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Development of Elemental Components in NDA Systems for Certifying Radioactive Wastes

with the Clearance Level
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As part of low-level radiation monitoring development, we have designed and developed
a gamma measurement system to certify radioactive wastes below the clearance level. By
advancing non-destructive gamma-ray assay technology, it aims at quantitative
determination of radionuclides contained in 200 litter drum/container wastes . Unlike the
waste from a nuclear power plant, it is assumed that the waste originating from
radioisotope usage and nuclear research laboratory have a variety of contents and a
complex mixture of radionuclides, and furthermore the uniformity of activity concentration
is unknown. To cope with the problems caused by the property of the waste, we have
developed the gamma-ray measuring instruments (units) with effective improvement of
capability against each problem. They are (1) germanium gamma spectrometry unit for
enhanced peak identification, (2) positioning detection unit for deducing activity
distribution and (3)high-efficiency detection unit for separation of low-energy component.
This report summarizes the direction of the clearance level measuring system and the three

developed measuring units with their performances.

Keywords: Radioactive Waste, Radioisotope, Nondestructive Assay, Clearance Level,
Gamma-rays, 200-litter Drum, Anti-Compton Spectrometer, Nal(TD Bar
Scintillator, CsI (TD /Plastic Phoswitch Detector.
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e ©THE. GORBETT. H— RBHBEOUERBE R ZT o ZOHERE AR M
ERT. WEANNEN () T FEAXRY MVZEBEMPOER y BHEREICERL TH
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WhE <23, BIFNF—HEBEOHEDOE T, BHMFTT TITHELI NEMA LU 2y
BRI EDHDTH D, ZORSITFINF—NMEL Ge OFEFICAF LU THHABIRICKD
ERNINA72D. ¥ 80keV iITLD L xIVF—HE T, BREHORIT/NT N,

BRUTCABZEBRICRIET 2 & 21T, BREEICKDES AR MV, EEAXRT M
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HIBHELT, & 821 IRLE. BEONY VTS50 REHEHBEEEFIZBVTIE, Ge &
HERZ BT TS & & EHART, Cs-137 T 0.21. Co-60 Tld 0.24 KT 5 Z &AVAIHE
E7xoTz. 2B BEIONY 7 757 2 REFHRIZDOW T, BAWEZZFATLH I EITXD,
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& 3.21 NvI 7592 ROEERIE
(EM 5. a D Ge BiHEE. bilf— FRHZEEB LOMIT K DA W, i FRHEITE)

2R E— 7 s
Cs-137 Co-60
a. B 1 1 1
b. AN 0.32 0.42 0.42
c.WRIREEHEL 0.23 0.21 0.24
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3.2.3 HEEEOBRNRYIISYYRICHTRIERGR
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3.3 EEiEANAREDLEE

FOMTEONZARHEETOREERRELRVED., BRANY 7757 REHLOKE
I, HIEEEORBMEAEEZKESEATS. N2 7570 ROKFBICBEL T, o &bEH
IHEANWHR EHEETWN, S THRALEZAROPRIIDNTHE Uz, BfEAWAR T,
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£ 18cm (JEH 10cm) T, £IA22.8cm OMERD S DERE Uiz, EBRITITHENWKRIZEYE
B, YIal—Ta  EEICK DR L. BETT IR OB ET IV & H Nz,
B 8.2.5 iT. HANY T 572 RRSHRIZHT 2EANNFRDBENITELD Ge BHHEEDIES
AR MVERT, —BLENMAHEANNEBIBNEZDHEEARY MV THS, K (OF) 2N
BEANWER, —B T (@) N ZTHRALZHRIES AT AFROEFE AR MIVERT,
ZIZT BENY I T RERRIILELEEITE. THZD Ge MERHICAHTIRATEL
DEELRADNEENTNE 2D, AFROFSNEEITITS T 7 EITHENTHWRW, Pk
LM DER3IZ. Bi-214 5D 0.609MeV v #FICK 2 2RINE—r 21T, HFEFFFHETIIE
=T DNR—AFA BHASMITEN > TNBEN, E—JORKEIZZNICENMND ST HTTN
BTENGND, TRIVF—IZEL TIE. 300keV BLETEFRDIZ D DRENE N, TNXD
BNI ) F—EH TR ABHRICE D )V F— RN KEN &0, WE RGOSR
HEVHFETER 2D, REL. BAWMTH 2800 5FET 28 X BILERKEEICKLD
PrEEnDd. £z, 40, 50keV ELFOEE T, AAFROEFHNEHIEIND, . ZOFEET
RN DI N e ENRIL D EWND T EIIMA, HBEETTICAR TS v BOoBMTE, Mk
WIRNF—2LE LEZOBEENACENZ DD D, IS Lz rENR SNz sLEL
5N5,
BWANWARDENWCKAEZNY 7 TS5 RMEEGREE, #& 322 WEE®z, 2IT. NvJ
750 2 FMEAREIL, EANNWRENEED Ge MEBOLEEITHT S, EANNWEELEZEE
D Ge HEBOEFHROLAE LD, TOWEE LT,

#2322 NwZ7592 RMEBAHARDEWVWICEDNY 7757 > RIKFIRE Ric

HEAVIREE Rre
Ge (BLH) 1.00
Ge + BRik#h 4.30
Ge + Nal /1— R 2.79
Ge + Nal T— R + i 3.38
Ge + Nal H— R + W[EREEHK 4.62

Ge + Nal H— R + ¢+ WFEIREEHEC 4.85
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75T Ry REEMRIFIINFE—ART MV EBDETE—LAT B2z N2 L,
TREARY MIVOE TRV F =135 490keV TH B, KL AT LDKFEHFENCEET 5 F AEE
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SDOAFTHAEE 0° &Lk, M=y NI 0° flE 0l & LR THEN5. 0° 15
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P He
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3.5 IRHBRFMEIREDF(HE
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AR =y N ORI MSREZFTEIC K DFME L /=, FHEARER 3.2.7 ITRT,. Bl
200 Uw MVRSAEEL., BIERBIZ4ADEUTIHMEL 2. Ny 77902 REHKICIE, %E
BERETOREZA Wz, BB BEMNSONY 7757 2 NG EET X DA
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T2E, H—pWERELEBEIIE. ZITHRELZTRTOME, BMICdL T, Z0H%
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4, fUEEEBHI=—vy b

4.1 =

RI - IREFMEREY OB/EITIE, RHBEOSHIE—TH 5 LIMRETER . TDEDH. B
BEETORFEBEEZREXSHETMET 2 IR, BEERAETS I E0EFMNT. HEEHFRO
B ERHETHILOEELRD, BREEN BBRRLEETHIESITILER O BRAIERE
AWTHEREFREZBRET 2 ENMETH S, ZEL. BIERREREMIINSYERREICRE SN,
BYEESHEMORITEBL TND EXITIEH2 2 ENTERNWED, HETRED A FMICIZD
RITRENED . —F., v BHREEEEEGRICUZERIE. 1 BOEBHOEDICHHMERIZ
FEHRICRD ENo ERE, WEYMNBOBES N b 5EEFMTS I ENTES, —RIT,
BEZEMR D K D ICFHMBEEAA WERHI N T 2 v MAMHRIE T, BEMICIIERORBBELRE
BREZHED I IR, ZELZIOBEIE, Z<OWER(EDa—)V. BFERRE) MNE
THROFENNEHZ S AT AERD, BRETE. 1E0ER Nal(TDY > F L —3 a VRS
NERBBREIZy FERFEL. BEETO y REHEBEOLMEREZAZ L 2BNEL.

PBHEHEORNVERE U Nal(TDBRHEE, FHEICBIS @7 1L 23— % 2
SV a—YEEBEERE (CT: Computed Tomography) 2ic, ZHETHNSNTETNS,
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B EICEKD, BHRESHOHERNFAIETH 5. MEBORAL. HERRHIBEOMHEICEY 177
2 DO EFHEEPMT:Photomultiplier Tube) DA Z BT B Z LIk > TS, 78V
R FU—FNHORAMETHAEERAZEILZETEE, —FORMTEAINEG S FL
—3a VHROBER, HEERMESNEETFREE EOBEBL U THEEBEENICEET S, <
NZEFIAL T, AHONETFHEE CHIUINAIRABOEVWNSHEEROMBERETSZ
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FE 421 MEERMERHI=Y NONE
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FTNMBEBTHEERLZEEIT, @0 PMT TEHEIESNSEBOKREIEETNEN B Es
ET2LE TNTNOEFORZIEFUTOXTEA SN S,

EA = CEe—a(L/Z—x) ...... (4' la)

EB =CE€_Q(L/2+X) ...... (4‘ 1b)
ZZT, aldBMEESHEDDOEOBTEFRI. C ESHAEERAME TRELRE, LI 0F
L= DEETHD, LD 2 D0XNSE, MFEBOFH SMHEIERME EOBERIIRDL D ITE
N5,

_‘E?A =eZoc:c
Ey e (4. 2)

Fz, LORT. XEEERNEZTAHOZHNT, UTOXDICEZHIBIEHTES,
6= tan'l(ez‘” ) ...... (4 3)

MHEAERMBICRITSEEARY MU, X B2 ME 0 OEFE LOFHENSRDENS,

BRI OMEB ML P oFL—YOEI LEBMNEIHZDONOEERK o &DOF
WKEKETS, —BIC. o L = 29 NREDMEBHRELZHIZOOREMBEINTNS Y, Ko
BERE L P OoFL—FREORFERL, P OFL—FNHLTOHOEKNELEZ S I EICE
VBT DI ENTES 7, JLHFAZHENRERE T2 & EIIIHE DT ENRIHENEE
L, UL, BYE LORBESITMA, KOBERRKOFBROHL <2DED, RWI o FL—
FIZIENER B FZEBRWBSMREEEZRDONEL </ 5,

THRTLAI—T7 CTEBTIE. L mm EEWIBOMRMENERINDN, AP THRE
THMAREERAIEICIE. THIEEDR
WALE S RREIIN T U b B TR0,
AT, o L = 2#iBOHLkE
L7z,
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4.3 (IESEEE

BRI B OB D RREZTIE Ue. WL, BRSO R X AMICIR > T 10ecm k& THI
EUTz. BRIRICIE Co-60 ZAWY, 14mm ¢ DR ZEHFITZES 10cm O A—F Z@ L THS
L7z,

FPARHIZ Y MBS X e AE 0 & BEROMEERME & DOBIfRZR 4.3.1
IR . ASIED. iﬁtﬁ%&@#ﬂé&,ﬁ% Ocm &L, ZZ&EFL ”EE@@“&%+@EE%ET%@%
UTzo A3k, AE 0 EASHMIE & OMITIZERBIMRMKILIT 2 NETH 5, FEFHOmEFLT
%%%ﬁﬁ'ﬁ%&?bt I, YOFL—FORERENTD T m*ﬁ&f%ﬁl{y@‘ér‘: I

ORBIMBETHD, RAEDIRTL o FL—F EHXEREDTRRA Y T T 2fTD &M
’C%f;bst&b EHERIEND, B 4.8.2 1T, BHIFF R Ocm) ITBIFE3U A—KLU7z Co60 7##
FIOH T BEEmANRT MV &ERT, J:XJI/#»—%ﬁgﬁb(FWHM)m 1.33MeV T 6.3%Z R~ L7z, &
WHEROBREZE TS L. BNWIRIF—EEEZELTNDENZ S,

—~ 1.6 T T T T T T T 5v000 H T T T T
l\ 1 4 - -
P~ L .
N - o
é 10 - - % 3,000 |- -
ﬁ 08 I~ I xlnn
for n i 2,000 -
‘t’é 0.6
o 04r } 1,000 |- .
02t - '
0.0 1 1 ] 1 1 ] i 0 1 1 { |
-30 -20 -10 O 10 20 30 0 100 200 300 400 500 600
ASHHLE (cm) FyoxIb
43.1 XHhilDHEO EAFEDIEE 4.3.2 RHZZPE (Ocm) IZBIT B R AN
R 27 MV (BB Co-60)

B 4.3.83 1T, 10cm FREMEICEIE L 7= 1.33MeV RN E— V5 EAR L ZBDERT, O
BRI E— 7 FHBOIEND W, BEEND DB FRRICHE T2, Ocm BT HAEBELFREE
FEE FWHM) TRHMET 5 &, 3.1em THo .

FRRICL T, Cs-187(0.662MeV)IZ X D ALE D fRREIL. FIRT 3.4em THolz, (LB HAE
W3 mAED<IEEBET 2, £20cm OHIFTIL, Co-60. Cs 137 HEDNTNTDH, 5em
PAIRRE>TWS, 2O EnSE, KEABOEEHNIE L TIRFES R BHFEE DD I N
N7z,

BZE OESREEL. MHSERT O LX)V F— s, v RO U F L —FNE TOHEL
RERTRBTRINF—IREMBOILND EORERRHERELTHRES, WEKRE) SHIET S
& IRINF—DEREOHRFOIFZDNZEH TH 2 LHEHITE 5,
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4.4 HBEHROEEAY LB SEE

BAFE L =Rk el d. AEMERITT DD AT, MEOMNESMREEEE TSI ENbho 7,
U UEBRICIE. BEDBRHEEN SEENDICDNT v MOBESANIEN 2728, HIEICL 0L
BZRETL2O0VREL2D, B 4.4.1 12, HEEMICSCZ 1.33MeV 2RINE—2 OALED
MZ2RT, Co60 MARIAZ . BRI HER D HIALE Ocm ITHBWT, EHFFAFIC Ocm (KD , 10cm,
40cm DEBEICE W, RNS 205K D1, B & OFEBENK X < mid7 5 1 EALE S e
BT 25, MESMEIX. ZE (Ocm) T 5.2cm. 10cm BEi/z 5T 32.83cm &785 7z, 40cm
KDOWTI, FHEFREETH o 2.

ULDRERN S, MBERER LD, BIHBROIEND ZHWAZAYA—FNBETHD

—t
o

(A ST EIBOcm TERI81L)
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ZEWNSMND, ZZTIE 1lem BT, 10em EOFRI YU A—FiR%E 5em HBTEE L /2. EBRIZ.
FeH2EH 5 OFERE 10ecm & 40cm 12T, Co-60 MFHEAWTITo/z. EROEEZK 4.4.2 1R
T, ZDEZOWMAY A=Y DRRER 4.4.3 187, Y A—FNWRWIREDOALE S MREEE lem
MET7oy hUz, U A—FE2BIMLEZEEDOMENHEEL. sem BB TEEDEZEANT
TATRUZ. BEBRHEIRRED S 10em BN TS & &I, VA —F2FHTHIET,
MEBAREER1/6 ICHETE L, ZOEMEITIV A—FEEE L 2ME (22 T3 5em FHR)

ICKELIKET S, & o BBk

3 N 40cm

R & DOEEED 40cm @ 0G0 L

EEITIE. LB REE O MRS $hm A—%
% 25cm &9 BHIEN I

T&h, COEEETX 5cm 1

S BFREE LT
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~
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BE%E 10em L0D@E< \
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[ A SEMSIEME: 40cm!
0.0 »my——m/—p——r T e
30 20 -10 O 10 20 30

ASHIE (cm)
443 DY A—FDHEEDENIZ I DHEHEDOIEND




JAERI-Research 2004-021

4.5 MNEHR
ERITHRENOERZ2E 2256, MEPENEWED, mE (FL) BIRNENS &
Mo, EXITHAT— R Ty BREMHTH2EEITH L TEENDLETH 5. HIAIE Co60
Tld. 1.17MeV & 1.33MeV @ 2 D0 v ARKICHE SN 20, EEARZ MLV ETIH2D
EIMELZIXI)VF— 250MeV ICHAE—IRHETSH, COLDIT, F—&E)S5FERFC2
ﬁ@vﬁmmméméﬁA W E—JRHICRIBRAED, BRIEPIRICEEZRITT. K 4.5.1
T, ARRHER & Co-60 FREMFEEEICH T 2 EmARY MV LY A E—7 OELEFERT . FEIL.
EEOES HFROHFRRMABICBNT, REMNS 0, 10, 40cm L ZEBEHICE W=, RIRLZ 3D
DEBEmARY MIVOBIEFREIZFE L TH B, Co-60 FREITHT HY L E—TF51E. Ocm (B
PERE) DMBIZBWT 1.33MeV E—JFHID 19 ¥ Th o7z, KIT, 10em EBIFBH EH ALY
— 7 &0 2%ICETELLBA L7z, 40cm Ti, MERICI DV L E—7 3B Nh
o, TOEIIT. MESRITHE T E2HEEEHEEZB IETNILTEHIENTES, £/,
QY A—FOFRALMBEZNRENSLTB, 2L, EEEEEELZD, QU A—FE2FRTS &,
BMHEPROEBBRLZETEZDZ57, HlAE BEZ Ocm M5 10em IKEIFB I EI2LD,
1.33MeV @O E— 7 B EZhERIT T0%ITIE T T 5.
OUA—FZFERTEIEICRD2BEHDBORTZ, R 4.5.1 [TRT. FEEDOEBED 10cm
DEED, TAVA—FOFWMTLBMHEEZRLIZ, ZOHA. AU A—FOFERITKD.
1.38MeV IZB9 5 E— 7 BHHDEIIK 60% KT LIz, ZDXKIIT. MEBEANREZHET DD
DAY A—FOFERITIE, MERROETEMED LD ZEIERLURTNER SN,

0.01 3 T T T T T
- "\
1E3F {f'ﬂwwm; A 1 Y LE—Y
1E4é
Ed X
ia 1E-5 3
1E-6Y BEEDER
L = 0em
' ——10cm
1E7 E —40cm
1E-8 T T T T T 1
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7 BIRILE— (MeV)

B14.5.1 FRIEHEEE S IEZRDBIR(Co-60 HRiE)
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#4510 A-FHERHICKMERIEDOZE;
PEAE Y A—F & JYA—FFH
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10 0.017 0.0066

46 £&d

SRR RN ZRIE T 272D ORI ERFE L. ZOBAEICDOWTHRAN L, 22T
13, 71.12ecm(28 1 O F)ED Nal(TD#MHZRZEEL 2, ZTOBHBERA NS Z LT, LR E
W2 BE R T, BORBEBRDMAICE U CIERN I WEIENTREE /20 . REEEDHELICH LT
13, 3~4em ONBEDRETHE TED Z E0%hho 72,

(LB RAEIRIBE O B X FIICHT 2 HOMBICKEL. KM S EMmET 3 2Ltk
B ETHHRENESND, T, KEMICIZEEHK. Nal(TDHE R ORMIISEmE L L&
bt%@ﬁ?@f%%%%btoEQ‘E%MK%@ﬁéﬁmbtﬂ%ﬁﬁbﬁ%btﬂ\%%
BORS TR WZD TRV F—fEEENIERICE<LZ D, FRICIEE S ah o7,

KR ET DREINE S THGEHE & OIFEEENKE <725 X D70 R TI. BERBIEN 529,
MBS FRENEL 25, ZOBARIKITAY A—FZHND I ET, HRSMICET DA BEFRN
BONDIEEER L, HZL. FRHTHU XA—F DR ENL, BHESIEROEKTFE2HEL< 2
D, MBEETIEECHB ORI EZZE L., EMICRERREZTIIED VLN,
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5. BRMERREI—v

5.1 #HME

BRIEY I EDBEREHREHUET 2201013, KEBOBRESENBREEINS, INET.
KEBENRD SN EEIZIE, BTN TIHEICESRT, T9RAF v FL—a kil
WMINBREINTERE ", L LA MEAMRIZENEWD S2RTE 7 BOBEEICIEAR
METHD, TIAFvIBRHEIL. BTFEFONIWERERZMEL TS ED. NIVAESR
g RICERINE—713E A BRI NN, Eiz, BRIV F—HEBICBITS v BOBET
. K0ENIRNF—D r Rk D37 N OBELRS MR R F—FICEE L. BNy
D750 REREEZ SO, PNRUDEWBRERFAMEEZRT. TIXF v IRtENSHE SN
5y MOTFNF—FRIZZL <. O S Nt Ry U TORER S NB DM~
BTH D,

AT, TIAT v VBHEBORI IR F—ERICB T 2MERERE VI REAZEMH-
PR EEWEL., TOBAMICOW TR LEZ. 22T, TI9AFy 7RHBICERS O F
L= ZRDEDEERAT L vFHO y fEHEETAH I LT E<IED RV F—ERITS
IamEEREDM 2B L, —RICTRAT 4 v FREEIE, P OFL—a PHOEERRE
NEREZ 2BEOL CFL—FE2REDVEOEEEZDE. 2BEOI FL—INEDERE
BRI 2 LI, BERIPNY I TS50 REFEENELTHRSN TS 7,

52 BHBLTHER

BUEL 7= CsI(TD/BC-400 R A ¢ v F AU HER P %M 5.2.1 ITRT. 20em x 20cm O ASHE
BB, TIAF I F L—FIZIiT BC-400 #fEH L7z, BC-400 DHIEIZ. 5em A CsI(T)
DI 16 MERD GOEEEHRELE, P FL—FDEXL. CsI(TD A 3Smm. BC-400
N bem ELTz. MADYFL—FNEDINHNNEITA M HA RZBL T, 12.7cm(5inch) ¢ D
HEFHEEPMDICENTNS, CITDY > FL—F1d, BVRETFEEZD> TVWSZDEN
BEXTHb TR rBEELETELEnD R e, BRENZERITENEWSHEANSEIRL 2.
/2, BC400 DY > FL—a HOBPEDENNKEL, EEFAINCITEL ZlAE0E
THH5, My FL—FOEANENEZE 5.2.171R7

AR OMEREICEL T, UTO 3 DORIEE— RTRBR L=,

E—R—=1: CsIMD>>FL—HFIZLBr AR bOA MY —HIE

E—R—1I: CsI(TDY > FL—Fick s/ oRHlE

E—R—11: TIAFvIBIRCITY > FL—Fickpe/7oRlE

K 5.2212. BHEHBRICAWEHEREZRT. BE—R-1BLPI T, CsITDZET TR I -
FPERICLBINAETZED =0, L6 ERNDER— /L AREEHBEY 2 —)LERANT. /X
WAEERNET /2. LDEWSSE EMNDKFARYT MIVEESZDIC. T 2 TIEEERITE
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T7—AK T4« TTERO, S5 ERNOREART BV ED CsUTDRES & HI2s
— hENTRFFFHEICE D CSITDDATHRAELZERBIIDOVWTARY MVAIEZTT> 7.

FILE=o A

7 (0.5mm/E) AT

(FHUILEL)

//"' RETFRES
Csl(Tl)

5.2.1 CsI(TD/BC-400 iR A7 ¢ w FHik H 54

Csl(TN)/BC-4004% 138

¢ v
AMP TP—AFAMP
1 A\ 4
ﬁ’a_t U H#Fﬂﬁ - SCA
REEh
I

SCAT AL A —l

CS(THES%
, F—rAA
TIFFroRIVEBTTSE hoo5 hovs
CSTHAARIOAR)— CsI(THZBR £ ORE
EiE: ‘

5.2.2  CsI(TD/BC-400 R AT 4w FHEIKRHEEOHIE R

RS20 RALES FL—F ORI

PUFL—F TIAF YT CsI(T1)
(BC-400)
BERHEE (om) 423 540
TR (us) 0.0024 0.68(64%)
3.34(36%)
thE 1.103 4.51
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5.3 CsI(TDY>FL—4HDEE

TIAF v F L= OREICHDEHES CsIT) Y > F L —F ODRBEIZEHITDONT,
MR BATEE (MDA : Minimum Detectable Activity) 82 & U THEL 72, BEE OK&H
FRAEETERIE, IR ENY 77 50 2 REHEROM G IKET D, v BRI T S HRERIT
POFL—FERELITHIILEN D TREL BRI, MRETEHrROLIVF—HFEZEEL
LA YO F LY ORBERBIZEONS DNy 7757 > REEHROFHRZEST
VT, MHBERE ETB I EICes, TITI REET Sy BIRIVF 1K 150keV LAT
El7=

ETANOGEERANT, CITDY > FL—FDEZE lmm M5 Tmm OFFHTELIE,
MR EEZEH L 2, BMEDERICIE, REFREOHRNS bem BEN/ZBTICENZR
BEICH T 22N E—IREER L. BEMNSDONY 7757 > FRFHRICIE, 3.1.2 T
WARZETFTIVEBERL . RHEEOBRHBRIMSE MDA, TFOR 2% AWTHEL 2.

MDA - 4.65,/N,T L 271
feT fer e (5.1
ZZC. Ne B ERICBIT BNy 275 L REHEE. FIRIHE (2 Tiky = D, e 134
WX E— 27 3h&R, TWEEHEEMTH S, TR I'ss &Lk,

K 5.3.1 1T, BN AS v BRI F— ERHBABNEDOBEFRZRT . 80keV AFDEL
FIF—EIE T, BEBER BT CsSITDDERMEEL RN EN, BNS50Nn5, 20
PRI T BAIRICE DHEERANZEM T, EW CITDTH T ICHRTIRETH %, EXIC
&S THRHEEFRBEENEDS5RNWZ ENS, CSITDDESDEIICED Ny 7757 > REHK
DT 2BBIININIENNZ B, —FH, v BOIRINF—NELRBITDN, W 2F
L—% T, HEERETICERT2HRNEL 15D, MHBEFRIGEITIEBICELS 25,
TR, BEMSR TR F—HEEE Co-57(122,136keV) 2 &L 150keV AT ORIV F— &L
T, CSITDDEHA% 3mm EREL =,

HRELZ 3mm B CsITDIZHTT BNy 7750 REEROFTEIZDNWTHRE Lz, K 5.3.2
W20 Ny 7 750 R E AR T )V F—I1ZBE L T 50keV IBEIZHEIL T, 3mm /& CsI(TD
SOFL—IDIRBFICEDITRIINF—HDO v BNED o TWaNERLUZ, RIFOSBENANL
FNF—TNL O AEERT, ERERBITTS720IT, CsI(TD ¥ > F L—F OREREEITFERE
D T3V E— 4 RAEE r‘abtﬁ%ﬁl%éﬁfmf;mt&b ERICBIIE NS ARY ML EZEE S,
M5, 100keV AR D v #RISIE S A EMHBIIRICE D ERINENTNS Z EA30 5. 100keV
HLT@,l*%ﬁ~ﬁ%?&#ﬁﬁﬁt@%#k%<&@,:>7F>@%®%5ﬁﬁibf
WBZEEERELTNS, /2, BRI RINF—EHICBITS, K40 © U-, Th-RIDOENIT R
F—DrBIGER LT N R DESIINBRONINZ ES RN 0Tz,

T T WHBETHIRIIF—EHENS CsI(T) DEZ %Z 3mm & L7z, CsI(TDDEAIL.
WHRETHEM, Tx)F—EHE. BERETONY I TSI RERBEEEEL TRELR

——31‘7
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SR AN VA=Y AN AN

CslTNY U FL—EDEH
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54 SXDHE

TARD FOA M) =TI, TRNF—SBENBEVWIENEETH . LHLL. KEEN
XKDO5NBL FL—2a VREETIE, HEERONBICED S > FL—a v HONETFHE
EHE PMD NOBENENEEH L, TXNVF—HREOKTEzHEZET, 2 TR, ¥ UFV
—2a VHOENXICEL T, BEE 541 1TRT 3DOEXFRICDODVWTRER L. £4EHR W
Tid, REMEBS-NAHEORZEEL. BEEEZ BT 5.08cm (2inch) ¢ PMT TEXT 5,
ZOFRIE PUFL—FADr BASMBEIC L DELBOEZIT/NI VA, Am-241 O 59.5keV
DrRITHLU T, TRIVF—3MRAEIL 48% LIEEICE N, PMT Z2O0BDKENHDKEZZ T
ET, ALRZRINF—SFEIZIESREZTHAI0, KELIBHETERN., TIT. £XF
KB BLTL(C) TIE. 12.7cm(5inch) ¢ PMT ZEHAL. FHAESE PMT OEREZITDWN S Z
TR, TRNVF—SREOKEEEAZ. OF 12.7cm o4, —RER PMT Q2 TIdE
KTH5, ARAB) Tl 12.7cm ¢ PMT Z2EICTSAF v I o FL—F EEELEZ. —H.
HH(C) TREHDOHKBEERDZDITA A REALTESLEZ. T4 M1 R Y OF
V=S DABOERZAETHRET PMT LESSEHRELE. Bb5411F. B EOD
FRIZBT D ARMBOBNICKZ/NVIVAER ELRNF—SBEOERLERNERTH S,
Y A— ML= Am-241 BEZHW, 20cm x 20cm DN ARG EE2BH B THE L.

12.7cm ¢ PMT ZHERALZI &L D, FLEO TRV F—2@RE (U 22%) ITRESHES
Nz, =EZL, BEEESGLEEAICIE. PMT OOBRAMNSHANS ERBICHRENEL RS,
CORBERMIZDIZTA MHA REMASIREER. POBO TRV F—AEEITPOEL
ZHDD, AFMIBICEDENEBDOEEHE — 10%ANICILED BT ENTE, H—RLEE/HZ
ENTER,

BEE541 BELESA MH1 ROEE
(A)5.08cm ¢ PMT+Z2E3 M 1Y ; B) 12.7cm ¢ PMTEAT ; (C)12.7cm ¢ PMT+7IUVF4 M 4V
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5.5 {EHERHE

5.5.1 15 LMY REHBIEEE
CSITD ETS5RAF 9 I FL—FDEB/NINADILE L0 REHEFHIHEFEIC DN T,

Am-241 & Cs-137 D v FEZ AW THER Lz, K 5.5.1@)1C. Am-241 FHRISHT 5325 LAY
DRI AR MVERT, SREIIRHSIE AN, PRICEWZ, ZORETIE Am-241 O 7 ##
(59.5keVITHE 1 BD CsITDTREWRIEED 2D, KiE CSUTDDOHITED YA LARY ML &
RLTWS, ZTHUTH LT Cs-137 BIE T, 5.5 1IRT KDICHT A LART MV EIT 3
DOE—I NSNS, Cs13712& D CSITDDEB/NIIVADE—T F v > x)Vid 298 F /8
M5 350 F /ITTNTWAN, L. #H L 7= Rise Time To Height Converter (JRWFET
IV 154) ORHICEDHDT. ANBEBEORESIKEL TALE LR RNV AL TL &
KEBHDTHD. —H. TIAFYIIREBEB/NNADOE—TF ¥ 2T 132 7/ BicH
%, £, KHORHEIIZ, WS > FL—F THAEERLZER/VVAITHEY T2, ZOXKEHS
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2. CsITDEEBLEDSE. B2BDTIAF v 7 V2 F L— THERELEH. 20 CsI(TD
IR E—EUE LR THD. TORSE CITDDBTRELER/ VA L2l
BT B DXEEETH B, T ORI LB O A FHIEEI 2 5 1E 2% < 10,

5.5.2 %=
5.21TRLE3DDOFHIE— RICRITHMHRIEEZ I 2l —2 a VERIREDWTEIHMEL 7z.
BUAHREICIE. BRHIBBOAREZICH L TEEICAFNTHE—~I X F—2 b DETHTFE—L%E
RELZ. B 5.5.2 12, VOAFHEFICBT 2MHEEZRT . HKROZD. FRHBOE2E
WRAWET S ZAF v 7T THRRLUIZBHGREZREL. ZORESIEEZ SR TRPITHOE TR
9, RO L E W E(ower-level threshold) TRV F—Id, B S SAF v I >FL—FT
50keV, CsI(TD > F L —F T 40keV (D EDORETIAF VI OFL—F ONHNHBE
TI3H 100keV 1Y) & L7z, % 200keV A F ORI F—EEHETIE, BRTIZAF v 72>
Fl—F EABRHBEORHBEOBRNITBD TKREL, CUTDEMMNT 2 Z &Ik D KIFITHR
HEIENE ELTWBZENGNE, TIAF VI FL—F T, BT keV LFOIX
WF—TIE., BEAEBRBEEN Y, TI9XAFy 7 COERMEEMTIO ST N 8ELT, &
DLFNF—EETIEZOA T M IV F—RI L EWEIRIIF—ITHERNWZ &iTk
%, —F. BET keV UETE. ARNKTOIINF—NEL2DITDON, &7 0AEkICS
ABBEERIT, BT IAF I OFL—F ORIBFRICED <, Zid. En CsI(TD A
BE LUHAEERNIZRIVF—OHEMNE LD ICERICBDTE720TH 5.

B 5.5.3 1T, CsI(TD > > FL—F DE—VFHEBBERT, BET keV LTOATFDIEEA
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