&k%%®~$®ﬁm%®ﬁaAbﬁk;U%ﬁénfwa I V—FT
 REBEROFA—VEMID D, CEBRRG/IERDELTCRIEIEINERDHY .

EELOFRER, Bon] CORRCRI L, 2. AV —FHH% 355m L [REH -
AR T 2 BOMBRICAS L, IHEASEEELT X 5 CHRleHET 5
&C, 5120m T 50m]/pulse HAEFER Lz,

(c) “RERFAERESR. MBFRARESROTR

—x O BBO ERRIC &L Y ZRERARRER U RKIREAREZT S, —FikEoa
R —F L LTEIMET B, RS MRS SR T L S TR AER TR
Z & T, 10mJ/pulse FREED 256nm, 212nm OREZFER L, b2, Y rFoy
AT AN TEREEZ Ay v LEEEIC, HAEDHEPIE D B RV K 5 ITHRE
Lz, '

3.1.4 &m@EﬁE*ﬁ&Uﬁﬂéxﬁﬁ D

RIMS DFRHRRERIE S 1 BT A L, BiEEER ri*‘EFHﬂﬁ 17 Uc’ﬁ‘,u:_/r F
{EEESHT Y AT A (APIMS) % RIMS R 7 ACHBIAL, SbiT, FRF L o
DIRBORWNR YV — I R EEERFE=F—FBZLITL Y., ppb LULDFIESE
EUEEL Ui, BEIES.4 THET S, o |

3.2 Xe BRILZERR _ ' '

Xe HEHRA A AL L—F & TOPMS 2B &8, RIMS IZ X 5 Xe TR EIT-
o P NEYAC L—FRHL, 7T v ¥ 2TV FRNIHE QAL v FARNIHD
R %7 ¥ % VEIER AR DG635 (Stanford Research #H8Y) X W 8 L7, Fi<X
P FVV—F L LTT VS NVERERASR 9656A (Princeton Applied Research #HE)
nHO IOHZ C’)%ﬁ TTL 73V 2 % DG535 & PSV 2464833 = & C, Xe dERA Z AL
L—4 L TORMS OREEIE & o7z, L—F A, l&@ﬁ%ﬁig}gﬁ: AP /!
. INEETMZ A7 MOERAE LV XI2 L Y TORMS -1 ﬂ‘/*ﬂﬁ“‘)‘:ﬂ IRPIZENL
Tz, PSVOEEIZRIKE., SV REIX S0 sec IR THB, /- TOFMS RS
- CEEEETE,
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E9, BE e Lfiﬁﬁf*ﬁﬂﬂ”‘”ﬁﬂﬁgﬁ'&ﬁ (MARICO) FRAWTHES y ~—7“£&!&?3§E
REBRZAT o TeBITREETRE X D B &S b A= % RREBITTEE T YR EIEREL
THRRR LTe RARRLAHE AL D 10ppb D Kr, Xe &0 Ar H R E vV iz, 30 SR 0%
BV ROTZEERRY bAEE 321077, BESEETI 0 BETHY . L —
FAAALEROB & CEFHRA A LAV BT L~ KIBRKESEN
'va:s & B, &T‘_i% 3-11 pﬂuﬂsﬁﬂﬁkttkﬁaﬁ‘éﬁu;’u‘:’#%kiﬁtﬁ@ﬂ:ﬁ%r
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BB Ar ODEEROEEBCEROY—7 B8R b5, ZThbOP—7REIRAHV
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o> T BT CRABEOR R, ASHEIT 60V T THWEBBZ2RET S Z & TREMENE
jtb:?ité Z LR TR, i, 200V L EOBERZATTTAZE T, £33 MCP
RV LEER L, LERST, 2GR I ORASEBAEEZRE Lizvng
F (2 =Tt Xe A A7) BRIERT BREIZIZ 60V, TILASMZ 200V 25103 & 5 2%
EEETE L 2 % L — & BEES TR LT (PSV) & A S CRAE S, JELmB
A F VB OBREERIR T, TORR. e A A DAY FMIZ /%5%:1525 AR/
FESME Ar A AV BE R U ERP SR B Z LITRI L. |

CTHATW] Tk, BRBHEHBRRC 2cc DFTHAD 1~ 10%RE (BT 28 708° O
28— H AZERI~ L HEEC L, 100ppt~1lppb BEE THAREINS L FREN TN, B
BB ORIER1T 5 = dICit. RIEREOERBORMAEHERLS 25C¢H Y, Thicxy
TARERESRAZWLINLTHZ EBRETHD, 2T, &BBLE LT 1pph BT
100ppt DFRED Kr, Xe (RAFRNMLARRIL) 2 ETe Ar FRAEZHWTRIMS VAT A
OWRETHEEREIT o7, £, lppb OFBHTH L TR 7 — F2EA LRWEE,
Ar iz X AFEHEY—7 120 MCP 38R Lz, —F. R34 lc<R 45— 2EMALE
BB/ BEARY MVETRT, BEOETFERA A bEAVWERIIEE L2
% “Ar, (120), “Ar¥r (124) EOREFKTHORERZRONRP o, Eio, FHAR

RIEBBIFTHY, KRIMS VAT 2B Xe lE2WT THA LW ] OF X0 7
BALEMRH (FFOL) ~OBAB TR L5002 EEEF T2 L2 RL TV,

B, M Ar FRERVELAETHZETR—RFA /) A AOEERE o &K
BDAEVAT LD 1 ERELHI-Y ORBER. EERFA LM LR, Z1EH 0. Topt,
2.2ppt &Mook, BB, BRHBR, EEBMI3e. WoPlZTEHE L, 228, 2.2
TEHELE LI, BROERCIIV—FOLE(=FA¥—, LB, FET— FE)
B AT BOIH LT L CETELL., 20, HBA A ALDFIER T RN X —k
Bt LIRS TR IGET B0, ROEREER, EERAIH ETHLEE
ETHY, —F LNV OBKFTFHTH D, —FH, FREOFRICL LN, V—
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FE—BTH LFTHLEIET 5% TOMTHE, L —FOREr—EIEo T &
HHBHER T B, LES-T, BONERESERSN3SBEI0E. —EIClE
 RETEREFNLEE LWL EDRE,

3.2.2 FRIRCIRELRERE
10ppb D Xe T Ar FRABERERVIELAE LI, &8 ODzﬂJﬁﬁ#ﬁaﬁ X555 TH D,

e W T B Z NS OO RAMEIC OV TEEE L Uk, Fh i FREAG
2o OFE LRERCRLE b OOFREEICE 3-5 1273, #1105
EEABC LV RE - RN EEBSEORRELISEN D & 257, £50 1000
REDBROFHEERD D Z & TRV AT AORMLELEIEICE S BES AT
BLE2WREL R, I T, ROEBERIIE LN HRETEES O R
BEOTh@EECRE), RUCHEMEDIZS & (BEOEDE) BEMIA TS, §i
FILEESTER—RITA A AER» CBRIICE S % TORE CRAERI O8] (5
ZBRNLEV 7 M EFIEBITILIREDHOTHS, FxE, B35 0F4 ®Xe
B B%¥e XY RHAITHEL RoTWS, 5 LESRSRORBEI LY. HAERED
WENRTERTHD, H3-6 IC&HETE an_ﬂﬂﬁsl:t@qziﬁ{i&%ﬁﬁb\'cﬁE%ﬁﬁL
TR ETRT, LRSS LEERC, Rﬁﬁ%ﬁ{ﬁﬁ‘é & 0. TNRBEL D, K*ﬁE@
Fﬁ 3] fi?b%’%%’t %T_o

3.3 Kr*ﬁﬂj%ﬁﬁ

Kr DR A F Iz A E 7R 216, 6nn 72%%‘5’@.‘57’;&)5;@ OPO D Hi#7 512nm & YAG
O 3 {E¥ 355mm OFBFEIRAEITH B, EEEE COEBEEIAER AN
10m] BLEZFAE LB E. REALAEREEIZRIT., BRO /oSt gz ok
BOFRERFRNZ EBHA L, LEBo T, BETRAE—ZEDiciz, »o
E—ABEETREDICHEL, =X AX—EBELZTTA3Z2CHA% Sn] IZIEL L
THEES® ., 2B, V—VHRE2EEMFEBCEEL, BERIANIESEHIC
B OFEHEBEI T —2EA LTV B, LR 50U — ADREEIER
HK(EEOLTAPEE) THLD. IT—CRPREEAHERY, F1Fh 1 ERE
DEFRABECTHD, ZFZ T, b—FRU =2 FiFhs LI L BHE1 F b
FEOET. RBBEOHLEMZ BLDIIR LR I 7B CREES 90 EEk
CERTSEHAF LT B TRHADROM EEZEH -7,

3.3.1 TRHRE -

3-T1Z 10ppm D Kr, Xe ZFe Ar FRARBEZRE L RREBONLEERAY F
NETRT, ke lZ oW TiE, AR EEEIIRF THE2, EEBREIIRSHE DT
ToleXe DBE LY b—HTEAEY, V—FOHAN 2.1 THALEL 5 I0ETF
EDTHDZ L, RUEESEVO CEESTBROEZERVV AEDFTT 4 7 R
- ATORNBERL TSI ERERFEREEEZ WD, £, B38IRLEL
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VAA—AOBH LD BER LV AEFEHRHEETVB LI TH B, 100ppb L FOFE
IR LT, 3.2. 1 T L= 24— T CIIgERakoic I ) MCP 23 8Fn LA
+45Chote, LEERoT, BRECKEZETADIIZ. ZOHEBA A0
REBEREZHZAFERSLETHS,

=3 AN ﬁﬂﬁ@%ﬁ?é%@komf#%uﬁﬁbtoﬁﬂw wRERIZLV—F
DR LCEETBIRTFCHB LEL, V—FhERSE VY AR, A LREZEF
=Y AR L HAOEMITOWTHER L, THHIRET IV SBRAERNTHY ., &
P REASEBEREC L Y RABLELBEE B L TH D, TORE, & THEELRD
RAEFR Lo TWEZ LR, DTICELREREHAEERATDS,
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7 3-1 Xe AELOBEIERERE

Abundance [%] Ratio

m/z ' : .
Measurement (M) Natural (N) M/N
128 . . 1.84 - 192 096
129 . 26.80 2644 1.01
130 400 _ 4.08 0.98
131 : ' 21.27 21.18 1.00
132 27.04 26.89 1.01
134 10.35 10.44 0.99
136 8.70 8.87 098

— 35—
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MCP Output [mV]
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