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Calibration Test of y -energy Analysis System
for Fuel and Fission Gas Behavior
during High Temperature Engineering Test Reactor Operation

Shohei UETA, Tsutomu TOBITA®, Masashi TAKAHASHI™" and Kazuhiro SAWA

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received May 14, 2002)

In order to estimate the fuel performance and fission gas behavior during High Temperature
Engineering Test Reactor (HTTR) operation, failure fraction of the coated fuel particle is
estimated from concentration of short-lived fission gas in the primary coolant. Therefore, in
addition to the primary coolant radioactivity measurement with ionization chamber in safety
protection system and /3 -ray measurement for seven hot plenum regions with Nal(Tl)
scintillation detector in the fuel failure detection system, sample of the primary coolant gas is
obtained in a bottle using the grab sample apparatus. The type and activity of fission gas in the
grab sample are measured using gamma spectroscopy with an intrinsic Ge detector (y -energy
analysis system). Based on the measured fission gas activity, fission gas concentrations in the
primary coolant and those release fraction, (R/B), from fuel are evaluated. Before the HTTR
operation, the energy analysis system was calibrated by 13X e gas standard source and solid
standard sources. This report describes the calibration methods and results of the y -energy
analysis system of the HTTR.

Keywords : HTTR, Fuel, Failure, Fission Gas, Primary Coolant, R/B,

Radioactivity, Gamma Spectroscopy, Standard Source, Calibration
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SRR T AR SRE OBy I RUEERIBR T2 5 DR R8T %,
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ZENTEL,



JAERI-Tech 2002—-055

HTTR Tid, BEFEEEROBRBORERLERT 20010, FH 7)) v 7fllE2iTo
TWho, FH U7 Y 7RHIETIE. LRGEHMO—E L BFIIRNL ., Ge g oy
ML AN F—GHEBIZE ) y BREST LTV, BFFEAEOFE TR T I 20n L)L
DOBGHRET NS 5, HTTR Tid, BEHISBREY OHH S D FP AR IZDW T,
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w5 9,
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TH2ODIRINVF—KIEL . BRINBROFERIR L RS 5 -0 ORFRIED 2 %47 ) &b
EXH 5,
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RUHBESR 25, BCENCI LD RINFETIIAST 2REESR LD, £00, ¥
v 7 ¥ TR L RO SRR © AV THESREIEZ 1TV, BARMIEAR TR
R o ol DY A

21  y RIANF—HE

FHT) Y TUETIE, y MIFINVF—GEBIZL T2 T ¥ T HANOGRE
B AR R ERINTT Doy BIANF—IHRBOMR L Fig. 2-1 [TRT, y TR
NF—GHEEIL. Ge MR USHELE~NWEL SR, EEMTeE MCA) RUK
Eaw YA VAV ASANB Y - 17 A=Y (W

F 72, HTTR Ti3, Fig. 22 \IRT &) ¥ > T Y BB EFEH L T, ) v 7
BEFOBHEIIH 1200cm® TH D, FH L TV 54 Gey BBRIHETFIZ. TVIROLY F¥ v
v 7 (#12mmEX) TEIRTE)., 160y MAFSTHEHBLE L {RHET 5,
FIT, AEEEOM EEZRL, ¢ SRILFOREFETFRE OxfEE K& | #Hx gL
T2 5910 Ge RHBFOFHTER 2 LARA LR (7T AR) L LTwD, Thitky,
FIBEHMTHLEHFDOH TS, FHEGIROMEIZHFT T HHRIE > T2,

M EARBRICBT 2FH 2 7 v g T, MESEEGHR (LigN,) & EXSHN (B
B O Ge MZFEMER L7z, Table2-1 2, A Lo ZFGHN L ERGHAD y 1
R 2R OFFE L R
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BEZe y #R (151keV) (3408 448 MBI TR T 4720, REIBMER T 5720 08FEE LTid
WL\, —T, PXe DEEL 4 # 8lkeV) OFEHRIE 524 HTH Y, BEHERIFL LT
STRESRRE % 1 100kBq DA — & — TEYE L -84, 1~2 » ARERBATEETSH 5.4 R,
RIHBORMERMEEHRTAZ L2 BE LT, BEEBRINL,

BXe ARARRERMIE OB EIZ BV T AAIRRIR £ B3 ICEER AT 5 2 &3 Hii0 MY
W T 27280, Fig. 23 \IRT L )2 AV V7)) v VBB LRI CIIRORA 7V L A
ERFEEL, ZOHICHEH L LTI bR TWD PXe IBEF ADA 5724 7 AR
BEANT, FOAOZERE, BEHTLILE L, 7y IVERRNICERE, AFRHR
BEZ L., RhOLWI L EHR LR, BHREFLIRo THEBD PXe TADASIH T
ABBEHEL, PXe ¥R E AT ¥ VARKREHIIE— TGS, SOLHITBYELA
PXe IEHERIFOHAR % Table 2-3 IZ7R7

23 BRI

IANF—RIERURFERIED 72O OBEFRIRIL, JENRE %D FP KA ABHEO T4
VE—IBE MR L. BETEESRE SRR TORMERE & IZIZFRBED D D2 BE LT,
AN, B 10 EFEOBELY—IJRE Lz, BROALS 3MIE (GW329, 21E, 91E) %
{8/ L7, Table2-4 J2 0" Table 2-5 (- EARIRDARE R T

GW329 I3BEID T A VR TH 555, BMFHTROZEIVNS WV, FRFISEN S D
ELTREL. —/. 21E RUIIE IIEMTEMIIRIGEV 2R € 5720, BEDHHH
FELTEEL

24 FEHARRIRIC X 2 BOERER

133%e MRAEHERRIRIC & 2 WIERTIC, 2.3 TH B~ EHRRIEE VT, TRV ¥ —5RaE
BT 5700 ANF—RIEL | FHEGIRLIET 5 -0 DOMRBEIEN 217> T
b, EROMERRZEERT D70, 7)) 7 HAFHIE R CIRRUSTETERYELZ:
AT v L ARKRICEEGIEE AN, Fig. 24 (ORT £ 912, BB~y FEAICHET 2%
SFEE O LI BRI L 8 TRlE L7z,

2.5 Xe FREFEHERIRIC X A RIEABR
133X e HFEIERERIRIC X DAERER T3, BUEEZOBRFIIBETEEEI BV /20, RYEH
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LR LTHIEERZRLT, PXe OFHEEAT 100000 77~ M RIS &)L
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HIEARIL, Fig. 24 (R L2 BEARIRIC X 2RIERBRFEF L TH 5, HIET— 713 &
YYMIANE—ANRY FVORUSHE, BESHT T 07T 502 &) ERERIRORRE H A H 3
TS T TORBRMOBERIELITo /e SHUIL Y, JlIE T — & 1385E H R K OBGTEE
ELTHUG L,
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Table 2-1 Specifications of Ge-semiconductor gamma-ray detectors.

HH BT HA BREGHR
(EG&G) (JAERI)
EFNES GEM-33190 GEM-35190-S
FEXFRER 33% 35%
e 1.90 keV 1.90 keV
V) E S A 73 127 mm 7 127 mm
BRFETF i Ge i Ge
BRHE 56.6X65.1 mm 57.8X78.5 mm
ANRIE 0.7 mm 0.7 mm
Table 2-2 Gamma-ray energy of 133Xe.
A y WOIFRNF o (o
A (k) 0 = (keV) BUbE (%)
151.159 75.0
129.820 03
(aT—) 3" (*Rb) 281.01 <0.0007
(21.4%) 4.480h 450.85 0.011
B 580.65 <0.0007
731.812 0.007
362.81 2.2x10°
B~ (*Rb) 514.0067 0.43
(78.6%) 10.756y 151.159 22x10°
129.820 4.3x107
80.997 38.0
79.623 0.27
133 o - (133 160.613 0.066
Xe ar—=)p" (%Cs) 5:243d 223234 0.00012
302.853 0.0048
383.851 0.0024

Table 2-3 Specifications of 133X e gas standard source.

AHES HP288
A —
BGtRERRE B 2000/12/15 21:00

RSTRESRE 236MBq
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Table 24 Specifications of solid standard sources.

REHS GW329 21E 91E

C:Y 3 Y [ —— 2000 2/23 2000 2/23

o | (BRIRER) ¢ 50mm 50(mm @ )-20(mmH) 46(mm @ )-60(mmH)
Bk ———

(kT8 | @ 70mmX3mm | 000 - S——
IEBRE R (g) 39.76 100.6 (g)
HEZAMmL) | 39 100 (mL)
HEEE@Em)) [ 1.02 1.01 (g/em’)

e 7 7)) VTR 50D R)IR 460
HatRERRE H 1999 12/1 21:00 2000 2/25 21:00 2000 2/25 21:00
Table 2-5 Inventory of solid standard sources.
L & JHE
Bt B |TAF—eyy| U LELC
(%) GW329 | 21E 91E
MAm 432.7+0.5Y 59.537+0.001 359404 3330 436.1 1103
1®cd 462.6+0.4D 88.034+0.002 3.65+0.06 17900 1749 4426
- 122.061+0.001 | 85.68+0.13
Co 271.77+0.10D 678 76.85 194.5
; 136.474+0.001 | 10.67%0.13
¥Ce 137.641+0.03D | 165.857+0.006 | 79.87+0.06 798 57.94 146.6
Hg 46.9D 279 77 1680 | -
SIcr 27.703+0.004D | 320.084+0.001 | 9.85+0.09 | - 196.4 | 496.9
13gn 115.08+0.03D | 391.7027+0.004 | 64.89+0.17 | 2970 | 2859 | 7234
8Sr 64.85+0.01D | 514.009+0.012 | 99.29+0.04 | 3080 1148 | 2904
Bics 30.15+0.02Y | 661.601+0.003 852402 3200 635.1 1607
1173.2401+0.004 | 99.89+0.02
9Co 5.271+0.001Y 3580 608.0 1538
1332.5000.005 | 99.983+0.00
898.042+0.004 | 94.1+05
8By 106.62+£0.02D 5870 2922 739.3
1836.0601+0.013 | 99.36+0.05
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Fig.2-2 Configuration of sampling bottie.
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Fig.2-3 Configuration of '*Xe gas standard source.

BRI (24 2 IR)

Fig24 Arrangement of solid standard source measurement.
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i AR IE RO L% Fig. 3-3 KU Rig34 (2R3,

ZFORER. GW329, 21E DA, WIEERRERSOBETREL VBPICFHEs ., 91IET
BRI S Nz SHUL, Xe EASSIEORTARICH LT GW329, 21E I3FHESIRHT R
{\ OIE IZEHEBIFEAENZ L ERL T D,

¥ 72, Fig3-1 & 0. BIEDHIOAREEEATA X2 VR Tld, MCA O — F7 = THHEIC
& ) PEEASEARHE S . TARBIEREBD SRR K& (2o,

32 ARBIEARSI A B S HROME

EHRIEOTARIC & ) 3D RR 5 O, HETIROMBEOT0 & ELSNB, HH
R GW329, 21E IIMBEDOTARATHE L, BOINSWeH, FRIREEZER DI ENTE D, £
DR, HOBNDREAVNE <,y BRI BORIBERI TR L - RB TR S5 7
b, THEGIEAE 2 Bo —T5, OIE MR VIKIZA 072 b DT, y BRI & OHTEE
BRI 2 B L HER VA, BE30HLERICEL ) BOCRINOMENFEL L, FT. AXT b
WO ¥ —RICH AT RS X\ 70, BB & 2HEOHB LD, &
MEIEAME L o TWBDBDEELZ NS, ThE D, GW329 1T & A2 TERBIEFREA R D
BETELMEEL Do

—F7, e RIERGRIBIL SR TH B 720, BEBREY ZR L T HORNOMRILESR
CTEABEEALND, BEICS D, FERRIE L BT B LRTEASA S VD, FEREC
L ARWFERNRIC L DI B EEZOND, L LADS, PXe I2X D RO
WRIERSIL, BT AL F— (Table22 & D 80kev) BITELNISOTHY, Z0MD
BOIAVE-Dy BICOW T, HORIU L 2FHEEIROETIENEZER b, EBE
D7) ¥ FRRICBO TR SICREFR S W LR b D, )
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33 FFRE T AV CTAREE LR DR G

ARIERERICBNT, FRENOBRHBGIZOWTHEEBEIORE 217V, FARMIESRE R K
DIz, ABEERNC & 2 PEBRECIES D & 2 EZR L RIMER HATIICIE T 5 LEDD
bo I T, ST - REROFFEEBAN L MG 217072,

FREL L IRENLZ O, ENHEELERIEETH D, BNHEEI. H—HBRE
MICBTDEBMEEZ IO 57201 2 AL EOWE R To 72 L &, TNOLDREBEDEEDOH
WEHETLIOIVG, T, SHHAAL, B2 2RBRER BT EEOELHE
TAHIOICHWS,

PTFTE, —20RBRBICBWT 2R LORELEYBEL TIro7c L EIZEHT AERN
AREIC L VR EITo 72

(1) HERFGEOWRE

AREcid, FA—RBE (K-103 B) TRA—OflES (FhThBEREHR, BRS
HR) 2AWUTHI#EVELAIETH S,

HRERMIBUC OV TIIHB IO TH RV &5, FREFTIE. P Xe FEHERIFABIE AR
B E L TADTHAMBICHIE LT — 7 & TV TRE L, BREGHFIZOWTIE 7
F— ¥ WERBRESHRICOVTII 20 F— 7 2 EFNFRHW

() FEEEOWE
BHORBREIZ L 2WEDHE 1 HERED HOHH R (AIERE n) iIZDWTR KD,
REBN*HNTLEHEHRRA DR 2B A HDHE0E) D EFARD, 72, FHARET
OFEHE % TR B, .
R HEEHOEHBRIIROARKIZL o TAHET %, Dy, DJIHBOKRE S n 1L o TRE
HETH %,
FAEFRA { UCL=D,R

THEHBR . LCL=D;R
F7:, @HAOFEHEIILT TET,

R:%;-mﬁwﬁ)

FRETTIIE-RBZICBIIAHIE k=1) T, 7= 1| HTHEI e EHEHER
REBZ A EIZRV, ChPRRTIR, ZRICHET /39 A= IZOWTIIERT A LEN
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VWb DL LTS L7,

(3) TEGHT .
[F—REXE D n HORPEMIZDOWT, —TTEREBEDHRIH 21T . LTI, 5EICH
WAHINT A —F FiRT,

¢ D RBEOH (FRETI1THD)
n D HE R
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Table 3-3 Results of calculation of geometric correction factor for LN; cooled detector.
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BEAHIR GW329 21E 91E

FAEIERE (20 ) FHE 2.673 1.523 0.777

HIEEOHP R 0.221 0.126 0.064

SE 0.088 0.029 0.007

VE 0.005 0.002 4E-4

SEPERD R UG 0.068 0.039 0.020

BNFRE 0.341 0.194 0.099
EEMRE cv (%) 0.5 0.5 0.5

Table 3-4 Results of calculation of geometric correction factor for electric cooled

detector.

AR GW329 21E 91E
ERBIERY (0 5 FHME 3.085 1.770 0.845
HIEEOHH R 0.046 0.027 0.013
Sg 0.001 SE-04 1E-04
Ve 2E-04 8E-05 2E-05
FEPRRD B UKERE 0.015 0.009 0.004
ENHAE 0.064 0.037 0.018
EEMRE cv (%) 0.5 0.5 0.5
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Fig. 3-5 Comparison with ranges(R) and permissible tolerances.
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