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Efficiency Evaluation Test of Waste Non-Destructive Analysis Device
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A device for non-destructive analysis of plutonium in alpha solid waste has been
installed in NUCEF; Nuclear Fuel Cycle Safety Engineering Research Facility. The device
has been designed to determine the amount of radio-isotopes in carton-boxes, 45 £ steel
cans and 200 ¢ steel cans containingrelatively lowdensity waste. Considering the waste
density and the heterogeneity of radio-sources, the proper distance beiween the detector
and the waste, and the open degree of the collimator have been settled, because real waste
may contain several kinds of material and the heterogeneity of radio-activity. It has
been confirmed from the evaluation of the detect limit that plutonium of about 8MBq can
be determined with the accuracy of 10% and the device may be proper for the practical

application.

Keywords : NUCEF , Non-Destructive Analysis , « Solid Wasie , Passive Gamma Rays
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3. AEBRER

3.1 BEBRUOZE

B OBERRED A > TR I3 F— SRS, EREEMONEY & EHIZITET 3
Z EMREER/=80, BETIIRD SNBNHERTFTHD. 18> T. SR, EREEYEIE
U BREEYABRAZEZRANT, LTOEFETRD S,

(1) A&t

O aYA—YBHE P EFaUA—SRELAD) A—5 2,

@ BEEY-HBHISHESE - 50m

@ iR : 8 0mg-Pu (2 Omg-7)b b=y L EHEE 4 18 2HECRLE)
@ BEksH 36008 (EE/N KRU60008 EEX

® HlEEE : 1H

@ HEEHE

BRI &2 Bl L 7K BT RERD 272010, BEORIZDEENEUTIR
THEMME L, BR—IVAEICIML 22N ENORBREY ORELEE — 31TRY,

© vTZ ) : 0.0424 g/m?®
@ IR (#) : 0.111 g/cm®
@ MmFH : 0.158 g/md
@ ENUIX+HAFEELE  : 0.264 g/em?
® Jo—7 : 0.384 g/m?

() HBHRER

BURBEEM 2 I L 7=BoR —VROSMIHLIALE RSN OSMINIE) 128 OmgD P u
RIFEREL T, TNTNORBREY Z 8 LU - — K0 > B TREGHRIL THREERI DR
HSSHABE KD oo BIFE T — 5 RUBHRISHRE DBk & B — SRS R OB ER 3. 1 — 1
IRT . ZORNGEHERIT, BEEIWEFIBIRICH 0. HOBREEYONAMICKE <
KELIENWZEWHD, COZENSFERVSRERNSBEERDD T EICED . LY
OISR Z KD D ENTE S,

3.2 MEKRRDETE

3.2. 1 h—roRYIRRU45 0

(1) BEEY) — B EHIEERE DR

FRIALE & BEREMEE OB & ST BEEEY) — BLZRHIEREIC K > TH . FHECRMM AR L

T5, DD, SOCoEHBRE I by AERBREEFRL T K2.3-3 (1,/2)
97
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WORUABICATIOR TR 2 BN Tl 2 £t L /2.

60 C o IR :1332.48keVOE—VaK
TSI LEERE  : 239Pud 1 4keV OE—VFHK
(a) ABEMH

RBROYMEPE TOMESRMIT. ULFOXDITREL .

) BEFEMINDA%E
i) ayA—4paEE : EFRUOELAEHEH
i) #IE s Hh— R Ry 7 ZARMLEBICRIERREBEIL T, A 51 AH
B BIBALE 2T 2D — N 2Ry 7 A&
9%, ([el#ze#E : 1 0rpm)
2) 80C o FEHIRR

i) HERR :3008~60 0% (HEBEEEEMEICZXDERE)
i) e D 4EERIIS5E
3 T LEHRE
1) #i3 : 8 O0mg-Pu (2 Omg-Pu FHHRIF 4 B 2MEICEE)
i) REkR : 254 (15008)
i)  HEsEE 2 1A
4) BEEMRHEF
i) #HEto ' D BREYNENIRE
i) #wEN D MFEREH R R Y 7 AREKITANTZREY
( 0.151 g/cm3)
i) #EX c JO—TJEH— Ry I ARKIT AN BERY)

(0.274 g/ecm3 )
(b) FABRFKER
& BETEY) — Rt SRMHIREBE T ORI H 2 TN TN O BEEMEIC LBIT80 C o HER
E, FERICTI o AFEBREL T M3, 2—-1~M3. 2 - 31ZRd. £z
HEEEEEICDOWTIE, £3. 2 — 1 RUE3. 2 21TRT. NSNS, BAFORS
EnEonsd,

i) S°CoEHBRETIE. UTDI Mmoo Nk,
a) EwEYo REMEL)
FEIEY) — R SR RREEE AT 5 O em& 6 O cn D& DA L% LT B L RIEAS
HLEEIC B HRHEIPOITHHREE D B 1 2 BREE< B2,
b)  EWEN (EEMIMFLE ;

FEFEN) — R BSRRERE 5 0 emD MM HLIZ DWW THMILE I H A RIE & iz dH 5
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IR LIRS 5 & 1 2 %RRES <25, HBE6 OmKkU7 0emTiE, =1 0%LIA
DX &2 2,
) HWEX BEMI/IO-—T);
ZTNENOBEEY — KL 25 MRS B W) T A R REAIE DO S 4 anbd b
BENSE+1 0% EERD, AMBEETIE+4 0% &80Tz,
i) AU AEHERETIE. BENLRETHY. T2 BERENEN -2 EM5,
BEREY) — RRHERTIERE A G HECRICKIT T B ICIE T2 Z &N TEah o7z, Lin
L. FESE) — RRHIZSMHEI0ERE S5 O cmDE A, EOEE THMMLEA L 1 5 BN &> 7,

ULOWREZRCEEDDE, UFOIDITEBRTES, 7L by ABHETIL. BE5E
ELTRU.

) N B — Rt TR
IR BESH S0cm 60cm 70cm

FEEEo A A O
0Co BEBIR | & B /I A O O
®E K X X X
EEPo O O A
7%;;%;1* wEL | A 0 A
) % E K A X X

O FLh E DXL 1 0 %LARDHD
AL EDOHX N E 1 5 KEANDOHD
X UL E DM 2 0% Z2BA5HD

BREMEEDORERI— R Ry 7 ZAOHA, 80C o RIZ X AFHERITA EadEEE
C. WINBHMHENKES B DBGHIE /25, 72720, 7V b= AREOBERE T,
BEEN — RHERHTEERE S OemDES. £ 1 5 XLINICA-D TS, ZDD. BARNTH
UT. BRHEY) —RHARHIIEREZ 5 OemERETHIEE L

Q) YU A-FHEDHE
BEEY) — BB EIEREDRE L [FIFRIC, 80 C o BEIRE 7V b=y AEEIRIRD 2 #
HOBREZERL T, EADOIY A—FBREERET S0, LUFORERIETEHEROH
Xtz i L7z,

(a) FAERSM:
) BEEHNDALSE
1) aUA-FHE  EFaUA—428
i) e =R Ry 7 AD EFRIMIEICRIESS EBEH L T,
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AT A ZRE BIEALE Z LT 2= — b 2R
v 7 A%&EMLT 5, (BEREE @ 1 0rpm)
i) BEEY)—BHARMHIERE - 5 0cm
2) 80C o EEIRHE

1) ek 4008
i) BEHRE : 5@
i BEEY TR
3 TN DU LEEBR
1) iR : 10 Omg-Pu (2 Omg-Pu ZEEHIF 5 EZMITARE)
i) ek 272008 (2HKMH)
i) RIELEE :1ME
v) BEEY MFERKROTO—T
(b) FABRTFIR

1) 6°C o ¥R
1) fFEEEH—N2Ry T AN TRIFALE Z L0 S BRIV 4 onfiRETH
L THlE
i) EAOI2YA—%Z2BM5 2mERET 6 mBE T4 A87E
i) HMMHEZFELT, SN LABHRETOI) A—FHEOHMHEZRD S
) T LEERIE
1) fTPEEHN—F Ry 7 ARCANTARRALEZ LA S BIVERIA 2 cmfE R THR
RABEL THIE -
i) A3V A—FHEICIDWTIZ. °C o BEERIE THM U /=B I X AN
+ 1 0 BLARIZ72 > BT DWW THIE
i) HHXLZEFELT, ) A—SHEEZRDS
v) i) THRELZIVA—SREAEMRLT. BEYE S O—TICEXTHE

(c) ABRAEE
KA SR BT AT — I DWW T, SOC o B E & 3. 2—- 31, 7
R AERERIREEE 3. 2 - 417, £, AV A—YHEICKS5HED
ZUERS. 2— 41277, INSORBHEENS KO Z ENFLNIZ

1) SOCOFHEBREAMAL T, £H2UA—YHEZRLSEEE. 2 (i
1 2cm) &BAFE 6 amTIE. FHEAS 8 cmbd EDIFMZ 8 D SAHM LA WRRICE /2%, i
>C. B 8cn~BHME 9 cmDRICERE I IUL, LRI —2 Mt &£ 75 5,

i) AU LEHREEERALHE, 2) A—FRE8mTIE, Hulvn s 8 ombd
HREDEEND & A< 2D, £z, U A—FBAE 9T, AXEEATHIL

MEBENS EEBIT ERL, LS 8emDALE THRAELD. BIVEAT1 0 %58D5H
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ot/ ol Al

i) i) OEREMNS, 8SmAEEAEL T, 2mEAITa) A—yHEELT. Plsk
NFA DRI EEANZIER CEIC A > R R THIEZA& T L, #REL T, 8. 2andiZ D
FHIZE =D TR. 2emEELDIY A—FRHEE L=,

iv) i) o3y A—~BET, EEWE S/ O—TICEATHE L. REEBEL TH,
SHERBIIPOLTOBEEZIEIRE &85 7.

(3 EFHINOHEID—R [MVP] Ik 2RI EIE
D H—brHRvI R
T CEEMEE L. TV Y AREEAROHCEANVIREFET 572012,
TEERETE LTI OREEEKL . ZOTTFHIIVOGEIL. BART IR ARERE
# [VPP500] 2#AL. stE1—F Mg F—E7)03—-K:MVP| T
Rt ERmL I,
i) MVPaI—ROANNTA—F
ANT—713. BERYNDAKBEH— bRy 7 ARMER U EHRIEOR %25
BU TRz, BMTER— 312, BERE 1 BOBEOANT—F 771V ERT.
i) MV PaHlifs R S BERAD KBRS 1E
TV = AEEEES. SUS A T NCEON T, BEEAY A TEE SN TN S5
THO. EEFMICA > TODEERRERIRD, Z0/D, SUS h 7L TiHiE h/-5F
i (CAF. Th7e)VdifEl &55) & SUS A7)l EBbE AT AEEEELS L2k
B CRA RIRED) TOFMEE CAF. TR RgHEfE &55) 2518 L. 717 0)ViHiE
ERA RIHiE E D ERD B, DDNT, THROBBHFERFIO 7)) U ARICZ O
RERUTEFEEMHOREBRET 5, 5IBERIT £3. 2— TRz, ZOFELE
TN RZDLBMNS, RBUTRSRERZHERL =,

) 45904
FERMND AR, BOBEEMAREUH— 2Ry 7 2 & T s ABEHE R 2 i
LT A—FoBRy 7 2Z0OBE EFEICy BREE T HIIVOEZEKL -,

i) MVPI—=FROAHNNTA—F
ANT—HE, EEYIND A%KE, HEEEMASE. I— Ry V ARVER L%
AR ORFIZER L TIER L 7. BMTEE— 312, BEER LEORESOANTT—5 T 7
1 IVERT,

i) MV PaHl#s RAED S REBRRAD K7 1E
H— R 2Ry I AERRRIC, J1 T R)LIHIE &R RHEE & OERZFHFEL T, RE
RTHEMT DTV LBIIZOREEZRU TRORETOT )N b= ARZRIL.
#3. 2—-8ITmrL’.
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4) BREg
H— KRRy 7 203U T )L b= LEEHRRZEE U DL T ORE SR TREBOMERR
EEMBLE. /2. 45 QILOBRAITIE. H— bRy 7 A&FAREMARIITIHAL T, B
— k>R 7 A EF—DRIESHEEFH L.

() HEREH

i) K :5mg. 10mg. 20mg 40mg 8 0Omgkif1l0OmgPud6
B (4 0mgbl b3, 2 OmgEEHRmAMEICALE)

i) BEREY—BHSMEERE - 5 Ocm

i) EFaUA—¥BE : 268

iv) ZEAa)A—FBE 8. 2cmbfd

v) HiIE s H— R Ry 7 AHER T A ATHE (EREE : 1 0rpm)

vi)  BlERsE TNV R LAORICE D RIS (2 K5HE~ 3K

() BREAROIER

%3.2-5&%3.2-6TEHELETIN I ZULBEMAHLT, h—FARv I AL
45 QFOKRBEEN3. 2—-5KUK3. 2-6IXERLZ. Tz, RERO—KEHE
RRICOWTIL, ThENOMHPITRL .

3.2.2 2004%
(1) BEZEY) — KL 3R THIRERE ORRGE

H— bt 2Ry 7 ATEBLIZEEOENEZE L S —SiiiEstoRE T, FEE
WRLHEETH D, BEZIFE GEEMEL. MFERVOTu—7) IT/HEL. £ i
R E 2 (0C oBEHRIRE 7V R AEHIRF) THELZ. #RELT BHER
EFHRROEWMVCEDHRIL. NEINEZEXIS5NEED, 200 2T, FEEMEL K
BIEIZ00C o BEHREOA A Lz, FREY SRR Z U T OERTRE L/

1) #R : 80C o FEHRIR

i) ayA—~BHE : EFROKFEE LM

i) #E : 200 QHEPLERTAATHE (AEEE : 1 0rpm)
iv)  JERFE :104r (600%)

v) BIESE : 5[E

vi) BEEEM — R HSSRESE - 8 Ocm. 9 0em&7X1 0 Ocm

st SR REA R 3. 2—TROK3. 2—- 71279, BEEY— RS9 Ocms
8 0emTlE. 8 OemDARMEEDAHHO Oem&k D HEL /2D EFHINTWA, ##HRIX 80
3 U A Bk tbZ <L, 10 0em&iFERC &> 7-. ZOBRELT, AU A

—&32 (1 2m) THHH, BHHES 0mTIE. 3 A—F DZIRITE > THALLOLEN
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PHENZBDEEZOSND, ZOEDEAT) A—YE5AL T, 9 0cm&r8 0 mDHlE %
BEEMLTAHZA, 90mTIEIY A—FOEEININWEHMITESA, 8 0emTid. &
SEZRIEANE D < AN L 8 LA LD LD ELS I2b T EAthmioTz, EBIZ200
QERIETIE, O A=Y EA L THREIRILZVOT. 8 0cmidERLZNI & &35, F/-,
9 0emid, I A—FENL8 0cn& FRRICIRIMVEITIREANE D < EAIXEEAY 1 2 BLA LD
BERDESIRS. /> T, BEY—RILBMESEEZ 10 0m&T 5,

(2) JYA-FHEDORE
(@ KhHEIUA-YBHE
D BRSNS
AT OBESRMTREI Y A—FHEEZHR.

i) #BIKR : 00 C o BHERE
i) ETFaVA—-4BHE . 2H
iil) BEEY —BHAsHEERE : 10 0cm

iv) BEEH P DT A+HTE
v) Bz 2200 2EPLEZATAAATHE (%R : 1 0rpn)
vi)  BilERER 104 (6008)
vi)  BIEsEE : 50|
2) AEBTIE

D [DIA+FR OFEFEMZE 2 0 0 2EICAIVT, BREALE & .00 S RIHERIA
1 OcmiEifd (450 THBEL THE

i) ZEAIUA—FHEZEMMNS 1 0cn. 8m&kN6md 4 SHlE

i) WET—& ZHMcsE

3 HAEBHER
EATYA-FREREITHRLMULL EFERREZLRI3. 2-8RUK3. 28
AT BERNORD I ENGESN.

1) BAERBE 6 mTIE, BEVENENRICEETS &, POERTHR2 0 %L L
DENWIEC S, PTH, BHE6mTIE. BEMENT 1 0 emPBEmRNMNEIZED < ITHE
T MmN LB L 72 B EME R L 7z,

) BAEEL 0emTid, BAVEIZEWRIFEEFOLEERTH L 0 %@ &7,

i) FESmTIL MEMEZBEHL TH, IR EI B LMoz,

W T, AT A—YHEIR. 8am&T 3,
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(b EFaYA-FRAEE
EFaUA-SBEORETIE. AR KD ICREBRBOFEAIEITL > T, BEN
Rizd, B, SOCOBRBEAMAL Ta) A—YRERERET D, K<, T b=
D LERBRAER L THERIOD Y A—FREEZRET . 7V hZU AEHREIL, 5
FIAFTERNSZOT, AKETIZCOC o BEBFITONWT, LUFORERMHFITED, 3
JA—YHERERET D,

D HBEH
1) #R 1 60C o BEHRIE
i) EFaUYA—FHE : 8cm
i) BEHEY)—RRINARMARERE : 1 0 Ocm

iv) BEEY) P LA HAFR

v) BE 1200 QERDEIROERT A ATHE (BHLEE : 1 0 rpn)
vi) B 104 (6008

vi)  BUESEE : 5[

vil)  ARIERRE ST P ATA R EID B ETER

A Z)0 5 D SR

2) 80C o WHBHE TORERORE
1) A ABETOLTIYA—SBRE
EFINA—FEEOREICBIT DML 2 00 QEOHIAIE TOFE (X
3.2-98M) 2HAMIL. M3.2-9 (12%). M3.2-10 (277%) &
UK3.2—-11 (347&) 1R BICHRIFEZRE L THIELL. BITIaEh)
DFERERT

®@ 17% . M EEEEREEEEXR3. 2-IRUKE. 2 -1 21TRT. #JBROD
RER, MR, BT EBDTHo .

-2 (11.8cm) . —20%
+ 9cm : —40%
- 7cm : —60%

©® 2478 : HMHEEEERMEEELI. 2-IKUOKE. 2 -1 3ITRT. ABROH
RO BTOEBDTH- .

+ 5cm : —40%
* 4cm : —50%
- 3cm . —60%

© 3%%F . HMHEEEREEEZES. 2-IRUKSE. 21 4I1TRY, ABRO
R HEMEIT. LFOEBDTHo Tz,
+ Sam o —20%
34—
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- 4cm : —30%
+ 3cm . —50%
« 2cm . —60%

1 FEIDBRE ., BEEYOBIEN EEUL, FICERL THh o720k 2FTHR20%
OFERHICINE B, F/2, 32U A—FBEERD TN SR, BimicE <125,
WoT, EFa)A-SHEL 2ETERET 2.

2REIR 3 HEIDBRE. 20EEFIZTHE, 200 2EDES HW%E 2 DITS
L FNFTNORERIALBIZ2 0 0 2EIBHIL T2EHIESNS. ZD 2 D08
ETFT—FMMS TN ABVRITEINEGFHESH A TS, ZOoZEns, TIVh
S NEERENAF TERRSE T, TNV AU LBEZIESIESICEEBL T2 0%
E3NEOLTI) A—YREEZRET 5,

i) AN INBEO LTI A—SFHE

AN INRIER. ¥—>T— TN ERFBICL THSEROFET2 00 L%
ERIBTHRERTY— 27— EEE GIETI. BHEHSIETS) SETIOM
ICHIE X N ZHHED S BEEMBR ATE I NE AT LA Lo TS, BtHEgHulML
BE200 2HEDMBEFZEERKS. 2— 15177, RTOM3EIIZ. BFHD
METIE. 200 0EHEEHEDENA. 6em FITRESNTNS, £ R EHTII.
200 QHEEEMNS 2. 6mEVLETEIET 5 XS ICREINTND, ZOLH%E
Hiz, FOL D ICEEEMOBRME B/ SRE 2 BEL. LT3 A—5HER
EREL.

Y—2F—TNDNBETHOBE © 200 2HEEHICHELRE
H—2F—TIINNEREHOBE ¢ 200 2 FERICHEZRE

ERICREEBENVCBEOMRER3. 21 0KRUK3. 2—161TRL. FH
WKRIFEZBVWEHAORRELR3. 2—11KUK3. 2-17IZxRY. 200
O EHPIAIBICHIEN S > e A ZBET D & MESIVRWREN SHIEZBIAL
TREINRNVRE TR T T D ENBETH LN, -7 — TN OB TFEMET
3. AV A—FHE 1 TH, K-8 5 %DMMHLERD, F—FEH WML RET
stEREAT 2 Z &iT/2%. £z, REMTIE, K MBEFRIC, 3 A—FBEE 1
emTHI— 9 0 B DMELE/RD, T—F ML TR T %, JUA—FHEZES
AT T EF—FFIKRE <20, aU A—5BE 6 embd L TIIFIERE Uk
&b Ebhnolc, TORENS 2 0 0 2 FERICHIREN SRS L TH - I2HA,
E/id. 200 21 FRICHRIENER L THHIBESDEE S &b, @MAGHEDFER
LB ENDOMNS, 0CoBHBETIE. IIETOMMELNTERWN, Lk
ZOLEEBRESAFTELEVUTORBREZFERL TANAL INVRED LTI

35—
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A= REEZRET 5.

a) ANA IINBIERHEBEEREL. TNTIREREELT 2.

b)  ZANA ZIVEEREC, BT A—FBREEE 1 onh S B E I EkD 5.
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gl 2233.60 2259 -46.32 1.03
5cm fulh M 10cmEEN -G8 2231.20 71.217 -46.37 2.05
guhms20ecmEEN -G E 1983.80 38.73 -52.32 1.21
= =5 E 1696.00 138.57 -59.24 3.40
LR ==T¥) 1850.40 4857 -55.53 1.37
acm fuymhs10cmBEN -G8 1977.80 28.01 -52.46 1.03
M 20emBENT-GIE 1736.20 53.40 -58.27 1.45
=B 1517.40 87.09 -63.53 2.18
gy 1520.40 38.19 -63.46 1.09
3cm B MNS10emBEEN -G8 1522.40 38.10 -63.41 1.09
duly M 20cmEE N6 B 1381.40 53.78 -66.80 1.40
BNE 1273.80 62.93 -69.38 1.59
=11 1224.60 39.09 ~-70.57 1.05
2¢em b MS10mBENT-6IE 1292.60 30.63 -68.93 0.89
SIS 20cmBEN -6 B 1139.40 30.40 -72.61 0.86
 >A95) 798.80 29.06 -80.80 0.77
==TT5Y 592.60 2532 -85.76 0.65

1em F S 10cmEEN -6 B 637.00 21.20 -84 .69 0.57
ML 20emBEENT-{IE 556.20 26.49 -86.63 0.67
=N E 514.80 18.90 -87.63 0.50

=] 719.40 42.26 -82.71 1.05

8cm ML 10mBENT-(IE 1069.40 37.17 -74.30 0.99
iy 20cmEEN - E 1315.40 2483 -68.38 0.79

= 750.40 23.06 -81.96 0.63

g1y 723.00 34.59 -82.62 0.88

7em fulyMS10cmBEN -6 1077.60 15.85 -74.10 0.57
Pihhs20cmBE -G E 1278.00 47.08 -69.28 1.24

B4 E 754.80 13.61 -81.86 0.44

gy 739.60 22.57 -82.22 0.61

6em M5 10cmEEN -G E 1045.80 27.60 -74.86 0.78
DM 20cmBEN =B 1321.60 30.25 -68.24 0.89

= =5 B 741.80 45.88 -82.17 1.14
=R == TN 636.40 41.15 -84.70 1.02
4cm LM ST0mBEN -2 B 909.00 36.78 -78.15 0.95
PILMS20cmBEN -1 B 1154 .40 73.81 -72.25 1.83

=53 626.00 24.21 -84.95 0.63

==/ 321.60 11.87 -92.27 0.31

2cm fLMS10cmEEN -G E 378.20 16.21 -90.91 0.42
LMo 20cmBE N - & 611.80 2427 -85.30 0.63

=53 402.00 13.73 -90.34 0.37

=21 168.20 6.94 -95.96 0.18

1em DM S10cmBEN (I B 193.20 11.58 -985.36 0.29
DM 20cmBi L -GiE 348.80 7.26 -91.62 0.22

g5 B 283.60 11.65 -03.18 0.30
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#3.3—1 RUBRIHEHABRT -3

239
mewsn| wie | AR pmma| P
(3] |roon| BPEF U Mg) | RERA
[cpm] HE [mg]
20 49 1.73 7.70 4.75
30 06 1.31 5.83 3.60
40 84 1.09 4.86 3.00
50 113 1.00 4.44 2.74
60 134 0.90 4.00 2.46
70 155 0.82 3.66 2.26
720 1464 0.23 1.03 0.64
1440 2890 0.16 0.72 0.44

#3.3—2 BRENMBREDAERBRT—2(h—rrRyIR)

FEEY | BIRGLE BIE(E FE | RS
(1) 30.38 | 28.85 | 28.49 | 27.65 30.67 29.21 1.28

#i P4 (2) 33.40 | 37.48 | 30.02 | 32.70 33.73 33.47 2.68
(3) 32.12 | 29.84 | 28.69 | 29.57 25.86 29.22 2.27
(4) 28.86 | 30.07 | 29.14 | 31.81 28.70 29.72 1.29
1 35.10 | 36.26 | 34.42 | 30.57 36.51 34.57 2.39

ra— (2) 38.14 | 41.08 | 33.13 | 37.51 37.84 37.54 2.85
(3) 36.82 | 42.15 | 38.67 | 39.46 37.18 38.86 2.13
(4) 34.42 | 37.86 | 36.46 | 34.07 34.83 35.53 1.59

BA{ij :mg
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4. F&8H

FESEN) NDA 812, NUCE FTHRAT % a[EAFREN EMRICBERMICEENS TV b2
U AREHUBT BB L. Ny S TH O IBEHINETITS. NUCEF T2, oEAEE
Y% UE RN THRET DA o BEREEENOL NVRSOER, £/, BEMTH-> T,
TR LRE | FEEICHIET 2UEND D, ZOD. BEABEICKBOMEARZ
RETHHREND D, ZORERD FEEYNEMICLDHOENWIREZFHET 572010, &
HEREYZ SR L TREBSBRROERFREZRE L BEYSRSEICAREOHERR Z30E L.
HEARROZ L ZHRL 7.

O H—brrHKRIZX
FAEBOHEHARRIZ. UTOBEDTH S,

i)  PBEZEY) —RRHASFITERE : 50cm
i) aUA—~BE . ERJYA—%:8.2m
FEFaY A—% . 2

ZOERT, H— bRy 7 AOREREIRAZRELZ. CORBREFAL T BF
DRI DB TV S = AEHBERZ IS IS ICBWTHE T — 4 O 41 ERGEE
Lize FORR, BEMEBEORENIL2EBINSNWI EIMERTE, £z, RELE
BARNS, EREMZE 2 0 FHILZBE, BHERERAT7.70 MBq &/, [A-1] K
& [B—2] KROa3IR+2ICrfETH2  ENHRATE .

@ 4501k
45 9. OETRELEZA— R Ry 7 Z0BERRZHHAL T, 45 QEOKRER
ERREREL. 45 2{HTIE. H— bRy 7 AT DN THEML ZRIET—5 Ok
BERZERL M-S0 H— b 2Ry 7 2 EFRGC, BRMEBOLENC L 5 FEINE N
EEZHND,

@ 20021
FEBOREARRIL. LFO@DTHS.

1)  BEZEY — RS EIERE : 100cm
i) U A—YEAE . EAJIUA—#F: 8m
EFaUA—F:

c AT ABE : (153%) 25
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&

FRBREFERT HITH20. LKEABTERABARRHEHESIKICE. BAE (23°Pu .
4 1 4keV) H5D v FREAENNVARICE D BEEL. ZOREIREGEI— R R
VF—FESFHIVOI—K : MVP] TiHlid 2ic%/z0, BELRIAS MRUBIEEHE,
VE BB LT, TRNF— 2 AT LA 7)) — T EAIERULR I,
RHEROREHEZ T 5IcH2 0. BEASEEE, FEEMHOVELET, 51T £FHD
FREDZEZ % L TR0 e BB RaaR O AVE TR 2 SR R KERREITIR < Bt
WELET, £ BEHEARRRIGSAMETRICE. SBOYENSEEMND AKED
EEER ATy UEEERL THEE, E<EHWZLET,

£5 3k

(1) ZE#k: PNCT860-77-01 MMy B NDA Beffi R OB B BE S A7 LADISAL (1977)
() FHO%—: YEEERaE HRE  1977)
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AEBOHERTINI Y LHEEERT H5E . HERKRIRENER 1BEEOTIY
FPHRDHTHY ., IR LM ELD, BASICERETIOTSLEERLT,. 77/L{EL.
HREEMEBICHATS LTICHETIRISLERT.

T0TSLDOBEEFIR

1B R U PUDE -y T EEEHRIT D,

AR, ' Bak U PuDE— IR MHBDIBETANT 377 M LEERT 5
TS5 LNRT(EEERTOIBICERITTD)

AR, °Bat — Ry, PPUuDE — RS R U PUB DIETH AT
—RI7PAIHHER SN D,

®0 0

1000 TN M=9LBRIHFETOIS A

1010

1020  save “b:¥basic¥acc3.bas”,a

1030’

1040 DIM B(5000),C(5000),D(5000),Y1(5000)
1050

1060 CLS : INPUT “1:201 2:451 3:2000 O:8T7 "A10

1070  IF A10=0 THEN END

1080  IF A10>=4 THEN GOTO 1060

1090 INPUT "HEEMER (g A "A20

1100

110" TF—42MkA ]

1120°

1130 ON A10 GOTO 1150,1160,1170

1140

1150 OPEN “b:¥basic¥20_read.txt” FOR INPUT AS #1 : GOTO 1190

1160 OPEN “b:¥basic¥45 read.txt” FOR INPUT AS #1 : GOTO 1190 F7ANDFRHAH
1170 OPEN “b:¥basic¥200read.txt” FOR INPUT AS #1

1180

1190 FOR K2 =1 TO 5000

1200  IF EOF(1) THEN GOTO 1230

1210 INPUT #1, B(K2),C(K2),D(K2) €&— B:RIEHRH. C:"*°Banet#ll. D:2*°Punet¥
1220 NEXT K2

1230 CLOSE #1

1240

1250 ON A10 GOTO 1270,1330,1390

1260

1270 Th—boRYVZADEFHE]

1280

1290  RD=28 . A30=21243.45 —— RD:BBROER.A30. ZBOEH

1300 X1=156.23 : X2=-1.266 4— BEBORBRARY
1310 GOSUB *ABC : GOTO 1470

1320

1330 45 1 EDEH]

1340

1350  RD=30 : A30=28274.33

1360 X1=170.202 : X2=.649333
1370 GOSUB *ABC : GOTO 1470
1380
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1390 T200IEMETHE ]

1400’

1410 RD= - A30= )

1420  Xi= . 2= SHERTLHER
1430 GOSUB *ABC

1440°

1450 TTF—20OBAH |

1460’

1470 ON A10 GOTO 1490,1500,1510

1480

1490 OPEN “b:¥basic¥20 write.txt” FOR OUTPUT AS #1 : GOTO 1530

1500 OPEN “b:¥basic¥45 write.txt” FOR OUTPUT AS #1 : GOTO 1530 } F—ANEEZH
1510 OPEN “b:¥basic¥200write txt” FOR OUTPUT AS #1

1520

1530 FOR KK =1 TO K2-1

1540 PRINT #1, B(KK),C(KK).D(KK).Y1(KK) €4——— Y1:2%°pPuR

1550 NEXT KK

1560 CLOSE #1

1570

1580 GOTO 1060

1590 °

1600’

1610 *ABC 4— FPURHEHITL—FU
1620

1630 10=(652-40.857)/500

1640

1650 FOR KK=1 TO K2-1

1660

1670  11=C(KK)/B(KK) : C=D(KK)/B(KK)

1680  ZA=.1525%(A20/A30)-.0006 4+— FE-KEBZRHoEREHX

1690 ZT=-(LOG(1/10))/RD

1700 TA=(11/10)"(ZA/ZT)

1710 CF=-(LOG(TA".823))/(1-TA".823)
1720 BC=C*CF

1730

1740 Y1(KK)=X1%*BC+X2 4+— BRER{KOEFEX
1750  PRINT KK;Y1(KK);

1760 "

1770 NEXT KK

1780 "

1790 RETURN
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[45_read.txt]

45 0 EHEOHHT—45H

T B
(#]
1200
1200
1200
1200

[45 write.txt]

1SSBa

[net]
793
865
830
870

239Pu
[net]
31

\\\\\_#,/////////——_

i1 72 By R 133Ba
(7] [net]
1200 793
1200 865
1200 830
1200 870
1200 870
1200 854

zasp | 239p, 2
[net] [mg]
31 7.13657
4 .3553
2 -.147017
12 2.36457
20 437383
14
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nEDTF—2Evk(x, y) IZESVWTHESN-—REKERAOFRHEELENL a RU b
EFHE | BEOT—2 X ICHTLIERERLOME § (L UTOXTRDD,

f=ax+ b

x [ZHRGTIRAME v, OHTIEE £ LTDE. v, & fEDE e ERELT H, ThODIEIC
EJSVWTUTOEHRERET 5.

S,=(y,— ¥)2+ (y,— V)24 +(y.—¥)2
Sf=(f1_?)2+(f2—‘?)2+ ...... +(f— )2

CCT.YERAME v, OFHIE. TEEEE £ OFNE. S, ZRUECREFAN. S, %
HEEDOREFAMET D F- HEEOTFHE T LRUEDOTEHE v FFLL.S,
F.ERDEREE_RLTEHLELOEZREFTHAMET S BARER a RU b (.S, &
INZIEBEIITREBESN DD T, LTORBFRXAREYILD,

S,= S+ S,

COMERIL. RAEDOTEAM S, BN ABRANSKO-EEEDOTEAM S, LEBANSK
HLENELME S, IZHBTES RAMEDT AN S, LAEREAISKRO:-HEEDTLM S,
CDEEEZRERE R ETHLEUTORXMNEILT D,

S, S,

R? = =10 —
Sy Sy

ZORNID R EFHELT. —REKERXOFMERET 5.
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EHRF1EOES

GAMMA-RAY SCATTERING PROBLEM (PLUTONIUM GAMMA-RAY SOURCE IN CARTON BOX)

DETAIL MODEL AROUND HPGE DETECTER (INPUT 99.9.14 VERSION==>pu5.inp)
*

*. " 4 s +
x + t

* CONDITION PARAMETERS
* + +

+
4

#========== YOU CAN CHANGE FOLLOWING LINES ENCLOSED WITH '=’. ==========
sokrk CALCULATING CONDITION sk

% NB = 100 /* NUMBER OF BATCH(TOTAL HISTORY = NB * 10000)

* CPU TIME IS APPROXIMATELY 1 MINUTE PER 100 BATCH.

*

**kxkx CONTENTS OF CARTON BOX / STEEL DRAM *:kskxk

% CX = 0.0 /% X POSITION OF CARTON BOX(CM) (1)

% CY = 0.0 /%Y POSITION OF CARTON BOX(CM) (*1)

% CZ = 67.25/* Z POSITION OF CARTON BOX(=HEIGHT OF TURNTABLE)(CM) (*1)

*% CL = 34.5 /* LENGTH OF CARTON BOX(CM)

*% CT = 0.1 /* THICKNESS OF CARTON BOX(CM) [T
*% CTD= 28.0 /* DIAMETER OF CARTON BOX TOP(CM) jJ—I‘J#(‘JaX
*% CBD= 28.0 /* DIAMETER OF CARTON BOX BOTTOM(CM)

% CL = 40.0 /% LENGTH OF yellow waste can(CM)

% CT = 0.05/* THICKNESS OF yellow waste can(CM)

% CTD= 30.0 /* DIAMETER OF yellow waste can TOP(CM) A5 0 H (BEEENER)
% CBD= 30.0 /* DIAMETER OF yellow waste can BOTTOM(CM)

% TT = 1.0 /* THICKNESS OF TURNTABLE(CM)

*

sxkkk PLUTONIUM GAMMA-RAY SOURCE ****x

* (RELATIVE COORDINATES AS THE ORIGIN IS BOTTOM CENTER OF CARTON BOX)
% SX =0.0 /* RELATIVE X POSITION OF SOURCE(CM) (*2)

% SY =00 /* RELATIVE Y POSITION OF SOURCE(CM) (*2)

% SZ = 17.25/*% RELATIVE Z POSITION OF SOURCE(CM) (%2)

% SD = 1.42 /* DIAMETER OF SOURCE(CM)

% SL = 1.44 /* LENGTH OF SOURCE(CM)

% ST =0.16 /* THICKNESS OF SOURCE CLADDING(CM)

% GE = 4.1369E+5 /* GAMMA-RAY ENERGY(EV)

% DGE= 1.81E+3 /* RESOLUTION(FWHMXEV)

% PU = 5.44269E-3 /* WEIGHT OF PUO2(G) [27]

%P8= 01219 /* RATIO OF PU-238(WEIGHT%)

% P9 = 75.7691 /% RATIO OF PU-239(WEIGHT%)

% PO = 21.7412 /* RATIO OF PU-240(WEIGHT%)

%Pt = 16421 /* RATIO OF PU-241(WEIGHT%)

%P2 = 0.7258 /* RATIO OF PU-242(WEIGHT%)

% BI= 3.40608 /* WEIGHT OF BI203(G) [27]

*

spkrk DETECTER ##kkx (NO DEAD LAYER OF GERMANIUM CRYSTAL)

% DX =350 /* X POSITION OF DETECTER(CM)(=STOROKE(CM)+34) (DX>34) (*3)
%DY= 00 /*YPOSITION OF DETECTER(CM) (*3)

% DZ =895 /*Z POSITION OF DETECTER(CM) (*3)

% DD = 5.45 /% DIAMETER OF GERMANIUM CRYSTAL(CM)

%DL= 64 /% LENGTH OF GERMANIUM CRYSTAL(CM)

% DT = 03 /% THICKNESS OF ALUMINUM CAP(CM)

% DA = 16.75 /* LENGTH OF ALUMINUM CAP(CM)

% DB = 0.05 /* THICKNESS OF BERYLLIUM WINDOW(CM)

% DG = 03 /* WINDOW TO GERMANIUM CRYSTAL DISTANCE(CM)

%DV = 60 /*VERTICAL LEAD SHIELD DISTANCE FROM CENTER(CM) (DV>0)
%DH= 41 /% HORIZONTAL LEAD SHIELD DISTANCE FROM CENTER(CM) (DH>0)
*: BOTTOM LINE CAN BE CHANGED ==========
*

*. N s N + + +
*: t + + + +

* OPTION
PHOTON FIXED-SOURCE NO-NEUTRON NO-FISSION
NO-EIGEN-VALUE NO-LATTICE RUSSIAN-ROULETTE = NO-RESTART
FLUX-PRINT
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NHIST(10000) NPART(<NB*%NHIST>) NBANK(15000) NGROUP.P(<NG=3>)
TCPU(20) IRAND(1) NMEMO(10) NMEMS(5)
NMEMOP(2) NRSKIP(0) ETOP.P(1.0E+6) EBOT.P(1.0E+4)
DEPS(1.0E-5)  DINF(1.0E+7)

*

* + + + + + + +
* PHOTON CROSS SECTION
$XSEC
xxxkk PU GAMMA-RAY SOURCE (PU02+BI203) ¥%k%%x
* QUOTED FROM RIKA-NENPYO(1997)
& IDMAT( 1) /% PUO2+BI203
% PUO2=(238+P8+239%xP9+240%P0+241%P1+242xP2)/100+15.9994%2
% B1203=208.98037%2+15.9994%3
% NA=6.022E-1 /* (=6.022E+23/1E+24)
PUNPTNMC( <PU/PUO2*NA> )
BINPTNMC( <BI/BI203*NA%2> )
OONPTNMC( <(PU/PUQ2%2+B1/BI203%3)*NA> )
*& IDMAT( 1) /* AIR
*  NONPTNMC( 3.9016E-5)
* OONPTNMC( 1.0409E-5)
sx6% SOURCE CLADDING (SUS304) *¥k¥*
* QUOTED FROM JAERI-M 90-126(1990)/JAERI-M 6928(1977)
& IDMAT( 10 ) /* SUS304
CONPTNMC( 3.1729E-4 )
SINPTNMC( 1.6962E-3 )
SONPTNMC( 4.4572E-5 )
CRNPTNMC( 1.7408E-2 )
MNNPTNMC( 1.7343E-3 )
FENPTNMC( 5.7872E-2 )
NINPTNMC( 8.1116E-3 )
*& IDMAT( 10 ) /* AIR
* NONPTNMC( 3.9016E-5)
* OONPTNMC( 1.0409E-5 )
sxdkk SUS304 Fokkkk
* QUOTED FROM JAERI-M 90-126(1990)/JAERI-M 6928(1977)
& IDMAT( 11) /* SUS304
CONPTNMC( 3.1729E-4 )
SINPTNMC( 1.6962E-3 )
SONPTNMC( 4.4572E-5 )
CRNPTNMC( 1.7408E-2 )
MNNPTNMC( 1.7343E-3 )
FENPTNMC( 5.7872E-2)
NINPTNMC( 8.1116E-3)
soorkk GERMANIUM CRYSTAL *kkkxk
* DENSITY=5.4(G/CC),ATOMIC MASS=72.61 /* QUOTED FROM RIKA-NENPYO
& IDMAT( 20 )
GENPTNMC( 4.4786E-2 )
sorork ALUMINUM CAPorkokk
* DENSITY=2.69(G/CC),ATOMIC MASS=26.981539 /* QUOTED FROM RIKA-NENPYO
& IDMAT( 21)
ALNPTNMC( 6.0038E-2)
*xkk BERYLLIUM WINDOW *#kk%
* DENSITY=1.84(G/CC).ATOMIC MASS=9.012182 /* QUOTED FROM RIKA-NENPYO
& IDMAT( 22)
BENPTNMC( 1.2295E-1)
sekkk | EAD SHIELD *kkokk
* DENSITY=11.34(G/CC) ATOMIC MASS=207.2 /* QUOTED FROM RIKA-NENPYO
& IDMAT( 30 )
PBNPTNMC( 3.2958E-2 )
sdkkk ACRYL (C4-HB-02)N sxkokok
* DENSITY=1.18(G/CC),MOLECULAR MASS=86.09 /* QUOTED FROM RIKA-NENPYO
& IDMAT( 31)
CONPTNMC( 3.3016E-2 )
OONPTNMC( 1.6508E-2 )
HONPTNMC( 4.9525E~-2 )
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spptk COPPER sokkokok
* DENSITY=8.93(G/CC)ATOMIC MASS=63.546 /* QUOTED FROM RIKA-NENPYO
& IDMAT( 32)

CUNPTNMC( 8.4626E-2 )

¥=====z==== YOU CAN CHANGE FOLLOWING LINES ENCLOSED WITH “=", ==========
**kxxk CARTON BOX (C6-H10-05)N Hkxkkok
* DENSITY=1.0(G/CC),MOLECULAR MASS=162.14 /* QUOTED FROM RIKA-NENPYO
*& IDMAT( 100 ) /* PAPER
* CONPTNMC( 2.2284E-2 ) .
* HONPTNMC( 3.7141E-2) H—briRw R
* OONPTNMC( 1.8570E-2 )
*xxkk yellow waste can [carbon steellsk¥sx
* QUOTED FROM JAERI-M 90-126(1990)
& IDMAT( 100 ) /*carbon steel
CONPTNMC( 1.2514E-3 )
SINPTNMC( 3.3449E-4 )
SONPTNMC( 5.8599E-5 ) 45 QE(BERBREMESR)
PONPTNMG( 6.0660E-5 )
MNNPTNMC( 2.5650E-4 )
FENPTNMGC( 8.3319E-2 )
sk CONTENTS INSIDE CARTON BOX #kskx
*& IDMAT( 110 ) /* AIR
* NONPTNMC( 3.9016E-5 )
* OONPTNMGC( 1.0409E-5 )
sxkkk CONTENTS INSIDE yellow waste can *k¥xk
& IDMAT( 110 ) /* AIR
NONPTNMC( 3.9016E~5 )
OONPTNMC( 1.0409E-5 )
*& IDMAT( 110 ) /* PAPER
* CONPTNMC( 2.2284E-2 )
* HONPTNMC( 3.7141E-2)
* OONPTNMGC( 1.8570E-2 )
* BOTTOM LINE CAN BE CHANGED ==========
*
*akkk AIR dekkkk
& IDMAT( 200 )
NONPTNMC( 3.9016E-5 )
OONPTNMC( 1.0409E-5 )
$END XSEC
*

*. .
* +

* GEOMETR

* + + + + +
* + + + + + +

$GEOM

sxkokkk BODY *¥xkkk

* BOUNDARY
RPP( 1 -100 150 —100 100 -50 200 ) /* OUTER SURFACE

* CARTON BOX

% CTR=CTD/2 /* CTR = RADIUS OF CARTON BOX TOP

% CBR=CBD/2 /* CBR = RADIUS OF CARTON BOX BOTTOM
TRC( 10 <CX> <CY> <CZ> <CX> <CY> <CZ+CL> <CBR> <CTR> ) /* CARTON BOX
TRC( 11 <CX> <CY> <CZ+CT> <CX> <CY> <CZ+CL> <CBR-CT> <CTR-CT> )
RCC(15 00<CZ-TT>00<TT> 31.2) /* TURNTABLE

* DETECTER

% DR=DD/2 /* DR = RADIUS OF GERMANIUM CRYSTAL
RCC( 20 <DX+15> <DY> <DZ> <DA> 0 0 3.5 ) /* ALUMINUM CAP
RCC( 21 <DX+15> <DY> <DZ> <DA> 0 0 <3.5-DT> )
RCC( 22 <DX+15> <DY> <DZ> <DB> 0 0 <3.5-DT> ) /* BERYLLIUM WINDOW
RCC( 23 <DX+15+DG+DB> <DY> <DZ> <DL> 0 0 <DR> ) /* GERMANIUM CRYSTAL
RCC( 24 <DX+15+DA> <DY> <DZ> <~(DA-DB-DG-DL)> 0 0 <DR> ) /* CRYOSORP.
RCC( 25 <DX+15+DA> <DY> <DZ> <31.7-DA> 0 0 3.5 ) /* PRE-AMP.(SUS304)

* LEAD SHIELD
RPP( 30 <DX+12.5> <DX+38> <DY-11> <DY+11> <DZ-11> <DZ+11> ) /* BODY
RPP( 31 <DX+13> <DX+37.5> <DY~-10.5> <DY+10.5> <DZ-10.5> <DZ+10.5> )
RCC( 32 <DX+13> <DY> <DZ> 24500 6 ) /* HOLE
RCC( 33 <DX+38.2> <DY> <DZ> 8.5 00 11 ) /* BACK COVER
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RCC( 34 <DX+38.7> <DY><DZ> 7500 105)
RCC( 35 <DX+38.2> <DY> <DZ> 8.500 3.6 ) /* HOLE
RCC( 36 <DX+38.7> <DY> <DZ>7.5004.1)
RCC( 40 <DX+12.5> <DY> <DZ> 25.5 0 0 4.5 ) /* AIR GAP
RCC( 41 <DX+12.5> <DY> <DZ> 25,500 5.0 ) /* ACRYL
RCC( 42 <DX+12.5> <DY> <DZ> 25.50 0 5.5 ) /* COPPER
* LEAD COLLIMATOR
RPP( 50 <DX> <DX+6> <DY+DH> <DY+DH+8> <DZ-11> <DZ+11>) /* L
RPP( 51 <DX+0.5> <DX+5.5> <DY+DH+0.5> <DY+DH+7.5> <DZ-10.5> <DZ+10.5>)
RPP( 52 <DX> <DX+6> <DY-DH-8> <DY-DH> <DZ-11> <DZ+11> ) /* R
RPP( 53 <DX+0.5> <DX+5.5> <DY-DH-7.5> <DY-DH-0.5> <DZ-10.5> <DZ+10.5>)
RPP( 54 <DX+6.2> <DX+12.2> <DY-11> <DY+11> <DZ+DV> <DZ+DV+8>) /* U
RPP( 55 <DX+6.7> <DX+11.7> <DY-10.5> <DY+10.5> <DZ+DV+.5> <DZ+DV+7.5>)
RPP( 56 <DX+6.2> <DX+12.2> <DY-11> <DY+11> <DZ-DV-8> <DZ-DV> )} /* B
RPP( 57 <DX+6.7> <DX+11.7> <DY-10.5> <DY+10.5> <DZ-DV-7.5> <DZ-DV-.5>)
* PLUTONIUM GAMMA-RAY SOURCE AND SUS304 CLADDING
% SR=SD/2 /* SR = RADIUS OF SOURCE
RCC( 100 <CX+SX> <CY+SY> <CZ+SZ> 0 0 <SL+ST*3> <SR+ST> ) /* CLADDING
RCC( 101 <CX+SX> <CY+SY> <CZ+SZ+SL+ST*2> 0 0 <ST> <SR> ) /* WELL
RCC( 102 <CX+SX> <CY+SY> <CZ+SZ+ST> 0 0 <SL> <SR> ) /* SOURCE
END
soikk ZONE #kkkk
VOID : :—1000 : -1
AIR :10:  200:+1-10-15-25 -30 ~-33 -50 -52 -54 -56
CARTONBOX :20: 100:+10-11
CONTENTS :21: 110:+11 -100 OR +101
TURNTABLE :22: 11:+15
SOURCECLAD : 30 : 10 : +100 -101 -102

SOURCEPU  :31: 1:+102

SHIELDLEAD : 40 : 30 : +31 -32
SHIELDCLAD : 41 : 11:+30 -31 OR +32 -42
COPPER 142 32 :+42 -41

ACRYL 143 31:+41 -40

AIRGAP :44: 200 :+40-20 -25

BACKLEAD  :45: 30: +34 -36

BACKCLAD :46: 11:+33 -34 OR +36 -35
BACKGAP :47: 200:+35-25

COLLILEAD :50: 30 : +51 OR +53 OR +55 OR +57

COLLICLAD :51: 11 :+50 -51 OR +52 -53 OR +54 -55 OR +56 -57
GERMANIUM : 60 : 20:+23

BERYLLIUM :61: 22 : 422

PREAMP 162 11:+24 OR +25

ALUMINUM  :63: 21 :+20 -21
DETECTGAP :64: 200:+21-22-23 -24
sokkkk TALLY REGION sksiokx
#TALLY REGION
DEFINE @GERM( 60 )
@CRTN( 20 21)
@SCLD( 30)
@ALL (% )
$END GEOM
*

*-

+
-

*

* TALLY

*

4 N + N 4
x +

ENGYB.P( <%ETOPP> <GE+DGE> <GE-DGE> <%EBOTP> )
TRVOL( <3.14159%DL*DR**2>
<3.14159*%CL*(CTR**2+CBR**2)/2>
<3.14159%((SL+ST*3)*x(SR+ST)**2~(SL+STIkSR¥*2)>
<250.0%200.0%250.0> )
$TALLY
&ID(1)
LABEL( PHOTON FLUX BY PLUTONIUM GAMMA-RAY SOURCE )
EVENT( TRACK)
PHOTON
DIMENSION( REGION ENERGY )
REGION( @GERM @CRTN @SCLD )
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IENERGY(123)
$END TALLY
*

k.

b3 +

* GAMMA-RAY SOURCE

- + +
t +

$SOURCE
&PHOTON
RATIO( <PU> )
@( XX YY) = #DISC( 0.0 <SR> );
@X0 = <CXD+LSX>;
@Y0 = <CY>+<SY>;
@X = @XX+@X0;
@Y = @YY+@YO;
@2 = #UNIFORM( <CZ+SZ+ST> <CZ+SZ+ST+SL> );
@( A B C) = #ISOTROPIC();
@E = #TABLE X( <GE> ) PX( 1.0 ) INT( DISCRETE ),
$END SOURCE
*

*.

*: t

* VARIANCE REDUCTION

*. +

WKIL.P( %( 0.95 0.10 0.95 ) )

WSRV.P( '*( 1.00 1.00 1.00) )

NRESP( 1 ) RESP( <NG>(1.0))
/
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