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Study on Improvement of TRU Nuclides Measurement Technique (3)

Hoki Hibi*, Zenro Suzuoki*

Kazuaki Takezawa®*, Yasumi Endo***
Abstract

A measurement system has been developed, and studyed for non-destructive assay
of simulated uniform waste drums loaded with plutonium samples to improve its
capabilities, This study performed in Japanese Fiscal Year 1993 includes
application of analytical methods to the system to characterize it and to obtain
detector responses to be compared with measurements to confirm the effectiveness
of the methods. The methods applied are:

l1.Two-dimensional discrete ordinates method, and

2.Three-dimensional Monte Carlb nethod, ,
and the both are corrected by one-dimensional time-dependent discrete ordinates
method for dieaway of neutron fluxes in the the pulsed system,

Comparison has shown that the two-dimensional discrete ordinates method agrees
within a factor of 1 through 0.5, while the three-dimensional Monte Carlo method
within a factor of 1.8 through 1.2, demonstrating the effectiveness of the
methods as well as the adequaucy of the time dependence correction,

On the basis of this result further study has been required for the
measurement of such matrices as artificial mineral and others and analyses by

the above method to improve the capability of the system,

Work performed by Mitsubishi Atomic Power Industries, Inec. under contract with
Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison: Kazuya Usui, Plutonium-contaminated Waste Treatment Facility
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) 11. 052 6.80659% 194 49 122,77 2,5303t1 %1077 89 6. 4760 0.0
5 10.000 1.35263x167? 50 111.09 4,94852% 1072 90 5.0435 0.0
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7 8, 1873 4.07443x79? 19 9 3.9218 0.0 0.0
H 7. 4082 6. 36675X 1072 10 52 §7.37% 6.01022%10°° | 2,39936% 10?2 52 3. 0590 0.0
9 6.7032 9.36280% 147 53 52. 475 1,66378x 1672 93 2.3824 0.0
10 6. 0653 1.30376x 10" o4 40. 868 1. 15144 x10°? 94 1. 8554 0.0
85 31.828 7.05643%x10-* 95 1. 4450 4.0
2 i1 5. 4881 1.33309x 10" | 1.72855X 1p~?
12 4. 9658 2.159298%X 107? 1 56 24,788 9.27782X 107* | 5.49134Xx10°¢ 20 96 1.1254 0.0 0.0
13 4, 4933 2.67425x 1072 51 18. 305 3. 7864810 a7 0.87642 0.0
14 £, 0857 3,14732x 102 58 19. 034 0.0 58 0. 68256 g0
15 3.6788 3. 58784x 10" 59 11.709 0.0 99 0.53158 (i}
3 16 3. 3287 2.22236x 107 3.97465X 1072 12 B0 9.1188 0.0 0,0 21 100 0.41399 1] 0.8
17 3.0119 4.2915TX 10"2 61 7.1017 0.0 -
18 2,7253 4,.52827x 1077 52 5.5308 0.0 BFBRIxAX—IE 0.001eV
19 2. 4650 4,68036%X10°? §3 4.3074 0.0
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13 64 3. 3546 0.0 0.0
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69 861.12e V 0.0
5 2 1. 2246 1.65840 10" | 3.85751%X 102 10 748, 52 0.0
27 1.1080 3,59135x 102 7 582. 95 0.0
28 1. 0026 3.31758%x t0~?
29 30T. 18k e V 3.04331x10-2 15 72 454, 00 0.0 0.0
30 820. 85 2,717419%x 10" 73 353.57 0.0
T4 275. 36 L]
6 i T42.74 1,02593x 107! 2.51461x10°% 15 ‘214,45 0.0
32 672.06 2.26774% 1072
33 608.16 2.0357TX 1072 16 15 167. 02 0.0 G0
34 550.23 1.82002x 10" 16 130. 07 0.0
a5 497.87 1.62111 X 10"2 17 101. 30 0.0
T8 78.893 0.0
T 36 450, 49 5.69686x 10°2 1.43912x 10" T4 61,442 0.0
37 407,62 1,27313% 102
38 358, 83 1.12428x 10" 17 B0 47, 851 0.8 0.0
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2 | 1alsso 1.6925% 102 52 | 26088 3. 6435 104 s | 16314 0.0
3| 120840 27032 {0~ 53 | 24788 31734 10! 95 | 1.4450 0.0
4] s 3.9256 10~ 54 | 21,875 2. 4582 10+ o | 12752 0.0
5 | 10.000 5. 4065 10-2 55 | 19,305 2.0215 19~ o7 | 11254 0.0
6 8. 825 7571 10-2 56 | 11036 1.6690 10+ 08 | 0 89312 0.0
7 1.788 11758 192
: 6. 8729 1.7385% 102 10 | st | 1s.0m 305585107 | 1.4104x 104 23 [ 00 | o.s7642 0.0 0.0
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2. 2. 1 — 5 FHEICAW S EDETFHEEE (1.~ 2)
' (BfBI: 107 atoms, o)
wE |z R RBAVIFVY RITFIVF-T [ KITFVUAVo L {TOMBIEE | RF =0 | RF—S— 2 AF-NU—-N|A I & B
(BEIE) (ZEAR) (BES)
5] (0. 00129, e} (0. 135, cl) (0. 2319, cil) (0. 5549,/ orf) (1.02 g/ cil) (0. 1439, cl) (0. 2149~ i) (0. 429g, cr) (2. 49 cdd)
H 8.953x 1073 2.098 X102 4.780% 1072 6.825% 1072
C 4, 4201073 9. 7751073 2.376 %107 4.367X10" 1.079X107° 1.609x10"5 3.226 X105
N 3.962x1075 4,063 %1073 1. 75410~
0 1. 048 X105 6. 50410~ 4. 200x10°
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Pu#H | PuBR(BESHANER |(HoB» 2V 0 | REHR
R AR
g 1/em cm?
A4 0.73 7.576E-1 2.88 1.99
ADb 1.461 1.082E+0 1,99

2.5.2 HARMEB OB LB hEFRER

CHEDPURBEY M ARODEBLALSOHUBRNIEN OB SR bt T
BHEr, UEREBEC]1 AMe VIRIFRES7. 7x10°n/s ( (XAHRGE
#l: 1. 54x10°n/080R) LLTHHLA, -2 C, Appendix 1 =3
BONEMeDLBEFOBAL S, BRSLE, RUZFLYRUCTRYEER
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RUTFL> (A4 +A5)
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4,475E+3 x 1/
3.151E+4 x
1.801E+43 x 0.

1/

SHMEBSHBBOHAEOBER L HEHE L OLE
HURHMEIOESBE T HURIZ (2.2 BB EZRICH TS/ » 5
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BFRCEToREBHEREISDI 22D RS AGHLBESZ /R ESH
CHARBERHBICLBEEBALAE, Fi2, 2L LTHEKREOK SRR ET
BENTORUBHB R LTENE LB+ BE LA, BHEERE TR
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54x10°n/ R0 2Y)
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2,215E+3n/s
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FR R cps/n/s cps
n/s HAMED EHES @® @
N 2,238E+3 1.13E-1 1.71E-2 2.53E+2|3.83E+1
BUTFL 1.576E+4 |  4,25E-2 1.19E-2 6.70E+2|1,88E+2
ATL#Y 1.567E+3 1.07E-1 2.45E-2 1.68E+2|3.84E+1
EI BB AR | 2.215E+3 1.26E-1 2.29E-2 2.79E+2{5.07E+I




RIBBHEE(E | R SHHE=R
T rUIEH B2 C/E
cps cps
@ @
2 RS LE 4,68E+2 0.54 | 0,082
Ruz+Ly 6.35E+2 1.06 | 0.30
AT g% 1.56E+2 1.08 | 0.25
AR EERAR 2.79E+2 1.00 | 0,18

IRLEVBTOZ L #H3,
LHMREORHSHPE TR T2 R HBH KR LCHEREA VI L E (D)
OC/EHEHERLI~0. 5Th5,
bR MEOKSEFETFRCATAREBHERE LCERELA LSS (@)
DC/EEIEHRO.
C.— ., BUBEOHINFTHTFRIIH T RBEBEHBROFEN (£2.2.4-1;
JSDJj2R_—2) OC /Eff & thik L,
- MABREEERRCN T2 M 7 2RO BERIBIARMGER D 5
"YUV AADEEESHBR T RSN R B AREEE S B
s, | |

3~0. 08TH 3,

Dt odrehoBiznsd,

MEBREMEE EEZESAEBR A BT
TRUIAME |BMECATAY (CHTIRGE (MABHNKE
MU ARBS (R ER MBCHTBR
AL C/E C/E Hi R ¥ C/E
N 0.082 6.60 0.54
KUl 0.30 3.56 1,06
A LGy 0.25 4.35 1.08
AR R R 0.18 5.48 .00

2.5.4 £k &




2RSS n WM 1 RAS n BWRMEFRF 2 MASDED ZL L YA
FUZAMLOP uMB I LA REBHERONENE (C/EH) ik, Hh, 7
FOE1~0. 5elok, REL. ChEMESSUKERECHTEY MY 2
ARDESBEOREMEL T MV 7 ARORER A ABEIC 50051 %R
DHABERENFhEREA LY, BRL LThBohr-dbocHhs, £,
HEOMREMIEZ 772420, 08~6. 6OBETHY, BROIKRELF AN
DEDHELUVREIZEY,



FOFOPa.

a

N\

i HADHEAT ] i

RADHEAT

I RADHEATjk

WGMHH

BRH~ 7 ONEK
(MOTH)

-

ﬂ&lﬂ@ﬂ.}ﬂ
*ﬁr g

BB~ 7 OBER
(GITR)
BRF—-2 Imm v pre—y v
BRF -
| ANISN-CRNL | (e%7-7] .
LT 7 nmp o L ANSNORNL
14MaVE R HRRPETH
i Y
- SN
DB 7 OINFEEIR Q PR IolREIR
(MOTH) ¢ (MOTHZL)
[er ] T
PEBY 7 ORER SEEE7 7 OBREIR
(O ragoes O megm
| v
s P 2nzsn ¥ P
| | bl DORT
L ! Lasistonn | = ROMEC RS [ DoRT | (? U7 Achd (2 l')
‘L Jt \L TMoVIERIE Nﬂ*ﬂ*wx
BAMHETE b+ =5 *ﬁ?ﬂ%ﬁ :;;;%x
HHETRAT FETRAH SEFHH (ﬂ-usssﬂn
Z=-54.807cm,
¢ ¢ HI ¢ zux‘ﬁnﬂ
BT OMER — ERMFERRCHT B
[ omueonsiz ] _/__I 7 b9 ZRDOPUMS oot |«
l HRETRER ¢
SR DR (7 =

]

PURHOIIER — & _—
PURFOE 2WRDR HiE
ONiE

R MR MY
37 MY I Ah0P
SEAtEFRER

v
i
v

¥ b U7 2l DI
BN R IETF R
¥ BRHBEHEE

2 MITZZBLOP uBHHCH T 58 HBEBRHEHE (C)

T RUFARLOP u N

T AHRHER SRS (E)

C/ Lt

HM2.5-1 2RSS nELoMEOLEBR (JSDIJ2514F5Y)



3. 3RICEVTFHINVOEDORE
3. BOEPUETFERL R E LR
3.1.1 TR
SRR BERIR D= + ) 2 X% 3B & L, ISDR2T 4 75 U — % 73500
BV TANTI—- FMORSEIZ L D ERML /20 B - Fid, 2KTEME L otk %
FERL T, 2RTEH L F— DU R E A CE AMORSET — F& L7z, $72. 2
RO [2RICSniE OBV ARG - BAIE] 1B 2RET R, S TSR0
THDH-> THEBREDZVWIEDLISDIZIFA 7T Y=L LT,
BRI, ETMUIC L 2BV R RET 5720, BEOIFIMIC T3 3505
DERFREFEE L.
@ 3ERDFEEI /S Z RIS U2 ERRE EREICED o 7246R (DU
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@ Estimator Track Length Estimator
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» 3RICTEREIRIE (MORSE/DOT3.5)=1/3CdH 5,
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#3.1.2-1 TRNVE—EEOREMRE

T3V —RE 5 IR
No. | EBR{#E (Ev) BaRBE | s

1 1.4918E+7 3. 7829E-2 1. 0000E+0

2 5,.4881E+6 1.3331E-1 0. 0000E+0}

3 3. 328TE+6 2.2224E-1 0.0000E+0

4 2.0190E+6 2. 2356E~1 0. 0000E+0

5  1.2246E+6]  1.6584E-1{  0.0000E+0|

6 7.4274E+5 1.0259E-1 0. 0000E+0

7 4. 5049E+5 5. 6969E-2 0. 0000E+0

8 2. 1324E+5 2. 9660E-2 0.0000E+0

8 1.6573E+5 2. 1063E-2 0. 0000E+0

10 6. 7379E+4 6.0102E-3 0. 0000E+0

It 2. 4788E+4 9. 2778E-4 0. 0000E+0

S FHE 1. 0000E+( 1. 0000E+0

#3.1.3-1 FEER0oTED (EC 0. 414evV)
BT b
AR SUNEERS F.5.D.(%) TR
(n/fcm2/sec)

K 85 @-1 1.96E-5 5.8
et 2 O-2 2.62E-5 5.7
R 28D-3 2.39E-5 5.8
Bt 4@ 1.56E-5 6.8
MRHZRS 1.56E-5 7.4

%) Track Length Detector Estimator 200%500/% v F D &5 5
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JISDJ27 4 75 ) —iZ & 5 MORSESH 1 & S84 & 2 C/EME D 1L

Track Length Estimator
ThUv s R BHE BHALE P T | SHEAE IR | BHRS AR C : E - C/E
AR |BHEE | HEEE (BH#uynv) BT EGTHME | HAEH TS
AHH (n/cm2/s/n/s) (CPS/n/s) (CPS/n/s)
BEBERK | © 3 [(6.97+0.40)¥10-5 147 12 (4.10£0.24)%10-2 2.29%10-2 1.79£0.10
BEEAHIK | @ 1 ](1.56x0.11)*10-5 147 12 (2.75£0.19)%10-2 2.29%10-2 | 1.20+0.08
BEENK | @ 1 [(1.56%0.12)*10-5 147 12 (2.75£0.21)*%10-2 2.29%10-2 1.2010.09
K3142  ISDR2T A 75 — 2k B2KICEFEE & BlEfE I X zaC/Eﬁ*a‘ 2304 .
ThUv IR BHEER | BFREEGRRT |SHEOE R | B AR | CHMHLE et FHAR LR EfE C/E
HETHE (FH¥ynv) (CPS/n/s) (CPS/n/s)
(n/cm2/s/m/s)
RBRREAIR *ﬁﬂjzgtp'b 7.12E-5 147 12 1.27E-1 2.29E-2 5.48
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Thermal Neutron Flux (n/fcm2/sec)
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S R W E o &
Pu i % . i
Gt 20 GGt
A~4
N 3027 1 2342 3
A~5
K5 L5 A-5 1873 2 _
| K A—1d
1781 1 1396 5
(0=0.558 ) A—5
BYLFL A—14
4029 9 3176 4
(0=0.23 ) A-5
TAZ7) b A-14
9. 30 7. 48
(o=1.02 ) A—5
ALY A-5 963 6 781 6
C 1 ' S
ELl. TR7 7L OEEOEMEOTNE ZOMiE 5 BOTEE,

E2.

23y YTRIE (G00FD)

ATERER 135002 X 408 X 2500 4 S= 5 BT 3.

1993-10-18~22

) 2 B’ B B & o &
5 ]
(CPS) (CPS)

AN 252 1 4414 636 | 3352 449
-~ I

2520 g 4448 567 | 3412 671 .
(0 =0.558 )
RY=F b 132 f 1667 029 | 1297 665
(0=0.23 ) ' '
TATTIR 230 ¢ 58 484 50. 091
(o=1.02 ) ' '
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Appendix 3 DV R b (1,72)

KA.3—1  BSZHRRICNY 3 1 IRTS n R CoR AR bt 7
(JSDJ234735 1))
KA.3-2  BSZEFEICHY 3 1RTS n R TORMETF IR b L
(JSDJ23473)
KA. 3-8  ESZRRICHT 3 2RTS nf#r COLMMETFRS 7
(JSDJI25475Y, < k07 RBLHER
HA.3~4  HEHREFICHT 5 2KTS n#iF cO/Eh 7RI
(E=0. 1MeV, JSDJ23473Y, =Y & R0EHAR)
KA.3—-5  ESBHRARICHT 3 2T S nf#F corEhEFEA
0. 1MeVZE2Z 0.414eV, JSDJ25175Y, kY24 RHb
B{EZR)
RA.3—-6  BARBIFCHT 5 2 RIS n@FcoMbid TS
(E< 0.4l4eV, JSDJ23475Y, = by o RAPLEESR)
KA.83—7  BSZHRRICNT 5 21T S n i cCosb T RS
(E= 0.4l4eV, JSDJ 25473y, BHBRLEER)
KA.3—8  ESEHFICT 3 1 IRTS n B CORBRBHETES
(MGCL347351)
KA.3-9  HOBREBFRICNYT 5 1IRTS nFcOR®TRRY b L
(MGCL34731)
KA. 3-10  HSABBFEICHT 5 2 IRT S nBF oL FHAH
(MGCL?47§U,7%U7X¢®N#%)
KA. 3-11 BHSBURRCHT 5 21k S n R TOERPETFES S
(Ez0. I1MeV, MGCL31735Y, < U ¥ XBLEER)
KA.3-12 BSRRFICRYT 3 2 TS n B co st T
(0. IMeVZE=z 0.414e V, MGCL3473Y, <k & RBL8ER)
KA.3-18  BSBEHRICHYT 3 2IRTS n AR TOMPHET R
(E=< 0.4l14eV, MGCL>473Y, = by 7 R0 dlEFR)
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KA.3—14

- BA.3-15

XA.3—18

KA. 3-17

BjA.3—18

KA.3—19

KA.3—20

KA.3—21

KA. 3—22

HA.3-23

BJA.3—24

KA.3-25

KA.3—-26

Appendix 3 DY R b (2,72)

BB 2 21RTS n @ COMBPHET HAE
(E< 0.44eV, MGCLS4 75, RS HEER)
IVERERERFI T 5 1IRTTS n T CORAEEEF R
(JSDJ2314735Y)
MRREHBFINT 5 1 IRTTS nBIFCOREF 2R b

(JSDJ2z14731)

ISR EERIF I 3 2 KT S n B cOLhiE RS
(JSDJ23475Y, < b2 XAl EhESR)
MESFEREFFIT 5 2K5T S n IR COBED T RS
(E20.1MeV, JSDJ25475Y, < kY& RBLEER)
MEERE AR T 5 2 IR S n AR COMt TS
(0. I1MeVzZE=z 0.414eV, JSDJ 254751, =Y &2
BHATR)
MRS EARF I 5 27T S n R COMBIETH47
(ES0.414eV, JSDJ25473Y, < h Y27 RblEER)
MRS HMRE T 5 LIRS n R CORBEDEF R
MGCLZ17351)
PHBEEERFINT 2 1 4TS n@iF comETR~y ML
MGCLZ175Y)
IESEEARF I T 3 2 RS n R CORETF R |
MGCLZA75Y, = by 22l ahtkR)
M e RT3 2IKTS n B COBBRIETRAE (2,72)
(E20. I1MeV, MGCL3473Y, = V& RE0EER)
IEEEREREIC T 5 2R S nfBIF COTEP TR (1./2)
(0. 1MeV2E= 0.4ldeV, MGCLS1735Y, = Y&zl
2y
MRBREHARFIT 5 2 RITS n fEF COBMPHTF R (2/2)
(E= 0.414eV, MGCL3 473, = by & RE0ER)
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BRERO TR UNEIEEBN COPETFROMEB BT 55 A TRELNL
L TEEOHHTHRIHE 2R S nBEIFHARKE LT &z,

(1) BS54 —2%
O HEFHERE
» C f 252053 BUgR
* 14M e V BEDNLE S E B
® HEHSATS)
- JSDJ23477) (BhEEFRUF—E : 1 BELD
"MGCLIAT75Y ST o oL+ — R : S HEE
[ | IRITARRR « 33BELA, 2 IROTHRHT - 7 Eﬁi&{u}
@ =hUyIR
* B R LE
- EHAMIIERENIR (REHRA)
- Y IF U FaT
- AL (B

@) BOBHSFITHT B 2 4L S n kBB AR
(@ JSDJI234 735 yicE s8R

KA.3—1 BHMEECNT 5 1 RTS nfBi cORFMPEFRS T

HA.3-2 BABMERICHT S 1 RES nBF CORMTRRY bl

KA.3—3 BABREISHT 2 2 KT S n B coLhETES %

KA. 3— 4 BABGRICHT 5 2K S n B COmME TR
(Ez0.1MeV, =V 7 2BLEEFESR)

MA.3-5 HAESBICHT 3 25T S nMBIFCOhE TR
(0.1MeVz2E=2 0.414e V, = bV 7 2L EHER)

KA.3-6 SHREFICET 3 2 KT S nARIF TOMBHET R
(E< 0.41de V, = b U 7 2ibli{ER)
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(b}

RA.3-7 HOBBRFIHT B 21RTS n BT TORPMETF ST
(E= 0.414e V., RIHBHOEESR)
MGCLZA 73 VicED < fEi
HA.3-8 BARBRIINT 3 LIKLS nBF cOBS b F R
KA.3—9 BOSBREICHT 2 1RTS nfFTORET 2227 kL
KA.3-10 BABRRISNT 3 2IRTTS n BT TORPE T3
BIA.3-11 BRI % 2IRT S n BT COBBE T R
(E20.1MeV, = b7 2duldl{xR)
XA.3-12 BB T B 2IRTS n @ COhBRbE TR
(0.1MeVZ=ZEz 0.4l4e V, = b U 7 ROULEHETR)
RA.3-13 BARBRIHT 2 2 KT S n iR COfetb: TR
(E=< 0.4deV, = b Y &7 ZHLdE&SR)
BIA.3—14 BHABFRFRIHNT 2 2IRT S nfB COREHET A7
(E= 0.41de V, BRHEBROHEKSE)

(3) EFMBHMITICH TS 21RT S niEABFH AR

(@)

JSDJ 23473 VicE-s{ @if
BA.3-15 ERMBRRFICT 2 1 IRTS n B COBRA B TR
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cucn g x1E24 ¥ I/barn/en barn 1/em
Ad 11.89 1 0.73 0.6022 1239.481190 68.47 | 9.224E-4 {2.88 | 746.7 | 1.982E+0
| A5 |1.89 [1.461 0.6022 |239,48110¢ 68.47 | 1.264E-3 |2.88 | 746.7 ] 2. T17E+0
3
|
Pu-241 Pu-239
Bl 6r 76 58 Bl F BO® B[ v o f v I f Pu-241
BF-s2oiin & &
1/barn/cm barn 1/em 1/cm
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.42 | 1.370E-4 |2, 88 1015 | 4,002E-1 [ 3.117E+0
JENDL-3 (JAERI 1319)
QBT EDEVORETRAE R
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