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Research and Development for a High-temperature Helium-leak
Detection System (Joint Research)
-Part 3 Development of Radiation Sensors-

Nariaki SAKABA, Toshio NAKAZAWA, Kozo KAWASAKI,
Masao URAKAMI' and Sadanori SAISYU'

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received January 31, 2003)

In the final third stage of the research and development for
a high-temperature helium-leak detection system, the radiation
sensor was developed in order to detect very small helium leakage.
Applying the radiation sensor, we proposed not only the direct
detection method which uses the detection of FP gas in helium, but
also the active method which uses the difference in the radiation
absorption between helium and air. From obtained data it was found
that we could detect 0.2 cm’/s leakage within 10 minutes by the active
method.

Keywords: Leakage, Event, Helium, Coolant, Detector, Radiation
Absorption, monitoring, HTGR, HTR, HTTR
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1. #&

BEHAAFOADIHCERENBIAUILATAR, KXEBRARAECEXGFOKREE
HFREVEH—BHCRIVRTOIOYIILBELS, FEAVILANARKREEAOTET
D, FMERIVFAF—RELEBECR. RAVBEMORBECRMTH S, B
AN OB/BHAEF HTTROOE, 2001 £12 ACBERHEDERZRL . #RATHNO TRFFH
S5 850°CHMERY HI T ECRIL @), & HTTR BEKERERBEL TUL<HET
53K, AREEETS LT, AUDTAHARAVCR T2 RHRAE, R2 REEK
DEHEEBHTEETH .

AHRR. BREAAFCRATESZ, BERATTORBAVVAAARZ VAFRRE
JAFLERMREL, RIVEFREOLHOXE- REFILIVXLMREZEL LAN
AFLOMBEERD L EBNETS,

ERRRENE 1 B3, MROF-—BBELT. X7 7A/NCLDEBAVITLRX
VWRARKOBAOTHENZREITH> L. ERACSIIRAVERBHE LTHAR
AVRABEBTOREET . RAVEREHOBEORKRL S, - BHI VAR
HBASOBAVEBEN2<, RFFOTSUMNERCRZTLEKFELEVERN %2 C
EFXSHY . EEHARAVREOEHRES S, SARKTAFTET, BBMBECHTS
WM/ AXMEFBORTFA/RECLVHERBRIDCEERBLUL, BEHLER, AUD
ABAORAVRACERASFREEISID, BEBRCRDIEREAUVLOBELED
BOEBAVT, HBROEREERFMIDHLVAZEREL L.

FEOWOTR. X7 FPA/NBEEVHOHTTRAOBSEERHLE. X774 /VREL
VHIE. MAVLEAUDAHACKRDXR T Z7ANOREZLCIYRIVOERERA
TD, CCTR. KT7PANNBATOREFRNCMAT. HTTROBERBHCREM L —
HEBSEREARORFET > L. ABROKR, REL ARREIBM 2 RECHEL T,
®AX VAN 5.0~20.0cm3¥s Tlk, 60min LRICRAVERAL, B 20cmys DWAWT
BRYBVRAFTHETH >, £, HTTRES T2 Y ORBEFRERFL. X2
KIS4720— %, 30/20MW $1#/YLT . AUDLRRBT 1 L 2FERBCRET L,

FHTE, MROBERBEELT, ES5CHPMERAVERATS LS, BRERZ
0.2cm¥s EEY. BBt HOMRET > LERERE TS,
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BARHACIDAVUIAHARAVREZEEL T, ZMRATR, ATFTERT=O0H
ZERETD. DR RAVHALEZENIFPLLI2HHREEFZUEL., RHETDH
E(UT., TEEREE, W) THD. REOBMEER 1 CRY, £k, £5-A7E,
HABREZAVTRAVHAOHILLEE (BEEZ ) CAURIVERHIDEER(UT. 7
V7147 REE WS ) THD. RUEOBIEZR 2 CRY. PUOTATREETR, B
FRREBELTTSAFY I UFL—RERV. TORKEXT7TANTEETIH
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22 BEEREZEORR

EERHZEE, BIVHALHERCED., COHALEETND FP ORSEEEZEERE
TBDEETHD, HTTREBTD 1RAVITLAY LTIV T L&D FP ARARERERRD
A5, 1 RAHBIIEEND FP HARSERER. 103 (Bocm)BETH D, COLAXI
OHPEERATIICRE, REBEAEL (BERL )L, HESREREXRE<TS (A
ENSHHEEEPT ) BENFEY. SFYRENTEZV. —BICEWENF TEXTRE
109(Bg/cm3)BETH D, £i-. RFFHD 50%CHVTH 180(Bg/cmi)NBREN RIAE L
BEEERL. 100~103 (Bg/emd) R EBEE B 1=,

221 BHEEBEHE

EEREZERZ. RBICEAHI N FP HAOBHEZREL., TOHERL)SHARRE
(Ba/cmd)Z MEHITFETH D, LR TR, REBERTZAFY I UFL—2EALV
el
CCT. BShB5HE C (cps)

B REME A ( Bg/cm3)
KFOAhEEZXDIHEF Bq % photon/s (CEERZ S

EFdL, AL CREBIBRICHY.

C=fxA® (1)

EREND, T HOIERK r3. RHBOBAFENDR, IXLF—BHETRED
BREDERTHY ., BURHESEY OHEREERKTD, (255HPUHRHTETE.
HER)SHFREREFrEHTED, BY FrERETZCHL-TR, ZRCHSVTHSA
OHFEEHEL TRODONF—BHNTHD, LHAL., FPHRAEERTHRS L3RBT
B3, VAL —YIVEEITFPHAOHRFRECIDBRHBOBEEHREL ., #
ELULEHBELNSREBRABAEREZROICELETD,

2321L—=2ar]—RELVLTHHERTETHILOID—-RTHS EGS4 ( the Electron
Gamma Shower ) ZAV iz, BRLSOBRBPRIREEhDIETLER, A3 LETREIhD &
5B TOLA%EDN, EGS4 THHATEDINR., OBRRREN SOREBATORHARD
BEETTHY, OTFAFYIIUFL—RORXEDE, ORXLTHSKT 7 AR
EANOHER, OXT7 74/ \NORER, OXRHUBOKREIRBHRTERZL, TOL
. EGSA TR FP HAOHHABHF TSAF YISV FL—EATRPENDETOHAE
TV, TOHRLCOVTR, EHRFEEALLELRRCIKY. O~00FWRELEL IR
HBRERODEETD,
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OHBHERORE —» O IAFIF-IDRH
4 ]
ORFE~ R BETHE - HEL ®H 7 7 1 INSRE B
' ¥
QBRI (77 IAF9IVFI-9) 12 B @HT 7ANTORE
! ]
@REBRBTOLRINF— @HRHBICB TR
DOHEE
YIal—¥3 y%ﬁ’@ -

B3 HRRORESSBREHCEDI/OER

MR, BHEHVTESIIL—YaVEBVTERY IO, LFAREhd,

Cy- mn= sy waxA 2)
Cy ecs= 4 ees*XA (3)
< T,
A : BB OB s
Cy n  HERBRER (FPHABRR ) CHUT3ERHOHER
Cy ees : HRBRHRER (FPHARR ) LH TS EGS4 OFHHE
QRBLTEB)RKY),
Cy xnw=( Ty mn/ fy ecs) Cy- ecs (4)
BRI R/BRERTE,
albaly N Cu mm= i waxA (3)
Ca- e6s= [ & e6s%A (6)
Ch-sm=( Fx sw/ Fa ecs) Ca- ecs (7

Cu sim ' RBRBRCBT32RMOHER
Ca ecs  RIBRBERICHITD EGSY OEHHE
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AREDLD ( Fy w/ Fy ees) & (NRBLD ( fa wn/ fr ecs) HFELLERRE
L. Cx sn EWHTD,

(fy wn/ Fyees)=(Fk sn/ fa ecs) (8)
fo ww=( F4 s/ Fa ecs)*Tlx ecs (9)

LEF>T. QRAZAOROIS CREMAD LN TED,

Cy sw=( fa swxlw ecs/ i ecs) %A (10)

(10)RELD 32N fid EGS LRBTRHBDIENTEDINT, Cy xn RBBHER
EANBEBELTRHDZENTETH S,

222 SBRGERNII1IL—Ya eRRCRIRARKROEY

FREIIAL-YavGhFRER 4 CRT, REBEEFBOTLLEBL. RFRGHRE
BOTREHRMD2T7T—-AEL L,

¢ 51 <
,]

N

BAT [mm]

7 3RF9h V-4
¢10X L30

RENAL R
B

BHrBR

001

N M-dz//

K4 RAEIZTAL—aVHER (RBRER)

A)RD3IODf OS5, £F fa ecs ERDD, YI1L—Y 3V TREBEADS
ALBUREKTFENERESE, TOXKFHFTSAFY IS UFL—RLEILIRIL
F—HFRBELEBED, IXLF—RARCHSTHIHBEERD. B 5 CTOARIN
LELT, WCs MR LHERT,
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80 - " L - - { T PLSHTOHZWRARY bk
1 T EBMFFLEARY B

+ ¥ 4E (count)

5

GEpS)

0 0.2 0.4 0.6 0.8 l
TxIF— (MeV)

5 FSAFYIIUFL—EATOIRLX—RRARI MLOA (137Cs : MER )

B50OMBMICHYTDTSATFV I UFL—RAOIRIF—BEAREE L ThE,

[ TSRAFYIIUFL—ENORKBE | < E (11)

DREN BB, TSAFYIVUFL—EARAOIILF—BEBRENFKE VAN BY
REFB<BD, —H, YI1L—23 THSNDNIVRNETSRFY ISV FL—
SROIXILF—BEABROXNCEEEL, TIAFYIIUFL—ARNTIXILF—8
RUEXFORTHD, TLT, UEARKACETIIED, ¥3I1L—23 0 THES
7% 1photon H 1=V DB f(E)ZEETEHXfFITL, E=0HS E=Emax EFTRIL &
Efaees ET5o

S = EGs=J;Em"E-f(E)dE (12)

ITRrDLE, B3P 1BOXKFHFTSAFY I UOFL—FRACAHTIES. TOIXIL
F—BENF 1MeV OBEN 1count, 0.5MeV DFEA I 0.5count. 2MeV DIFE I 2count
EBxB, BH, BUBEEAVS count L XBIFT D8, count-MeV £XRET D,

RIS, faxn EROD, RATE, BEEERE L T 90Co( 9.28x105(Bq) )& 137Cs( 2.63
x106(Bq) ) ZfEMAL 7=, f & 1photon BV DFHHELTVDINT, fa s BETOLK
SCRHB,
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fa sm =Ca mn/ ( Axy<Et M ) (13)
y AU ((photon/s) /Bq)

RICEMESIIL—-2AVRBRETRT,

£1 ARRERORUESIIL—-2a VR (EEREE)

RRuE | %E Fa- ees fa xn f = =w/f x Ecs
( Count-MeV / photon ) ( Count / photon )
T 137Cs 2.48E-04 4.20E-06 1.70E-02
T 60Co 4.11E-04 1.51E-05 3.67E-02
) 137Cs 8.89E-04 1.86E-05 2.09E-02
L 60Co 1.39E-03 6.14E-05 4.40E-02

CORRERL, fazn/ facs ZER6ICTRT. fa mn/ fa ecskd, YRIXRIL
F—CWL T, KHIBRICEDEHETZD, GRUB2HFE. KE2EBROT41L
REZAVTRIZRZT71YTAT L) ENERERDEEREZ(1HRICTT,

fa =m/ g ecs=0.0315%E (14)

0.05

0.04

T
(i}

0.03

0.02

- 80Co :
001 F----------- e (1. 17+1. 33) /2
‘ =1. 25MeV

fri-FR/fR-EGS

0.00 ‘ '
0 05 1 15
Y BIRILE—(MeV)

Ee6 RM- EGSOLEKE
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223 WREFEROSI 1L - a2 & 5RHAKRO NS

FP AAQOEME, HTTR RTFIFIE N 40,50,57,67% DBED 1 RAVDLY TV Y
RROKY), 85mKr, 87Kr, 88Kr, 89Kr, 133Xe, 135Xe, 135mXe, 137Xe H KU 138Xe ) 9 M %E R —
TyRETD, ChSOYRIINF—ERHEEER2ETRT, ChSOBERENSRT
ARG 3MeV LIRS D o8, CORBALSVWTIITaAL—>a E2ERBLUE,



JAERI-Research 2003-006

#£2 FPHAUBMOYRI X)L ¥—EHIH%

85mKy 87Kr 88Kr 89Kr
448 h 76.31 min 2.84 h 3.1 min
MeV % MeV % MeV % MeV %
0.15118 75.5 0.40258 2.0 0.02751 20 0.19746 21
0.30487 14.0 0.84544 49.2 0.16598 34 0.22090 225
1.74050 7.3 0.19632 | 28.0 | 0.35606 4.7
2.01190 29 0.36222 23 0.41142 29
2.55480 9.2 0.83483 133 0.49751 7.5
2.55810 3.9 1.52977 11.2 0.57696 6.3
2.02984 46 0.58580 18.6
2.03541 3.8 0.69624 20
2.19584 135 0.73839 47
2.23177 35 0.86708 6.7
2.39211 35.0 | 0.90427 8.1
1.10778 33
1.32428 34
1.47276 7.7
1.53004 3.7
1.53368 5.8
1.69370 4.9
2.86623 2.0
L1 895 | H(%) | 744 | ¥ (%) | 1206 | (%) | 1169
133%e 135X e 135m) e 137Xe 138¥e
5.245d 9.09 h 15.29 min 3.83 min 14.17 min
MeV % MeV % MeV % MeV % MeV %
0.07955 0.2 0.24979 90.1 0.52657 81.2 0.45551 31.0 0.00485 0.2
0.08100 37.1 0.60819 29 0.84895 0.6 0.01085 0.7
0.16050 0.1 0.98225 0.2 0.15375 6.0
1.11933 0.1 0.25831 315
1.27323 0.2 0.39643 6.3
1.78343 04 0.43449 20.3
2.84980 0.2 1.76826 16.7
2.00475 5.4
2.01582 | 123
L1 374 | H(%) | 930 | H(%) : 812 | H(%) | 328 | #(%) | 993
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K3 EERHZECBHDII2AL—-3RER

PEAL=-2avNTA-AR % =
AR MY 4000000
VRRIRIIL¥— ~ 3MeV
BT v1 : ¢51mmxH 100mm ( 214.50cm3 ) vl RBRICKDERN%E
v2 : $72mmxH 100mm ( 427.51cm3 ) i
v3 : $100mmxH 100mm ( 824.67cm3 )
NYOTSI0 K L
L ¢ 51,72, 100 o
< 2
* : B [mm]
BR =a
PLS
10X L 30
BRrRE
Y
B7 >2aL—->3v#4RE

fi s BABRDOT A AKLEL 1photon BEL BEOHETHY. (15RTR
»3,

fuy ecs=Csn ees/ N

(15)

fig cos DBBMATRETAVRIZILF—-ERB8ICTRT,
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[y = 4. 48E-05x° - 2. 92E-04x" + 6. 09E-04x" - 7. 26E-04x" + I.BGE—OBX‘

‘y = 2. 47E-05x° - 1. 62E-04x* + 3.51E-04x" - 4. 86E-04x’ + 9. oos—ou]

‘y = 2 06B-05x" — 1 34E-04x" + 2 81E-04x" - 3. 38E-04x" + 6. UOE—oﬂ

0. 0020
0. 0015 ¢l
®v)
Byl

0.0010

0. 0005

f #3-EGS (MeV : count/photon)

0.0000 ) ) : : :

TRIFIVFEF— MeV)

B8 TZAFYIVIUFL—2BEOVMRIXIL¥—KEM

R8AS. fu ecs BBERATRETIHIRIFILF—LHKEL. RREED 5 KR
TT7AYTATLEBBE fy ees& L. BERBCLLCChERSDE, BH. ZhsiF,
0<E<3(MeV)DHWHETOXERT S,

- RRADES
f 5. gas(E) =4.48x1005E5- 2.92x104E 4 + 6.09x1004E 3
-7.26x1094E2 + 1.36x10-93E (16)
- BHEBOBE
f 5. gas(E) =2.47x1005E5 - 1.62x1004E 4 + 3.51x104E 3
- 4.86x1094E 2 + 9.00x10%E (17)
- BRCOPE
f 5. eas(E) =2.06x1005E5 - 1.34x1004E 4 + 2.81x1004E 3
- 3.38x104E 2 + 6.00x10-%E (18)
224 BIERGR

(10)RNHDL ( fr =mxfy ees/ fa ees) BAE ' &ThE. (19X, (16)X. (17)
RBRTF(18)RN S, {'BRRETIVEBIIIILF—EQOBERERY, (10REXDLSCHR



JAERI-Research 2003-006
EMXDENTED,
Cy m=a= f'(E)xA (19)

f'ig, FP HABRN BERBROS A LU EKC 1photon REL LB OHHBTSH
3, B—EEKE1 (Bgem? ) B OHBECRBT L.

vxY  { f(Exy(ED) } (cps+ MeV / ( Bglem3)) (20)

<< T, _
Ei :HERESfRHITIVROIRIL¥—
y :BH®E ((photon/s) / Bq)
V BRORK

BEHRBRRHABROTMAKRY).,

GO

ng  BHEBRHEE
n /XY VTS0 ROFEE
te : RAEOHEE
t, /XY OIS0 ROFTREN
k :EB¥(B¥ k=3)

k|l k
"=l

!
1
A

BE. /Ny 2559 KRR AENRFP ARORI VA RESHORNEERKL . B
HOMEE FP HAORAVEREONEERET 5. BEREETE S5 —ERMERT
HBTHOT. & =ty THD. Th. 19RBLFRORA 5. REBRKHEREARZ.

VZ{f E)}
TSGR ﬁ[f JH"H]

), FRARMtLOBRTEA SIS,

(22)
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UET, EREZBCECREBARFERENr ROSNhD, Ny VIS0 RERR
EXNTOEBMAERLR (1.61E-02cps ) EAVE. (22X, B—BEOESORNTHD
K. EREBLYEEEDFP FRELTVAOT. EETHHELEORHERE A (23)
KRO&LSILKRES,

Ay=Y P o4, (23)
J

ZCT. Pi : BE|0oFEL

HTTROHY Y 7V VI RROA SRS HTTRES T2 R ERBNFELER4CTT,
i, SHERBCEOREBRAKRSERED. REREZLOBELFELEMKRL L
BEOFMER I~ R 11 ERY,

F4 HTTREBTIREEEOFEL

HEME
_ 85mKr 87Kr 88Kr 89Kr 133Xe i 135Xe 135m¥Xe i 137Xe i 138Xe
BT
40% ND 0.09 i 0.24 : 0.20 ND 0.19 | 0.04 : 0.17 : 0.07
50% ND 0.17 : 0.29 ND ND : 0.39 : 0.06 ND { 0.10
57% 011 | 0.21 : 0.27 ND ND : 0.28 ND ND : 0.13
67% 0.10 : 0.17 : 0.27 ND : 0.05 i 0.26 : 0.03 ND { 0.12

ND : BHEHTRAUT

ERCEATHIMEE. /XY IT590 REHEE n SREBEEMCRRT S BHTH
EL. ROBZVEN$D. COBFREVBECE, RESORY CEAVERETS.
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RFFHA EEEERE
40%
50% 180 ( Bg/cm3)
57% 205 ( Bg/cm3)
67% 240 ( Bq/cm3)

1000000
®
E 100000 —¢—Kr-85m
> —e— Kr-87
o 10000 —a— Kr-88
;Iﬂé( —0— Kr-89
] 1000 —o— Xe—133
& —0— Xe—135
ﬁ 100 ~—+— Xe~135m
B ~x- Xe—137
gé 10 —x— Xe—138
1 4
1 10 100 1000 10000 100000
B RIS (7))
(a) XEEEI L OFFM
1000000
) <
E 100000 P~ =
\ S ey, - - o
> E
Q
i 10000 —o— i 1140%
s —e— 4 150%
% 1000 —=— H H57%
=4 —o— i H67%
100
s
B
H 10
®
1
1 10 100 1000 10000 100000

EHiesRE (7

(b) FFHELLZEDOBKL /=FRME

B9 EREORHTHRIEM <HMEHv1(214.50cm’) >
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RFFED BEEERE
40%
50% 180 ( Bg/cm3 )
57% 205 ( Bg/cm3)
67 % 240 ( Bg/cm3)

1000000 b Y BNl ERE R
8 ~— S -“w - - - - - = - . - - -z
g 100000 l My ¢ C > - +Kr—85m
> < —o—Kr-87
}ﬁ —o—Kr-89
iil% 1000 —o— Xe—133
& —0— Xe-135
ﬁ 100 —+—Xe-135m
& o —x—Xe-137
H 10 = : —x— Xe-138
&

1
1 10 100 1000 10000 100000
B RIBRRS (B))
(a) HEEREZ &M

1000000 - N A - S
>~ S B D I ] LA
§ 100000
<
o
e i
" 10000 —o— i J340%
] —e— H $150%
g 1000 —a— H 157%
ﬂ 100 —o—tHH67%
B :
B :
H 10
® R EEEE R R R EE RN BRI

1 "
1 10 100 1000 10000 100000
RIS (F)

10 EHEEOKRHTREM@

(b) FHELLZEMWKL L-FFME

<HMAM v2 (427.51cm3) >
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BF4F D B EERE
40%
50% 180 ( Bg/cm3 )
57% 205 ( Bg/cm3)
67% 240 ( Bg/cm?)

‘g —o—Kr-85m
S —eo— Kr—87
a —a—Kr-88
% —0— Kr-89
fi‘é —o— Xe—-133
= —0— Xe—135
& —+— Xe-135m
§ ~x~—Xe-137
H —x— Xe—138
& |—%—Xe~138 |
1 10 100 1000 10000 100000
EHRIBERD (sec)
(@) REEREI & O M

1000000
2
kS 100000
a
g 10000 —o— 11 140%
e —o— i $350%
#1000 —a— tHH57%
g . —o— B N6
[
B
H 10
&

1 N
1 10 100 1000 10000 100000
EHRIBEME (sec)

(b) FHELLZEDIKL LFRME

B EEZORHTHRPE <HMAMR V3 (824.67cm’) >
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23FIOT 17 RtiEDOBR

231 RERBLRE
(1) RE

POF17REZCIDBREBRE. RAVLEAVUDAHAEHEETIARE, TOA
HeROERTIRABRETORFEENETIRUBTERIIN,. ZRELVAL
TNEREBABCAVIALABANIRIVTDE, HEBABOAVUIVLTAREZG LR
T35, BHBRACK, IHERESBEISHIBRONBEAHBRREEET . BRIV
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