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Gamma-ray spectrum measurement in Japan Research
Reactor NO.3 using a portable Ge(Li) spectrometer

*
Eiji SAKAI, Hiromi TERADA, Seishiro SUAUKI ’
Masaki KATAGIRI, and Eiji SHIRAI

Division of Reactor Engineering, Tokai, JAERI

( Received February 8, 1975 )

A portable Ge(Li} gamma-ray spectrometer having 2.6 % peak detection
efficiency and 3.5 keV .energy resolution was made using a 7.5 liter liquid
nitrogen dewar. The total weight of the spectrometer including the detector,
cryostat, preamplifier, high voltage filter, and 7.5 liter liquid nitrogen
was 11 kg. Gamma-ray spectra were measured at various places in Japan Rese-
arch Reactor No.3 using the spectrometer. Gamma-rays from natural radioact-

40K, 208Tl, 214Bi, and from 6OCO, which was an induced

ive nuclides such as
radioactive nuclide of the reactor constructing components, were observed
at all the places. During the reactor in operation, gamma-rays from 41Ar,
the induced radiocactive nuclide of argon in'air, were observed also at all
the places. High-energy gamma-rays from the neutron capture reaction in
iron and from 16N induced by 16O(n,p]16N reaction in the oxygen in heavy-
water coclant were found in the first floor of the reactor room; the former
seemed to originate from the monochromator crystals of the neutron
diffractometers. Noble gas fission product gamma-rays'were observed in
helium cover gas in the FFD system. Pulse height distributions and counting

rates of these gamma-rays were shown.

* Student of Nuclear Engineering School,JAERI; from Japan Atomic Power
Company, Tokaimura,Nakagun,Ibarakiken

t JRR-3 Operation Section, Division of Research Reactor Operation, JAERI
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AN AFRRETRLOSL/E  BATH L5E/BThoke REETARATLEL1E »
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Az Ortec 459 F Ak 2N oA ERWEBEOHAE , VP CEERAAKLNI00
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51333keV # ¥ =i C— 20BN IHEE312x107 T, 3"x3"Nal(T4) ok B Hx
L2X1L0 B LT 26 % Th ok COLED A A F—4MEE( FWHM) i 3.5 keV T
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D% % TEHLA.
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YEENE T ELOT BT e s 7 THEEETER LTHE LA,

3 JRR—3miEE

3.1 BEFFOHEE
JRR—3EIFRY 3 »&BHRE , BN, EXSHAOWMEREFFILTERIN , 8B
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n/eni/ cec T, RIQEESLEROFH-FOHEROER A2 FCHEBEIN T A2, B4 0&ES
L EEAAERE LT, LOMWOBFESE+EAL , HEL L1 SEOoEFEET ML 2
EFAL1I3F S 270FERLINWD,

JRR—3 D& » 8@%%%9@1@1:&1"}}%1—60045)vcéaiﬁiéhfmzao T THEF
FOEBRRHR TP LBERKR L~ Y 2o ZOBEOI+HHEHT 4, EXKEDOZ7avy—} %
Fig. 8. 1icmd, FEAKL2EO0ETEKF > 7 ( DP—1,DP-2) KL »THEHEI 2 LN,
EAESEE(DE—1,DE-2) %0 , L2222 (DT—1)ICA AR, 2T THEBEF 4 2 1
(243K OBBETTE okl , F.Lsy 27 0BEEKELTTHRECHA , FEKF» 7R
Ho TOFAEKRTEXRFI—KT AR TIRLI2, COFMT,, BEARERCEEOR
R MR LTWLHN,, A LBV TRIBKTRIBE I A OTEEAEFHEL 2TV,

NNV AFZROT e~ —+EFig B2TToe ~V Y AHZEEKOHEBET 2 B0

HR—HRELTHETOEN T WA, ~J va «#Hzd,~) v aEHE(DB—1)C X by
B , s> 2% ERBRLTWE, 242,487 A2FFDEICY ,ZDFh b~y v o
BLTWD, ~ ) 9 aFREHEET ,Ldpd ,WAnSLDRLC2ENBaTnEAED , ~ 1 7 4k
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kL LTHWLAL ZF 7T 4ol T2 00NHERERIXE , EFEE~0FE®2F
EFTAEADORBEWREXKE , BREAB PR T 2200 RIRBIFARFZLZERD D, 2AFR
DHERPETEFUOBBHEROHELE E4 T2 ) HOBRTEL S 5.
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51333keV # v =i — 27085 EERE 3.12x107° T, 3"x3"Nal(T8) ok s
LexX1.0  CHEBLT26 % Thoke LOEEDTA A HF—4528 ( FWHM) i 3.5 keV T
BHotte VY= iNF—CHT 520N ETERF Iz A2 —0FEHOHEE
#Fig 2. BRRTe ¥ vHHUHEE 26 % 33.4com’ Ge(Li) B8 LTid B, #H
BOs )= Ty 72 IbLTRINETDS A, 259, —rOEEH LT &
oEETERLE.
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B ,F 0222 FBRLTWS, 22, B0 T AFPFDRELCY ,2DFh b~y vari
BLTWA, N~V 2 aZHZEHET,Lpd ,nAnI DRC 22N Tndid , ~ 1 7 4R
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kL LTHWLRL Y I 7T A EREATLIRODORAERB I XFE , BHEE~OEH L
A APOBREREAR , BHEAB T SHNT L2200 IRBI/IAZLZERD D » 22 FSE
DHRFETEFDOBRBHYEROHER 1T ) SEOREFL H 5,
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@%‘i&ﬁ%%ﬁ"iﬁ%é%@fa&%o)G’\fﬁ%lﬁ%—r”\v*?xxﬂ»ﬁ: [IKBERRICHEE R , HRROTP
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A TAEE TS 5,

3.2 WEEREFOHME

JRR—3HEE L CRIEE. FFdlé LABKFBL FEFE AN Y — 2 ERICEH
AInTWi, BRIABL, FLELACBAZhABEBRHI L CEEER LS I USEEEE
BELThd, —F, E—aEBHEFL A 270 BBLBELINLKFERILTFAMNL Tnb,
EYECRNLFBAON <@ A2 P Bl RREFERTLHEE L, TN b Y —aRHE
BOEBHHATILERS A Ren , L L THECEEREFORELHRET L,

JRE—3 D AFERIANHEBINT L E—~ a2 EREFALORELT Fig 3. 4Kt J
RR—3ICH 9 XOKPERBIL( H—1~H—9) s b , ThtfhRo ks 2HEFCHAEINT
nho
) H—1(HBHEXREH)

coERARSRRTFRE T, S ERICEEEIRAEING,

(29 H—2 (LTFL)
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8 H—3 (ND-H) .

COEBRIICHE  ERAEGUFEHOFEERTE +EHES ( Polarized neutron sp—
cctrometer ) ABRBEANT D , EBHP B oW HHEFHIAK LMo EET LD
NnTnb,

4 H—4(NRG)

L OEBEI K EMFI o+ s 7 43E( Neutron radiography) BEFIHL THD ,
HrEpE et (BHERSEE S0 ) OFBEHR A T2 L TR 2,

5 H—5(LHTL)

COERICHBEFE B EE ( Lipuid helium temperature loop })WFEINT
L) ANV ABETSERY AL, chbOoHERBES D wTOoMENRITE LN
Twnbde
6 H—6(CGS) .

CORBHORAFL A 7 DERIACHEAIATED , 09T by ANI b af—2
( Compton gamna specirometer )HNHEINTwD, Z o CTHFEHETHEY > < H 1A
AL, SEHHORIECOWTORBRETAZ L Th b,

M H—7(ND—1I)

roEBACE BEFEHEE ( Neutron diffractometer ) NEE I TH D , £
B O chit FEFEB ST 2 D Tn b,

8 H-~8(ND-TI )

COERI I s AR LEHEFRTNOREPEFDIHER ( Polarized neutron
spectrometer ) BN BAINTH D ,BEHHEC O ToTHEFETCETLHREITE D
nhTnd,

99 H—9 ( PTNS—I)

COERACETHET 2B ( Pulsed type neutron spectrometer Il ) SEREI N

Teh , THFORALEFRELABEOFRITEZ DN TV 2o '

4 EmEs

TRR-—-3 DAEBIEEIC wTh # vy <A~ 7 b ARl R e RO HFCEHT B, T2bb,
Hieks I UHSSRE (41) ,EFFEH( 42) , FFFAFIHESE (43) , BFHFENo.
1(44) , SFWHENo.7T(45) ,HFFENo.4 (46) ,FEFFEN.10(47),
FFD~) o aREBOT L ENPHES (48) , FFD~ Vv s BEFOMMEENo.6 ( 49) »
FFD%AEC410),%ﬂ%$(411),»—7-fzr§(412),Hﬁ%§(413),
CIETHET B

4.1 WEEH IV ERH
JRR—3OHHN T, RHBTE EE+NEL (LB 2EF+ L UEFFEFO
A IHANDL EFEINLERHT, A oHFRERETHAI EHF IR TWEBHERE
HTBARE. IEALFiIg 4.1 0O X TRLAXd K, FEIHOSERZREFR U
—
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8 H—3 (ND-I)

COERIICHE , ERAEGUF EHFOBERTE FEFER ( Polarized neutron sp—
cctrometer ) ADEAINT Y , SEHBCONT DS THIAK I 2MEOHER T2 H
N T b,

4 H—4(NRG)

COEBI KR FIoA YT 7 4%E( Neutron radiography) BFEIN THD ,
BiEpmE s (BHEZE%2 20 ) 0OFBFABR R TE b TH S,
5B H-—5(LHTL)

COEBILC I HEE B EE ( Lipuid helium temperature loop }A&EINT
P 0 HE~V Y ARETEER S REL, ch b OREREBCOD A TOMERT DR
Twnbg
6 H—6(CGS) .

CORBHORFFL 227 OEFHAKBEAZT L TELY , T T by ANI b a t—2
( Compton gamna specirometer )HHEAINTWwD, o THFRHFHEY > = @HE A
AL, FEPEHEORKHEDWIOERBITEZ HILTH S,

M H—7(ND—1I)

r o EBRACE BT EHESE ( Neutron diffractometer )RFEINTHDL , &5
Pl O chig F R R ST 2 DL Tn b,

8 H-~8(ND-TI )

ZOEBRILCE s BEAAYSEMHEAETO RPN FEFESE ( Polarized neutron
spectrometer ) UHBINTH D , EEHHAX DWW ToPTEFENCETLHEITED
nNThnsd,

99 H—9 ( PTNS—I)

COERFICETHETHHE( Pulsed type neutron spectrometer II ) HEREI N

Teh , THFORAFFRLAGEOFRNTL DN T D,

4 =BEs

JRR—28 0&HIE &I+ h # ¥ A7 b AHIERE 2 RO BF THET S Tabb,
HE&e L UHERE (41) ,EFFEE( 42) , EFFFH#EE ( 43) , BTFFENo.
1(44) , EFWFENo.7( 45) ,HEFFENo.4 (46) ,FFFENo.10(47),
FEDA~V o aZRECYTH EMIESF(48), FFD~ 7 aBEFOFHEENo .6 ( 49)
FFDEAD(C410) , &M (411) , v ~7 « F=2xbE(412) , HEE=E( 413),
OETHET 5.

4.1 AEEHLIUNERHE
JRR—30HEHRN T, HHHERE LS BEL Tty 1EFOo2EHM» L UEFFEFD
BTREARIHAINL ETFEINAGEHRCT, o ERERETHLAD EHF IR TWEBREIRE
HICRAE, WEALFIg 4.1 =0 X TRLALIC, FEIHONEERETH L
—y -
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(Fig.3. 4 28) , AP AHMEAR , FER, BT 1L 28H%EE, FFD~Y v a®
RE,FRENACD bEBEETH L, 1 LAFOBFC W THE Ge(Li) & HE K
EHbS50cmOEICE V. IEEFOMEROBEERLR ,BEINAY -4 A —2THl
G Lo MIBHEM 03mB hr M ETHE vz n 40 T o 7HELZ0T, BEEOGN
BEHE( PFDAYA2ZEBET ,FFDEAD  AHEEE, FFIFEERFo ~1 v 2REEOD
SEENe .6 )R 2T, HHB0HE+H TERL  HHBOHEORY » b LAHT
B H =B AERELr BELAF Y~ HO z 32 ~HEL,BxrryE—H r=H0O
HELEWEFTR, 0~28MeV , 2 AB LA ¥ — v ~ROFETL2EHRCEIRTR O~
10MeV T3 ot HIEREME, 7 >~BOHKETLIELZD , 3385 6 L6EEHOMTS
ofre EILBFC T, FFEE s HFE 1 OMWEEGRO 7 ¥ <A~ 7 b v filid
L L £ S L, EFFEEFICT LA ELL 2 58m ( FIDE , BAMBEE) TH,
BFFELFECE WTORHIEEITE 2 %a

4. 2 EFFEB( Fig 4. 2,4.3,4.4)
JRR—3OFEMIE »2 ) — b OERACE#R I T D , B LHCRBRKRCHS
TR HBRLTAL o BE Mo BREEEAS PANTW S, TOHEEME O EC® LS
EBNWTAISE L. COMRELYFig 4. 2,4 3,4.40m T, Fig 4. 20FFFELHT
1 OSSR i b d BLA A A Y2 AN AT, BREELLFHTI AEL1EYK
20spp, MR R EOBERHHEE (T2 ) — b ORICHELET B ) O, Co,  Zn, TFe 7 £O
B E#Et ORE i L 5 EE 4 bh 285 boF -y 2ifin s hk (DS Bk
AT H LRI —T, VTN TRT =T OWE)o T b0 Y~ QT EED Table 4 -1 o—FEF
ORWMICTE LA R Th b ¥, Fig 4. 20(00ERD counts/keV. hrif o7 7 b -
S O AE RS R R ERAE S OTD b e, WHRLE T AVAEBEFAL
L hdE A AR AN, ChEMEBESOBRNERKIZLIOTD 0 ooROBREED 003
MR/ hr T B otro BEOHEENBZOFAOER AR X 1E 2 0005 mR,hr T %
OIENBE BHEEEE N, BHOETEL S Co LA 0 LEbN L. BERILDAD HEIK
W A EE®A 2mB r T RS N TS 7, T @ 2mB/hr W HNT TN T e
ﬁgzusﬁﬁ%ﬁ10MW@%%K33%%M%Lfﬁ%nﬁﬁywﬁz&yfmf,ﬁﬁ
#it 025mR hr Thoke B 6O L2 Ar #HEMN T, COVAr PRERER
LTV AEEOZA LD Thh. COVArEEEFo Ar ithEFIL L Y BTN TTE
HAOT  ERAOLEY v v ABRGHE 2 FHEEROPERC H LRI N LD EE
s bR By B C—2OHEEE Tabled. 10EH b 2 FEOEICRE Lk, HFHE LR
(Fig4.2)CEBNAYCo, Ko ¥—2nt ot s FFEEnEm ( Fig4.3) KL A5
nBH , 0, MBI, BTl E—sd EL e chE, FEERICE AT PR T A F—
EAHNA O BN Fe 2B, TR YO - HBENREFEL LN D,
HE4JMDﬁVvk1&9}wﬁﬁ%&28%ﬁﬁi®%1$m¥“ﬁywﬁ®ﬁﬁﬁ%
HMIANADOT, WEEOFL %R LT, B 3+ ¥ Ay ~HEHFE LA, Fig4.483%
DL BbR A =B ANs P EFRL , FeohEFHMBH > vET7632keVE LU T646
—5—

Ko =
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kW@JV»«:x&—fJc—yﬁﬁahﬁoC%%47»-zz¢—7-t—y@%ﬁz
it Table. 20 —FECHET LTS A toFe(n,P)EEO A r<BORERIFESE
W, hETEFETKFENWT AL e 28 s/ 2022 BRTEHER

559
Hh o, ﬁmBE%MTMEﬂyﬁU—b@ﬁfﬁﬁ@hfh%@?;ﬁﬁmﬁﬁd%ﬂﬁE

4. 3 EFE#HEgE( Figd4.5, 4.6)
ERIEHHSAFE 2EEH D , T FOEIRFELEREELL LEFFE RS THEK

ik
55, BEBIEHEEAORBR A0 Lyt , A3 AREBLTREFFERLTLEHT
xp. EFFEE LRI OBECET o BRB b A Ay sEx s trEFig 4.6
K FFe Fig 4. 25 3ERAEE 227 AT, K, T, MBi &7 v 7 —bHRiCT

TN EHEHEF LUETRAEEHOH it LD % bnb Cor LU R AE O In
P EA R Fig 4. 2~ TVK, " 100 €—7 OEEE 2 Tabled 1 WRT L 5K

2Efahz i, Fig. 4. BOREMENT > 210 — PECINWI LR IS LEEDN L. T
D& EHELEEL 0GO0AnRhr TH oo
F@JL6ME%@1%M@%%KIO%@%%%ﬁﬁok%%%ﬁfo@ﬁiﬁ@ﬁyv
W~z Fig 4.5 ) T, MAr MR LA Tnhe 2% 'Ni LT Feln,7)
FE%B@%Iﬁ»#—ﬂyvﬁﬁﬁméhfhéuﬁ@%@@@ﬁ%@QOMﬁ/M?:
EE RO RE R OE 2T b HAEIERENFHLTRABFTTH D , BRELN TE
AEF AL EREE L, COBTRT VL AnE , # ¥ ~HOREETDELHL L
Bt he PAr iy o %@@A;@ﬁﬂ%%hﬁ%@fé&@? T £ 50
TR ESORFERLIA AT E b, BEJRR—2E, chb0oBRREgTHELTTEE
WAL TWA, Fela,r) fi.ﬁ@j,%_:;j«\;vf,’-——y’)’Vv%ﬁiilﬁiﬁ%%ﬁth@%%%mﬁ%%ﬂi‘I
GREERERTOREPETF LIRS 0 EEBHNE, CORERETERICT 2 LE
MBAMR,BRTAHIH I EAROCE T DAL FE 1HOFEFFEN.7 ( No.7 91 b
HE) T Fe(n.r) 0 F =8B IRL T aWIE(BA45HER)I XL LER
T, HEFEFERD HLBELTWAL L EDLNE (E5F4)BE ). ThBREFILN
B, B TEFEEORB AR B TEERE LD, TAVUNO vy sREDTH,
Table 4. 2K F LA IS, FIHEETYONo.T +4 t L h 3HEERENCE , MOFE
REAEA THYND # v =B no a2 En bEs T, HESONECREREXD 5 & TH
AND, FOREF L LCRFEFEAEFCS 2 TRERIFEORIATET R L EKFOR
T Ehe 0 L BEI NS,

4, £ EFERENo. T (No. 1A F) ( Fig. 4.7, 4.3)
EFEDEEEN IR THEETRPE L,FEET 202 (Fige3.488 ), &M

ﬁm%'ﬁ‘—'%ﬁii‘%L TFL,, TR SR PTNS I 2 FCEEINAENTH 5L,
R 1,9 BERTRIE LA No. 1 4 PO Ar = a2} AT, K, 0 TY,

m
o)
N
ﬂ
:ﬁ

“%i@@%mkweﬂm,wmw”<@P—9&@¢ Eo¥ (s —suiiHiink. ©
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netoY—2 OFtEEx Table 4.1 TR LAAED TH 2o oLl EOHBEERT002mRhr
TH oo
- Fig. 4. S HTFE 1 OMWEREFIC 16 RFH: gl AdAryr=BAX7 AT , 0K, B0y,
i o HREEEE S Co, T Cs oM, AT Ar b IE T AL F - YRR TN
b Braax— Hy BT Feln, ) RIEO A Y <828, 2w, INOA L <iRD X
SR e TR e =2 TR CEE Eh e T O Fel(n,7) KILD H v < EI O
EET B HEBEE ( PINS—I# LFLTFL)QWihhddnidmEs b HBWE,
XL OTEED I h D PEFEFEBEBND~I,ND-I[# 6P FH & Bbn b, 1 OMWEL
B EEE 0.0 5mR hr THwoke Table 4.1 nT , FEEROY Co0 ¥ —2 OFt
¥osE HUFE A ERIC N TR E (e Tin b2t HE HARESE L WHF THEDT , FiEER
e AlAr OBEBIC L 0o £ — 7 HROFHLBETLELALOL Bbhhba

4.5 ETFEENe.7 (NoT7TH4 k) (Figd4.9,4.10)

RO TR N T B TR EREFE ST TR o ( Fig- 3. 428 Yo No.18
PR TERMAOCETE ), 27 v x~2 b z2—200GS BOERILI DL WA
B EEBEER LHTL &l FEFEEND-I 355 FFFAELEOMERRE , Fig
4.9 FFFED T No-1 P4t 27 ba (Figd.T)EBEALALETHN z <
Wco&'ﬁﬁw&%ﬁE“K,~“T5,ﬂ4Bz A R E LI,

Fig, 4. 1O BEFF 1 OMWEGRRRD 2 2 P AT TAr 2 LU NaLHEaNRE F <
GO Y _sa RNk, FHBESCOETK25L 3R LT, FEl st Ik Fe(o,7)
RIED # ¥ <@t I N i h ke MBHIELFFLH mri 0.025mR, hr 5 71 OMWiESER
#d 01 5mRANr Th o Tabled 1 TELAE—2 CEHEE B2+ Cop 2&D K
— 2 O EERFFEEEREOFAFILEOH 1020 1 LAE e cHhAHEOMERRE
ot A TR S TnA T & I UHECREC TN THENIAr DY 220l FECHY ,
R BICE ST SERHSE Ve 75 A BBREsH LI v 0L abh b, -
E3 AR TS %o

4. & EFFEENS 4 ( Noata4 b)) (Fige4.11)

ETFOIAIEE No 4 KA CHEER B THE L. hEFETEEND-I , + LUF
MF o+ 27957  NROBREBLH D » FHRE A » by =T858 5, .

Fig. 4. 11 AP/ 1 OMWERBCHELA Yy~ <2 P »EFRT o Feln.7) =N
P HEOE TR K- H <, TAr, % Co, ¥ Zn, 4 B AR VK TR, B A b DA <
KAt AN . CALAEUEEF LU Ty b7 THALORHREFEL LN COBRFO
GEZIT 0L2mB hr THEMRD ok

4. 7 EFFENo A0 (No. 10 H4 +) (Fig 4.12)
EIEOEEENy .10 LM, T , s FEMEEND WMo T CHCHEHSTEIRELA
(Fig.3.488), Fig. 4. 120X 0#E4FTo Feln,7) X » 1N, 1 Ar, *°Co, **Zns

I3
-7 -
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WK D - R BN Ehke Fig 4. 12230 Fig 4.6, 4.8, 4.11 & T 5E,
Fe(n, 7Y EEC #H > < @HBHTiiot b EHEITh Tha T EBNEYENTSS ( Table
4.2% 5T Pe(n, ) BRSO # v« HOFHERX—FE L ) FHFEFLEND-IKA ,
it FREIEL L L Tre 2802~ v P EAWTERY , ThaFeln,7) RGO H ¥ <@
TRELAEEEL LN L, BEEEZ 0.2mR hr Th oo

4.8 FFDAYSLRESEDIELNORBA( Fig 4.13 , 4,14, 4. 15)

JRR—3THEXKOHE*R oAD" —FRELT~V T 257HnTWnh, T,
~Alwald, FFDZOSASRE (EANLLFPA R EAETHEE)ORELATRE~ VY
AELTREVLA TG, ZORBDO~Y P 2OBENFEHRT IEFFDEAOCOETCE
HLTEh , 2t 23F v 22 CHENGELA®, 22 ) —1E2HALTFFDER
a5 23ROAKIHBLCHENT, FRhEROREAFT~Y T2 L LTHEMEIATWE (Fig
B.32FB)o FFDEADOANY Y ARE R FE T 2HOHSOHOA IS 5L H L5 HHIC
BHETELCEINE 2T ok COEEANEN25om , EIH 3nam® X7 » VA
o, FHZBEHORTEIHE C22 08 F P 8F L b CORIEHICHET 2RHIRE 2 0
BrEI1bNL, APEFRE IOMWEERCIREXLE NS T ¥ 0T, #H2x) s b (HEZ
S5cm s 2V v FHL1emX5oemBH ) 2HESCH HETHELTEZ - £

EFFEE | #30B00 =B ANZ b at Fig 4. 188 ERT . EECHEL tHb LB
bhsCo o » ¥ Xe( 5.27d,80.9keV ) » " Xe(92hr ,250keV )R EDOHFH R
FPEBLEAABO ™ Csabo# Y ~BUBREIINA.. COLEORERLTETORET
0.2 5mR/Ar THwotko

Fig 4. 140 FF4 1 OMWERRO # ¥ < A~ 7 p v £FFo WK, ¥Kr, *Kr» " Xe,
18I0 L 18X 2 FOARN AT PR L FEOMBEEYR, ¥0s A1, Co, 2 T A
o CRLAOFPRHEOH Y ~EE— s OHMED Table 4. BERTHE DI TH L. Fige
4. 1BHET 22 ¥—H oy <BEHELEDI»OT s Fe(n,7) ®¥NHLOH v =@BE NI &
R LTwd, LD FPPHEBHBHN4LIIECRELARAY S v EEBEHOBRELOL
BT, AE LA S Y FELA Y 2REHBELAEI TR-THD , ZOBREY 5 YOS
BLLZ 3 OBRERPTHEE HEODBREVBLETHLLLIFHLT , FPEER~V 7L =
MICEE IR THD » T LA RBEE2RET 22008 NE T, FFDOBELETX
HTnbdo L LEHSL »JRR—3THRKRKY 5 SERET LS DRHEE ,, KRRV 70
U0, #HcxmlLloosl , B0 ceBREVYIYRIBFPOSy 275 FilE( 22
HHEIC B B FLWHRAHERE L ABSAFPEEO VAR ,HED Ny 2752 F v
NPy EL L ELELZ LN, CAFTHALTHLVWBEHOHEBEEHETEHE®E o Thn
%o

4.9 FFDAUDLAZEED HEE No 6 (Fig. 4. 16, 4.17)
MEBOFFD ~) v s REEH LAEL 2HRDOF 4 24 No .6 DEE R RE LEREREE Fig

4.16 (F4EEFE) , Fig 4.17 (F 1 OMWEER ) KTRT. Fig 413, 4. 14 L EE L
..8_
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CHHAN AL AL THA. DIPERZLARCo0M VK110
TWABT LT, chEATRO B EBREHBoNELIECL Y , COREFRIBNFLNIO

WA, L TEEEREL TWECo0ERLE (T osTnE ADEEL LN,

4.10 FFD®AR(Fig+4-18)

FPDZE@ A RS ERCEWTE ,BFENS Yy vROHBEERS(ZITELOT,
2O AOHGFCHALGE HEHO X v b (HEZ5cm , 2V » PFL1emX5em 5 ) £
HSR A S THIEE T2 oo Fig 4. 18R H T HEELB IS ITE 7= X2 barER
Fo HEHEEZCo THEN IE P 0s, Phr, PNom E¥RBOENF PEAIEHI
Nte FEFDAT 2 aRHE THEZAAZ T Xe @ T THERBL TWITHHTEL Lok BT
BRI, PIDEADVERHERBEL 2ok 0T WX TAAZ Do ko

4.11 4#ugE (Fig.4:19,4.20)

FEBT 1O VG EERS 25 BB RETFERPESI DA RIEE 2 5. FFL
BB TR s FOADHT cMEEL TmRbr & tt.i@jé@(%m;;ﬁfc'@z,o TEASHES
FEAKY TR EO CREEFE SO AV RERET A Lo CBO 2 5+ (HES 10cm
20 v bH 1 enX5emER ) s EEo s T TEE T oke Fig 4. 1911 HL
Np Hoy wffizx~g P rhfde FIL4. 20020 » b T3 (FEEX5cm) £oH T e
Bk L ROH YRR A THB M bBELAE L 5T CoBEFRITH 5,
T, IRANECHAMEONANERTDLZDIC , B3 h 2BEhoM PR &
AL ST W LG LA LEL LN B, BIC, FEKA > VOAERCHN LN T X5 7
A PSS (EEDCo (10~50%) ) LN, ChANMELI A L#ETR b (PHARE
DEEE RT3 4 ALEME LA TWAZ ERHBHLTWDS ) Tofic OB ITEKEE
Fod A BEER e D, P CoLAOREL BETA L TFEINDL S , BN 0o ¥
I8 X TH T B B D fra FIFIEEEIC R 17 A EIEE O ZMETFE TmRhr ORI H
O IR DI EHTEL, PCoUBEEROREILEBELTWLRDL , Z2aBELE
BETHLM, t0ETLERHCHBFLTVELEL b (REREENEN ) T X Ay
WY D A MDD TEHBRS OFECWER LONE B IHETD 5.

412 L—FF2AbE (Fig. 4.21,4.22)

FEMT 1RO I REAFOS 2R ABEEOFT 2 ) —FEEOHMICE L IF T H
BEBNCHEL T2 ( Fig 4.1 ) A CREFREARERL L (o h 0tk
%@ﬁ%&gﬁﬂﬂhfmau@k%mghgc@%ﬁ@%%%@Oﬂgmmﬁrf%oﬁo
Fige 4. 21 L+ D H =R bakmde AEO2 20 —pCEZTREZYK®U, Th
OEREFEITY, 4B, M Ph, A » IS HBER v EASLNETLERI AL G r ¥
b DN wENEE AN, 439keV , 463 keVO A B E—2 DT , TOKH
i HED L ARETH b

Fig. 4. 22 EF4F 1 OMWEER O 7 ¥ <X <2 b kRte FFLEF ( Fig 4.21)

— —
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EHNBE, VA B wTED L BEREETE 004mRB/hr TH oo TOArda
—7F AL ERAEERHELEROHFL A 2 A B TN B ECRALTnA EF L bR b,

4.13 HS#M=E (Fig 4. 23 )

FRNOHESWES ZHERER (FFEREN) THEELET 2 ok. COHA AT , &
OB, BT 40mORXR vy 25 b REPCHEI NS, LOIMWEESO A vy~ ~2 brk
Fig. 4. 281 FETo "Ar#EEH T L5, #E02Co0#r=H (1332 keV ) ERD
nar—ziHINnAk, YCoOREFLOWTHHBTRAVWNEKFL %" Co nE
BRLTHE A2 v hCHBLTwE L3 EL bhD, BIERCESITARERIE 008mR hr
THHko

&5 &8

T#H Ce(Li) Rt Z4ABELIRR—30B M 04 FFFHEIERE S L UHRFFERREO
Hy=BARZ PAERHEL %

THE Ge(Li) M HBRARERE 150D 544X 2y M, BHKTE 334 af OfF &5
Ge(Lid#HHEE <o Y LA T ,HBHEES -SEZ7I 24280 T11kg Thoke
KHESEOWBERL1L/HTh o, CORMBED LI32MV H v =BICXT 5 ¥— 2
Wi, B R HEES 25 micEnT, 312x10° ,3 X3 ' NalC kNXT26%T»
wfe ¥ s TAAF—FHEEL 3.5 keV TH oo

COMHBEBWT » JRR-3BHOH > ~BAX7 V2 HIFELAEROKREIROBY
THAa
1) WEhOHERICE W T YK, 2T, Bio s 2 HRKHEO ¥ —2 2R bh e K
OE— 28R (0,05~016)cps THh TP D 2614keV £ —2 0stEER (0005
~0.028)cps Thuk, CALEEYNDO a2 ) — O ELEINTWEIOTHY , B
Brayvy— bOMBREGI I ) HHERBRT 40BN b, '

2) AIFELAEITNTOBF T "o Hr =B Y—s3nBbNks 1332keV ¥ — 205

H( 018~123) cps TH okt “ConFiLiEWO R » —REGEHEEE , FFDE, FFD~
Py AaRES 2 LT LAERBLTR AT ) A —soHESFERLTAZELTW S, WT

Ny —REHRPORED DA ERC LY AL ABEH o BRELERY O Co BFRA KK
LTWwao i InhdneZEiLbhsbe

3) BFFEOLOMWESHRIEINTOBFTHEINL0EYAr0o# =R TE D, 0¥

—~ 7 OFHBHEIT ( 025~310)cps TH ko TAr OBNEFIFEFFIEHE & L UBERBE

Thofeeo TAr AETHOAr FHRMIELTELEZBE TS D , YAr ¢ LT BB ICHPHE
FRELZTIEZOEERKLTBER DD

4) F=E1oNo.1 ,No-4,No. 7,No. 1094 + X UHIBERECENTE, TMeVL ED

Briax—ss Fr=BuflEdihk. Fe(n,7YRIED b0 # > =%t » No. 1 0% 4 bdi—
Fmd W TNo. 444 b s Now 1 ¥4 POEKZ o TE D s Noo 74 4 P& L FIHE CiIk

BEAERDRZE V. ZRZ LML, AEFEHFEBND-NIE I UFND-In HRELTWES
-10~-
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LHNLLE,Ar b weTed , BEERIEFE 004mB/hr Th ok, TOMArida
— T F AN RERH A URHESEZOHGT A2 PR B TR L ECERLTWwWA LEE: bh b,

4.13 HSHWE ( Fig 4. 23)

FRERNOHELEL IHERERN(FTFPFREN) THEE T2 ok. COHRFxE » &
OB ,EITA0mORZ vy 2Hh b REPCHEI NS, 1LIMWEERSO vyl <7 bark
Fig. 4. 28T e VAr B HEH TH L5, 2 %2Con#r<H (1332 keV ) EBD
ha€—23HaInke YCoDREFLODOATHBEETRENWHEKPICD o2 Co NE
BLTHEF 7 VRCHBELTWAZ L3I EL bR, BIEBCSTARERIL 008mR hr

T%")ﬁo

5 X&b

T#pE Ge(Li) BB EA*XELIRR—30EHC T A EFFEL¥ S IVETFFERRFO
HreBARZ A iPRIEL R

A Ge(Li) tHHBRAREER 150D 7 514+ X 2o MT , B HKE 334 af OF &#5
Ge(Li)#tEE ~v Y P LAIOT,HBHESR - BE7A 42280 T11lkg Thoka
WEBEOHBERL1L/TTh o, COBRBIEO LI32MV H ¥ =RICHT 5 ¥ —2sHH
Tt , 8 - HEEE 25 micEnT , 312x107° ,3"%X3 ' Nalk kT 26%T»
oo El y TAAF—RRER 35keV T nro

COWMHEBEBWT , JRR—3FHOH =R 2 HIFLAEROREdROCED
TH b,

1) WEhOBERICE N T3 YK, 2T, MBio L s 2 HAKHEEO v —2 2R bh e K
DE— s EEE (0.05~016)cps THD P TP D 2614keV £ —2 05EHER (0005
~0.028)eps THok, CALEEYO 21—+ DELCEFFATNEIOTHD , HH
BLurp ) — b OMEWRIC L VHEEAERT 230 LEbN b, |

2) BIFELAITNTOERT o Hr<B—rnRbiike 1332keV € —2D5THE
H( 018~123) cps TH oo “Co RIHENDE » —REEHBBE , FFDE, FFD~
o aREER ETLHEHEBECELTR AT ) A — s THESFERLTHELTW S, W
N —HBHRTFORUS DNEEREC LY ELAaBEH o BRRLER Y ©* Co nRA KK
LTWwar i IhdotZEirbhibe

3) HFFEO 1 OMWEERIE TR TOBFTHEINLZ0RMAr0# ¥ =R TE D, 0¥
— 7 OFHB#ET ( 025~310)cps THnto TAr OBRNBEHFAREFFIEH s L CHER MBS
Thofe TAr @ZTFO Ar PBHMLTECAHETD D , YAr R AT 5B C P
FRELTZITIETOF2ROTLEN DS,
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Table captions
Table 4.1 Counting rates of background gamma-rays measured by portable
Ge(Li)detector at various places in JRR-3
Table 4.2 Counting rates of high energy gamma-rays measured by portable
Ge(Li)detector at various places in JRR-3
Tabie 4.3 Coﬁnting rates of fission product gamma-rays measured by port-

able Ge(Li)detector near at FFD room in JRR-3

Photo captions
Photo 2.1 Portable Ge(Li)detector system in front of JRR-3 reactor wall
No.l { No.l site )
photo 2.2 Portable Ge(Li}detector system at the primary coolant system
room in JRR-3. The detector head was covered by lead shielding

blocks.

Figure captions .

Fig.2.1 Portable Ge(Li)detector assembly

Fig.2.2 Liquid nitrogen consumption of cryostat with 33.4cm3 Ge(Li)
detector and preamplifier

Fig.2.3 Schematic diagram of portable Ge(Li)detector system

Fig.Z2.4 Capacitance and leakage current vs. bias voltage characteristics .
of 33.4cm3 Ge(Li)detector

Fig.2.5 Detector performance measured at source-to-detector distance 25cm

Fig.3.1 Flow sheet of heavy-water system in JRR-3

Fig.3.2 Flow sheet of helium gas system in JRR-3

Fig.3.3 Fuel failure detector system in JRR-3

Fig.3.4 Plane view of JRR-3 first floor reactor room
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Gamma-ray spectrum measurement points in JRR-3

Gamma-ray pulse height distribution
top { Reactor was not in operation )
Gamma-ray pulse height distribution
top during 10MW operation

Gamma-ray pulse height distribution
top during 10MW operation { reduced
Gamma-ray pulse height distribution
room ( Reactor was not in operation
Gamma-ray pulse height distribution
room during 10MW cperation

Gamma-ray pulse height distribution
room No.l site { Reactor was not in

Gamma-ray pulse height distribution

room No.l site during 10MW operation

‘Gamma-ray pulse height distribution

room No.7 site { Reactor was not in

Gamma-ray pulse height distribution

room No.7 site during 10MW operation

measured at

measured at

measured at
gain )
measured at
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measured at

measured at
operation )

measured at

measured at
operation )

measured at

Gamma-ray pulse height distribution measured at

room No.4 site during 10MW operation

Gamma-ray pulse height distribution

measured at

reom Ne.10 site during 10MW operation
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JRR-3
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Gamma-ray pulse height distribution measured at JRR-3

helium piping bent ( Reactor was not in operation )
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Gamma-ray pulse height distribution measured
gas helium piping bent during 10MW operation
Gamma-ray pulse height distribution measured
gas helium piping bent during 10MW operation
Gamma-ray pulse height distribution measured
room helium piping No.6 ( Reactor was not in
Gamma-ray pulse height distribution measured
gas helium piping No.6 during 10MW operation
Gamma-ray pulse height distribution measured
entrance ( in lead collimator )( Reactor was

Gamma-ray pulse height distribution measured

at JRR-3 cover

at JRR-3 cover

{ reduced gain )
at JRR-3 FFD
operation )

at JRR-3 cover

at FFD room
not in operation)

at JRR-3 primary

cooling system room { in lead collimator )( Reactor was mnot

in operation )

Gamma-ray pulse height distribution measured

at JRR-3 primary

cooling system room ( in lead.shielding }( Reactor was not in

operation )

Gamma-ray pulse height distribution measured
test room { Reactor was not in operation )
Gamma-ray pulse height distribution measured
test room during 10MW operation

Gamma-ray pulse height distribution measured

air fan room during 10MW operation

at JRR-3 loop

at JRR-3 loop

at JRR-3 exhaust
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Photo 2.1 _Portable Ge(Li} detector system in front of
JRR-3 reactor wall No.1 [ No.l site ]

Photo 2.2 Portable Ge(Li) detector system af the primary

coolant svstem room in JRR-3. The detector head

was covered by lead shielding blogks.
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