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Development of a Double Scintillator Fast Neutron Spectrometer

Keisho SHIRAKATA, Mann CHO*, Tsutomu IIJIMA

Div. of Reactor Engineering, Tokail, JAERI
(Received February 20, 1976)

A double :scintillator fast neutron spectrometer based on the time-of-
flight measurement between two plastic scintillators has been developed for
spectrum measurement in FCA cores and other fast systems. Neutrons extracted
from a fast system are scattered by the lst scintillator and the 2nd scintil-
lator detects the scattered neutrons. By measuring the time-of-flight be-
tween the two scintillators, the neutron spectrum is determined. The method
is essentially differential, and a complicated unfolding process is nct re-
quired. The results of its application indicate excellence of the method
over other methods in the energy range above several hundreds KeV.

Design and characteristics of the spectrometer, applipation, analysis

of the measured data are described in detail.

* Korea Atomic Energy Research Institute
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Fig. 2.4 TFCA core and beam extraction tube.

Fig. 2.5 Spectrometer arrangement.
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Fig. 31  Geometry of double scintillator spectrometer for mono-energetic
neutron response measurement by 5.5 MeV Van de Graaff accelerator.
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£=0 En = 1.30 MeV En = 0.94 MeV

En = 0.54 HMeV En = 0.26 MeV

Fig. 3.2 Responses of the spectrometer with lst scintillater lme thick for
1.50 , 0.94 , 0.54 and 0.26 MeV monoenergy neutrons respectively by 5.5 MeV Van

de Graaff accelerator.
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=0 En = 3.4 MeV En = 1,50 MeV

En = 0.94 MeV En = 0.54 HeV

Fig. 3.4 Responses of the spectrometer with lst scintillator 3mm thick for
3.4 , 1.50 , 0.94 and 0.54 MeV monocenergy neutrons respectively by 5.5 MeV Van

de Graaff accelerator.
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Fig. 3.3 Responses of the spectrometer with Ist scintilator 1 mm thick, 10cm in diameter, for gamma-ray and

mono-anergetic neutrons produced by 5.5 MeV Van de Grooff accelergtor. Ist scirtillator is 100 cm
distont from the point source, as shown in Fig.3.1.
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Fig. 3.5 Responses of the spectrometer with 1st scintiliofor 3 mm thick, 13 cm in diameter, for gamma-ray

ond mono-energefic neutrons produced by 55 MeV Von de Groaff occelerator. Ist scintilidor is 100 cm
distant from the point scurce, as shown in Fig. 3. 1.
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thick in high discri. level and in low discri. lewel, both with 2nd scintillator

in high discri. level.
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Fig. 3.10 Pulse-height spectrum measured with lst scintillator 3mm thick,
13¢m in diameter, in low discri. level for an Am-241 source emitting 60 KeV

gamma rays.
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Fig. 3.11 Pulse-height spectrum measured with Znd scintillator in low

discri. level for Am-24]1 60 KeV gamma rays.
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Fig. 3.13 Tipe-of-flight spectrum for Cf-252 fission neutrons and gammas,
measured with lst scintillator lmm thick, 10cm in diameter, in high disecri.

level, and with 2nd scintillater in high discri. level.
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Fig. 3.14 Time-of-flight spectrum for Cf-252 fission neutronms and gammas,
measured with 1st scintillator lmm thick, 10cm in diameter, in low discri.

level, and with 2nd scintillator in low discri. level.
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Fig. 3.17 Energy dependence of the spectrometer ef'ficiency, obtained by measurement of Cf-252 fission neutrons.
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Fig. 3.23 Efficlency of the Znd detector £5(E) in low discri. level, cbtained by response measurements to

mono-energetic neutrens produced by 5.5MeV Van de Graaff accelerator, and efficiency of the whole spectrometer
¢(E} x E&(E/2) , derived from Ep(£/2) by multipling the scattering cross section O(E} of hydrogen.
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Fig. 3.22 2nd detector efficiency measurement for mono-energetic neutroms,

produced by 5.5 MeV Van de Graaff accelerator.

bR TWEo 2nd Z OHRACOBEETF Ty v F L~ FEOBEGTHENT YT F e F
ke LA FORHEVICENOT, Fig 323 WRANLAESORABEEZIEBD THIE .
F4Fig 323wz ® 2nd FoghRe, (E) LAROREHERZR 0 (E) & o Rdohrc
FFNO Y FU—F e ARy P i -4 DBE(E) X &, (B/2) & FAHICRENTS
DL LTRHONIZALT P A —2DhEL 1st T DT 4R 7Y « LRARBE, ¢
Hbhh 1st BIBNTIRT 4 R7 ) s bRVICEBESVZOBRENEREBOLEEICHE LT
m%nbkﬂofé@%%@1ét%®?427U-VNwﬁéﬁﬁﬂﬂm£5ﬁ%“I*W
¥—ﬁﬁwﬂbfmcmﬁﬁﬁ%®iiﬁﬁﬁé5m,1st%®?41§UWVNWﬁﬁ<
IHAAF—HACH L TRIOITHIIER TSI,

KT, TrveF eI —7OMBRREFARALTA 7Ly v F L — FHETHEENESH
7 Fig 321 OFEMB L, 2nd F OHEORELEH SHEHNxFig 323 OHRMARE
Bl LTHBE, WT00KeVAD 6MeV @ = 4 A% —HHTHEEMFII R LT
CEDS AL CHi, COEBETIE 1st F OHMEMKEORINEBFCELLWEIRHBLTX
NWC EARLTIVAe FRETOI A NVE —HETCIIFTAY Y F L — 2EICLDHEORE
HOHEHBEC L TN Eh, THlE I1st ED—« F 4 27 VHHNTRTHENET L
AR THEAIEEZONEZ. RICFig 321 OHBOREHREFig 318 TrmaniCi-
25 2EAHTHTICLAYEOHEHRLLELTHE L, 600KeV 53 MeV O
AAF —EHHETIIIE R L TR, A TEAHEOREND Lo Tins. ThizCo
— 25 eEARTHTILIAESEOHCERSS5EEL0N0D0 THHOLCI-252H
S FIC £ AT HERIIDIENIC &R ik HiC, 96 00KeVLEFTR Y I F ety
b®ﬁﬁ%§ﬁ%<,~ﬁ3MdVﬂLdva;_vgyoiD—F:yfmxérB—ﬁ
@anggmggﬁmfwéﬁm&abn%o%cvz&abw%ibéﬁm%ﬁmliw
F kL LT, BRBCENTIRY 7V 7o 77— 7OHBHETICLAAEERD
HAERANWEL EITT 5.

41 —



B i

JAERI-M 6492

4 HRoR~7 FAEGE

CDETIE, ALY Y FU—F ¢« 7 ba it —2EEEOEKRZOR RS b AREICER
Lh%%momtﬁ@é;ﬁﬁbt%%ﬁFCAﬂ—2%é¢®ﬁb$&,E;Ui%ﬁiv
EROE#H R P VBEOTOTHSe HMEFR R VR ZOERFRCHETET —F TV Fe
A — NAERES TS CHEAARESEEBTHD, ChEBELI(RAET A LIIFMEL
@%f§¥?£éocné®¢%®$ﬁ¥x&arwuﬁ&1kevm51m%vﬁﬁif®
ITANLE-BRICRATHNED, 2OLEHAEZHEMTHN-TEHX7 o i ~221E.
BABIHODEZDTEELTIEEAOARI PV ERIETL1HEE DA PR -4
ZEB LCELMN, £7 LYy YFL~4 s A7 o2 —20HAGzOY ) —ZXD—RTH
30

41 FCAVI-2%2GFLARZ PALDRE
411 FHREIBHBOEE

FCAVI- 2 A4 REHEAE [6ALe ] ORIIFLOMK 2 EE L RREREH
TEZHEE » 7 » T o 7RRTHD, THhEBOLTERE, RGE, RInEME, S 1T
Loy B4 FHE, Fo7 7 2R, ELEHRSCHETIERBTEIOOAS ST, piETF X
RYPVEDNTHHEBORRY bu i -2 XAH[ENT L bR F7 NV Y F L - R
THERADRRT FLERIETE20E, AENROBHROMYTRE 4 & LTERRA
BT HENFAN, FCAEASKICH LTHAIES%2Fig 41 CRLALDICEE LTH
EATI oo FHELHLOPBEFHRENCE LT, HEKTHI2ESGEITERF AL
SN2 x 2" KFERE — 23 HLALEZBELALETHI TINE . E—24531H LLZHT &
Ll o THRLPLHAEF R FBEEERZTEC LR, YYFL TN T A-—DRES
PEE>THREBLNEEZIOND Bl LE~ 2B LML S 8 5minf 1st v T
FELTHHATHRIEINEN, FOMOERICLOETKe Vi oHMe Vo ik FHiT 3 B2
ERE L, TO0RBOHFIT A+ Vv F —(KETHLY 1st v YFIRAHTAFHEFE— A
BELHLEILIRRT FLDBRL o DI oTLE Do THABIT A5 LE— LI
HEZH T IAL by Fo—TRHERTIE TS,

Fig 410EBRIEZEOTHER2ERIGEROH 2 FEOAMICREBE S, BEKML S5 DT
HBLE—LFHH7 T4 heF o —72BLTIst Yy FEDLDNTINS
CORBRICBNTRGEELC &id, 1st ¥¥FEL02nd v v 70 RO A FIBH S E &
LIm@Oary 7 ) - 1 HOMBERETCER INCRBECELNTHEEWNIZ L, BLU
TOFHOEAZMNATAC itk ->T 1st v Y FiIcARTABHEFERELN2 ) A - X 41,
RERROBREAOKENS 1st ¥ VFHBERINTVILENDI T LTHE ., GHBERE
GERIEAEAZER LTIy, EEROFENESEAARLORAETADTETB LU riRic
EoTHs 0750 Fe bRANENS, NEELHERETERIATNL Ny 175
DY Fe LRANELEN. COLHNEBETIINEED Ny 7777 Fid, BEMS
TOFRAOBAABLTANT AGBTBLU T BNV —L 2F v 2 Y730 6000

49 -




JAERI~M 6492

7777

NN NN
Nplaaket \

YA
Q

7
S

FCA Assembly VvI-2

NN

NANNNNN

o,/’/"
Fu)
8- v
= - a5
3 <
0
: 2 8
o 1 3 m
- EY)
[s )
=
b
=t
" b
5 N 3
o 1 @
= Y
wd -]
— 3
o 1
o
b
o
g
‘\

7.0 m

8.5 m

N

a8
[~ ~
=3 -

Uﬁsl

—
—

=
o
—
-

spectrometer layout for FCA core

—

5 -
i r{
‘UE Fe |
— g
- M o
I ne
o S H
- N
3] 5 =]
n o o

o
o=t
w
—

géffiii

Pb. s

— 43 —

spéctrum measurement,

scintillator

Fig. 4.1 Double



JAERI-M 6492

1B FIETARRLEIET IA b e B4 b e ART PDN o J T 53T Fe 1w bt
1stZBL2nd TOH TV b V] PORICIFILFTEN, 202 TH B nici3EE
OFn2nd vy FDAI[ VYT RARYMANDNy 7T T Fe Aoy b ETIFS
CEBBECHD o HEEOAICHEEZSB Lk oT 20d v ¥ FONo 4555 Fe
A Y MIBE LB -oTWE85, A5KFig A1IKRENTHEL D 2nd ¥ v F (2 1st &
VFEDLBEDAF FHLUNA OB ER TERKTECEICLI 2T —b e ZF x4 Vv FIKEAN
v 7T Z T Fe v bPEBL LTWSE e MEFANT MIESEAR DBRICL > TES D
WEANT S0, BAILESS 20 TEEELTRMLL, 77 7 v FRIF.LALLICHRT
KB ICEHIE Lo 2R il o T2 BIELE I ELTWHWEDRFPLPLICET RS
FATHELS, PLBELUADEFRLoR LIcEE T 1st & ¥ FIZART L EHHN
LOIGER LT NIE NS0 e Fig 41icB 0T 1st & v FiT, £46EL&L 75 v 7
s PEBLTRATHRZBET L 7By LTI MBES X2 0B INICET Shk 2nd
INA -2 LD BERERINTLE. GEARAO Y — L5 HLAOHE» SFRTE2hEFiICH LT
H lst v Fitist a1 A -2 BL0 2nd 2V 2 —2RRIDEHEIATED, HRELT
st v FUEsH LAORIME LAE F L OEBICE TS,
412 HMHIENRHHE
HEMBTHLIFLBLOGH FROBINEZ SNZESE, Fig 41itr3hBEIS
WTHIEENB Y 7 F e IV o LA P REOBECEIDERELTAS - CHITRE
ZRADRIESHELRHECLICERDULLN VL. R2kokEHESL e TERT AT &iITL,
ZHRBESRE LI F e ho Y be UL 1S (o) 2 MEHE THBALELORET

5ecC
HOWE $olaoos) TH-IMTHELERTEC LILT B0 b
S
& = —
$

Lizdto THEGR T EE (cnf ) ORAEZETECERKILE. BB E e ILIRD 3 D DE
REHTTERBCLEHITE S0 TO—DRHNENR LATROLMENEBIESL 0T
O, BMENRUPDE e, EF RCELTI 4T Ly Y FL—F ¢« 287 pad—
2DEE, 2R LT, BRIENROBHE LRI TS 1st v v F ~0 AH
fHEFEREROEESE, Ist Yy FRIAKILDPHEFHRICH T B 2nd v v F DA
HdlFROBSLOBITNLNZ. RESEDO2FE O ERIAHPIHFRICHS S
REREDEHATHL, Chizy v F LU — 2 LARORBHERCEPESL . OGRS
E, CHERTACELILTAEN, £70y v+ L/__g cRNRY PO - S DBALEKELTDE,
DODR2xIF1st v vFE ond Y rFOETNTHNDORIGEROBICHA LIBICEE. BIEEE
DIBHOEZEIWERZRDT ARZRT ) e LWL EBZAY Y s LA FPDIETOBESTHD,
FTOHEL ¢ TERTELENLT R FTNY T L—Fe AT O i —4DBESEKL
LTDegitist FBLY 2nd R OZWSHLEBOBEEORROBEILIL L. Z2EOMHE
ERINO3DDEXOETEDLINE. THbDS '

5=6g- 6r. ed, |
REROEEP S ¢, BLU g RWRTOMTHYD, —F €, REHOKRTE SOETH B

44—



JAERI=M 6492

Lt:lo T oOREDIRTHEREICHEYD, eDRTE-HK LTS &, & &4 ITHRFFEN
BEGEIAOREEEHEROHRE 2 D2EHTTHELZLOTHY, CORFORHIT K ITH
HBHRELFEFOTVEHDTHSE. O TiEFig 41 OEBICKY 2 B EARIEZIE ¢
CONTREL, 2 DREXRAKORUSE e NEDEREOEIKNEENAEELTHSE LT &IC
T5o ’

Fig 41 it 0T v —a8|H LI OFIRE L & LicFofohEFREZ202 1+ -4
CE o TZDOFRMLITSAE, 8 5mBEns Ist & v FAFET L. 5l LILOFIRME
DEX22"%X2"ThHaH, TON 1st v v FRIBTHLHEOTBHOHEBIL 27, Tabhb
203cm?, lst YV FDRPEHHAPHOEREILI284cme, THEHL635cm* ThHbo
—H10cm¢ OEBRD 1st v FRIAHPHEFROFMICH LTS sEOARCELNT
o, BHEICEBMINIESGCHEANT Y Y F L -4 FROBOBLEEFD ICEINILTINS
CEiCtAo ZOAINDOHTHZONERBEEZEOTHLALOPETHS 1st ¥ ¥ F~
AB T ARMAENHEEEBTICRDECEIINETHEI, e, 2 RDE1pORMTLER
ELTHELMOLOES12cm® DEFRMIst v v FLUBPEATHE LOERELTERE
E»Dc MEFROMTTOBEEZEBRT L E, FoLOhLOFHEFHOWE X b, DFHS 85m
Mt ist v v FAARTAHETFROB T

12¢e _ 12¢,
47 4%x3.1416x850?2

ThHdo TLTHUEARDTHT R o KA 5 1st ¥V FADASPHTHEDL ¢, 2

=132X107% ¢,

1.32x107% ¢,
6T T g,
Lo WiT 1st v v FORABETHRICHT S 2nd v ¥ F~OAHTU THROEHE ¢,
ZRDHBo lst v FHImBENIERES” © 2nd v vy FARBADTEREIIATHRA® 0101%
THdo KEKLIZTUFOREIELRTEFTHLY, ZOBRERELTL 5 DO HNIC
Bons ond ¥ ¥ FAAMT ABAEETHRERSR TEFRAOBADS £ 5 L2 i
Ao LicdioT '
g, =000101X2=202x107°
HLZOBE ,lmmgwlst//%kawf%ﬁ¢&%mﬁoﬁﬁ%%wémb@%v
WT ATV RF x4 ) YT ORRIIEFBICANT I Lo BIERAE E LT OSEEAR
Sh eg b€y, & &g, DR ICILD, ZODMIT
Eg = €y, X &g,
=(132x107°)x(202x107*)
=267X10"°
Thbdo
Ric, fEFr 4 V¥ —i 1 MeV OBAZHICE o THIEK €, BLURLADRINZHE ¢
@ﬁéﬁﬁbfaéomimﬁﬁﬁﬁ#u1mev@%A4zrm—/f@amb,umm¢
1mmED 1st ¥ ¥ F D2k e LT OKELHTREIL

=1.32x107°

— 45 —



JAERI-M 6492

: 2
. 2w 01X1LOX ——— X (6023x10%%)x(4 —&4
31416x5 0 1.0 110327 ( 102 ) x(427x107%*)

=288 (o)
THhbo AFHEHTFTAAF -1 MeV OES4AEHAOKIIHFOZ 21V —{2500
KeViciih, #OBOKEDOLNEHEIL615/x—>Thbe 500KeV o324 ¥F
Eo2nd v F~AHFHLLEARIET 2 HERIT

o
1 — —{LOX———X X ”) .1 5x107% ) x5, }
ema{ (10 14027 6.023X%X10 X (61 ) X508

=1-—exp{—0528%x0508}
=0932.
LtcdioTHRAKE LTORIGER e, (cnt') O
£, =288X0932 -
=268
B ALY YFU—FHNORBICLERIGIZERLTNE N 71X 7 « URXNITL S
BRESEOETOHE ¢4 OBRT AR ) e LAUOOHMITCFATIZLIRETHLD
T, CCTIIRIF LT V. 1st vy FHi10cme, 1mmE OREROBHE, LICRHIBR
HSROFEZOEEHN A &1 MeV OFlFICHT 22K OB EZHE ¢ DEIR
 e=(26TX107°)x268x¢,
=(716x107")xeq
LA FRbMBEOAFETIst v F313cmé, 3mm B2 OEHES D1 MeV ohiEFiC
ST skiEELRDL L,
e=(267x10")X136x¢4
= (363x10™")xe,4
3B o
413 1stZDF AR ¢ LA L BRFERIFEDOEL
P, FCAVI- 2 EAKORLM SR HSNAE —LCHTET T4 b e 2400 227
PUDRIERRICDOOTRND e BLETRANLKDCIst Yy F L LTI 1ImmEE 3 mm
EDO2BEDOT 5AF o7« YVFU—SHBBEFEINTHOEY, 244« 27 PLORIEIR
1mmEBLU3ImmEONFRZONTENTHNIT b, LT 14R7 ) » LAXITDONT
b 1Ist REXV 2nd FOFARIIEF EZEZLBRTO0TA Ty — 2T biize ALH
HFBICHLTLDEIICHERBLEZ TH 7 v OREERTL > 12D, —2KIIAESRM
FHERBRLOMGANBCEIZTHEOBHELELHLLHTHD, bo—2iCirTh
FROMERREEBREADOEE L EICL TP AL H RV AV —HEOHEHELES
T THLo
Fig 42 DM OEEIL i1st Y FH3mmETHA « F42 7, 2nd RdinAg « 74
2T Y DEEDEA s AT IPLTHD, FHAH687 » P TCHTHMEERLILERTH S,
REICERIOBEEIL, 1st v FHRImmETU -« F 1427, 2nd REBLL AL o F
4R DEEDEA be AT PATHO, HHA347 5 PTHI OREEELALHRT
— 46 —



‘19437 °TIOSTP YBTY UT I0IBTTIINTOS puz YITA yoq ‘4Lleafiowdsel eT=asf Jiosip meoy pue gfjy up ¥ary3 Eam 203BTTTIULDE ST
Y3tAa paansesu ‘z-TA LTQUeBEY YoJ4 O I21ueD 23100 3yl woal sewmed pue suollnsu 103 eildeds IYBITI-Jo-smEL 7'V "B1i

19ABT °TIDSTP MO UF I0IBTTTIUESS 35T YITM 13497 "T209Tp YSTY ui I0IBTTIIVEOS IST UITM
awyy swyy,
3]
=5}
=
b=
£
==l
[==1
[
-
3

awIl 3Tun xsd $3un0)
smf2r 3fun x=2d siuncy




JAERI-M 6492

hhe THbb, Fig 4202 1st v v F53mm E, 2nd ZdnAd « 7127 ) E0IBE
FICBINT, IstGo A« FARIVTHEELET—» F427 I THEBOEDELEN
DEA e AR PVERB LI SOTHEe CHHDEA e AT FVEBOTERNOH
ue-ammmLE—A¢®rﬁm;5§®?$b,C@E%ﬁmﬁﬁ@gakb.z&pb
wmﬁﬁéﬂﬁﬁﬁmﬁﬁﬁﬁmnéoLtﬁat%%%ﬁ;%ﬁﬁucer—ﬁmﬁw&
camgziwﬁwm%mb,ﬁgmémﬁbtaﬁmﬁliw¥;mﬁm%50ﬁ$®?4
270-Vﬂwmﬂmf@Ntkiéfﬂ&bf%ﬁtﬂg&Sug¥@C@ﬂg42®E
E®§4A-z&9h»é&ﬁ@t&ﬁ@éhﬁﬁ%@?%%ﬂ,ECW%®X7—wm£w
fﬂyﬁfiﬁyF-ﬁﬁvb@V&WﬁBxﬁ@%b<@5iﬁﬁﬁmébﬁf%@,Vﬁ
Fe ATV FORTHOREFRET AL ENTEX4. Fig 3.8 #itFig 42iTLbE, 241
Lo X% DB AN E MO ERLTH S B2 2 vE—IZ 15t F 21
£ e PRI UTHIDPE - F 12T I THE P> THATOHHE L KT 5o

Fig 4334 H ORVEF L ANELHICINEDEA bo AT PRI 2 LE = 5IC
E@Lt@@fﬁéc%mukﬁ$ﬁ¥liw¥fﬁu;%m#—pfw_fﬁfﬁam,c
ALREF— 2 DEIFOH-DIRITHy FR4 0BZHZLY P -—TRBLIbDTH S ik
BN —FCED T Fe ho v PETHD, Fig 42054 1 e 27 P VICHBEERIE
BEONy 7079 FEFEE2BLTRDEOTHL2. AREREB LT Ny 275707

FEBXZEDF — 4B OPYFIEDOWTIRRETRNSZ LICT 50 Fig 4307 vy bid
VIFN e ATV PO FNFEF-RHTHD, cOERLT ot -2 DHETHNELFHF
2RI MABELENE, YT F e ATV I REDETAECALNTLTHEL T — o v—i2
FEHMETH DM, TOKEIRBCENBLICEI A —T DNy VT F TV HT Vb
@%EMAnfiwentgmﬁﬁéa1sp%nbv{v?&xyuxgﬁﬁey?4xﬁu
T%n%nﬂﬁénkldmyf%w-ﬁﬁvbﬁﬁu;Ch%®?4i?UrVNWK%§
énmm;5a%m:*»¥—ﬁﬁmgwtuﬁU%@ﬁﬁkﬂé@fﬁ&%o9ff».ﬁ
BB ORI EBNE C EEBINELT, A+ F 4RIV BT M—T o 5D Y}
Zo— e FARIVCRB I =T e AV Yk TH oL OBER LS Fig 431CE 2 b7
LATRLTVS - o -

ER ML DEC AEC AR LT HB LS — o —l2, REDT v—T « 719~ kO
WMECESCHDESDETHE . RHOFHBHEEFE THIIC O OBII—EBITE 5
FTHE, Pig 4302 177 AL LEHSIRE LD 21BN 45HET, T
bt 32MeVhs 750KeVE CORMTH B0 & LTHOMIZT50Ke VLT Clts &
WE —BSEL 1B T o T— MDA BPEICIRO T A HBICIRN ST, 100Ke ViEHET
H—EEOKIEDEAE > TNBoe CHLlE, 1St DA s FARI VL oTY T F e
NV HEBEZORH LI A NF~2T50KeVTHD, N« FTAR7ViCkoTHE
BB T F e SN ADEKFIRTS50Ke VT T ANF -DHELS AP > TIRB AT
B, A e F 427 T OMEIFIR1I00KeVIEBWWTHULEIRHED Y FF e X250
BT HFERVEBICHH L TVWAZ EE2RLTWAe LitioTTis ORIEMMD 5B H L
NtcZAR7 Pz, 750KeVEITOEBICODNTRAL + FAR27VICEBEDLD b —

48—



*19AT *TI0STP

40T UF 3BYY 03 T9AST *TI05Tp yfy uf Junod Teusys yo ollex 843 smoys weiBoIsTH *13YI0 Yow? 03 pIZITRWIOU Jou pUE

‘TeAdT ‘pa38TP yFTY UT I03RTTTIUIOE PUZ YITA Yy30q 'A1oATidadsar STSAIT *1IosTp 207 pue y3Ty Uy YOTYI WKE IOIETITIUIOS
ST Y3Is paanseem ‘7-Ip LIqUassy yD4 3O 183u=d 9100 ay3 Woly SUCIINAU 103 SUCTINQTAISTP 1unod Teudls ¢4 ‘T3

4£219us uoajnay

0 ARHEG ABHT ATI00S ASAQOT 0
_ _ * e 3 o e
«KW«T i 1T I I | xﬂ
K«KK X
xxun 3UN0Y *TIIETP MOT 03 Junod 'TRISTP YBIY Jo opey I g X XX X °
. . x
£ T0— X o T9A3T ‘TA3STP MOT UT JOIBTTTIUIOE IS8T YIlM o X x [}
"t [
b XxXeq . 19427 "TI9STP 43Ty uT FOIBTTTIULOS I8T wIgM X X%
m. XX. . x [ ]
XX | ) [
E 90— xw» o® —1{ oooz B
: w B ® o o [
i b ’ | ) . %
| : 2 <, 2 :
: n x i X .
H = 290 |- X xX_|xF¥x q @
H — x [ ] x o]
i & 8 * ¥ »
: = E . 0 0 .._
; - ] Xy ® . -
- L x N 4 M
. .
280 |- X xxx» o —{ oooy &
[
] . oo
& Xeo .
w . [ ]
e 0'T +— g m
5 P
. % * %
Xe
: "x
tozer [— o v —4 0009
X X
| xX
———— o
——— L .0
9T - - ot
8T




JAERI-M 6492

FARINCLEZHDDOEIDHFENINEZEL SN0 1st RO FI - FT4R7NILLSD
S F e BT Y PRI BINT, T4 VYT YR ARY IRTFT 4RI IVTREINELE
H<%%ﬁ&én%TmI$W¥—ﬁm<thwﬁcéu,C@ME%%ﬁH@EH%%H
o LIDLTARY ) D2 HHBEBHTCAHLTCHWAESGE, 27 tad -2 L LTODH
EFRLAAF-EWDIDEY T FN e SVADF 4R Y CLBRENMHEL L A VF T
BEINEHITTRE e 4RI NICEoTY T F b SN RAD—WHBEEI LT b,
ZOHRMTABEILHOATONT ZOMEEL S ARSI bV BELOLIPETH b0
—%32MeV U F oz 7Lk —EKIEFig 43D R 7L ERBETV-TIREoTH
DEBKELEHLTOEZY, CHARTRT AR 7)) « VRVICERSHSEHE TILLEWV. T
P2, 734 P e 2 A0 AT PVOERRBRTE-I7DAT Y b OBV T a—va Ve
T — F2v o THETACOIAANF —HBEAIFWE L TREI L, BRI F
NDHY v DD Tﬁﬁfﬁﬁﬁi%b{t LERLTWALELBNAo £2T3.2MeV U
FDzR~<7 P LORERSES T AzHicid, 1st vy F . 2nd v FREORITEREZEREC
FARELTrE—//0c3hEb o gAY A0 L, NUCHIEREORERIT EICLO ¥
Sy e iy P OFEHBET LTS EnEENS.
414 2ndBOFT 4R 7 U e LT kB RTREES T O

ISLR DA, s FARINET— e FARITVRXIXB YT Fe UV PRTHOENICD
WTRNRTHE?ZD, RiIC2nd TN s FaRI V= F 4RI VLB T Fe D
&Y AR OEBENCONTHRNZe Fig 440-"2DEH(1Fig 42,EHKICFCAVI- 28
SRDFELHELH S HEIN e - LT 2T TA b EA4 0 X7 FATHDD, 2nd
LDOFARIY ¢ LRUBERZAL « F4R7UVTHEES, Hlldo -« 7127 )TH
ZIEAOHERRTHL. CNSOBERINAR] Ist RR1mE DY Y FLr—F%&D —-
FA4RZUTCHEAL, +NFNFEHT687 » PTCH2 OBEBLIPFTNIE687 » PTHILS
EER L: bDTH B0 Fig 44DAFOAHERA L IUMEZRELTED, Fig 42%
FAEANKEIUBBIIR ST L. Fig 45304 0OENEFE L ALY, Fig 430
HALABIRINE ZODF{ e AR bz aVvF—SHICEBL, e E L
}EDTHbe Fig A5TIRBEINEC &L, Z2o0Ov 7 F e AT Y PAHICBNTTOO0
KeV&300KeV OF— 7 DIBEBLIUHN450KeVORDOMBEMNTRAIGTLL —FH LT
ZLnHCE, WSy Fne 59 Y OLIIEMeVTH L2 THD 100KeVAITH
0.7 CHENZORTAVE-—DETELECEIELAITHPLLTHWELWNWSICETHE. 210
PDE— I OBRDONBIIELA L e Ayr—UHB—BLTHA01R, HlETBHTHIESRZ 2nd
ZDFARIY e URVLDE>TWRNCEEREZ LD ULALEATHD, TOHERNIZTH
SV Fe BT VMNP HEDL AL —« 2 —NDELIMNIEHI NI EIZITE S
ond ZOFAR7 ) OHEHFIFECERLLIIC 2nd v v FROBEADER VDS 7 Y
oo By FTRIEL, TARINTCHRESOLEOTCHEBENE Y7 FLOE ST 4 0F —
DETFT LT/ ACELLECENEZLNS. Fig 45Dv 73 0 Y FOEHOHHE
2nd TONA o FaRIVET—e F AR VOBRERORZHAMLTNEIZTTHS 01,
N e F 4R T OBMBBOI AN F-—DHEMNIMeVAHAETITXETLESA TSI &2
RLTOEo — 50 - |



5492

JAERI -¥

*{249T *FADSTP A0T UT HOTYI umyi JI0IB[ITINIO8 38T YITH Yloq *Lr=2aTidoedeal syeasy °TiosTp mol pue YBTY U ACIBT[TIUIDS puz

YITH paanseam ‘7-TA ATQUW2SEY ¥ JO 193udd 2102 3]l woij semmed pue suciinau oI evazoeds YBTTI-FO-IWTL yy 313

12491

TIOSTP mOT UF I0IBTTFIVFRS PUZ YITA TeAST °JADSTP YBTY UT 103BTTTIVIOS PUZ WITM

20T ©OERTL

2WI3 3Tun Iad s3junon
2wy 3TuUn I=d s3UNO)




JAERI-M 6492

Junoo *TIASTP MOT 03 IWO0D *EAosTp yBIY yo ofIEY

PUZ YIFM paansesm ‘z-TA ATqUISSY yOd JO 121uaD 2100 3YJ WO1 SUOIINDU I0J SUOTINGFIISTP 3wnod Teudis G'h *8F4
A319us uoaznay
ASHT ASA00S APA00T |
0= ! _ A | l [ 17T
¥Xx : . S . - :
hE 23 ¢ _ _ : - X
Wvono June? *JIISTP MOT ©3 JUNOD *TIISTP yBTy 10 oTI¥y r ‘
70 xvonv-no.o T3A9T “TFADETP MOT UT IOJETTFIUIDS PUT YITH . » XX, x®
. . , X
XXX.VQA ToAST 'TaDETP YSTY UF I0IBTTIITIOS pug YIth X .%X
3, o BRI
%0
9°0 —
80—
0'T t—
T°1
"1 —

MOT UT 38Y3 03 TeBA®T °TI0STp yBTy uUT 3unocd TeuBlE Jo o[yl Byl sMoYs weaSolsTH

*TaADT

*JADSTP
*19U3c Yyoed 0] PoZFIPWION J0uU pue

‘19A9T *TIDSTP MOT U ¥OTYI WIT IOIBTTTIUTOS 3IST YITA yloq ATsafioadesa s{easl "Ji08fp MoT pue ydTy up I03BTIFIUTOS

0002

w
s
000Y %
W
T
o
=]
&
A
b=
m
0009 "
L]
la}
Q
5
0008

00001




JAERI-M 6492

n4-?4zﬁU®@m$E¢®1%»¥—ﬁﬁd,Fg«wm&mt—f;@%éﬁ&bf
bolBEARTHALENTFEINS e REBRLEICTF AR INVICE STV F LD
BBEINTLFOAEZORHBBR I L b o TLNIT BRI ' ABBT 20T THS
B, BEHSENMETIERESEREARORELRNELD, HIEHEOBENE LA C &2
E9EThILe Fig A5IKRANIE VI F e AU POROT A LFE NGNS, 2nd
FDA e F 427 VFAFHTIET L2 ALF L LTIMeVEEDY 7 FAICHLTT T
I 2 D—FLEADNDELTNEENHZ LICITAe LEtdsTIMeVE TOT 72 0¥ —EH
ZxlTiE2nd 50—« F4 27 VILTHIETAZCLNEZLL, 2nd T o—0F 4
27 OREEPSBPNIHESEROI O EENLNEELI NS,

415 1styrFOEXICIIRTEESEOED

ME1st iz ond FDF 4R 710 ¢« LRADEBNZEEY T FLe H v FIEDEND
EDNTRNTRID, RICAE v £ v e Yy FL—3THD Ist ¥ ¥ FOES DR
XDV T F e ho Y b HOBNTODDTHR B, Fig 4612 1st Rltu—e F 127
V, 2nd Rl A « F1R2UTHBTHE2, Ist o »FN3mmE OBEAELmm E
DBEEDYTFwe By Y MaHERELLL DTHL. Chdbit T Fig 438t Fig
45 WA TREBToNTWIEDTHEN, F4RI Y « LNLDEENRFELT Ist & v+
DEEDHERXLE_DOODT —ZREROELTHELILLEDTHE: CHEDV T F e Hoyw
FABMIEAKRBUBERLEZETTHY, ORI AVF —DERLT Ty FiCHBEILITTH Bo
ETAHBHNFIg A6IRI NIy T F e 19 v FDEOEIZAFHIEF T * v F — b &4t
KIRBITETL, 12MeVHo200KeV OHBE T3 0 BRELECH >TIVE. EZ 5
e —20FKFIZ, AHPETHRELIUCRILGETED I1st v v FRIZET 2BEOE S
SMmEBELIMMETRLLCETHE. THbDE, ASBETRIT Ist ¥ v FR&BEHED
CRELCE >TEOMHEARFCHL, —H4 5EHEOKEPHTERES 1st ¥ v F4E8
HICHEDHEICK > T ZOMBEZRBICHTS72%H, Ist v FH3mmE K21 mm & _
DIBAD Y7 F LD 1st ¥ ¥ FERICHE VB SN TERICHDT 20 L0 b,
BAOHSRBENER B LS v FL -2 0B ICRET 3, L2 TCREVORIAIC LS
ARHETROBRY LS EHELILL 2 4 SEFMEHTETROBEOH 5% 2 12810
AEETVERNT, flELTz2avF—2MeV 8LU200KeV DAS it FHICHT 3
SmmELIMMEDY Y FL—FDY TN e 1T/ VORAERKATALC EICT B0 0
RS RE TV 2 S ICHMLT B3 D A VT R e ANV MNCRBHES 5 ORI (L
YFU - DEIXDHLTES LRE LI, ChCLBBEFNSNEEZ BN E. ARH
BFOTANE-212MeV K2 200KeV OBA 4 5EHMOKEAET DT 4 L+ —i2
I1MeV RIZ100KeV ThHoB55, KKRDOHIMAEEILL 4 1 F — 2YE T+ 2 103 o THA L
TED, TDTENYTF Ve BT Y FORIRHOTRS . ROV v F 1 — 2 12Fig 41K
MENICEDICARAHCHLTL 5EOHECEI A THOAOTAMNBETIIY v F L —4
DULEICEZT 2 ETREIOLSD [ZHOEBRST v v F L — A NEEBL, —F&KE,
TR ES SREZCEZOEDIOEH 2T v FL— s RNEBET S0 200Ke VD
PHFRIMMEDY Y F L -2 AR LB EEFICE 57T, 4 5 EHFRIICKE N2 hik

53—



JAERI-M 6492

mmE 10JVTTTIUTOS IST Y3Ta poanswauw junod yeul{s Jo Of1B1 2y3 smoys weaBojsyy

*MOPTYI WmT I0JWITFIVEOS 36T YITA painseam eyl 03 NOTU3

*I9Y10 YOE?I 03 PIZJTPUIOU 30U PUBR *Taiat

*FI08Tp ubIy uy rojerrIIUIOE PUZ U3ITA U30q ‘TIART *TIDSTP MOT uy yioq ‘Lraafivedssi AIFYI WWY PUR FDFYI WWE JOJBITTIUFOS
I9T YITA paanssem . ‘z-TA ATqUessy yoJ JO 19Ju9d 8100 °y3 WOl SuoiInau 103 sUOTINTAISTP Iwnoo TeuBIS o'y B4

A812us uoxinapy

ASHT , AS)00§ ASHOOT
0 T 7 [ I T I T 119
x . v
h”» [ . @ ox
wx. W02 YITYY WWT 03 JUNOd WOTY3 wmg Jo ofdey [ 3 .
[ ]
XX 5 AL AITYI WAT I0IBTTFIUIOS 18T YIFM X Xy X
x
XX e ADOTYD WE 10IBTTFITIOS IST YITH @ o %
£ zof— xm oo’ X —| oooz
- .
=]
[+
Hh
g 2
B B
o | 2
ey - ~{ ooov
& [+
2 :
] -
]

- [ ]
=]
o b
B 90— — 0009 &
o
=
Y
o
8
g
1 -

8'0 t— —{ 0008

. X
0°T = —1 00001

— 54 —




JAERI-M 6492

FHBMBICE NV F o~ 2 DBASCHERTEIEDL, SVWETRETEANETENTHS &,
o - Zrokey X (015X V' 2) - Tiooxev X015 _ 0840 % 0850=0714

THd. ARCLTYYFr—2n1mmEREE, WTICAHP®T AL F—s2MeV
DEE OBEL THE FROkERLZ RS, Table 41 K E i,

Table 41 ASHHFIANF—BLOL v FL—-20EIDRVICEE
4 5 EH MBS P TROEEEDE D

AR TR X UBILDE ROy Y Fr—2NicET 2R

(Eé%@?%%é&%%bum%ém45§ﬁﬁﬁﬁ$ﬁ¥ﬁ

ODHEBRREET S0
AR F TR Ax — Y F U ADEX mn B E
3 mm 0.714
200KeV
1 mm 0.894
3mm 0.898
2MeV
1 mm 0.965

I H I F —PR—EDEEGA YTV Re A XY DT ISt v v FT45EFEICET
2T 2nd v yFICHES S FHICHEBMT E05, Table 41 56 3mm E &1 mmED Y
YFL—2@QHEMEIY DOy Aoz ARSI T AL - 200KeVODBEA

0.714
0.894

ENB. [ARICZ D E>AF ST A vF —02Me VOESL

=0799

0.898

=093
0.965 !

Wil Be T bLEY v FL—2DEIMNImMmMHPS 3mm T LAES, YoFL—F2ROhH
HETFRUBHLTREBE T2 KBEABD Y Y FL— 2500y 7+ v iz@mbd i bidTa s
23, EOLFEIZ200KeVIEAT79.9%, 2MeVDEA 9L BTHEENITETHDe
Lo TFig 46 Rdhi3mmEE ImmEDY 7 F e 7Y FORICHENT, 200
KeV @iz 2MeV Officd LT

0.799
0931

TROE, YYFUL—R2OBESCIIBEFONRLZTCHOMEIZE 5.8 BIEFT 2. s£iciR
NIk S Fig 46BN T 200Ke VA TIORDEIX2MeV H EOEDEDHT 0% TH
270, HOBEMET A ALF —HiCcINEEBF Lt LTELILNE S H>—DDER
B, vYFL—2DJTHEDENCLEEXEORENTHE. B2ETHR~NILSIC 1st & v
FRFD— e T-YRIZT & bV OEKEICH LTETiICE » FXATWA0, 3mm Eit
E#E13cm, 1mmELIEHI0cm OB TCHEIZDICY YT L —4 &7 4 b v L OEXE
EDHBEHR->TNDS0 TDHImMmMEE ImmELTIIENRRNRLD, 1st TOF 4
_ 55 —

=0.858




JAERI-M 6492

7 e yNUHEILTCHoTHY T F e AV Y FOEBIINF—TREEAC ENEZS
b Fig 46DHERMOEZLAT LI, HAKeVEU TO A VF-FHTIE3mm ED v
YFr -2 ORSTHEFHROBRODRSE LN TEN, Lo TEERIC LI EEHNT
ﬁ%i%n%mf,EI%W¥—ﬁﬁ®XN?$wm%Kuﬂ5N<%mvy+v—ﬁ%%m
WoLHESHMNENI T ETHS.
416 TRTHEDGICBITIBZ N9 7757 FeHy b
PIEFCAVI-28A4KOFLHLLLSOFHLE - LIEHT 2RITHEM2HORED LD
BIEAE R CDIOTRA TR, /K, QIEINIRTHMIBICRONE Ny 775707 ¥ N
Ho Y PE20WTHRNE Fig 4TEIRITRESIHOUEZERO—FITHD, Fig 44 OHR
DEELIMLLOTHEH, CHAEHVWTIDRARI PO A A DN I 5T T Fe by
FPEVYTFN e AT Y FOREIZHEBELTA S Fig 4TOHEHMDEIA L e 25 -2 1 F
w VAN 08851NS THBH, Ny 75TV Fe AT Y MEF o Y2 A% NHI3000
BETHE2DXH LTy T F e AT PEIBRBENT » V2V THN2000fTHS 24
e AT — N EOHEBEEDY TF N e BTV PN I TTIVFe ATV P EERENRS,
N&LTFig 4TZBEF AV 7F Ve oY FOHEMBELZLTA B Fig 470N HITY
TFnweho b SENy 27577 Fe a7 bPNOR, 77405 (S+N) OHEHETH
D, ZOWEHEZ

(S+N)+=V/S+N
TCEROLENDe —F N 7059 Fe A0 v 2HL2BHORBEEE NS & F OREHEE
54

N+ /N
TCHEALNDe CALZDODREMP L EZDEEREL > T YT F e AV Y FSERDLBE,
Z ORI

S+=vS+:2N
Wi o T LEDe LTANN I T 7T Fedidy PNIZERICIFiIg 47880 Ty 7+
N T Y FPDRRNVEROEAD N 77T IV F e ATy b LRUHLELNIEEHD
TNBe WNo JF T Fe A0y e LRAWERDBEICEA L s Ay — b ETCEWEHO
HEMZHOCNEE SN HOEERERIN STENETECENTEE. LT LTHLE
WEHORIEEEFHALT Ny 7779 Fe AT Y b LRV EROOITEERE IRET
XARBEWWNZICHD, BELOEMENESNL: ZOLINUHFETRDILAT VY b bR
DoHELNBHIZEED Ny J 77T v Fe A Y PNEHWEES, YZFre HT v+ S
DOFTREE L

S/ SN
iZ1 50 Fig ATOREBEIZENT I F e 9 Y ORHBESEBRICEIDL 50T
DEFNTHE. Fig 4TEBOTF v+ Y AALM0DY T F e 7Y b —BENET Al
T NF—-CLT560KeVAIL, TA2AMF—e S0 —7FICLT5 0B THBH, COELH
ieb &,

S+N=22419



JAERI—M 6492

*TAA3T "TADETP AOT UT 20JBTTTIUTOS puz YITA pug ‘{3As] °TIDSTP AOT UT FOFYI uwm] I03LTTTIUTDE IST YITA
paanseaw ‘7z-IA LTquessy yHd JO I3jusd 8100 2U3l moxj sewwed pup suoiinsu xoj wnijyoads IYBTTI-3O0-°UTL L'y 91

( su )} swyl B4

005 ooy 00€ 002 00T 0
N
( TRUUEYD / SU ) TCEE'D = IV
000
00SE .
o]
5
--f. . w
% N .m
e
L W
. — 000%
-’ . m
-, o
.... o §
.3 :
., . . & c-- . o
"e . . V]
e Tl m — oosh
S *
- - o
. » L) W
B,
_ | _ _ | _ — 0005
A0S ASU00T ASN007 APM00S APWT APWZ A®KS

£319un uoiinay




JAERI-M 6492

THbdo —FFig 47BN T YT Fnve U v b DO O+ R WS A EE L TR
tﬂyﬁfﬁvyﬁcﬁﬁyb-v&»ﬁggmntsoﬂmmyﬁfﬁva-ﬁvau

N=13439
THbdoe LicdioT

S+ S+N =8980+149.7

=8980(1+0.0167)

T1hb5 0ROV F v e HY Y L OBERERL6 7% THS o OB DBERE QK
BrhEABEARIICNLETHE. FHOBRREORSINY I F Ve AV Y HIEHL
TEDLLVDEERTN 2 TWARIIFig 45D 7 F e A7 Y MHICHERRICT 7 — o ¥
—TCTRLTWBo.

BIC, 754 be 54 0e RRIMANCBEBY I F Lo ATV b DR I 7507 Ko
vy b lst RHMOAY Y be LA PEBLAY 2nd FHBOATY LS FEEDLD
HHEBELTOWABEENTHB. Fig 4TV F e ATV bBEB N2 7757 Fe i
Ty MIER 687 FTH 1 BREERINLERTHLY, “OHERKD I1st B H X
g2nd ZFOHT Y b LA b EERENC, (cps), Calcps) TERTEE,

C;=18500

C:=30000
Thotze TCOPEIT Ist B, 2ndF FKicu—« T 427 ) THHEbHIH, BRN/
A XX D1st FBLU 2nd FOH I Y b e LA b EZNTNN,(cps), N2 (cps) &T 53
&, F2ETEL~ LI

N,=700

N:=150
TH2o Fig ATiCENTHHFITLEE VI F e 10 Y FOBREIIHN3I43300[, riHic
LEHY VI ORBIIKI 4800 TH L. Lo THURFRIATMECL BV F v e Y
YIrelA bZENEH

343300
rsx60xgo o0 (oPS)
34800
i86x60x60 5% (cps)
Tho, HFETrTEEGOE VT F L e ATV o LA } %S (cps) &F 3 &
S=584

Thbo IstyyFTHAINFDHTFRIZ s ond v v FRAMLTIA Vo F v R s
ARV P EERT BHRIEFICENELFNICR~ 283, 1st TOAT Y b b4 FCr DA
TorFwe 1o vt e A PSEBRMN/ AL e H T e L PN UADBDIL, Ist
vYFTRAZNT 1st ZTIHBHENLEHNS ond RizBB I NETNAL <~ +, KiL 1st
YYFTRINENTHRIEINBANRY }Chbo TDLIN ISt EZDHAT Y F L 4 FER,
(cps) &EERRTBE, Ciy S N1 &DHIC

Ci=S+R:i+N;

‘ — 58 —



JAERI-M 6492

DEAFEDEL. RHRIC2NA ZDH T F o LA FPCoBHTYZ F e AT Y bbb ST
HBEEAM/ AL e ATV bPe b4 b Ny THHWVEDME, Vv—Lh e« ZF 5+ 4 1) V2Ol T
BrHCLELDTEHEEL ZDA TV be V] FERz{cps) &4 3E, Ciys S N2 & OF
Izt

C, =84 R2+N:
OEFEMNH L 1st Yy FILLEZEEPTHETOAN 2nd & Y FICAHT 2 50DEES 24RO

KO 0202% TH ofots, EED U F L e AT v S EISLtEZDAT Y b e L A FCiL &
DI

S _ 584
Ci 18500

THEHE00316BTHD, 0.202HBICHTHULDE N ZRlL, 1st ¥ ¥ FADRILD
THAT AT e RAF 2 Y YIOHE, BLU 2nd v v FORBYRDIDEELZ NS
WFRICLA ISt ZOEES, HY v b LA FC,DRTY S F e v FSOEH ZHE
HIEFITNEL, BRI/ A X e AT PN B4 %, BODI6BIZIRITH Do

nd ROBELHT Y be LA FCo EEBB VI F e h v} S OHRIL

=0000316

S _ 383 00194
C, 3000
THRHLE0194BTHO, 1st FOEASLEBITE D H TV be bf FC ODNTEZH/
AZX e AT PN BIFIS G, = e AF BN T e ATV IR, IS HTHDo
ond ¥ FIZ Ist YU F LS DARFALANARR TERINTEN, THTETBIL— L
AF 2B VT o BTy PHBEEMIKE NS ED30 B0 IRICFig 4ATOZ A L e 22T b AT
BUIBNy 7770V Fe 40 EC, C: LOBBEEET S 754 b o 44 4 DHIE
DETACIZB800ns LY U THEREN, FDL YIRS 77T Fe 1Y MEv s
Fe BT PEBUSTRTWNANL P e T IAF—ICERBEINB TDNy 275
YFehho¥ibevrvd FEN(cps) &9 5L, Fig 47 DRIEDES
N=(Ri+Ni1)*x{800x107*)}x(R;4+Nz)
ZCIx(800x107¥)%(C,
=18500xX(800x107°)x3000
=44.4

ThHboe LItoTFig 47 DEAED SN2

THhbdo dddceps DNy V7T TV EFE e BTV MREA e A= LT800nsiicigs
CESELO MO 1 SRHEBINLETEE, FrYanb0D N 7779 Fehy
Y iz '
144 X18X60X60=23183
( 800 o y
0.8851)



JAERI-M 6492

ZHILFig ATRBE B/ 4 X e Hh0 Y FOERESF+ YA LM DK 3000FTHo-D &
BiIE—HLTWHE.
BHIT, 774 be 8400 AT PLVOHIEREDAZS/NEEZEFEZzbhiCiZEDLD
BAENSBDEELD. S/NBIRDOLI KEDEE. THHE

S . S

N (R1i+Ni1) {R2+N2)
ZZTCEF IstZ, 2ndRD/ AR e AT oA Ny, N 2 FF2CEMELI NS
B, TTICHEE R LKL IICHRKRTIEIN, N: OEIRZNEFNR, R: O % Tl Fi1
DT, CREEFFTHS/ NECEHE DML 2 TS/ NREELT B 20 iTiE, S
T—BIRLEHNOR ZNTFAC L, $HOLEFHRA-EDLET2ndE2DIL — L » 2F %
VYT e AUV ARG TIETHBe —F SANBEFEHRAP (72 + ) EOBEFREEZ
TH 5o AERB—ETHIIE )

S =P

R; =P

Rz=P
DEFEND L. S5 ETEOX K

R1 > N1

R: > N:
THIBRA/CICh S OEER,S

S . S
N (Ri+Ni) (Rz+ Na2)

.S
R1X Ry

THEOE S/ANRBEIFHARKKLEAT 2. LicdioT S/NEELEFEES5—20HEE, F
Uy F+ne 1o bEEBRTICLTHBEHATERMAIETEE0SCETHS.

417 RNo T3 Fe HY Y P AHOBE

TI74 beZ Ao AT PADEORIEBITE S 77Ty Fe Ay bAkBICES S
WTED, ZAEEFIOVTEDTY I F N e ATV DT T4 b e 24 L3HNBEHE. L
Mo T T FI e A Y MNATERDBIDICIZ 2 77T v Ko B9 Y b OMGEOTH
o T RBIUEE LR Ny 777 Fehu Yy bid 1stHE 2nd ROF v ¥R+ 3
AV FURCEDBDONBETHAH, 2nd DO ATV b e LA FREVEBAICITZD45
ML EA L e Ry =W ETT7 7 v VECRARTTHD, EBBRIKRENSNy 7777 v FEEbA
Thdo COBLIT, 18t ¥ Y FICXIHAPHFRITEE r RSV —2 e 2F+ 2 Y VT



JAERI-M 6492

vk ond vy FRAHLTER Y Y P, WhOBAKMKRE Sy 7579 Fadaid
TTHB FOREIL, BEERD Ny 7779 Fe LRADAHT 1st ¥ Y FOREFICL
DELEZLODBAENEDL SWHEIDICEFET I, TORATHET 74 b 24 658TAC
ODEBLrY O800ns LI EICRAGDIIARIES L E. BHKENNvy 7779 Feav Yy
MIvZFuwe Aoy bAFEBEAINVF -HIEERINTERINSMN, F4 4L« RF—u
LB THEVIDR2EDN I ST F e AT MYRHT Ty PTRLED, THEE
LS EB CENHEBITN S0 BEE N> 7779 v Fit 1st v ¥ FOEETHEFIcLS
HODBE, NEeEOBPLKRPAHALLETHIAINS DIz 2nd ¥ ¥ FAART AR &/
XL FHMRABEELEL L >T800ns L EITHODBODOTZOEHEI/NI D, 1st & v
Fond vy F O EFEOHECL>THEIHIOAT20d v ¥ FAAMT L bODFER
REo ZORHBEHAL LI IUHMEARIst v F, 2nd VY FORAH S TE AR DI
DL TNEe —F, 1st ¥V FORI r BOBESIPHFich N TRITEMSELITH
Wizdd, RITEESEC COREMNICETIIM YTy R4 5. L LTBICKkENy 27
UV Fe ATV MEIZFA L« AP - ETrE—7 LEEFRICABCERLTHOASL KD
THEDE, WEFO VI F e Y v MR EZAEBIININEEZEL LN S,

Ny 4TIV Fe Uy Y bAHEAET S ICL, BERER Y I AN EORIEDES S
F—CRBUEHNO VYT Fwe AT POAERELLTNILESE V. £2T, 1st ¥ ¥ F
kA DS FRIEE r@BEE Ind v Y FICARTEDE L, 1st Y v F &
2nd ¥ YFDTIA b NRER Yy Fe—e 3= VEBOTHIENTIION e v F— o
a—vELTEBIER l4cm, EX30cmO SHOMENAV LNz Fig 482/ v
P77 e hT VI RTTORERRO—FITHE. RCHEF/-Fig 420HBDOEHEL
3mmBED Ist vy FEHO0 -« FT 4 RZJTHWL, 2nd ¥ FENA e T4 27 VTHNT
HEINcFCAVI-288&DHFLART P VvORTEESTH T H oo, Fig 48z
BT ANy 7730 Fe AT Y bAFETH B0 1 REBEUBE LD o F v+ v 3
Wl EDh T/ POFHIBERIICRLD, 24 L e Ry -V ETHHBBELET7 7 » +ThH
D, BRTXAEZLDERIINBNT L3056 T17 5 9 PEATOLTHTHLTILIE AT
E— 7B bhT B Y7 F VI3 EDRHEDEO r ©— 713 h 7 v PAKEEICB N, Z
DRIZRN 77T T Fe BTV PO—EEENTHALEEZRLT A /SILZ A bD
TRESTHY Y MBS LEL LoTHWADIRITACOY 4 v Otk abDTHD,
ZHIEDPNTRTCETERT S PEINLLINOSDHEREZRNT, Blgdhic~y 277
TR e AT MAHIRRET 7 0 P THOBNCE B REINOT ENERINIOT, H
EF -~ AR OO 7779V Fe AT Y P OEFERIEKOL I HETITHI LT
B0 THbE, 800nsDEA L« LYSOANTY T Fe f7 2 MIZOHRMAITICEHERE X
n.%@%M@ﬁﬁmﬁvﬁmuﬁ%mméntwy775@yF-ﬁﬁybﬁﬁbnfmao
ORI SNIERD S 7770 Fe AV Y be LRNUVERBRPULTY S F e b
DY rRBBLGDNS I T Fe gy v balTClitT b,
418 FUvFhsFxv?

mtvv%&Zmiyy%%®754fkﬁ4Au%zﬁ@Fm23@%éﬂtﬂﬁ@%@

6] —



JAERI-M 6492

7o v /MR THSHIELEIC, TACKL TNV R e A PICEHEAN, /SR g b
SHELTHEENLS. TACDFXFA VDI =TI 74 —%HLHEENT, WbWwa T v
bhoeF oo 7%FfTIolze Fig 4913 Z ORERRO—HITH 2. AlEit, st v ¥ F0L
CHECI rBEABNT 1st TR TV F Lo NN RBZHELXE, —F 2nd v rFDTE
CCHIDTHEABNT 20 BRI T VAL« S REREXRT, 774 b 24 L8E
DEA LEEI 1st 24—+, 20d R2A oy 7 TEXORMEZEEHE LD THAL. T
bht, 1st Bé ond ZTHIRMI DT v £ 1« SV R EFRE X4 RIBE 2 OBREEDHEES
275y PCHARLTTHEN, ThERLHPETELL>TTACDY A D) 27TV TF
4 —%F 27 LEDETEEDTHS0 '

Fig 49z hFhilssr ©—I7nBHbh THa 8, it 1st ¥V FORE 7 RD—
gaond v v FRARLTIA VY F VR 4~y FEHRLIEGDTHEo Fig 4912
VAR e A FOTRBEITHY Y FAFHREL EoTW AL, ZHIET T4 b« 24 LEE
PEHEBE LN BHBTHDL. 2hit, TACOY A Y0 Z DO FRT/IVRKITIL Lo LE
BIHEOHITHENL, ONTHBHICEMLED 212D THD, T TCERINLTVWLTAC
NIFEA v DENTHE. Fig 49TRIN AT Y FHE32EELTRET 7 » P THLB,
2R e A FPDOLEBAE O THTIRELNEL LT BBEHOoNE. AKT 7 » FIC
HAENXGHMNEDL FAENAITERFDRAITCTACOY A Y RELTNALLEZEKRLT
BN, CAIZNSAVZ e A FOEBAETCCOTACDT 4 YHER LIBEHTNA C & 2RE
LTWhe LzdioTIDTACAFRTAHAEES 4 VAWM ICHAT A Yol =
FUF 4 =N DT, ZOHDOAT Y IAHEEOETETRELOERLELTAWEC L
IFTCE,

4.1.9 245 R —VOEE

XN T TA e B4 e AT MABELANE— o A7 FIVICEBT L7000,
MR A A Je AT — DD o TN LS00 4 5o AT =L/ R e Jad -
BB BNTHRDOE I HETHE Lize 1st %R 2 — 1, 2nd R R b 7 TlHEDRHE
AZEAZHEICBNTE—OSVREMBFCANIGE &, BREEZARCETHL0TACD
T bS e MG L CREEEONBEE NS I1st R BLU 20d FOTAC~OD
AT 2t FRNFNEA I VT e v e F o2 NEROTE>TNASD, £D/NNA
2F A VvABREEHI LI EICE o THIMEABE SR LTS B TTT/INVR
et lb—F L AERROBEL VA E 1st R, 2d BZHFDEA I VT e vV T e
F VA VEAHLTBNTEZDOT 1 LA Z#hT &, BHEBHEROUECSH > TAC
DTy Ty FOsERE EEBE LT RS ERREsE DR CE S, £ LTHAIE 2nd
%m?4v44&%K%Lfﬁ<&?vbfybu%nmonfﬁnfﬁ<ﬁ,%wuimw
WRCH LT 1IEBEFONSVRDT I 7 o P 2RMEEOSICERBI L ENTE S £D
EE, 1st ZTO MV H -2 2l Lk->T2nd 221 FHEFFHI OS2 nERERSE LTH
BENTNBLERNE Z2DHEDF 4 LA HEOEMMER LNV 2O FHCHIET AL &iC
KB BRELAVZAOEH B ZOHEEER Y- 7Tl &ICLDRDEND —H ¥
AN P e TFIAF-DF v YALEEF 1 LA BB EOEFER, LEORECBHNTT 1

— 62 —



JAERI-M 6492

Counts per unit time

Time
Fig. 4.8 Background counts distribution measured with 1st scintillator
3mm thick inm low discri, level and with 2nd scintillator in high discri. level,
Measurement was made with a shadow cone made of iron, l4cm in diameter and 30cm
in length, in the flight path between lst and 2Znd scintillators, and time spectrum
shown was obtalned by room scattered background radiations induced By neutrons

and gammas from the core center of FCA Assembly VI-2,

Counts per wmit time

Time
Fig. 4.9 Pulse height distribution measured with lst and 2nd scintillators

exposed to different radiation sources respectively, in order to check gain

linearity of the TAC used.
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28
29
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31
32
33
34
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39
40
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52

ANy AN

&00
900
1000

1800
1900
2000

DOUBLE SCINTILLATOR TIME=QF=FLIGHT SPECTROMETER
CORRECTION FOR RESCLUTION BROADENING
SUBTRACTION OF BACKGROUND COUNTS
CONVERgION OF TIME SCALE 7O E@uUI=LETHARGY GROUF
CIvISIoN 8y MAXWELLIAN DISTRIBYTION

UIMENSION 4€102343)+DERVOC1023)+DERV1I(10234112+DERVZ{1023,11)

FC(1023411) ,70¢1023,11) v GAMMA(2) +MING(5) +MAXG(5) +NWIDTH(12)

DIMENSTION ¢1€2)+C2¢2)+PH(10233+BNC120),EC120).6(120)48G(120),

fGLLL200 vGGr L1200 U (1207 +8(120)+EFF (120D

READ(5+101y NCASE

KREAD(5+104% (NwIDTH(I)I=1,12)

DO 1 KKwlWyCASE

READC5+102y ( GAMMACKK) «MINGCKK) JMAXG(KK) (C1(KK) C2(KK))

READ(S5+103y C(ACI KK+ [=141p223)

ODT=0,8851

DO 5000 KKalsNCASE

DO 2 1=1.1023 -

DERVOD(IXY=A(lshK)

DO 1000 L=g+11

DO 3 1=1+1023

DERVIC(I+L)=0,

NanwIDTHCL)

SUMASN® (N+ ¢ ) #{2#N+13 /3

I1sMINGC(KKY +N

[2=eMAXG{KKy=N

Nlx2#N+1

DQ 900 I=issl2

SUMB=U,

DO 800 NN=jp . N1

NWGHT m=N+Nn=1

SUMB=SUMB+nERVG (1 +NWGHTI #NwGHT

CONTINYE

DERVICI+L)2SUMB/SUMA/DT

CONT INUE

DU 2000 L=7411

DO 4 |=1.41pn23

DERVZCI+L) 20,

N=NWIDTHC(LY

SUMASN®(N+4)#{2%¥Nsq1)/3

11oMING{KKy 428N

[ 2»MAXG(KKy=2#N

Nlm2eN+l

DO 1900 1=11+[2

SUMB=0,

D0 1800 NNg1N1

NN GHTmaN+Ny=1

IN= ] +NWGHT

SUMB=SUMB+DERYL CINALY#NWGHTY

CONTINUE

DERVZC(1+L)uSUMB/SUMA/DT

CONT INUE

TLCHaGAMMA (KK) =3, 3

DC 3000 L=y+11

LO 5 [=1+1p23

Cll+L)=0,

10(1;L)'U.

NaNWIDTHCLY

11=MINGCKKY +2%N

J2osMAKG(KKy=2#N



53
34
33
56
37
-8
59
60
61
62
63
b4
&5
66
67
68
69
T0
71
12
73
14
75
76
17
78
79
&0

82
83
24

86
87
a8
89
90
g1
22
93
94
23
36
97
28
99
1g0
101
162
103
104
105
106
167
108
1c9
110
111
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10
20

30
2900
3000

11

12

13

14

15

i6

‘17

18

19

21

22

24

25

26

27

200

DO 29C0 I=71.]12
EFCL.LTsTEZcH) GO TO 10
TeDT#(i=TZrH) ,

GO TO 20

T=0Q,
TT=2,350+0,005958%T#e2
IF (DERVG (Y ,E®,0,) GO TO 30
CCLeL)==DERV2C] oL)#TT/DERVOC(])
GO TC 2900

CCl+L2=0,

LOCL L )=DERVOLII®(1+CCLL2)
CONTINUE

DO 11 I=1,9023

PH(I)=0,

BO 12 I=25y+380
PH(1)=Z0C],1)

DO 13 [=361+380
PH(1=20(],2)

DO 14 ]=281+400
PH{1)=Z0(],3)

DO 15 1=40494+420
PH(I)=20C1 .4

DO 16 [=4271,440
PHCI)=20C],5)

DO 17 I=841+460
PHCII=Z0C],6)

DO 18 1=461.+500
PHCII=ZCC],T)

DO 19 i=501+540
PH(I1)=L0(],8)

DO 21 [=5414+600
PH(I)=20C,9)

DO 22 [=80y+700D
PHCII=20C1,10)

D¢ 23 I=m7094920
PH(II=Z20C] 112
CHw=102,2444/0T7

DO 24 1=14120
X=]1,0=0,025%]
ECI)=10,0%%X

BN =CHW/ECI)%x0 , 5+TICH
BNMIN=CHW/ 10, 0%%0,5+4T2CH
DO 25 1=1.72¢C

G({)=0,

K=300

RKeK*1,0+0.5
[F(REKGT«BNMINY GO TO 27
K=K+]1

GO TO 26

CONTINUVE

XO=BNMN

X1l=RK

5=0,

=1

XN=BN(])

[FCXN,LT.X1) GO TO 300
$=5+PHIK) % ¢X1=x0)

Xo=x1

Xi=x1+1,0



112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
14l

la2
143
Lé44

145
146
147
148
149
150
151
152
153
154
155
156
157
158

159
160

lel
le2
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K=K+1
IFCK+GE+92n) GO TO 400
GO TO 200
300 CONTINUE
QC[)=S+PH( I (XN=x0)
S=0,
AOmXN
[=]+1
AN®BN(})
GO TO 200
400 CONTINUE
BG(LI=(BN({)=BNMINY* (0, 5#CI (KK #(BNCL)+BNMIN) +C2 (KK))
DG 31 [=24120
Ii=l=1
31 BOLII=(BNCY)=BNCT 1)) # (0, 5#C1CKKI*(BNCI)+BNCITII+CE(KKD))
DU 33 [=1+120
GG(1I=sG(1)BG(LY ..
IF(GELL)LE+0V) GO TO 32
G0 TO 33
32 6G(])=0,
33 CONTINUE
S5=0.
OO 34 [=1.120
36 5=5+4G6(1)
DU 35 1=1.420
35 GONCI)=GG(1)/S
UMAX=(10,071,:406)%20,5
DU 41 I=1+q20
41 UCji=(e(l)/1,406)%40,5
GC1L)=ERF(UMAX) =ERF (UCL)Y=1,1283792% (EXP{~UMAX#%2) %UMAX
F=EXP(=UCL)un22xU(C1))
DO 42 1=24120
[i=1=1
42 Q®CIY=ERF (el 1)) =~ERFCUCIII=1,1283T92#4CEXP(=UCIT)#*224UCI )
F=EAPC=UC]) o#2)%U(])
DO 43 I=1+120
43 EFF(])=GGN¢cld/aCl)
WRITE(&+121) (PHC])+«]=251,920)
WRITE(E2122)
WRITE(64123)
DO 51 [=l.420
51 WRITEC@e124) 14ECI)+BNCI) U1 +GCIDvBGCIIWGOCIY+GGNCIIvQ(IIEFFLT)
5000 CONTINUE
101 FURMAT([3)
102 FORMAT(F5.1-2I§<2F15.6)
103 FORMAT(10QF7.0)
1us FORMAT(12114)
121 FORMAT(1X+v10FLl3,4)
122 FORMAT(1H1,/11l4H GgrP NOQ, ENERGY CHANNEL CE/KT)®*(1/2) RAW
JDATA BACY GROUND SIGNAL NORMAL{ZED MAXWELLIAN EFFJCIENCY /)

143 FORMAT( 1laH 1 ECD) BNC1) uen 6(
/1) BG(1) 66(1) GGN (1) (138 EFFCIY /)
144 FORMAT(1H 16+3F12,543F12,242F12,7.F12,5)
STOP
END
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