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SUMMARY

The quantity of uranium or plutonium present in bulk samples of metal, oxide,
mixed-oxide, fuel rods, etc.,, can often be assayed nondestructively by means of
neutron coincidence counting. There are three neutron sources emitting in those
bulk samples. They include a non-coincident neutron from (a,n) reactions and
coincident neutrons from spontaneous fissions and induced fissions. Since the
neutrons emitting in the process material of spent fuel are mostly spontaneous
fission neutron, it is possible to account the nuclear material by measuring the
spontaneous fission neutron using the coincident neutron counter, so—called Shift
Register. In this circumstance, induced neutron, which is another coincident
neutron, can lead to perturb passive coincidence counting and resultant nuclear
material accounting. The self-multiplication phenomenon, which results from the
induced fissions existing within the sample, inevitably generates measurement
errors. Therefore, in order to reduce the measurement error of the passive
coincidence counter, the degree of self-multiplication in the process material have
to be examined, and then the resultant counting must be corrected.

Ensslin has developed a measurement method to estimate self-multiplication
effect in passive coincidence counting, which introduce a singles/doubles ratio
concept in well-characterized material and process material.

In this study, neutron multiplication effects were investigated by the
measurement method proposed by Ensslin, and then the correction curves of
neutron multiplication were derived. For this, DSNC (DUPIC Safeguards Neutron
Counter), a well-typed neutron coincidence counter, was used. In addition, the
neutron multiplication effects were verified by comparison with the result of
MCNP code.

From the simulation and experimental results, the self-multiplication in small

- vii -



samples were in the range of 1.006 ~ 1.012 which were increased with the
sample mass. The code simulation result for self-multiplication in fuel bundle
with 20kgHM of mass was about 1.027. The results of the measurement
technique showed a good agreement with those of the Monte Carlo calculations
with the well defined geometry of the samples.

We hope that the neutron multiplicity correction curve obtained from this
study will be used to increase measurement accuracy of the well-typed neutron

accounting system in the future.
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Mgl B4R AEVI BANA B FAA SulAGoln e} 2o FojHth

N mAYE FA4

S Z7]0l Aol EAe= S8
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Fig. 42 ©]&3}% leakage multiplication®] 7Hd& A 4= v}l Fig. 4014 =

Eoule} o] 27 F4AA (Do) NREAT 4544 glo] A4 ARE WA 4e

A A5UAdA A, 288 FAASE leakage multiplication®] 3] 7] o 814

53t} Fig. 49 23+ SAAAE71Y #-AA o ©A oA generationd] FAd A}

Neutron Counter

Fig. 4 Leakage multiplication model
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5. Shift RegisterE 0|28t SA X =
51 A¥ =S4
Enssline @35AA 5 A A9=7] (thermal neutron coincidence counter)ol] Al &4 %
SHl dEs Adelr] gt WHS AAEATE o] W SAARAA AL TE
TAATY (g, n) AT v L3s &3 Jde A5 mf F83 o=
& A 12 A tHEnsslin, 1979]. Ensslino] #A¢ks A Wyl e oS3 2o}
) SAAANRY ks gobdith
(a/ n)%@x} (3)
e
2) = FEEo] douA &S Aow A= vt vral A AlEE FH5HY
ENAF7 2 singles rate(So), doubles rate(Do)E =431 43tS AALslH o]
%)\—% aoi T’E‘E]'
3) FAAA FH BAHol QFH= ABE HIY TAASFTVIE singles rate(Sc),
doubles rate(Dc)e 43t o7kS AlAFsT)
4) )3} 2)olA =A== singles rate, doubles rate?] H|ES T3 o] v2& A 35o]
N ==
D(M;)
v U+a
scup 19
= D
E(?(l‘f’d’o)
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duty o g fFralido] dojupi= 49 singles rate EUtE doubles rate”’} T
g yge 1 2 & #3s 7HAA " B8 vk 59 54 ARE
A5 = Aol7] wio] =& 8, die-away time, doubles gate 5 =472
A dnh mebA A71e vEks vhed 2ol A (1) 2 A (2)edlA
T Atk =, S Dol Rl A (DF F ol&dte] o

Vs T == vsyra(l+a)
D(M,) . vin—1 (5)
SC(ML) L Us(l)(l‘l'a)

£ Syt Do vl= A B M, =1, a=a,s HASHE FHA

D, y
e R B2 6 4 T (6)
ST Vs (1 +ap)

2 (5) o 4 (6)& A Dol tdstd yol el vh53 2o F=du

D (M _ M, -1 —
SC((]ML))(l‘i‘CY) US(2)+£IT1 VS(I)VI(Z)(1+a)
=—c=L - vin—1 o
' D = Vs(2)
Ly .
SO (1+a0)
714 AARZEE dojd 4+ 9 E OB g @S Thow o] Aol
kE—LSﬂLLCZIl 8



y=M [1+ (M, — DA+ a)k]
Hl+a) M2 +[1—k1+a)IM;—y=0

_ mBeY BAC ©)

My 24

A7, A=k1+a),
B=1—k1+a)=1-A,

vbep SAARTE Y, S A FETH olnf dojA = dead-times HAIF S,

SC(ML:].): SFSVS(l)(1+CZ)

DC(ML=1)= Sszsys(z)

whgbA, A FjEdE B =HA B9 singles rate®t doubles rate: thES-3}

2ol maW 4 Atk

ScM;) . o ScMy)
Se(M, =1) =M. ScM,=1)= M, (10)

— M;—1 ——
22142 =1
EIMLF g vy +— Vervron+(1+a
De(M;) TMLF S vseo) vin—1 | stV F( )]
DM =1) & FFsvscr)
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M;—1 ———
VS<2>+77L_1 vsaVin T (1+a)

1
=M M o =Mry
Vs@)
D (M
— DM, =1)= JA/EITL) (1)

AG7HA] e Ao gfE FEdide] e AR FRdiEdo] ity
= A BE o] 839 singles rate®t doubles rate’} Z+z = HAckd 2 (9)E o] &3}
o] leakage multiplications T& 4 ow 2 (10) € 2 (11)& o] &3t T4k
=

W E 3= B A3 singles rate @ doubles rates 7 4 Ut}
5.2 Monte Carlo 3

5.2.1 MCNP Code &7

MCNP code(Monte Carlo N-Particle transport code)® "= ZALTR A Y
Aol A JRE o T2 FAE AAe] +F5S Monte Carlo o= AAtst

= 3=z B2Ze 339 758" ftze Edol Jtssln 2 variance

reduction techniqueE°] A DEt}. Monte Carlo WHHE 2o Ao 2RE LH7}
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5.2.2 MCNP Code A%H4

MCNP codes ©l&st= WS SAWI RS} 543 =4S 7HHAEA FAE

coincidence responseS AlAbst=d A €5k
13]9] fFE=dlido] oJsiA HFA o= % Mol FA4A7F LA oln zhi=
‘net neutron profit’ & %—1 AM7F Aot weba AHRkg-e] A= Table 13
ol FolRinh 7M. p= 1Y FAATE AlRUelA FEdids dod SES

of m] g},

Table 1 Result of chain reaction

Generation [Number of fissions|Neutrons Created| Net neutron profit
0 3 1(source) 1
L » (b vicw) pCvin—1)
2 (b Vi) (b vir)? (b vi) (viy— 1D
3 (D vy’ (b vi)’ | 2D v’ vy =D
4 p(p vip)’? Gvi)' | 2 vi)* (vigy =1

o,
o,

okoll Al A3t we} o] XE generationo Al 1Y) source neutron & EH-E

r (

Ao 2 pelth webA kel Al Ao dk multiplication T o] ®

1 1
M= — = k<1 (12)
1—=pvpy 1—Fk (&<1)
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M= {145 Coryy =D+ 6(0 vir) vy = D+ (0 viy) (g = Do) - —LE—

bctpr
p(viny Vi — 1)} br

=11+

[1 1 pUI(l) pC+pL
__1=p . _bL

1—1)1/1(1) ]-_p
_ b (: 1—1>—1>c)

l=pvi l=pviy
_M .pL
M =M - p, (13)

AN p, & 1718l FAA} ARE WAUD FEO|T pi Ule FAA} AR
SERIEEEE R

2 (12) 4 4= AT k= MCNP code®] KCODEZF-H A 4 9ot

nqm

wakA Al (13)3 Zo] total multiplication® MCNP codeZ %8 3+ pgto 2 E

A4Fel L leakage multiplication< total multiplication#kll leakage probabilityS + 3f

o] =& 4 Qo 2 (13)o) A 2] leakage probability ©A] MCNP code® & A
Apsl 2= 9
v =2 AR .

XA source particle2 ALAME Ly (qn) HFSo2RE WA Source

N )
subroutinel A @R ILe ——SF—— o] 35S 7vy 27 eventZ A H L
e (Ngp+N,,) e =
(@) #ge —Na__o g9 23 Hemy
(NSF+Nan)

Ensslinell ¢Jsld Uty o=z (qn) S Al tet leakage multiplication A}t
A Azl th3l leakage multiplication®] 0.5%°] W o] tHEnsslin, 1979]. wtz}A
B o AFoqAE MCNP code®Z AAE RE leakage multiplicationd #Holl thsf (a,n)

b S7hES BAs] A BAASE 05%s 4853

=
oo
=
1o
r {
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)
do
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AN
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2
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T4 FAAAEAYA YA H=ds A AT A= Fig. 50 YE
Howpel o} Fig. 5ol R+ wkel o] IMEF(Irradiated Materials Examination
Facility) Al 4 1 2] M6b stAlgel] 2l DSNCE %8 #E¥ 714 2 &% portable
shift registerel Y& HAc}t o714 HEH FAAAA S = portable shift registere} 12

24

FH PCE Aa9y AZme =213 INCC(IAEA Neutron Coincidence Counter)

_4

Z2aRg ol&d HoHE 3 2 EA st
Ao Algd AlEE FY batcholA] 9-& DUPIC &2ZAAS AME&Sich &2

A FEAE FLE97] 1700Col o] oA dstazl Aol v 0.542cm,
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DSNC

Shift

Register

v

Fig. 5 Neutron measurement system for assay

Table 2 Composition of sintered pellet

in DUPIC fuel

Isotope g/MTHM
U-235 8.19E+03
U-236 4.36E+03
U-238 9.41E+05
PU-239 5.33E+03
PU-240 2.20E+03
PU-241 7.52E+02
PU-242 4.57E+02
AM-241 4.97E+02
AM-243 9.13E+01
CM-244 1.85E+01
0-16 1.16E+05
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2.1 GeometryES 133 A & AY

2 ARE LA FAZ F7hstel whE multiplications €7 91d A g o]t}
2 (9)E o] &3} multiplicationS Al4Fst7] 84 &= singles rate} d
H[ 9l vghs Lolof it} wela] B Ao A= DSNCE o] &3le v 22 3

AL =35 DUPIC &8 A2Z2A 9 singles rate$} doubles rateE =43t}

1) 9 multiplicationg #2437 98] 224 1671 F0 et}
2) AEE ¥A &2 DSNCO| wMid¥AlsS 5438t ex5 A &

3) 244 st TAE HYstm Fehsd §7) o Pk

olef & AL 16709 2AA dis] 2024 103 WEste] APsAoH, F
4272 Table 37 2t} ©]i= DSNC SAdelA 24 gholvHel g4, 1999].

o A=A & F g a¥EE T WA Adge A 59 geometryE FFsHA 8}

7] 918l o] &e Sl stainless steel 715 FHste] AZAE element® Bl =

bt

ol Z4S. AABALS Fig. 6~99] Lhehdl wheh gon] the g Ax
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o =3
S A3t

WA Ag AAE WA ANRE AAG DSNCE w73

2) Fig. 6, 7% o] &~ZAA 9 FAE S4g

o%,
°
it
)
o
N
rO
=2
Cin
rr
o

3) FAE M 2ZAE Fig. 83 o] T

puld

4) Fig. 99} #o] A&7F 593 & &7]5 DSNCRbel| 9o

of £AAE ol Amel Aol 400ge] B )

B AAE v A 53

Table 3 DSNC setup parameters

Parameter Value
High Voltage 1820V
Gate 64usec

Predelay 4.5psec
a 0.90
Dead b 0.45

time

Constant ¢ 0.00
multiplicity 350

Efficiency 13.48%

Calibration Constant 1.186E+5 counts/s.g Cm-244
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Fig. 7 Measurement weight of sintered pellets
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Fig. 8 Photograph of putting sintered pellets into a holed

container

Fig. 9 Photograph of loading the container with sintered pellets
into the DSNC
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wA AU AR TY3 matrix® FAEO e ARFTAAM FAC FE
[e2]

| 5(5, multiplication®] & A &H)Z 7143le] TFAIE

>
f
it
Ho
ki
e
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ified
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g
rlr
>

SNCE o] &3dle] o] ZFEAE9 singles rate @ doubles

f
>
ooko
E
&
k)
E
w,

rates 438kl g 2 pEk aAvh gl AAA ARelA F4 4 singles rate$
doubles rateE Z43t4 S, B p,olet stal ol & o] &ste] LA A FulE
H}E A S

2 A7t 0@t @4 DUPIC $4E4E A8aa At /TR A8

L

[*

AAz e MdFT ALE AP 7= ORIGEN codeE o] &3] AAks 7S
o] &3} A tHCroff, 1980]. ORIGEN code A4t A3} dojxd Awralid Xzt
(an) SAATE 2 o gt ArE ozt 5 2o

6 J—
6.306x102n/s MTU _ o o301

= 9.114x10%0/s MTU

2. Monte Carlo Hft{

A HA AP Zetxg §7]d AAAE Y W2 A Fol7] wwdd A
geometryS & & Y. wEb MCNP code AAMRAL Zgtx~g 7)o AZA
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7F ME FoA T ol ZHAsta AxtE Fskdvh £3, AlRe] st
7kl wet Aol Frbstme Awkyt "ol ofsii zzbel wkAEFS Atk
o) M AXRdS A8
T AR AFS geometryES GuYE &7 AZAAS @o] A 1Y B

2 g7)¢te] EolgdE A 89 geometryE ItHE MCNP code® =9

o,
oh
38
ul

3. GeometryS 123 o6lX| 42 Al AL

31 AHSA

Table 4= ® Ado A =H3 singles rate?} doubles rate® 2] (9)o] Y s}o]
Ensslino] #letgt AJFdPoniey A2 S FS AL 23E dehdid.
{714 p/SE DSNC=Z =73 doubles rate®} singles rate?] H|E YElHTE 12
A Dy/Sy= RAAANRE A A A2 AFE 7H 1056g9] gk AR

Fig. 102 AZAAA =9 FATFR A4e multiplications YEbd 17 o]t} Fig.
10014 ® & wpe} o] =AHAF}o| o3 multiplicationgh e 543 E¥X 4 FS e
WA i s o 5 Ak wEkA ATeM = oled A3E sAstr] flaiA

multiplications EA3}+= & 2 WH e MCNP code AAFS =3l

e

3.2 MCNP Code A4t

Table 5= 249 multiplicationg MCNP code® A4Fe ZAyjolth, B A3 9]
T AN AETF T A= FEel wEt MCNP code AL A7t et
ZIth, Table 5= &AZAAE &7] <rol Fol¥ s wf A= FoAM 4A 9 FH&
Zhovhal ZpAgskan Aakdk datelvy o7iM p = FESAAA STl pe

escape probability, P, = total leakage probabilitys v @tt. =9 g2 k3
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o 2HE <dolFl total multiplication®] i, Jf, > leakage probabilityE ¥ 3] F
leakage multiplication®] t}.

Fig. 11& 244 AN 59 FA &4E MCNP code® AAME multiplications
Bl 9ottt 9o A B vpel Zo] MCNP RAA &= AwFo] F7hshel] ulhet

multiplication®] F7}stS & 4 U

Table 4 Measurement data and result of sintered pellets obtained from

DSNC measurement (single element)

Mass(g) | Singles |Doubles| D/S [Gamma| A B C M;
10.56 | 397.90 | 30.97 | 0.0778 | 1.0000 | 3.0903 |-2.0903(-1.0000| 1.0000

21.04 | 790.62 | 65.70 | 0.0831 | 1.0676 | 3.0903 [-2.0903(-1.0676| 1.0163
31.54 123278 | 101.24 | 0.0821 | 1.0550 | 3.0903 -2.0903(-1.0550| 1.0133
42.18 1165840 | 142.43 | 0.0859 | 1.1034 | 3.0903 |-2.0903(-1.1034| 1.0248

53.11 [1979.12| 160.04 | 0.0809 | 1.0389 | 3.0903 |-2.0903(-1.0389| 1.0094
64.06 |2367.59 | 189.01 | 0.0798 | 1.0256 | 3.0903 |-2.0903(-1.0256| 1.0062
75.04 | 2843.58 | 235.37 | 0.0828 | 1.0634 | 3.0903 |-2.0903(-1.0634| 1.0153

85.61 |3221.40| 268.19 | 0.0833 | 1.0696 | 3.0903 |-2.0903(-1.0696| 1.0168
95.32 | 3563.34 | 284.61 | 0.0799 | 1.0262 | 3.0903 |-2.0903(-1.0262| 1.0064
104.61 |3956.28 | 326.82 | 0.0826 | 1.0613 | 3.0903 |-2.0903(-1.0613| 1.0148

114.00 |4229.29 | 346.23 | 0.0819 | 1.0518 | 3.0903 |-2.0903(-1.0518| 1.0125
124.27 | 4637.90 | 375.30 | 0.0809 | 1.0396 | 3.0903 |-2.0903(-1.0396| 1.0096
133.83 | 5089.00 | 422.25 | 0.0830 | 1.0660 | 3.0903 |-2.0903(-1.0660| 1.0159

144.18 |5359.18 | 430.78 | 0.0804 | 1.0327 | 3.0903 |-2.0903(-1.0327| 1.0079
153.32 | 5686.94 | 458.09 | 0.0806 | 1.0349 | 3.0903 |-2.0903(-1.0349| 1.0085
162.94 |6213.40 | 517.73 | 0.0833 | 1.0705 | 3.0903 |-2.0903(-1.0705| 1.0170
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1.04 — vy — ———rrry

® M, : EXP (multi pellet)

o % |
RERE _
2] Hort |

1.00 } B

0.994+————r g — ———rry
10 100 1000

Total Mass (g)

Fig. 10 Leakage multiplication as a function of total mass for

sintered pellets obtained DSNC measurement (single element)
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Table 5 Result of sintered pellets obtained from

MCNP simulation (single element)

Mass(g) | ko M P P ot M,
1.413 [ 0.00535 | 1.00538 | 0.9976 | 1.0001 | 1.00357
2.294 1 0.00631 | 1.00635 | 0.99716 | 1.0003 | 1.00429

14.869 | 0.01167 | 1.01181 | 0.99483 | 1.0004 | 1.00748

20.221 [ 0.01288 | 1.01305 | 0.99419 | 1.0005 | 1.00817

42.788 | 0.01659 | 1.01687 | 0.99245 | 1.0006 | 1.0103
126.916 | 0.02370 | 1.02428 | 0.98904 | 1.0006 | 1.01416
148.462 | 0.02502 | 1.02566 | 0.98837 | 1.0006 | 1.01485
200.000 | 0.02741 | 1.02818 | 0.98724 | 1.0009 | 1.01648
400.000 | 0.03471 | 1.03596 | 0.98383 | 1.0019 | 1.02063
600.000 | 0.03994 [ 1.04160 | 0.98125 | 1.0012 | 1.02381
800.000 | 0.04323 [ 1.04518 | 0.97966 | 1.0011 | 1.02556
1000.000 | 0.04696 | 1.04927 | 0.97757 | 1.0012 | 1.02748

_30_



S ———— ————

1.05 .
—&— M : MCNP (single element) /

—O—M_: MCNP (single element) /l

1.04 -

1.03 o /M P*M
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3 1.02 H / / i
= 1.01 " o/ i
4 ./ 4
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Fig. 11 Leakage multiplication and total multiplication as a function of
total mass for sintered pellets obtained from MCNP calculation

(single element)

3.3 A543 MCNP Code A4te H

Fig. 12&= A" =AMz MCNP code A4Are & <& multiplicationgtg v w3 =
g zolt} Fig. 12914 RH+= Hle} o] A gko] 2212 HEl WA MCNP code®
Ao Ate] AHA 9= AL QA uk frie] =A7o] MCNP code 2o} we
2po]E Holil It} Fig. 122] MCNP code Z3E 2ZAA7F Lo S zta 9
ol 7Hgstar ALke ghelr] wiEoltt. whehA, B Aol A AAA -
T = MCNP codeltt BElls 7hgsielon oo gk ALks F3dsidth. =, 16

Ao 224AE Sy g0l ol HAsE 4%, olE 2AATC M2 wol wY

& Fejok 2AHE FuE bd S o, Fig. 133 2o 2447} element® |
2ol AAFA WolA 9 XA He AL s =
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Fig. 133 #& md& 714 3o MCNP code® AAer 7k& Table 63 Fig. 149
AA ekt Fig. 155 MCNP codeZ AAFeE Alg9] ©H S Ho]FEU Fig. 14004

nxol APFAWel o Aoz gEel F FHL wp LEFS O 5 Ak F

1.04 vy S —

---O0-=- M : MCNP (single element)

1034 ® M, :EXP (multi pellet) |

N
o
¥
]
0]
]

1.01 4

1.00 + } -

0.99 T T T ooy T L LA | T L EL |
1 10 100 1000

Total Mass (g)

Multiplication
L]
Q
o
b—o—i
@
Cred
0

Fig. 12. Leakage multiplications as a function of total mass for
sintered pellets obtained from MCNP caculation and DSNC

measurement (single element)
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Fig. 13 Geometry of sintered pellets element

Table 6 Result of sintered pellets obtained from MCNP

simulation (multi element)

Mass(g) | ko M P P M;
10.14 | 0.01047 | 1.01058 | 0.99517 | 1.0003 | 1.006504
20.28 | 0.01230 | 1.01245 | 0.99456 [ 1.0004 | 1.007852
3042 | 0.01308 | 1.01325 | 0.99401 | 1.0005 | 1.008191
4056 | 0.01354 | 1.01373 | 0.99385 | 1.0004 | 1.008398
50.70 | 0.01397 | 1.01417 | 0.99365 | 1.0006 | 1.008837
50.70 | 0.01372 | 1.01391 | 0.99370 | 1.0005 | 1.008531
101.40 | 0.01467 | 1.01489 | 0.99323 | 1.0004 | 1.008925
152.09 | 0.01519 | 1.01542 | 0.99300 | 1.0004 | 1.009224
202.78 | 0.01585 | 1.01611 | 0.99277 | 1.0004 | 1.009667
253.48 | 0.01747 | 1.01778 | 0.99208 | 1.0007 | 1.010932
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Fig. 14. Leakage multiplication as a function of total mass for sintered
pellets obtained from MCNP calculation and DSNC

measurement (single and multi element)
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4. GeometryS 1128t AE Al

DSNCE o] &3] Al8E =A% Z-$ multiplication®] ™3 MCNP code =41&
nAgAow Abgetr] Qs E AFSFEHd 9% k3 MCNP code Al4kgke] 7€)
A2 ghS HojxA MCNP code F410] B3-S Hofol &y,

A WA AP Afols 2ZAV Ao ddd dFHE st A=A okyw
elementE o F A=A 18]l elementE ©]FAUTH stelet= 7t elementAte] o] A g
= drtd HeEA & AT mabd 2 S8 o 23k MCNP code 2 #9

T

e - AL

rr

4 gk ¢ Ak aerE 2249 geometryE: il ¢

il

Az ddstr] e 227 dAT elementFHE HE 7 A= 9IA



A G\ 243 geometryES 4 Y= A EY

=
=
multiplicationgt-S #lg] o3 4 Qi
41 AR&EA

Table 72 geometrys L
Enssline] #1¢He 2] (9)oll thdste] 4 T4 Sl 9& Ao} =3 Fig. 16
S 234 A5 FAC wE multiplicationg YWERH Z@olth A WHA A=
g F A AolM= Aol F7hgtel whEl multiplicationo] F7belal &S 2
vk a8y AZAEC] elementE  o]Fo] AR wolx 7] wiizel

multiplication &3+ A A YERUA] &tk

Table 7 Measurement data and result of sintered pellet elements obtained

from DSNC measurement

Mass(g)| Singles | Doubles | D/S |Gamma| A B C M;
6.22 228.143 | 17.812 ] 0.0781 | 1.0251 | 3.0903 |-2.0903|-1.0251| 1.0061
1545 | 562.014 | 44.086 | 0.0784 | 1.0299 | 3.0903 [-2.0903]|-1.0299| 1.0073
2568 | 927.838 | 73.236 | 0.0789 | 1.0364 | 3.0903 |-2.0903|-1.0364| 1.0088
4572 11666.746 | 131.715 | 0.0790 | 1.0376 | 3.0903 |-2.0903|-1.0376| 1.0091
97.84 |3576.880 | 283.130 | 0.0792 | 1.0393 | 3.0903 |-2.0903|-1.0393| 1.0095
149.43 | 5425.840 | 428571 | 0.0790 | 1.0371 | 3.0903 |-2.0903|-1.0371| 1.0090
251.68 [9435.699 | 753.692 | 0.0799 | 1.0488 | 3.0903 |-2.0903|-1.0488| 1.0118
409.05 [14924.581| 1193.336 | 0.0800 | 1.0498 | 3.0903 |-2.0903|-1.0498| 1.0121
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Fig. 16 Leakage multiplication as a function of total mass for sintered

pellet elements obtained from DSNC measurement

4.2 MCNP Code A4t

B AR AFERE §719 geometryot 3 WA HYolA 7HAHF Fig. 134
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7+ Fig. 139] W3 MCNP code A4t 23¢ =dsir}

DSNCE DUPIC ¥4Fe ®#IAs, DUPIC ¥dz%, iE Wy oy
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7 MCNP code A4HS Fa st

Fig. 17 MCNP code A%t A1-8¥ DUPIC bundle®] geometryE YERA Ao
t}. DUPIC bundle2 48719 element® o] FojA] ¢li Zol& 50cmol™ FA & 20kg

_37_
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Fig. 17 Geometry of DUPIC bundle
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Table 8 Result of sintered pellet elements obtained from
MCNP calculation

Mass(g) | ko M P P ot M,
304.18 | 0.01837 | 1.01871 | 0.99162 | 1.0004 | 1.011086
354.87 | 0.01913 | 1.01950 | 0.99112 | 1.0006 | 1.011562
40557 | 0.01976 | 1.02016 | 0.99088 | 1.0007 | 1.012068
456.26 | 0.02042 | 1.02085 | 0.99055 | 1.0004 | 1.012109

2000.00 | 0.02094 | 1.02139 | 0.99035 | 1.0007 | 1.012746
5000.00 | 0.02826 | 1.02908 | 0.98702 [ 1.0009 | 1.017147

10000.00 | 0.03588 | 1.03722 | 0.98338 | 1.0010 | 1.021507

15000.00 | 0.04185 | 1.04368 | 0.98029 | 1.0011 1.024745

20000.00 | 0.04634 | 1.04859 | 0.97809 | 1.0012 | 1.027361

4.3 A4 =23 MCNP Code A4t Hln

Fig. 189 =2#l= O2 AHSFAHEHA MCNP code AMS &3 ==4
multiplicationzt-& W3 T Zojt} T3t Fig. 189 = @+ DUPIC bundled]
multiplicationS MCNP code® Al4bgH 1ezo|t), 1go A H = npe} o] AJ59
geometry & 2 &l A= A5, AR MCNP codegte]l w5 €4S & 5+
o wetA, A 2E A6 dol| A8 Y geometryE Yl YE A AHY

multiplication& MCNP code® <=3 4= <t}
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1.04 N S

—O— M, : MCNP (single element)
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Fig. 18 Leakage multiplication for sintered pellets and DUPIC bundle
obtained from MCNP calculation and DSNC measurement
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