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Measurements of Uranium Enrichment with a System of

Multiple Single-channel Analyzers

Takao TOJO

Radioisotope and Nuclear Engineering School, JAERI
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Measurements of uranium enrichment with a system of multiple
single-channel analyzers (MSCA) using a 3 in. dia. x 3 in. long
NaI(Tl) crystal and standard samples of 12.318 a/ec and 3.051 a/e
have been made in various setting conditions of the windows of
single-channel analyzers, and the results were compared with
those by a Ge gamma-ray spectrometer. Differences of the
enrichments by the MSCA from those by the Ge spectrometer were
-0.001 a/o , 0.066 a/c and -0.009 a/o for "unknown" enrichment
samples which were measured as 7.345 a/o, 5.638 a/c and 0.535
a/o . In these measurements, energy ranges of the windows were
set in 165-210 keV for counting the peak count-rate of 185 keV
gamma-rays from 235U and in 216-291 keV for counting the back-
ground count-rate. The measurement of the enrichment under
the above condition of window setting was less affected by
instability of the measuring system and by change of external
gamma-rays, comparing with the other conditions tested here.
Statistical standard errors of the enrichments measured as 7.3
a/o, 5.6 a/o and 0.53 a/o were 0.23 %, 0.29 % and 1.9 %, respect-
ively, when counting time for each measurements was 10 minutes.
The set of enrichment data which were obtained by iterative
measurement for the 5.6 a/o sample indicated that standard

deviation of the enrichment was 0.025 a/o (0.045 %).

Keywords : Uranium Enrichment, Gamma-ray Spectrometry, Single-
channel Analyzer, Two Scaler Method, NaI(Tl) Crystal,
Ge Detector, Energy Range 150-300 keV
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Hu 25 & Ge FERERESETHC L 58055,

Nal (T.£) BINEED T A v -G, GeBILERITH~<TEH B0, Nal (TL) R4
ROTHELR Y 7 VBRI, U0BEICRRY 2 rfoz it En T 2 vE— O 7 15K
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Hry=iElL 5 BRERNEREAR Y 2 ENTE 5, SEFE VIBESOFSEELAV T, 7
B~y FoA N EATICTABREELT, BEY Y I F o i e TFIAF 1
(Multiple Single—Channel Analyzer Method, MSCA ) EFFEN 2 KD H 5, DKk
CHS BT EE R, BREOREEEORNOE,, v v BET 5 Y N s BT
HFAsNTOLE, 97 YEBREENERLETAMSCAKICE TR, WEXBNTHR~NBZLED
I, 268D e Fran e TH5AF-EZFOTENLA 2 2D 1 3 0 — SO HHHE
ZRETE L L - TEBEENRDONDE, COEKM S, MSCA it T &EIEE (Two
Scaler Method) & &ME3T EATE B, MSCABERHOA 782~ box b ) I TIE,
2HEOBREOEENEEZHG, 2 nozdkict L TR -7 2 >0 x v+ —SElo RS
BEAENCET 5. BEEARD S HICE, HH UKL 1 201 3 0¥ -1 CPU ook
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1 2D T ANF —EHIC BT BIEENTC SR B, 6 -T, MSCA HEICE 2 SRR O Ml
i, EA A v F —SUIBRIRTESTE L, MERORER S, T 0E T 70+ §Athic 3%
T5b0EHEbh B,
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MELT, TOXFNF - AR ORITE, Ge 1A ros b YEEORETE T,
THC EbEAT,



JAERI—M 82 — 074

2. BEIVIN - FX RN TFZAT—FEITE
37 ik R E R

Nal (TZL) s ER0rfa~xsro s —sTHELLY 5 vEEO S V2SS A —
#& LT Fig. 1IORY, AR, PULSHLSOREETHEENS 185—keV 1O LT
FF R — 7 PEECREZN TS, BEY e F ol s TH 744~ (MSCA)
FICE -TURERT L 0ITR, 185keV E— 2 DEWMO Y — 7 Ik GHEE) N/ 250
BUNENRH D, Fig. 1 oMoninldic, o — 7 ERHNESEERT Iy TR v ey
7Sy REEELTHWE, -7, Fig.1 itWindow—1 (WPYE L TRENTWHE LR
WE AT v S e F e e TH 54— (SCAYDY AV F (window) 2EE LSS,
BONBAMEC I EN, KNy 7 750 v FHEENg S -7 DI b, TDw, Np
BT B MBS B, MSCAETIR, Fig. 1LITRdg LI~y 775 o v FRIERICE2DSCA
T Window—2 (WB) £3ZE L, FHECex ZREST S, 2T TCjid window 1, HEE=| DI
METH 5,

RAEEE (AEES x) OBFEER BRAO LI ICEbEN S,

ERx:aCH(*bsz (la)
=a [Cix~ (b a) Csx] (1b)
=a (Cix—FCax) (1c)

CET, aBihUb RBMESBEMOEEREZHO TERMITRHEERTH 5,

X (1c) OBARE» S, Ny=FCsx, Nj=Cix—FC:zx, ER, =aN{, TH5, ZDLIiT,
e &, BEEARDLoHICE -7 ER GHEE) KRS LRAIERICE >Th 5,

Efa BLUb ERDBDICIE, BREEARNL 2EDEERNEZHCARKENLETH B,
BEEBTFThTh I BLU2EFHE ZNATLOHEBOBEEER BIUVERZRKRDLIIC
FEbE b,

ER: =aCu—b(Cy (Z2a)
ER; =aCr —bCa (2b)

SO S, Tia BEUD I, KDL SIKDEND,

ER,*Ca—ER;*Ca
a = (3a)
Gi1¢Cn —C12°Cyq

ERi*Ciz—ER.+*Cn
b =— {(3b)
Can*Cre—Ge +Cu

fot2L, coTiRNy s gy vy FEHMllicksd A, F=ba, REFEBLTH 2 —EDH KR
T—ETHLELEARFHIREL TS, [-T, Nu 2 73908« 287 P vDFEREELEH
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e bkl L ORAEEE & LT, 4 ¥ RETHAH (UKAEA) DO AFLA-€BY 5
vERO, Zhooaiid, B2 125mm, EX33mmiclZsaTEh, (A EE lmm
DF 7 IR PIEIRERICER L, ChooREifAn s, EHT S 185keV D 7 #Ric
WLT, WRETICEOESABEL TN EAHT T ENTE B,

TS UTid, 12.318a/0 £3.051 a0 SfEMT EhA 2EDEBER W, HAIER
BE LT, ¥7a0,86a/0 BLUR05a0D3FDEEY 7 v EHV/,

B) &t
MSCAEICE TR, 34 YFBX 34 »FEROMBERO Nal (T £) DR GBRIFRE,
12A 12NF) 2#RCA 8054 BOREFHEEE LHAE THEA L2, BBSHBLIUVEHIES0m
DI TERK SN,
Ge r#A~7 box ) EORHICE, 2HOGeRt&EPHAC SN,
(1} Ge#thds
Princeton Gamma— Tech #5814 >+ ) v v w7 BlGe BatHEE
oA —isEREHE SN IIGC-13, Nbll)
Getsfa B L UAHE | 49 mmE =< 43mmE, 8lce
BHEBEE 056 mm(A L)
Ge#—-—7 74425 » F BlE# | < 5mm
TR E-SEREE (FWHM) @ 986eV (122keV,”  Co),
2.04keV (1332keV,%Co )

R E  149%, 2/ av 7 39871
BB s emEo# (Rf) X C10cm/FOTERI N7,

(i) Rz 2 F—HTHSHEGe T (HP GetrHid®)
Canberra 184 7305 &
BB ORERL | ERE (SN 1275279)
#e~teE  10mm? X 5mm
BE#SEE © 1.3 mil (Be)
GelEgh— 7 5442 % o P BEEE . 3mm
T FVE—5HEEE (FWHM) [ 195eV (5.9keV,* Fe), 495eV (122keV,” " Co)
BHSTdom Bk L » TEKREI N,

CH dAlFEEEsR

¥ 03 cmEBEQEEY 7 » PO 35U OWEEES 185 —keVy FICEE L TREL 2184, BB EKOKREED
W2 %EREBAETEZICBENL D,
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MSCABEDBERD 71 5 2 44 % 75 L% Fig. 21md . MSCABETHL 51 5 B
Fig. 2BV TROBHICE > TEASNATV S, ThoOMRBIRESTNIM €Y —fkEhic
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(JAERI 81176 A®YY | V=7« 744 (JAERI® 42BE) , aA4 vv 7 vr/0)=7
« 4~ (JAERI®! 138 A B BV ohic, 7/, £ BFEE LT, ORTEC ## 401
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AhicBo T, RIEBIBEESAFTEHIESR (Princeton Gamma Tech#H# RG—-11 A
Y Bz~ e RaE— 7 »7 (Canberra #H8 1413 B)) %8 L T/ 2R « 115
2T, BRSO (Nuclkar Data#t®122008) T4 L, TOHNIET I« 71
v % (Hewlett Packard 4% 5050 B ) THIH L7, BEEHRICH>V T, ZITHWC2ED
Ge BB DV TIBETH 5,
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BoBBLRERS T se= s —HEEL T 7

MSCAkIZE W TR, 2280 ohizkFlEESEH 1 v ahies 2 SCACdisan,
FNFNOSCATENE NI A H Window— 1 (WP) B LU Window— 2 (WB) DIHEE
CixBLUCox & LTRY -7 /54 =iiFHEh 3B,

=y BBV T, Window— 18X Window— 2 TEBISN/cSCAHTI YL RE I+
AT I RFICE LD, CONVRAEIAL YT VAS ) 2T = EIOTA v F Y
ZAATNCHEER T B, DNV RITLE - TEOER~D Y =7 A7 22 8#Hlidhid, BHE0%
BHSOFEICIE, Window— 1 5L Window—2 TEJ SN EED INADAPILERINL,
CDEHICLTRIELLY 7 vEEOF — MMl s vz EERHZ, —Fl& L TFig. 3iTmR
o ERiCiE, 74 ¥ FEEFRHEZRTRLRENTH S,

MSCARER LB EHEEREICE T, 77 ) vRERMNOFRFESHO T, Nal(T L)#E&Hs
EEhr i KA EE L f, SFERIE 13 mmicEEL, 1 ABOFHREREEZ109E L,

ZZTHVAEDY 5 EEO Nal (T L) S L 5/ YV AKESHEFig. 4 1TRT. L
DORIFETHR, Fig. 2ItRmEahTVWEa4 vy 72 ANTEOFF OREBICT 52 LICE - T, 2K
DEREBBEDOTHEAT Fax—5 & LT,

BT R VE —HERE  BRHESDFEOET 2 0 F-XHFHHEP Ge &2 B O TANE LR
TS VBIURRY T v ONSLAESGSAE Fig. S5t SRERE - B xovF - SHREED
CeHBIz L AREFEL YAV RESNHEEFig. 6 KRT,

Fig. 51212 U (n, 7) HIETHEREN DL U (r Bz s 0¥~ 1 11275 keV, FERE © 2.39
X107 ) OFEAFBRAE N TV S, Z0Z Ep, BoicfBicdHABLEELE /Y 7 v
WHRKEEABIEMTE S, £7, PUDEEICHED 185keV D 7 FRUTEBE Lot 3 vF D
TEA BT 00T, MSCABICE S BREAIEIC SO TIHEREL 522U (kR 1 6.7
H, r#TiL¥— 208keV{(233%), 165keV (2%) ) OFHARAHTKBDLLON TV
Vo FURMU (n, 7), U (0, 2n) RIETHERSAED, BHAFBRETE - TIREE
LTHMpuotiiEs LTERENS, LAL, ¥ UREBEENEETH L 0T, Pubdniik
2 AREOFAEEEEERA LAY 5 v EETH 551, MSCARITLZ BMEREICH
THRENTHEGEL BB OBVEEbN S,

Ge THA~Y Fo A M)ETHE, 185keVOr—sEHEEZRYD, thrBESHoC-7H
B H 2 8E0HETEREELERD . TCTHOR 2EDGeREBOA DB AL
Th, AEFBREBC U F «3v o 7L EBAICRE L, BIFEEDT, GethBoHmE&d4om,
HP Ge#HBOESR smmic 77 ) vRERORHREEZ A0 THRE L.
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Table 1 /RSN T A EEARNCBS LT, MEESREDY 5 VB4 Ge r X <7 b D
AR VETHE L, AIESRES Table 2 1KRkd, REDESE 2O GeHES AL 7oxy
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GeHBIC X BRI L - TREDSKEENT B, BREEERDDICHI T, 2 HOERE
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4.3.1 185keV &'— 7 GHE —EICRE, o7 779 v FEBAEELSSEGS

185 keV & — 7 fHIEIZ Window—1 (WP ) 2 EE L, 3w 7 735 7 v FHHIRD Window— 2 (WB)
DEELANF —ABA A ICENSHUPORBELANE L, 74 v FWPELUWB O
BT A 0§ — fHEA Table 31T/Rd . FIRICRS N T a0+ —EED LR & & O FRME, U
@ 185 keV @ 7 HDfth, P Cd HE» 5D 83 keV DKXBEB LU Cs B 5D 661 keVD 74
FHOTLE 2keV LIROBETREL 7,
mmlmbmmmif@&a@o4/b&i%#FTQMﬁ%%%Twm4@mujmgTwm
6 (Run ) £ TOEILRT, FHIT RESNATA v FOavE—HE v ZESS
&®%kawmetlhﬁi%nfwé £ ZD Run B TR0 WBEERBEEGD
BRIOAN LT b, SEFICAVOHATO AT ERWIMSCARKIL L » CTRIEX NIZEREE
%, ERglZ Ge 7#A~U box MECE - TR I N BRI A EK L, ERy CfTahi-H
EHEEERETH 5,

Table 4 DRI, RunI D v/ v FEEFRGTIRBHTEZMU- 8 8L UOMU- 6N T 5
BREMCHEBICRETHNEREZREBCEIED SN T EERL T3, DEPL-1
HEHC DT, WBBEEHOIAK M, -T, ERyDEANT 2[4 mR L, Run I—1& Run
I-4OERyDHEDOMCEFEENRD SN S, DEPL—1 &EEHOET 2 BHEE R, BEHHD
BREEORG, OAMRENO L2700, SHEAEEHRLEOD, WBHBOEAICES B
FE ERy O BMEEI, Fig. TR LAEREREDLSROLSICEBS HI LMW TE S, Fig.7
BB FEERHTHARun 1-3, Run I—2 B& U Runll— 4 it 13 % EBHF ERx
EWBHEEOHKELOMFELI R LILLDOTH S, ANIZE, B8R0 BEECHETS
FRETHEC, x REAHTRENTED, MU- 3L UMU—- 12D BRICEIRnT 55
AT BFREZFESERIIERTRINTO B, fHEDEE LT, EH L1073 AIFOKIE
BEOSHRTY B,
(i} Fig. TRENTEEL DI, EFE ERE WB RO ERIFHEEC D BRFRICIE, HEFN

BEFRPLOTRPEDONT NS

(] 2D, ﬂg?C%PTRmI 3OEEMTRINTOLHED SKDHIDEPL—1 &

FHoxtd 2 AREE L TOWB SBEOHEECK 1, EAFEECxLDHNE LT3,

_‘7_'
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iy LaL, WBEREOIAIZHE T, ERFHECo T 5 UKD r HEHHEOF5H

Bbd Bicw, BESE L~ Co OBIFRIR, AESL /NEOEBILBRICGES ., TOHRE,

%Mﬁﬁ%ﬁ%ﬁ%&%Chm;@%ﬁﬁ%t&,Dmmwlﬁﬂmﬁﬁﬁu,ﬁwWBﬁﬁ

DFEICH~NT, ReBELLTRDONS,

v LLEoUi o8&, Sid, EElHo BE o hiciiEd 2 MU - 6 BELUPMU - 834
okt LTz, WBEEOIKICHE - T, BEESKFICNSCAESTAEANELET L&
HFEBLLENTED, Tabled TR, BN EETHRAL LY, COBERAIPTREINTVSLD
b5,

—F, GeMEBALRC T A~y bo A b VETHELICEREER g & MSCA #ick
DERFE ERy & DX EISER (4= (ERy—ERG)/ERg] 4, 4OMHITHRENMU — 8,
MU— 6 BLUDEPL—- 1 &bhct L T2 heh, 03%, 04%BILUV20%THLOT, ¥
MV FHEEMRun I— 1 25Run I~ 4 2 TIC>0 T, MU — 8 B BE& I, #Hitg
EEREHOALL, UL, MU-8REIZ > TIIEEEEEOESSMIIL &0 DEPL
— 18>0 T, AEZOFARETH .

PlEmk ik, mllEEck 2 BREAEE RO R, BENRENIBHTSHSLELE
2, RunI—i»5Runl—4ETOY 4 v FIRERET CREMEERyORBICEHE/IEZRITIRM

L&,

$H. Mml 304 v FEESE (WP 165~210keV, WB [ 216 ~281 keV) i T. D.
Reilly 25 Nk S THAWERT 5 ¥ MCE D A BEEMETAY DA (WP 160 ~ 210
keV, WB 1220 ~ 280 keV ) iZi2I&= L,

Table SR LARun D74 v FRERETFICE T 2 BEEREERRE, WBOEE—E(
a5 keV ) WRBAEAS, WBD T A vF —fAHE LSS5 LICE-T, RunIDHE LD
b4 v FWBOBRET S vF - EIBRIKGEH R EFECkx KEATAE LI DTEH 4,
Table 5 O RiZ, WRBEEOE T 7 v — SABM~OBITICHEY,, DEPL -1 E M ORMAES Run
I-10B&L0 HEECENT 2E@RER LT

Table 6 iIC/R L7 Run MDERT, RunIDBEAELD L =2 v ¥ —EHEFILE T, BEE
DI A4 v FWBORET # v F SRR GEETRET 2/0DICiT - AIERERTSH S,

Run MORIEICH T A BEEERy & WBBEOEHRCox OBEFEIZ, Runll— 1058, Cox
3 ERy SFICHML TV 3D, Runll—2 ~M—5DEE&ITE, Coxid ERy@BNIC £ - THD
+EHEERL TS, UL, RunllOFRBETFTTROFNOERSEE, L THVW I EELSHD
BRI d 2 FEFHEC D 2 2DEAEALER P HROHIWBHEIROARES LTo
FHMERCH O}, 3~12a/0 ORME (FEIHOREL) OBSIRNFBELL K&
ExrL, 3a/0 DTOBEECHSEIHAGERI D/ NsGEEZRL TS, #-T, 3~12
a /cEmADHERBHENG L, 3a o UToHBHOZE T EREMNE CAEINSIERITLS,
L L, Table 6iCB T, HEIEEENEDONLIMU—6RBDEBHEEERy 7 Ge A7 b
DA ECLABBEERLE D GECHAESN TS, 2D &R, Ge A~ bo st b ) &I

_8._
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LB EMESESERESNAEEERLZRE L T A, Run ll— 2 ~II— 5 OFENH] 75 Bk
DAL, BRunitEd 2RABHEEC « £ (FH1IA) MEHECH toBBTESNTE
ClobnEEoNn b, FTHEBEOERCx ~Cix i, BRunic L - TRL B, MU—-8HXLUMU
—6RHICH LTI 1 ~2%1EETH 5, DEPL—1ZHEDEAIR, Runll-s5icsTonER
DN (HEHEE 0T B TEEEDNEW ONIL) b, 2D, Table § 7R3 X HIC, ERy
LERgEO I —HTAHEREAL - T B,

185 —keV &£ — 7 AT & — 7 S B HED DD v 4 v FWP 2FE L TiT-»7 Run I ~II
DEFMEERy OREL BN TE, Run I DU A v FERESEOESIT, 1R ~7 o b ik
ICE D BEHEERERO L BT BHEIE SN/, Run IOEHNHT TOMU-8BLPMU
— 6 AFOBETIE, Run I-3 DRHETFTTRIE L/ ERyPE L L ER & —HT 2ERHES
foo CORunl—-3DEBITH, BFE3a 0H5LT12ac OEEFEEHWIBS, 3~12
a/0 DEREEICH 2 RHONEHERER, 1149 1 BUANTERgE —K L, 05a, 6050
BEThH, F2BLUNDERGED—HIEICE VT, BEEAENTIRETHAT LN LMITH -
72o F72, Run I -3 T TORREERE WBHHE OIS ROBMZ T, Fig. 7Ls o0
HE DT, FAFEFBCx S EEABOBREER FNTNIIET 5 2 20 Cox &8 A 7 HEH R
TIHHRCIxEDERRT, RATHIBIEE-TE, 2D EMS, Run [—-30XEETRE
FBHMSCAREIC L5 BREERIER, TOEERBICHEDEHICH - TIHORIEEZ LN 2,
E->T, B PONIMEREICL 2 PENAL O EREST 275 51F, Tabe 4O Run I — 3 DR
5, Ge T#RN7 bt b UEICKZEBEER, MU-8&REEHC LTI ERIC, MU 65
BHZ 20T 1% (0.05a0) BEKREX S, DEPL-1&HIic>0Tid 2% (0.01 ao) BEN
SCHIEES NSNS S EZEZ o b, F7/2, MSCA KICE 5B BT RS SERs
108 LB R IC i, 2 BoBESEO AN S, B3 0ERESEMD Y 5 A
T, RBWEE WBREOMEEOMEGE FTORI L TEL CeBARLELAS,

4.3.2 N9 7739 Y FRABE-ERS, 185keVy — 7 fHBAE/LS €/ 55

N2 75 FIHEBRRIEDL SO YA v F WBE—Ex 4 v & —FRICEE, U kR
9 5 186 —keV £ — 7 Eifg GIHER) dEMD Y 4 » ¥ WP % Table 7 ®Run V ic/R¢ & Sicfk
SETEMEELNE L7, F&ICE, RIITORun VO Y4 ¥ FBREEHLEDETRINTY
B
Run VDV » FERESRHTIT - BBEEAERZ R, 74 v FRERMLZRT VR EESTE
& & i Table 8 IK77d,

95 YERO T VA ESATICBOTE, £OFig, 6 ICRINTWAEE 9T, 100 keV i
FOx ZLF—FAICE TR, UBEUThOK XBELUSThd o0 r 8 (FE L7923
BLRU2BkeVDI T Ly b)) DETFNF-RNE— I BBRETHY, avT ey y sy
7Y FELTE, F&LTPUCEEE Pas L0 r g (765, 1001 keV) 2455 bDHE
BLEOND HRI~VEBRB) . UK XBRELLTPUDEBE I - THRESAEZ T8O
75 vABRIKET S AESRCERN L TRETZ2ACHEXRTH S, £72, ThOK X ik
PUOBEIC > THIENE T8 F'ThOBBEO T AL ¥ — « LNLDESK L 5) DN

_9_
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EMICERT260THLE, —FH, MThhr oo r#H (FLLTRkeVOF T Ly b)) BPFUD
BECHESISDTHS, F/, 150 keVEFED T 70 F —FFlficB VTR, Fig.6 S GME
LA, BUDHEITES r# (1437, 1633keV) ORI F VE RN — 7 BB TH S (
I sLOMEBR) .

EARD &S PUERD r 2@, Run N THE L 94 v FWPHHOH BT 255%
EETLHE, BBEY 7 yHABEOEGSICE, RunV-3oLsicEncivyF—Ficy 1 v F
WPZEE LTS, 2EHFEOHLU Y OHIEPURROHHENED S 6D EEbN S,

RREE O E LTERD LI WP BBROAHEBEOERERI, Whov1 v FETEETICE
WTHRBIFSERENBAREZ R LTV S, ZOFEEIIBERY M L 72 WP i © &3 8 diz
5502 P UEROHEFEOES 1513, 3a/0BLU10a,00RRNCH LT, 74~ FEES
HILEVWT, TNTHROMAD TH B,

RunV—1 : 0.74(3a-0), ¢.91 (10a/% )

Run ¥ -2 : 0.67(3a0), 0.87 (10a0)

Run ¥ — 3 ! 0.45 (3230}, 0.74 (10a0)

DL DR G, KRFY 7 v REOBESICIBRENEFTAAETHLLADR
Bo UL, #1ty 5 vEHEOBSICESE s D/NEH b8, - rEBO®EEIG
Ny 2 73Ty P EROBENEEN L O KE{ BT L LN L, LDy, SIEELE
FRERESHNEICE5 EBhi 5, DEPL- 1 REICHT 28E fis X, $AFhD VAV FEE
SHEICHEOT, 040 (Run V—1), 0.22(Runlf—2), Q.13 (RunlV—3) &k oni,

Table 8 IC/R L7c BREEAER R, 74 ¥ FWPALRERAEILXF-1cE b LT, Ge
THERANRY POA b ) BERLBAEEERGICHECAEZERERy B OLATVAIEARLTL
%o Table 8 DEERM S, w4 ¥ FWP % 185 keV & — 2 SHIRIC I E L CIEA 1T H 84, ko
L FRRENERBEL T10keVEETHTEESN TS, 05 FBLULIOBRAAIEERICRIFETC
ERIBOEHTE 20T, MEROHMEL I AVF -KERIARETHS EbNS,

4.3.3 18bkeV 2T 2 F RN — 7 (BIE%E & - 7 3R E N o 7 75 o v R LRI
FEL7BE

BUOHEEICHE) 185 keVO r O A —RINE — 7 %i121Z 2 28U, Z2hFh9A v
FWPHLDoA Y FWB & LCHALBRENES T -7 CCTiF>7RunVOvA v %
ERM T TIT - e B EAERS R E Table 9 10K Y, ERPOBERCREN TV X HiIC, o
AV FWP BLUOWBHE—ET AL+ (Table 7 281) KEHEL, BHBEHNEA 5 O
LiTo7e 2N EFNORIETIZREBE L T OEEIT » /2. Table 9 DFERIZ, MU— 83 LUMU
— 6 ABHO S B HERRERITGe 7R <7 b X b )EIZ L B HIEREE ER & HkM—%
FTH5TLEERLTVE, L L, DEPL—- 1 BEOBSICRIASHEENELAZEERLTY
%o Table 9 DRIEMERy 3 FEEBHETHY, ThSICHRI o BEFRFEEORERET
H%, 4

Run Vo oA v FRERKFRKROL D WEHATEBREANEIAELSTHLLEEL LNB,
(1) WP BXUWBDHFREAR, tHvF-—McbERE LTV 510, MR+ s o
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PRV ey 5Ty FIHHEDREOREREL AL DT, COBRES2ELVIE
&, R (3a) BLU (3b) DFEHasLUbid, RITERTR (5a) 84T (5b) OBIE
RCENT, fs=1n, LAVRDBTEMBTEN VY, Ff, TV Ty ey 2757 0F
DRHPWP BLIUPWBORERGFCHLBH, HiabLUb OEMARKEBIBESHED D
TS,

fis (1—1)
A ot mm——— {(5a)
fi5— fas
fos (1—115)
boe —m8 ———— (5b)
fi5s —fzs5

U, fis BEU s REAFN, WPEBLUWB EHROI#MEDIC 52 P UBROHHE
DEETHS, XBIERDSBEICBWTiIThbERECESO TR SN BEERTE 5,
(ji) WP3HIUWBMHAREDIMESAEROREEROEELZTH R,
(i) BFEENEEOFTBRENSAELLLE MU - 8 ZEbhex4 5 Run VOBEHEEE Runl ©
FLERZBITHE-TH3)
PLEZiT»72Run I 7 5 Run VICE LB A L7 4 v FERESFIEBOL T, MSCAE»EHE
HAE B0 s HBAEELETH 5 098IC, 74 v FEESRMBITHT 2 EE L RERMSLE O, Mad
EZHILBOTEEBRNBIFTRAIERRESGA 5 ML 2 1,

4.3.4 RBHEENTEOHRES I CERBHEDOSFS OB

BHEEINTCOFIEEEZRAT 540, Runl—-3D w1 » FEEEETICE T 2 MU—-6&EHC
T HAELZKIEBEELSED T ORI -7, MEERE Table 10K, RRICE D THE
MEERyBLUFHE ERYIZERA SN BEFHHEEEZETHD, oy BBRIEMOEE L
RYBERETH Do 10RO TAIRE L/ Table I0DFERIZ, oy 48 0.025 a0 (0.45%)
THLHLEERL, THIEESAESTONT VAL EER LT 5,

Table 0D BREEREHERBILIUV INE TCIT -2 TOMU- 6 KEHT ¢ 5 IR B2, MSCA
FiC L B EMBE (ERy) &Ge r#iz~<7 bo A N UEICE S EHFE (ERg) 5.704 a0
FHENLERDPEAEL TR EARLTHED, ERg2 1% (005a0) BERXZ(RESHT
WAHBIEBRBEINTN B, .

LZTIT» e BMERNECRT 288 7 757 Y FEHOEBERF Uiz, N7 75
YDAV AEESHEFig, 8ITRT, R, RunIO v v FREXT 2 AF-GEHICETS
BERGTHOHEBAICAHGLTVA I ERARLTV S, Runll& Y 4 v FEERSETFTHRIEL 724
RETEE (cpm) 2, MU—-3 BLUMU- 6 B4 AV BBOF R L & 61T Table 11ITR T,
[El&AD WP LU WB- 175 Xid Table 6 iR A oo iia i o4 v FERERB4TRLT
W3,

Table 11 ORAIEFE RS S, 10cm[EOHERE T, BEERTHACEARSTEL IX3(A ¥
F) DNal (T L) HXEEDFRC &b LT, 185keVOL T ALF RN -2 &, Zhic
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BEfd AEEIC v 4 v FABRTETABREEIERBOTE, +AERSDREL L - T0ELEAR
L5, ZOSEBHEICT L, ARRERELALBALBRELAVEGORBBEATCHER
% Table 12 iR T, ZNOORFEERuNI -3 D4 v FRERH T CHbNT, BEZERT
MB L L TOBBEREICIASEREEA T Eam LTV 4,
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5. EEEHENARICLBZEZEHEIYINV - Fr RV
T+ 7 A=kt T

BEL T Fr R e THIAF IR EE Y5 v BREEAEEOFEO—EE G ST
T 510, BEAHEFETICE S BRAEIT >/ CORITRIC X ST EICHELERHIEE
AF— s EDTOTRDI, T, 794 YFREREELLTHE, Run - 18X PFRunl -3
FEfFERV TS,

HBIMEEMICE T, EBFEER SEMOEE O, WPEROHEHECH 8 LU WBiHRET
BRCald, KA TEDINDL, T/, BHEEER, SEAORED, WP HEOHHEC: &
D WBHHEOHEERCr bRAD L HICEDLHE B,

Cn=ERi*¢5 + (1-ER1) * 7+ ey (6a)
Cu=ERi*»as + (1-ER1) * 7 en (6D
Ciz =ERzeres + (1—~ERs) »5 ¢ (6c)
Cz=ERz+ex + (1—ERs) *7*exn (6d)

forL, ey i, WPEEEL (=10 $/:3 WBEER (i=2) OFf L LT, ®U(j=5) ¥
Far U (j=8) OBEEICES r @AHEINIBERELEZOTHIIERTH S, COLAERI,
FE T AU F —SAROEE LTRING 2REDE, BAENSRERSI0 r BREELEESA
B AR C & DBIGAET S TV B, 73 P UOBEERICNT 2P U 0 REERD
i, (0.157) TH 5,

INn6OC %X (3a) BLY (3b) KRATAE, BBlab LT et k- TRDLD
IEHIN 5,

£28

a= (7a)

€15 * €28 — E18 * £33

g
b = > (7b)

F15 * Eg3 E13 " g5

COESE, Fia, BEUb FERECHEELEVERELD, TAHA (1c) OF (=)
RBHEEICEIE LS —EEE L 5, _

FHak LUb ARDBICHER ¢ HERF— D ORDEIIICLTRDHLIENTE B,

(1) et EERECI-OBMERHBEOERy=0REFZAFEL L TERDHONE, (i) =5
RIBEEER SEHMOREEORIER Cix dliTCk s en 2K (6a) IKAVLTRDSND, &5
BLUF e i ESGWBHEIBOER 7 - 4 2 BOCRBREATETKDLL EPBTE S,

WRIES e, 185 C LA TENE, WPHEROIHBEDIC L0 U ERT 5 7 otk
ROHEE fis BLOWBHEBEPOHEER 52 U KRR 3 r ROFHECEDES fas% KD
BT EMTED,

A) WP §HEH & O WB A O RO FF
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® (6a) BLY (6b) OBMEL S, WPHEEHOITHEC BLUPWBHRIBOITHEC, &
ARBEEICSCTHEL, FE0REMHEBCIBL U Cox LOE - BRI LT/t O
BD YA v FRESRMELE LTI, RunI—1 58X CRun I~ 3% BA, FHEEEC,, &LT, £H
F105M % 7o b DEHEEA FV A8, Run I- 1B L URun 1~ 3 QRIEICET % ¢ & LTH,
ROENE S T, |
RunT—1: &5

3.85676 X 10%, &5 = 1. 23345 x 10°
2.83395 % 10%, & = 2. 19745 x 10°
3.85847 X 10*, e = 1. 44574 x 10°
s = 2.82800 X107, e = 3. 89808 x 10°
L, e BEU AR A b IC R BRI MU- 12 (1231820 ) D WP B XU WB

€18

Run I —3 I e5

il

I

O EARTEREE B .
E7, thS e OffiER (Ta) HLU (Th) DBFENLS, HHla BLUb &L THERDA
Higoni,

I

RunT— 1 a= 270439 x10~°, b = 3.48773 x 107

Run [— 3 : a= 2.66412 x107*, b = 1.93278 x 107°

cne®@aﬁﬁiwa)ﬁ;ﬁ(&ﬁmﬁwfﬂﬁbt,mm1—3®¢4yﬁai%#Tf
DOWP EEROFHEC, BLURun I — 1 5L Run T — 3 DEAT TOWB SO HE Cok
BEEOMKE LT Fig. 9 CESTRY, BRCHFESNAHERC LU GERTEREL
BICBANTEINTOS 7= ¥ Ui, CiBLUC ER—EHTICBI2EMEHIEC « HLU
Cox T b, Fig. ITREN/ i HFEDESE LTHE, BE L 10aMEHREO EHEA A onT
WS,

Fig. 9 o#F %L,  THGEHEERETICK AEtEERNER 7 -7 BN L -8
27 EARLTV Do Fig. S OEM TRINAFESI N/ EEC, 8L UC. D% 2 BO BN
Fie oW THLHAGHYE, FNFAOHHBOMASHE DO THELAFERaBLUD, -
TH (1c) OF I, RO EHAS, BEEKEHEETRIEV, Lipl, FREHHECH D
Moot 2 FEEHELT, BMFAERECERELTVALEEARL TV S, TOE,
B AR I~VTD U4 v FEEEN T TORMECENT, RRHEZZ oML BERD
EEH, MSCAELE Ge THIANYZ Moz b VELORMIAELLBDEELLON S,

7%, Runl—1&Runl— 30@AEETicsd sHEEALWP HEOFERC, 249 0.1 L
HT—HY BRERDE LN, |
B) WP 8l & U8 WB fEEO R IC 30 5 U QBRI D 7 TR0 B S Dl

2B N EA I S 7 BEHECES WP 8 X U WB AR EEPIZ 53 B EIA fis (SERx = @15/
G BEY f2s (=ERy* €25/Cox ) FFEICK - TR, HEREREDULEE {15 WWTHT »
#-o Run [ 3 D&HTD f1; BETRunI— 1 LU Run I— 3 DRAT TO {1 DFHRRERE
Mg O BISY - LT Fig. 10 KEBTRE, BXIcE, R (1b) OWPHHor—sEk G
#) , Np=Cix— (b/a)Cex, f1s=Np/Cix, DEFELRunI— i 5ERBRT—5(a, b,
Cix BLUCax) moRHLERIESE LTO {15 BRI TREATO B, HEIE 15 1020 T
DRunI— 1 & Run - 3 OMEH T TOMRI, 0025 BLIART KL, EBHE £ OFESFT

Il
{
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TOERIE 15 BLNT—RLTW5, Fig. 10 ICRIN;EE (DR AICL 5HEELE
BB BITFE—8I3, TCTOHNERBREOZIEEZRL TV S,

Fig 10 I©REN TV BEIS f25 DFER R, BEEOELICH > TEHRINICEMLEL T,
RunI—10% A1 v FEERHETIE, il T7a00BRECELTRADLL 5A% 5D EIC
AodEE RS Run T— 3 0% THERun I — 1 & MRIERTRS 35 FHICE DT
B oA IC s » T B,

C) FHHEEMRRNICL 5 BREEOR

FUHD A TRD - FEE e SHEL, Fig. RERTRLAC BEIUC D3 a0 BXRT12
20 DEFELHET 2 HEPLHE L Eab i Ub s, EHT-F (Cix LTV Cex )%
A TERGEERERDI, TOEEERSE Table 13 R4, JOBEEERIRESEMFRunT—1
BLURun I-3BNTMU-8 BLUDEPL—1 FHEhcH L TRz D TEH S, TableldD
BEEEROfEId, Table 3IRENTV KM T TORERLRE BE—HLTEYD, MSC
AEOEHEDOEENS C CTOFNEERTRICL -~ TEDOLBHTLER LT 5,

Table 4 & Table 13 DR AR N S - OBEICH O /- BB O BREEOM@E S, Fig. 9iCHE
WTRSNAHERC 8L0C: &, BAANTCRENAKBEFHEC x 8L Cox LDHKD S,
Table 13IC RSN TV ARBEDOBHTER g2, Tabled FEN TV ABHEERyL DRI
BELTRHoNAEARMEEEVZS, ZOMEME, BEXEOREE 3a0llHIEe 5%y
g 750y FRHEEOHBENSEMGTHEL RS ko LcERAL Twd, Table 4
HL U Table 13 OMFEDOBHEEERyB LU ERDEIZ C DER%E BT T2,
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6. & E

%Eﬁﬂ&Lf,msm&@&30&a@@ﬁ@ﬁﬁ7%%Pt§$vv7w4%+$w-7
F 549 — (MSCA) #IT & 5 BEEMNELEL 174 ¥ FRERET TITL, TORREGe
rEE s DA R YR LA BEERAEERENEL, REET-. COBR, RORPY
ST -7,

(1) MSCAIC & 2 B@ERHETH, PUOEEICRERS % 185—keV r OB T 4 v+ — RIX
v s OHEBAERD Y v SN e F e i s THFEIAF DU A Y F (WP) 45165~ 210
KeV . »Sw 7 75wy FAEEUEROY 4 v F (WB) 55215 ~ 290 keV Q#FICRE 341
Fl & RESNFBEEERYS, Ge rBRNY Fox b VEICLDBEEER &LL<
Ui, R, MSCAETHE D ERELBREMNENSIRETHL L B 5T - 1o,
%%EERMémh&wﬁiu,TM&ML5%8wb$;§&%5w@@ﬁMﬁﬁﬂmﬁLt
ZpEh—000la6, 0.066 a0 BLU-0.009a0TH -1, 5.6a0 DHEFHIEE 5 KE
fERIZ, ERaAH0.05 a0 K& (MESs N LicERY 5T &7, —EDOEBERICK
> TR ENT,

(i) BESEEHEMIE, WP BLUWBOREREIOH L TROGIRERETREY, EOIORER
HoEa vy FRERICST BREBO F10keVEEEO TR, ANEFRIC 0.5 BELED
EEE 5210,

il = 5 B 2SN ORKD Sl L <, kol onici 4 > R 3 E SR iHIT
BT, MEROFENEDARLELDTEC N BINRO R Bl s O IRHERE U E A W] g
TdH Do

(v AEREsE B & OEEAIEREA S 10D A L 2 5&, 7.3a0, 5.6a0 BLU 0.53a/00D
BTSN o B BRI A £, ThEN 0017 a0 (0.23%), 001620 (0.29%) BLU
0.010a /0 (1.9%) TH -7,

(V) EEIED 5 6 a0 OWIERENCHT S 15 MO BEERAEO/SE, BEREEL LT0.0250
(0.45 %) Mg 5Nt

Wi MSCAEIC 51 BRI L - T, MSCAFEDRHEERET L, TORR, WP BL
D WBSARO S RPIC L 5 U 0BECERT 5 7 BIHHFEOREHA S HICE 572, Bl
DD Y A v FREXHTOWP SFRICE T 5 COEAE, BEE 10,64 28501200
Selck LT, 2A7FH0.01, 0.85, 0.78, 0.64 Hk& U 0.47 iR E N, 72, WB I
BB ooEaE, (11094 v FRESNE Runl - 3) OBE, BEELE & LICTERY
CRL BEEI0ELC lao0EECH LT, #NFR021BLU 0023 LRSS AT,

Vil RETEEORED RS 50 i, T UL HPal FORHKEICOOT, BRELEBI
OEEESBO R EET S L EL S, CCTOMERRRIIhICL - TREEZRY
ThaEHRENS,

Vil 2o BE R oEEE O AL L F, 3 OEEREE VT, BIEE LK, & CITWB
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THEOHKELOMOERE 2 TR T 5 C L1k, BRENEE RO FMic& o,

(i) 185—keV 7 # C¥U) ol L TEHNICBEREOHBCTH > Th, WBRABICHESNE 7
ICH L THREREEFLSH0, 2oy, SBENMSCARKICLZBERENECE, £8
EEiaaEBus riRa~y rox ) ikLRELD, RFHERO—EBLELBbh 5,

o
AHEEOMERICSH /2 O HR S EEHETEV L FFR - R THAPHETR K « BRFIEE LGS
DICHBEHEROBFNCE LERNHELTHECET M vy —ZE  /NERE_ B HICE#BEL
-




JAERI—M 82 — 074

T O EEL OBOERM A TRET 5 Lid, BREETERE RO MG T,

(% 185—keV 7 & C¥U) it L CEGHICEREDHBTH » Th, WBHEICHESASB Y
I L TRERE L FLE L0, Ty, SBEUMSCAKICL 2 BREEATCE, &8
BEniast A rRAs rox ) EREBEGD, REERO—EASLELBON S,

O

AMEEOIFIC H 1 D E R LEIETETEC 22 RITRL - [ FPPHE SRR R « daRTFIB L2 5
CICEBREROBINCBLERTWELTBOET ST v ¥ —FE « /NNEE_BHICERTL
* 3,
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Table 2 Enrichments of the "unknown" a/o samples

JAERT—M 82 — 074

Table 1 Enrichments of the standard uranium samples.

Sample No. Enrichment{a/o)
MU-12 12.318 + G.0C1l9
MU-3 3.08L £ 0.008

measured with the Ge gamma-ray spectrometer.

Sample No. Enrichment (a/o )
MU-§ 7.346 + 0.009%
MU-6 5.704 + 0.009
DEPL-1 0.526 + 0.002

* errors :

standard statistical errors

Table 3 Energy ranges of the window for counting background
count-rate, WB, in the setting conditions of run I

to III.
Run WB (keV) Run WE (keV) Run WB (keV)
I-1 216-258 II-1 216-258 ITI-1 229~337
I-2 216=-273 II-2 229-273 I1I=-2 299-407
I-3 216-291 II-3 245-289 ITI-3 358-470
I-4 216-307 ITII-4 435-543
I11-5 508-616

Energy range of the window for counting the peak

count-rate of 185 keV gamma-rays from

235U,

WP,

was fixed at 165-210 keV throughout run I-III.
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Table 4 Results of enrichment for "unknown" a/o enrichment sqmp]es.
Energy ranges of the window for each runs are shown in table 3.

T | ] T T
s f U0 -
§x104 ! ; B Ji
N 3
T 1641 Photan L, )
2 EnergyikeV) ,
O A 3ag
! L 1 e
0
Run | Sample | ER, (a/e} ER,, (rel.) PRy~ BRs
M ER (%)
G
MU-3 | 7.368 + 0.017 1.000 0.299
I-1 MU~6 5.642 + 0.016 1.000 -1.087
DEPL-1 0.5320 + 0.010 1.000 -1.141
MU-8 7.351 + 0.016 0.998 0.068
I-2 | MU-6 5.632 + 0.015 0.998 -1.262
DEPL-1 0.531 + 0.009 1.021 0.951
MU-8 7.345 + 0.016 C.997 -0.014
I-3 MU-6 5.638 + 0.0153 0.999 -1.157
DEPL-1 0.535 + 0.009 1.029 1.711
MU-8 7.337 + 0.016 0.996 -0.123
I-4 MU~6 5.620 + 0.014 0.996 -1.473
DEPL-1 0.544 + G.009 1.046 3.422
ERM : Enrichment measured with the system of multiple
single-channel analyzers.
ERG : Enrichment measured with the Ge gamma-ray spectrometer.
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Tabte 5 Results of enrichment for “unknown" a/o enrichment samples.
Energy ranges of the window for each runs are shown in table 3.

3 28 Run [ | | ' i l ‘
= Xl&
L
S e ] |
~ T : E | { 300
0 I ) . :
Run | Sample | ER,(2/o) ER (rel.) | *fm ~ FRe
. ERG
MU-8 7.317 + 0.017 1.000 -0.395
I1-1 MU-6 5.600 + 0.016 1.000 -1.823
DEPL~1 0.526 + 0.010 1.000 0.0480
MU-8 7.330 + 0.017 1.002 -0.218
II-2 MU-6 5.619 + 0.015 1.003 =1.490
DEPL-1 0.573 + 0.009 1.088 8.935
MU-8 7.3%7 + 0.016 1.005 0.150
II-3 MU-6 5.635 + 0.015 L.006 -1.210
DEPL-1 0.601 + 0.009 1.142 14,20 l
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| Table 6 Results of enrichment for "unknown' a/o enrichment samples.
| Energy ranges of the window for each runs are shown in table 3.

sssk . Ron 11 | |
leo‘_ 4 3. -
J328) ‘ }2 3 | §
E ws i
N arAasiniirnmy
0 100 200 300 400 500 £00
Photont Emergy (keVv)
Run Sample ERM(a/o) ERM(rel.) ERM - ERG ()
ER,
MU-8 7.339 + 0.015 1.000 -0.095
III-1 | MU-6 5.633 + 0.014 1.000 ~1.245
DEPL-1 0.559 + C.009 1.000 6.357
| MU-8 7.312 + 0.015 | 0.996 ~0.463
III-2 | MU-6 5.619 + 0,014 0.998 -1.490
} DEPL-1 0.565 + 0.009 1.011 7.483
} MU-§ 7.320 + 0.0l6 0.997 -0.354
| III-3 | MU-6 5.626 + 0.014 0.999 -1.367
DEPL-1 0.567 + 0.009 1.014 7.829
MU-8 7.348 + 0.016 1.001 0.027
III-4 | MU~6 5.624 + 0.015 0.998 -1.403
DEPL-1 0.546 + 0.009 0.976 3.791
MU-8 7.383 + 0.017 1.006 0.504
III-5 | MU-6 5.637 + 0.016 1.001 -1.175
DEPL-1 0.530 + 0.009 0.948 0.794
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Table 7 Energy ranges of the window in setting

conditions of run IV and V.

Run Energy range of the window
WP (keV) WB (keV)

Iv-1 170-207 252-300

Iv-2 130-207 252-300

Iv-3 55-207 252-300

v 158-185 192-232

Table 8 Results of enrichment for "unknown" a/o enrichment samples.
Energy ranges of the window are shown in table 7.

3.28 : . 1 ‘
- WP 13
5x104"" “___{_______.‘2 l -
;! L ‘ \N'B ] -
‘E_-..Sd-- ‘ ‘
3 ]
o B i
|
0 100 150 200 250 300
Photon Energy (keV)
ER. - ER
Run Sample ERM{a/o ) EPN(rel. ) M @)
ER,
MU-3 7.310 + 0.017 1.000 -0.4990
Iv-1 MU-6 5.576 + 0,015 1.000 -2.244
DEPL-1 0.580 + 0.009 1.000 5.400
MU- 8 7.275 + 0.017 |.0.995 -0.967
V-2 MU-6 5.507 + 0.015 0.988 -3.454
DEPL-1 0.550 + 0.011 0.3948 4.563
MU-8 7.331 + 0.011 1.003 -0.204
Iv-3 MU-6 5.558 + 0.010 0.997 -2.560
DEPL-1 0.556 + 0.007 0.959 5.703
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Table 9 Results of enrichment for "unknown" a/o enrichment samples.
Energy ranges of the window are shown in table 7.

1

WB | 4

328 1 T

o
3 |
7:]
= 1.64 - Photon 1 A
3 Energy
O - {ke l 4
100 300
0 | L L
- ER,, - ER
Run Sample ERM(a/o} M G (2)
. ERG
MU~ 8 7.318 + 0.046 ¥ | -0.381
\' MU-6 5.563 + 0.053 -2.472
l DEPL-1 1.168 + 0.040 122.1"
EEM : Mean enrichment

* Errors : Standard deviations of the enrichments measured

Table 10 Results of enrichment for MU-6 sample obtained by iterative
measurement in the energy range of the window of run I-3.

Run ERM(a/b) Run ERM(a/b)

1 5.626 + 0.014 9 5.692 + 0.015
2 5.596 + 0.015 10 5.578 + 0.014
3 5.656 + 0.015 11 5.671 + 0.015
4 5.594 + 0.015 12 5.633 + 0.014
5 5.637 + 0.014 13 5.594 + 0.014
6 5.608 + 0.014 14 5.610 + 0.014
7 5.617 + 0.015 15 . 5.638 + 0.014
8 5.605 + 0.014

(3 = 0-025 afe (0.045 %)
EﬁM = 5.619 + 0.007 a/o

ERM —ERG

ERG

= -0.015
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Table 11 Natural background count-rates in various energy ranges of
the window, and count-rates at these energy ranges with MU-3

and MU-12 samples.

table 3 as run III.

Energy ranges of the window are shown in

Energy ranges 'of WP and WB are illustrated

in the figure inserted in table 6.

Window Count-rate (cpm)

setting Natural backg'd with MU-3 With MU-12
WP 0.803 39.77 169.40
WB-1 1.377 134.1 148.69
WB-2 1.133 88;81 85.55

WB-3 0.980 64.84 59.57

WE-4 0.812 43.14 38.64

WB-5 0.713 28.44 33.29

Table 12 Enrichments obtained from count-rates with and without natural

background. Condition of window setting : run I-3 (refer to
table 3)
Sample No. Enrichment, ERM(a/o)
without nat. backg'd with nat. backg'd
MU-8 7.321 + 0.016 7.321 + 0.01s6
MU-6 5.610 + 0.014 5.610 + 0.014
DEPL-1 0.538 + 0.00¢9 0.537 £ 0.009%
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Table 13 Enrichments calculated with the coefficients a and b, which
are determined on the basis of count-rate analysis formula in
the method of multiple single-channel analyzers. Energy
ranges of the window for each runs are shown in table 3.

Run Sample Enrichment, ERc(rel.) ERC - E"E{C;(%-}
ER,{a/o) ERg
C
MU-8 7.38L + 0.017 1.000 0.476
1-1 MU-6 5.661 + 0.015 1.000 -0.754
DEPL-1 0.560 + 0.010 1.000 6.464
MU-8 7.358 + 0.016 G.997 0.163
-3 MU-6 5.656 + 0.014 0.999 -0.842
DEPL-1 ¢.581 + 0.008 1.038 10.45
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1 i T 1 I I i ] | T 1 1 I T l I T T b | | I T

L. - Window—1 — MSCAM:
(WP Np= Cyx~f Cax
Integrated
- Cout Rate:Cx] Cii:Count Rate of
- IB5 key Window i and
EEEY) Sample |
L GSM:
Nt = Np + Ng
- . Np = Ny _(_in.b_ Xw) A
. i \\ W - FWindow- 2>
. ", Pea k (WB)
- - ) Area: Integrated
Nps Count Rate:
] o | EBack: N
N - Area:Ng —7 ST
R S N T N NN S T S A ll i B b425>2z¢7 T
50 100 150 200 250
Channel Number

Fig. 1 Tllustration of the procedure to determine the net count-rate

in the full-energy peak of 185-keV gamma-rays from 235y by
the multiple single-channel analyzer method(MSCAM) and by the
gamma-ray spectrometric method(GSM) using a multichannel
analyzer.

Np is the net peak count-rate by GSM, Np the evaluated count-
rate of continuocus background in the window W and Nt the
total count-rate in the window W.

NP' is the net peak count-rate in the window-1(WP), Cix the
count-rate by MSCAM in the window WP and Cyy the count-rate

of the continuous background in the window-2(WB).
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Window-1
Linear Single Scaler
Ampli Chan. T_amd !
N N - . Mer-
\\\\ N \
NER
NEIN
NFAR |
%Nal % Scaler Mixer
§ %‘d‘/ Sample an
- o T s
A
Pb Shield Digital
Lin.Gate A ICoin. _r Printer
Detector:3dia. x | | Linear \.chh;incir Multichan.
3'long Delay Lir:.%ate Analyzer
Nai(Tl)
X-Y
Record.
Fig. 2 Block diagram of the method of multiple single-chanmnel
analyzers(MSCA) with the additive monitoring system.
1 r. 1T [ 1 1 T T ] 1 T 1 ] 1 LA I I B
3 [~ i —Heio
x10 Windaw Gated Pulse-Height
—lel;-w'd;:;k"rzw Pistribution =5
£ gl kev wp) KV LT:l10m 296 | |
15 v 213 ke . key
Sx10% | indow Width for 1]
i< . Background
3 —
5 *r ™, (WB) | riom
B x 1/10. -.--- a] 4‘- - - N n
NaI(TI): 12A12N Q 1 1 1 t 1 { 1 1 -
. 140 160 180 200 220 240
£ 10 185.7 keV Channel Number —
5\3 235 B
) Channel Width: |
B :
g 1.36 keV "
o
(] .
5 e g ]
" L Window-2 — -
{WB) B
o et Windowd: }
et “H(WP) |+ i
VA T IR RS O RO TS T N SO ?""T““}""-"h----l----»- e A
0 50 100 150 200 250
Channel Number
Fig. 3 Typical example of the window setting in the method of

single-channel analyzers. Typical example of the gated
pulse-height distribution measured with an uranium
sample is given in inset.
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0 — | i 1
0 100 200
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0 160 200
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| 1 L

00 200
3.28 T T T T T T T T T
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(&)
<
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0 | | 1
0 100 200
CHANNEL NUMBER
T ) | T | T 1 | ]
235y :12.3 4
328 (MU-12) -
5 x10% 205 keY, i
~
2164 L i
z
= -
2 L
QJ
O - 1 —t— -
o] 100 200

CHANNEL NUMBER

Pulse-height distributions of the five uranium samples
used in this work, measured by using the NaI(TI) gamma-
ray spectrometer shown in Fig. 2.
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235

Appendix I Simplified version of the decay schemes of U
and 231Th
92
-
[N ;]
N = 5.7 %
o
0.387— e
0 m
/ §g a/ 57 %
0.205 o <
ez 4 %
0.185—1 D nlo
3.7 %
0.042 j e
$4.6%
8T}
o
s N
0.1835— §
0.174 &
ol
=]
0.1021 =
¥
0.0842
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Appendix II Simplified version of the decay schemes of 238U,
234Th, 234mPa, 234Pa and.234U
238
=l |2
g 5
O. 23 /0
Q 7%

0.048

N

— — ks ik — — —— — — —

°'——IL— 0.0435
ul-
a
AR
s / 0.35%
[olfe]
0.1742 8%
0.0533 iij 729,
aTh
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*

isotopes and their emission rates

Table of gamma~ray energies from uranium

un. : unknown

232U 233U 234U 235U ZBGU 237U 238U
7.2E+1y 1.58E+5y | 2.44E+5y | 7.04E+8y | 2.39E+7y| 6.75d 4,47E
E{keV) +9y
Emission
[iate)
57.6 29.0 53.5 26.64 49,37 26.35 48
{2.1E-3) (3.62E-4) | (6.81E-3) | (1.20E-1)| (7.7E-4)| (2.4E-2) | (un.)
129.90 42.4 120.9 84.24 | 112.75 59.54
(8.24E-4) | (1.89E-3): {2.33E-3) | (5.1E-2) (1.9E-4) | (3.61lE-1)
270.5 54.69 460 109.12 171.6 64.94
(3.8E-5) {4.14E-4} { (un.) (1.51E-2) | {un.) (1.3E-2)
327.8 97.21 510 143.78 223.2 101.04
(3.4E-5) 6§.01E-4) {un.) (9.72E-2) | (un.) (2.73E-1)
500 119.01 560 163.36 164.59
{2E-7) (1.08E-4) | (un.) {4.59E-2) {2E-2)
146.38 185.72 208.00
(1L.84E-4) {5.40E-1) {2.33E-1)
164.6 202.13 332.34
(1.77E-4) {1.0E-2) (L.30E-2)
245.34 205.31
(1.07E-4) {5.0E-2)
291.34
(L.60E=-4)
317.15
{2.31lE-4}
* Gamma-rays listed: Emissicn J:ate';*lo_4 for 233U
Emission rat.e';le_2 for 235U and 237U
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Appendix IV Table of gamma-ray energies from representative

daughter nuclides of uranium and their emission

rates.
231Th 234Th 234mPa 234Pa
25.52h 24.10d 1.17m 6.75h
E (keV)
Emission
Eate)
ﬂjs.s 29.5 257.9 - 131.0
9.4E-2) {un.) {4,8E-4) (2.0E-1)
58.5 62.8 742.81 226.1
(6.6E-3) {1E-3) {5.7E-4) (1.2E-1)
72.7 63.3 766.36 569.5
{3.5E-3} {8.49E-2) (2.C6E-3) {1.3E-1)
82.1 92.3 786.27 883.0
{L.7E-2} (5.3E-1) (3.45E-4) (1.3E-1)
84.2 52.8 1001.03 926.0
(7.9E-2) {5.3E-1) (6.0E-3) {(1.1E-1)
89.9 115 1738.2 927.1
{1.1E~-2) {6.3E-2) (1.2E-4) (L.1E-1)
95.5 136 1831.5 946.3
(4.9E-3) (5E-2) (1.1E-4) {1.7e-1)
102.2 155
(3.6E-3) (4E-2)
106.8 167
{2.4E-3) (4E-2)
184
(2E-2)
There are 29 gamma-rays of different energy from 234Pa are

present up to 1695 keV, i.e., 63.4, 152.5, 185.9, 200.6,

245.0, 248.8, 293.5, 330.6, 369.3, 458.6, 653.7, 692.8,

699.0 keV etc., and their emission rates are below 10—2.

un : uanknown



