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A seminar on nuclear data was held on December 10 and 11, 1980 at Tokai

Research Establishment, JAERI, by Japanese Nuclear Data Committee (JNDC). The

seminar could be grouped under the following two main headings: (1) the status

of JENDL-2 and the scope of the next evaluated nuclear data library, JENDL-3,

and (2) explanation, demand and evaluation methods on covariance file. Papers

presented at the seminar and the records of discussions are given in the present

proceedings.
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1.1 J ^

JENDL-2 ©ft${±l 977 fpfrtofetotoftfco JENDL-1 © K J 6 £ & & L,

JENDL-2

Present Status of JENDL-2

Tsuneo NAKAGAWA+

The evaluation and compilation work for JENDL-2 was started in 1977.

The purpose of JENDL-2 is to modify the defects of JENDL-1 and to extend

the application fields of JENDL to thermal reactor, fusion and shielding

fields as well as fast reactor calculation. The number of nuclides of

which data are stored in JENDL-2 will be increased to a hundred and a

few tens. The data of important nuclides such as structural materials

and heavy nuclides have been compiled already. The compilation of all

the data will have been completed in 1981. In this report, the present

status of JENDL-2 is discussed, especially the data of important nuclides,

1. It L> 46 (C

: f - * 7 - f 7 ' 7 U - J E N D L ©Iff l R S J i 1977 1'*

JENDL-1 (DW$

(1) 7*--7-y HiENDF/B

(3) teMSttfcT-'-* {±£95-? 72

(4)

^ S o

JENDL-1 l i ^ y f v - ^ f x Kc «fc

Japan Atomic Energy Research Institute
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^ i

(1) M 9 P u i Z 3 S u
(2) C r , F e , Ni

(3) Cr , Fe , Ni

(4) Cr , Fe, Ni

(5) Fe , Ni ©M^®r

c ©flfcft fe J E N D L - i

100 keV

, ENDF/B-IV

JENDL-1 ^*i JENDL-2
r, Fe, NiO3

•2.

JENDL-2 lofiJENDL-1 KM,

c t fc JENDL-1 T'

b i JENDL-lOi.it L i

' - ^ ©x ^wi/^-iSH^'lO^eV

JENDL-2

JENDL-1

JENDL-2gtii(i

#] JENDL ©gfelTfi 3 #^T-« 1977- 1978

p-3^) (C JENDL-2

S (1980^12^)

it 1981 ^ I l

JENDL-2

7 7

JENDL-1

t^cto, JENDL-2

, Fe , Ni , Z35U, 238U, 239Pu,

>f M t ^ 7 L T i > 5 o <1© 8 ^

ENDF/B-IV ©x-^^-{Jffl Uz JENDL-2B (Cj;5 JUPITER

241Pu © S

- 2 -



JAERI-M 9523

4)

3.

Fe, -9 JENDL

3. 1

JENDL-1 t-

Fe O^BrS^^2MeV^b4MeV

Fig. 1

-a/c!ll"eab5

t-f, Sfc 100 keV

JENDL-1 fi^SB#i

100 keV

fc

S] *sflfe® ENDF/B-IV fc © <t

-IV

JENDL-1

c eye -guide JC «t

t , gye-guide -&

7—S?mffii/x-rJ* ( NDE S )

NDES B T S S S ^ T l C i J ^ r , £

TSS i ' - ' ^ -^ (TEKTRONIX-4014) T

, TSS ^ - 5+^© cathode ray tube

^- cross-hair cursor

eye-guide &'ao C tfrH-£,

i

Fig.

JENDL

t

Cr S I , ()1W) , Fe ffi^CNAIG), lil® (H&OT) , Ni
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i - v 7 h^UJTjf-5ei£jO*-e#5o £ <bfc NDES

?© fitting ^

CD fitting - ^ f t ^ x - ? © 3 ^ ^ / j ^ B J ^ f t ^ ^ /

NDES £fflWc eye- guide © ^ F i g . 3 ft/K^o 900 keV ̂  ^ 1 MeV ©fB1

Carlson and Cerbone

^ JENDL-2 ©fpfffiffi-eab̂ c JENDL-2 T(iC© J:o IC

OA^/cL, tfc, Fig.

JENDL-1 cor-'-* i i h ^ r JENDL-2 ©^i^fgfi^ 1 ^ ' - yig/M < 'i

JENDL-1 7?fg^$tlTt^^B?B@©P0^^<&^^fCi?-/it-Seii^T-#/Co Fig. 4 li(H L;

J:-3lcLTi¥ffiLfcNi O ^ B T E J K ^ ^ Lfcfe-OT?*-5o UK-F-^Ji JENDL-2 T'l^

Cierjacks et al. 1 0 ) ^ ^ L ^ o JENDL-2 T-

SO ENDF/B-IVAi JENDL-2 i^-o

3. 2

JENDL-1 O^jgWfegOl^ttgJcaBriS^^ii/J^ffiTiS totifig^SW-T JENDL-2

« g ^ £ « S 0 JENDL-2

, S, fc-fcCXM^SR ©iJ^fl^S^ L,

fco Fig. Sti^Kfrifftollllffi^^LfcfeO-CiSo ±*^^^SoTi , Cr, Ni, Fe

Fig.6(iNi ©fij^^; L/cl>©^*. So 300keV *»& 14MeV

|H|L;< Cr O^lJ^Fig. 7 ic^to 500 keV ̂  b 14 MeV ©Ps1©|£!f£-r- ^

L"CNi © x - ^ ^ F i g . 8 (CTK1"O &M.~C7!\ £ t l T ^ S JENDL-1

et a l . I 3 ©x- :
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o- Ztlicft LTHIfffi JENDL-2 J ENDL-2 ©fFfflHgW; 3 MeV^ £ 10

ENDF/B-

ffifflCr ,

10MeV£{± I? JENDL-2

Cn 1 4 )Fig. 9 Ji 56Fe CDH 1 u ^

JENDL-2 T

JENDL-2

& S C i ^ g

et al.I5^c«fc S*»« I0^0fflij^#3&**-50 JENDL-2 TJi

t^Teye -guide -efFffiL/co Fig. 9 It 2 MeV J i ( ± © x - ? %jf. L

ltl:{i ;£ 17^i lg(c

^ L/c J ENDL-2 O r - ^ l ± 4 MeV

Ni

JENDL-2

57 Fe

© l t ^ © ^ , 20*©54Fe
58Fe tiO. 3%£ft&btfr/
i ^ ENDF/B 7*--7.y

LT7 r -i-

"grouping"

Fig.

coupled channel

JENDL-2 #5c

Table 1

4 S @ © L,

27*© 56Fe ©

i 5 6 Fe©I#

JENDL-2
57Fe ©U"*

^ ^ J i

L/c u ^

J E N D L - 2

C© "grouping"

5 T'

4.51 MeV©

Ni
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4. S«(U,

J E N D L - 2

235 U

(4)JENDL-1 T-

<0 , J E N D L - 2

, 239Pu , 240Pu t

252

2 3 8 U 240U , 240Pu

, 2 5 2Cf (D

m

cf © ^ smith

-9 « ENDF/B -IV

consistency ^ft^H L;fcJFffi6T'& SJ i g x .

4. 1

Fig. 10

© 235u

235U©^55-^iTffi^cjf (U-235) ^

•'-^ ffx (other ) (i

n r a^ (o ther) 1
q" (o the r ) = I 1 x af (U-235) (1)

at (U-235)J e x p

- ^ ax (other) iirh^TS S

fc CTf ( U - 2 3 5 ) <£• i*

(other) i ax (other)
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, ® o

C i^Tr^/c i CoLT !3SU

0Pu (BA) , 241Pu

9Pu SEB (NAIG)
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t £ ,
i f o/cFig. 10

235U i 239Pu

O

t ©file Fig. n

&ft5

ig. 14

Fig. 11 li 100keV *>& 1. 1 MeV t T

ig. 12 « 239Pu£

JENDL-2©

, Fig. 13©!!$© A
2 3 9 P u fc

MeV J^

ig. 18

4.2 # t q | ^ ° 7 / - ?

ENDF/B -IV © T-f&mm LTi3K), J ENDL -2 T 7 r -f M t Liz

fco Fig. 19 Ji REPSTORTSa L

f-'-

JENDL-

J&3SE < SJC/i 5'ffliJ^S C transmission H) ( i i f c Time -of - flight^Jc J: o

Ltzo Zot&t, x>yu+*-E (eV) (i^lrSEHL (m) i j f i j f t l^ t (sec)

L ttzfc t0

(2)
_ / 72. 2977 L \

~ V t - t 0 /

2 JL 2 J t0
E = E +

L 72. 2977 L

d r L T O l s e n et a l .
19")

ORNL

on')

(3)
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Olsen et al.
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Rahn et al. ®x;f ^ " - ( i 01 sen et al. b ^ T £',4, £W.h $ < U -oTi"* < C

Fig. 19 © ? - ? f£#/jN@^&

> J L = - 4 . 4 5 cm

J t o = 0.0149/zsec

, 4 M^l©resonance

rn

a ' = c ' n̂ > , thin sample transmission,

a2 = c2 v rn (rn + r r ) j thick sample transmission,

a3 = c3 rn r r / ( r n + r r)_ t n j n s a m ple capture,

&4 = c 4 fn/(pn + fr) _ thin sample scattering.

<Di3(D(DM'fe$i&<b 4 S l l © are a

c4 ©^^^-feiaLfc
C<Ai

i=w, C<A, >-rn)
2 + w2 C<A2>-v/rn (/; + r r

r r
w3 C<A3>- - ^ -

(4)

(5)

(6)

(7)

«t0rn i f ,

o ^ f o Fig. 21 « 238U ©36.67

IB© 4 -o© resonance area

w4ii=§-area

Tn t
±

S ^ 4 *ff lH(D * - 7'T

n = 33. 3 meV, /y = 23. 5 meV

238U ©iI

JENDL-2

* ^ * * -

f c j ;< : LT^
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LT 23SU(Dr-?%;Fig. 23

single- level © Breit - Wigner

A MtUzo Fig. 24

=> ^ v K-r-

300°KO K-y 7° v -

5.

FP -> FP ^ -r - ^ 7 - * ^

1 9 7 5 ^ : 28 *£SJ©

, 7

(n, 2n ) ^

o t o t l ael, acap, aine] ©

BNL-325©

JENDL-1

1977 ^ : 34 FP

lfi L

LT strength function model

©I /c©tijENDL

- ^ ( i JENDL-1

l±
23 "l

1979^ : Nd i Sm©H!¥ffi
24")

t tz JENDL-1 © 2 8 ^ ^ ^ , € ©ft ©34ft

Fig.

JENDL-1

153

et al.26) © x - ^ itiUfi^im^^ tz
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t Sm

1980 fp :

1981 ^l£lt J ENDL-2 It feMi-Z 7-* -

JENDL-2

/Co JENDL-2 ©

^(C 1 980 ^ 11 ^ f i f ^ T ( D 7 r -f

1981

Table 2
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T systematic error
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Table 1 Inelastic levels of elemental iron

In order to distingush cross sections of highly excited levels
from those of continuum level, the "grouping" technique was adapted.
The first column shows the sequential numbers of inelastic levels of
elemental iron, the 2-nd, 3-rd and 4-th columns those of Fe-54, Fe-56
and Fe-57. Iron-58 was neglected in the calculation of the inelastic
scattering cross sections because its abundance is only 0.33 %. The
5-th column gives level energies in MeV.

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

continuum

54Fe

1

2
3

4 + 5

6
7
8

9
10 + 11 + 12

13 + 14

15 + 16 + 17
+ 1 8 + 1 9 + 2 0
+ continuum

51

4
6

8
10

12 +
15
17

20
22
24

>Fe

1

2

3
+ 5
+ 7

+ 9
+ 11
13 + 14
+ 16
+ 18
19
+ 21
+ 23
+ 25
26
27

continuum

57Fe

1
2
3
4

5
6
7
8

9
10

11 + 12

13

continuum

level energy (MeV)

0.0144
0.1366
0.3667
0.7067
0.8468
1.008
1.198
1.2651
1.3568
1.4082
1.6277
1.7257
1.975 i
2.0851
2.117
2.5382
2.5613
2.6575
2.9417 »>
3.1200 i
3.1661
3.2952
3.3450 ̂
3.4453 ̂
3.6009 0
3.7480 ?
3.8320 ̂
4.033 ^
4.1003 "
4.263 ^
4.3950 *
4.4584
4.5100

- 1.989

- 2.9590
- 3.1299

- 3.3880
' 3.4493
- 3.6070
- 3.7558
- 3.8565
- 4.072
* 4.1200
- 4.302
•> 4.4010
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Table 2 Present status of JENDL-2 compilation work

Given are the nuclides which will be stored
in JENDL-2. The nuclides of which data have been
compiled are marked with 'X',

nuclide

H X

D

He - 4

Li - 6 X

Li - 7

Be - 9

B - 10 X

B - 11

C - 12 X

F - 19

Na - 23 X

Al - 27 X

Si X

Ca - 40

Ti

V - 51

Cr X

Cr - 50

Cr - 52

nuclide

Cr - 53

Cr - 54

Mn - 55

Fe X

Fe - 54

Fe - 56

Fe - 57

Fe - 58 X

Co - 59

Ni X

Ni - 58

Ni - 60

Ni - 61

Ni - 62

Ni - 64

Cu

Cu - 63

Cu - 65

*
FP .

nuclide

Hf

Ta - 181

Pb

Pb - 204

Pb - 206

Pb - 207

Pb - 208

Th - 228

Th - 230

Th - 232

Th - 233

Th - 234

Pa - 231

Pa - 233

U - 232

U - 233

U - 234

U - 235

U - 236

X

X

X

X

X

X

X

nuclide

U - 238

Np - 237

Np - 239

Pu - 236

Pu - 238

Pu - 239

Pu - 240

Pu - 241

Pu - 242

Am - 241

Am - 242g

Am - 242m

Am - 243

Cm - 242

Cm - 243

Cm - 244

Cm - 245

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

* about 70 FP nuclides will be stored in JENDL-2.
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Fig, 3 Total cross section of iron.
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Fig. 5 Comparison of experimental and calculated to t a l

cross sect ions.
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Fig. 8 Total inelastic scattering cross section of nickel.
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Fig. 9 Inelastic scattering cross section to the 1-st level of Fe
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Evaluation of of (U-235) + Ao

( O t h e r ) =
a (Other)

a* (U-235)>EXP * af ( U" 2 3 5 )

DComparison between a and a (EXP)
X X

Suggestion of change in af (U-235)

Reevaluation of af (U-235)

Fig. 10 Job flow of simultaneous evaluation.

OK

' v
235U(n,f)

0 *5 Hhit*

torn «t • ! .
Ctirx mad iitfni

no NO.)
• u b o *ad Huqottta (Tl Kaunrlll*)
•••bo utd ItarqMtt* (71 U«v}
DAVII , Knoll *nd

7C OHIB «t «1 .

Clirr and Sldhu

235
Fig. 11 Fission cross section of U.
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1.2

t

(JUPITERHit) J&*B#ftlUBBfcK:j:«3, * I O Z P P R I | ^ I *

US*©JS¥#TH: JENDL-2 7^ 7*7 ij -^ffflLT, PNC ©SffcOTK, FBEC I S , ByL,

( i ) J E N D L - 2 ( i Z P P R - 9 f * ^ . © k e f f ^ ^ ) 0. 7

(ii) 2 3 5 U ( n , f ) , 2 3 9 P u ( n , f ) , 2 3 8 U ( n ,

(iii)

(IV)

Analysis of the JUPITER Experiments with JENDL-2

* **

Katsuya KINJO , Takanobu KAMEI

A series of critical experiments has been performed in ZPPR on the

cooperative program between Japan and US to provide useful data for the

nuclear designing of a large LMFBR. The experiments are called "Jupiter

Experiments". Analyses of these experiments are being carried out at

FBEC, Toshiba, Hitachi, Mitsubishi, and Fuji under the sponsership of

PNC by using JENDL-2 library. This report summarizes the analysis

results in Japan on ZPPR-9 experiments.

The main points of the conclusion and observations from the analyses

are summarized below;

i) The calculation underpredicts the keff of ZPPR-9 core by about 0.7 %

with JENDL-2.

Nippon Atomic Industry Group Co., Ltd.

Power Reactor and Nuclear Fuel Development Corporation
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ii) The reaction rate distribution of 2 3 5U(n,f), 239Pu(n,f) and 238U(n,y)

are predicted very well in radial direction, and the error is less than

2-3 %. On the other hand, as for the axial reaction rate distribution,

calculated values decrease more rapidly than the experimental values as

the axial elevation increases. This tendency is more conspicuous in

238U(n,f) reaction.

iii) Control rod worth is under-predicted by about 8 % at core center.

And a large space dependency has been observed for the ratio of calcu-

lation to experimental value in JENDL-2. (about 7 % variation)

iv) JENDL-2 predicts sodium void reactivity toward more positive than

experimental value.

1.

JUPITER* %Wi& PNC tM

6 ̂ r^(Df^fUiotltza <l©JUPITER!!i£{Cf±ZPPR-9 t -10© 2ocD Phase fr'

zPPR-9']fp>b[t^.mip<D^mwxipmm%^.f -*«•*§ s & © *>©•?•& o, %mp'b

o tti, ZPPR-lO'JjpiWi^C^JK^IISIO b<DK&riVtz/sPiBft-e, fro,

o Fig. 1 IC

LCD JUPITER HKOJS^ffiB^i^STP'&^&itCiitobtl, t ^ i T ' f i PNC ©SffE ®T

fc. FBEC, %.£,

, JENDL-2

2.

7'7 U - ( i , JENDL-2

8MM (235U, Z38U, z39Pu, z40Pu, 24lPu, Fe, Cr, Ni ) K

| ,MS(iJENDL-l ({I L JENDL - I K hWfa^tlt ^ U ̂  fe ©Ji

ENDF/BIV) ©fe©*{gfflL/c0 mmtW-fcl&ZtliOy -1 -f v 'J - • 7 r

GROUCH-G2(1)S:tfTIMS-l(2) a - K ^ f f l ^ T i l L , ABBN^(3)©70

*) Japanese-United States _Program of Xntegra1 Jests and JEDxperimental JResearch
ffi, SLIJ(PBEC), « # , gffl (m^), ttji, JUS, %1S (B4)
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ENDF/B IV -̂fjffl L/c ANL ©C/E M«i 0.9836 T * t), Hffl'JJi£#l 1- 6 ^ i

(2)

ZPPR-9
2 3 8U(n,f)

Figs. 2 - 5

JENDL-2

(i) 2 3 5U(n,f) , 238U(n,

(li)

, 239Pu (n,f) , m U ( n , f ) ,

239

= 0.974, C/E

JENDL-2 ©MS t

Pu

, C/E

0.962, C/E (ffZc
8/ a") = 1.060 TT

, ±IB(i X (ii)tT^ Lfc JENDL-2

8ffc8/ of ©C/E tl 0.92, 1.09
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-fe <0 , JENDL-2

(3) SlJffl$ffl

ZPPR-9

Figs. 7, 8&CXTable

it JENDL-2 T f i , 'J^IL

Fig. 7 «fc «9 4HI S «fc 9

LfcC/E

Table 2

© C/E fit f£ 0.92 £ ^) 8

sample worth

4 L < ,

^n96

ENDF/B-1V

JENDL-2 O C / E i l J ,

tfc.ANL

(4) T- h IJ^7 A • df

ZPPR-9 icK'^

i: drawer oscillation"/

Table 3 ft JENDL-2

JENDL-2 <C«t 5 Na- void

C97 drawers)ig,

drawer © Na void worth traverse ^

"<k<9JEM L t ,

, ENDF/B-IV

, JENDL-2

JENDL-2
(5)

void

Z PR-Iff- 48 t
49 ©k e f f

(5) K -y 7°7 -
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*^fC K 77*7 - - ^ y /
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- KJJ

W
t©

ANL T?O ENDF/B-IV f̂sgffl Lfc C/Efllfi 0.90-0.95 t 1 * *3,

ZPPR-9

ENDF/B-IV

o f / c 2 3 8

Fe , Ni , Mo, Mn

/c/f % KM. r -

Table 5

ANL

4.

JENDL-2 7 ^ 7 7 U -

JENDL-2 5 ^ 7'7 'J -

fc ZPPR-9

J E N D L - 2 « Z P P R - 9 (*^O||Sft±
2 3 5 U(n, f), 239Pu Cn.f), 2 3 8 U(n,

Kl 0. 7

238 U ( n , f

-^) 8 ttz,

(V) JENDL-2

fIL,

^•M, ZPPR-10Ol¥lfflft?l)TR^ ZPPR-9 O topics study

JENDL-3 o f
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(1) HASEGAWA, A., To be publised. See also TAKANO, H., et al., JAERI

Fast Group Constants Systems Part I, JAERI-1195 (1970)

(2) TAKANO, H., et al., TIMS-1 : A Processing Code for Production of

Group Constants of Heavy Resonant Nuclei, JAERI-1267 (1980)

(3) BONDARENKO, I.I., et al., Group Constants for Nuclear Reactor

Calculations, Consultants Bureau, New York (1964)

(4) NAKAGAWA, M. , TSUCHIHASHI, K., SLAROM ; MMP^^WMP'^M^JT => - K,

JAERI-M 5916 (1974)

(5) KIKUCHI, Y., et al., J. Nucl. Sci. Technol. 37(7) pp.567-570 (1980)
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lf (NAIG)
^ ^ ke f f

0.04

^<D h (D £ f& £*

Q :fe^*M (PNC)

A: ft##fi (NAIG)

^ - ^ k e f ffc

5~8%m&.
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Table 1 ZPPR-9 C/E Value for Keff

Calculated Keff

Base Calculation 0.9916

(XYZ Dlff., Aniso.D, 7 Groups)

Corrections

Group Collap sing -0.0011

Mesh Effect +0.0005

Transport Effect +0.0031

Corrected Keff 0.9941

Experimental Keff 1.001061
±0.00037

C/E 0.9930

ANL Results (ENDF/B-IV)

Corrected Keff 0.9845

C/E 0.9836

Table 2 Control Rod Worth, Interference Effect

JENDL-2 ANL

Rod Reference Group Worth & (C/E) C/E

CR(1) — 2.51 (0.91) 1.01

CR(1) CR(2<W) 0.26 (0.62) 1.03

CR(1) CR(9,11,13,15,17,19) 5.36 (0.96) 0.99

CR(13) — 1.29 (0.94) 1.00

CR(13) CRP(9,11,15,17,19) 1.68 (1.00) 1.02

CR(13) CR(9,11,15,17,19) 3.97 (1.00) 1.00

*) ANL results were obtained by using ENDF/B-Ef.
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Table 3 Comparison of Calculated and Experimental Large Sodium Void Worth-Normal Drawer

o
I

Void Configuration

9 Drawer ±8in

37 Drawer ±8in

97 Drawer ±8in

97 Drawer ±16in

97 Drawer ±20in

97 Drawer ±27in

Cumulative

Exp.

(0

3.03±0.05

11.56 ±0.04

29.39 ±0.02

37.26±0.01

31.68 ±0.02

24.44 ±0.02

Base

Calc.(c)

3.29

13.46

34.90

45.59

40.26

33.66

Corrections

E.P./F.O.P

1.022

(1.03)

Cl.05)

1.087

Cl. 10)

1.127

Group
Collapse

0.981

0.981

0.981

0.978

0.973

0.968

Corrected

Calc.(c)

3.30

13.60

35.95

48.47

43.09

36.72

C/E

1.09

1.18

1.22

1.30

1.36

1.50

Step (JENDL-2)

Exp.

(0

3.03

8.53

17.83

7.87

-5.58

-7.24

Corrected

Calc.(c)

3.30

10.30

22.35

12.52

-5 .38

-6 .37

C/E

1.09

1.21

1.25

1.59

0.964

0.880

Step
(ANL*)

C/E

1.00

1.10

1.12

1.22

1.02

0.90

PI
1—I

I

Ul
CO
CO

* ANL results were obtained by using ENDF/B-F
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Table 4 ZPPR-9 U0 2 Sample, Doppler Reactivity

T= °K

298.0

487.5

644.4

794.0

935.4

1087.0

Exp
(C/Kg)

-0.951

-0.0277

-0.0440

-0.0586

-0.0662

-0.0763

JENDL-2

1.02

0.98

1.01

1.00

1.06

1.06

C/E

ANL (ENDF/B-I7)

1.06

0.92

0.93

0.90

0.95

0.94

Table 5 Summary of C/E Values for Small Sample
Reactivity in ZPPR-9 Assembly

Principal

Nuclide

Pu239

Pu240

U235

B-10

Na

Fe

Cr

Ni

Mo

SS

Mn

U238

Material

Worth (Ih/Kg)

60.47

4.18

44.43

-689.4

-4.00

-1.60

-2.13

-2.37

-5.23

-2.07

-3.67

-3.03

U238 Doppler Sample

(Core

C/E

JENDL-2

1.06

0.98

1.10

1.12

1.03

1.16

0.99

1.24

1.22

1.01

2.03

1.16

... (1.02)

Center)

ANL*

1.15

1.11

1.19

1.08

0.87

1.36

1.29

1.36

1.49

1.13

2.07

1.17

(1.06)

* ANL results were obtained by using ENDF/B-W.
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Axial
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(cm)
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U Fission Rate C/E Values for Axial Traverse Measurement
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Axial
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(Cm)

83.9

76.3

68.7

6 1.0

53.4
48.3
43.3
36.2
33.1
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15.3

7.7
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U Capture Rate C/E Values for Axial Traverse Measurement
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UJ

» - — Samplt Worth

3.11. —OE(ENDF/B-ffJ

— JENDL-2
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Rod area ( c m 1 )

Fig.8 C/E Change due lo Rod Size Effects

F i g . 6 Control Rod Positions for ZFPR-9 Rod Worth Measurements

0.90-
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- O — CR VVorth 1
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•-a— B" sample worth J
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Fig. 7 C/E Distribution of CR Worths (One and Two-Rod Exp.)
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1.3 3 ^ / M ZPPR-3<vmmmtirl£ «t £JENDL-2C0f X K

Lfc ̂r -

Test of JENDL-2 by a Detailed Analysis of ZPPR-3 Experiments

Takanobu KAMEI*, Tadashi YOSHIDA*

Detailed analyses of ZPPR-3 experiments are now being performed on

control rod worths and reaction rate distributions to confirm the appli-

cability of JENDL-2 to fast reactor core analyses. The present report

describes the results obtained by December, 1980. The control rod worth

is underpredicted by about 1-16 % with JENDL-2. Control rod worth tends

to be much underpredicted when the numbers of control rods inserted are

increased.

JENDL-2 7 4 7*7 'J -(D

t>, mmmmm

JENDL-2 (D

ZPPR-3 •Jp^tc^y-§f[J®I#ffii0fflJg^Phase

COPhase l B K > ( i * I © r * - y"y v bCO E.O.C. (End of Life) ©*!Ji{£l£T-£> <0 ,

ibWMliffo2400£TI'£>Z>o Fig. 1 K Phase IB ^ ^

mi Fig. i T-CRP
i o ¥ t i o . 7 9 , i . 8 5 , 1 . 2 1 k g

, typeH ( iCRP#2 , 3,4,5. 6, 7 fC, type I (i 8, 10, 12, 14, 16, 18 It, £ fc type J

, Nippon Atomic Industry Group Co., Ltd
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9, 11, 13, 15, 17,

>f y'y 'J -

JUPITER

o JJ¥#f-e{iS

mm zm^fz. ttz,

l—OJENDL-2B 70

- KSLAROM(1|cJ:

, JENDL-l JC

Table 1
(2)

^, JAERI -FAST 2 C JF-2)

JENDL-2 fC«fc^gStt^
, Case No. 15

(1) NAKAGAWA, M., TSUCHIHASHI, K., SLAROM ; ^ j i ^ O ^ ^ K ^ ^ i d ^ ^ r a - K,

J A E R I - M 5916 (1974)

(2) % # # { f , tgfflIEH3, J E N D L - l 7 ^ 7 * 7 U-m«fcSZPPR-3«Pi60JS?*f , J A E R I - M

8163 (1979)

f t IRS

Q : f e ^ * M CPNC)

J E N D L - l £ JENDL-2

JENDL-2 ©

: * # # f f (NAIG)
Table I © C/EfS^^SbfcBlf© JENDL-l £ JENDL-2
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Table 1 C/E Values for control rod worth of ZPPR-3 phase IB core

00

Nos.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Control Rod Positions Inserted

8 (Type-I)

2 (Type-H)

2,8

Type-I in CRP-1

8,14

2,5

2,4,6

2,4,6,10,14,18

8,10,12,14,16,18

2,3,4,5,6,7,10,14,18

2,4,6,8,10,12,14,16,18

8,9,10,11,12,13,14,15,16,17,18,19

2,4,6,9,10,11,13,14,15,17,18,19

2,3,4,5,6,7,8,10,12,14,16,18

All except CRP-1

No.
of

C.R.

1

1

2

1

2

2

3

6

6

9

9

12

12

12

18

Measured
Worth

1.94

2.02

3.58

4.14

4.24

4.26

6.51

14.33

14.88

20.75

22.65

28.96

28.99

30.12

44.76

Beff

xl0~d

3.51

3.51

3.51

3.51

3.51

3.51

3.52

3.54

3.54

3.55

3.55

3.57

3.57

3.57

3.61

*
C/E Values

JF-2

0.96

1.00

—

0.96

0.97

0.99

0.99

0.97

0.97

—

—

0.99

—

-—

0.98±0.01

JENDL-1

0.97

0.98

0.96

0.96

1.02

0.98

0.98

0.99

0.96

0.97

1.00

1.00

0.97

0.96

0.97

0.98 + 0.02

JENDL-2

0.97

0.98

0.97

0.99

0.97

0.97

0.99

0.96

0.97

0.95

0.95

0.94

0.92

0.93

0.84

0.9510.04

T
CO

CO

*) C/E : Calculated / Experimental
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Fig. 1 ZPPR assembly 3, phase IB, reference core
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1.4 mwmmr

iii m m m

JENDL-2

56Fe 1 s t . level ^^^T

Problems in Evaluation on Inelastic Scattering Cross Section of Iron

Naoki YAMANO*

Benchmark test of iron data in JENDL-2 has been performed for

shielding applications. Experimental data are retrieved from LLL pulsed

sphere experiments. Some anomalous C/E - values are observed in the

leakage spectra above 2 MeV. It is pointed out that the inelastic scat-

tering cross sections above 2 MeV are underestimated. Fast neutron

spectra are not much affected by the angular anisotropy of inelastic

scattering cross section except for 56Fe first level.

!, ENDF/B-BT, IV

^ bMtnet current

JENDL-2

^ENDF/B-lV-e{i5 4Fe 1st level

i l iSnTfSfcK) , ENDF/B-IV

, 56Fe 1st level

Sumitomo Atomic Energy Industries , Ltd.
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- K i FAIR-CROSS

FAIR-CROSS * ^ ^ -

l t LT 0.2MeVospx*yi/+'-p^pgol¥fl|ji<J: L, 15

MeV ;&>£ 1 MeV i f 70 i l T ' f ^ L / ;

fiJcL, JENDL-2 mat Na 2600 «t 5—

®CDi¥SS*ENDF/B-IV mat No. 1192

S,6 7 ? g ^ L T

3. If Iff

SN I L,

E N D F / B - [ V T ( i 9 - 1 1 MeV

13 MeV

t / c 5 6 F e 1st level

-\Q%1 4.8mfp jg i i

—^ JENDL-2 f

4.

JENDL-2 #*->!* h ̂ ^ii/hp^ffi1"5^Si LT,

Fig.5{C56Fe 1st level O i f S f R ^ t o JENDL-2 J± ENDF/B-IV tc

Table 2 SC^ 3 fc ENDF/B-IV JENDL-2

ft—fi7^

B—IV t JENDL-2

Fig.6 K

+' -ISfflfi JENDL-2

Kit^JENDL-2 (ii

r)

ENDF/B-IV
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CtlJ:i956Fe 1st level ©ff%&*feo £

Coupled Channel Optical Model
^ , JENDL-2£{gIEL/cad-hoc

Fig. 7

0+-2+-4+ © Coupling 3rfTt<\

*;!"**-£ H.OMeV

ad-hoc 7 4 ~fv ') -Trfi 11.2~12.4MeV © I B S I T - E N D F / B - I V ©-f ^Tffl

» A i ^ $ n r t ^ 5 o L ^ L 11.2 MeV ii lTT

S/cto) JENDL-2 i ad-hoc 7 -i 7'v 'J

, JENDL-2 (t fi 57Fe

5o Fig. 8 tcad-hoc 7>f 7*5 U -lc«fc

•#"0 U * , JENDL-2 (test)

J;^) HMeV

ad-hoc 7 A 7y ' J - IC

JENDL-2 ©feSK-

Coupled Channel Optical Model

Fig.7

, 56Fe 1st level

5.

, JENDL-2

©
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Q : ih

A :

Q :

28

m
-I

, 0.9mfp JiJiT-

, ENDF/B-IV ^ U Vs-

, 4.8 mfp T i

28

ac ©3

TC OfFffifi l og - log H±T-eye -gu ide T-rr-O/CO 3

Q :

JUPITER

, first 2 + l eve l , 2 phonon s t a t e s , 3~ level

Table 1

No. Node Mat. No. tfe ft

1 70 G

2 51

3 ALL

4 JD-2

ENDF/B-IV 1192

ENDF/B-IV 1192

ENDF/B-IV I 192

JENDL-2 2600

56Fe 1st. level
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Table 2 ENDF/B-t f&tfJENDL- 2 JC «fc

TOTAL

IE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

ENERGY RANGE (HeV)

15.0 - 14.8
14.8 - 14.6
14.6 - 14.4
14.4 - 14.2
14.2 - 14.0
14.0 - 13.8
13.8 - 13.6
13.6 - 13.4
13.4 - 13.2
13.2 - 13.0
13.0 - 12.8
12.8 - 12.6
12.6 - 12.4
12.4 - 12.2
12.2 - 12.0
12.0 - 11.8
11.8 - 11.6
11.6 - 11.4
11.4 - 11.2
11.2 - 11.0

ELASTIC

IE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

ENERGY RANGE (MeV)

15.0 - 14.8
14.8 - 14.6
14.6 - 14.4
14.4 - 14.2
14.2 - 14.0
14.0 - 13.8
13.8 - 13.6
13.6 - 13.4
13.4 - 13.2
13.2 - 13.0
13.0 - 12.8
12.8 - 12.6
12.6 - 12.4
12.4 - 12.2
12.2 - 12.0
12.0 - 11.8
11.8 - 11.6
11.6 - 11.4
11.4 - 11.2
11.2 - 11.0

ENDF/B-IV

2.4877 +

2.5079
2.5277
2.5457
2.5632
2.5797
2.5967
2.6176
2.6357
2.6577
2.6833
2.7059
2.7325
2.7540
2.7849
2.8155
2.8430
2.8681
2.8948
2.9255

Natural
*

JENQL-2

0.984
0.983
0.981
0.981
0.980
0.982
0.984
0.986
0.988
0.989
0.988
0,989
0.988
0.989
0.987
0.984
0.983
0.982
0.980
0.977

data are given
to

ENDF/B-IV

1.0985*
1.1156
1.1310
1.1500
1.1654
1.1807
1.1979
1.2148
1.2287
1.2430
1.2647
1.2875
1.3080
1.3227
1.3355
1.3515
1.3709
1.3904
1.4120
1.4397

ENDF/B-IV.

JENDL-2*

1.077
1.073
1.071
1.065
1.063
1.062
1.060
1.058
1.046
1.058
1.051
1.045
1.039
1.039
1.038
1.042
1.049
1.055
1.053
1.041

Iron

in the ratio vi

JENDL-2(test)

1.031
1.028
1.027
1.022
1.020
1.020
1.019
1.017
1.018
1.017
1.012
1.006
1.001
1.001
1.001
1.005
1.012
1.019
1.018
1.007

data are given in the ratio values
to ENDF/B-IV.

+ unit of cross section In barns.
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Table 3 ENDF/B- N&tf JENDL- 2

Group avarage cross sections with ENDF/B-IV and JENDL-2,

( n

IE

1
50

.gamma )

ENERGY

15.0
5.2

RANGE

- 14.8
- 5.0

(MeV) ENDF/B-IV

2.0148
5.2195

E-4
E-4

Natural Iron

JENDL-2

o +
0.527
3.151

data are given in the ratio values
to ENDF/B-IV.

( n,

t
IE

1
5
10
15

2n )

ENERGY

15.
14.
13.
12.

0
2
2
2

RANGE

- 14.
- 14.
- 13.
- 12.

(MeV)

8
0
0
0

5
4
2
3

read

ENDF/B-IV

.5572

.4681

.4277

.8285

E-l+

E-1
E-1
E-2

as 2.0148 x 10

JENDL-2

0.978
0.974
1.088
2.195

data are given in the ratio values
to ENDF/B-IV.

IE ENERGY RANGE (MeV) ENDF/B-IV JENOL-2

1
5
10
15.
20
30

15.0 - 14.8
14.2 - 14.0
13.2 - 13.0
12.2 - 12.0
11.2 - 11.0
9.2 - 9.0

1.1059
1.2335
1.2979
1.2575
1.1504
8.9288

E-l+

E-1
E-1
E-1
E-1
E-2

0.958
0.999
1.016
0.971
0.988
1.014

data are given in the ratio values
to ENDF/B-IV.

IE

1
5
10
15
20
30

alpha )

ENERGY RANGE (MeV)

15.0 - 14.8
14.2 - 14.0
13.2 - 13.0
12.2 - 12.0
11.2 - 11.0
9.2 - 9.0

ENDF/B-IV

3.7742 E-2 +

3.9657 E-2
3.9802 E-2
3.7256 E-2
3.2826 E-2
2.0061 E-2

JENDL-2

2.905
2.666
2.346
2.175
2.178
2.505

data are given in the ratio values
to ENDF/B-IV.

unit of cross section in barns.

** ( n,d ) . ( n,T ) . ( n.He ) , ( n.n'alpha ) and ( n.n'p ) reactions

are given in ENDF/B-IV, but not given in JENDL-2.
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30 deg
120 deg

NE-213-
(Pilet B)

Fig. 1 Experimental configulation of LLL Pulsed Sphere Program

Iron
R" 4.46cm(0.9m.f.p.)
R- 13.41 em (2.9 m.f.p.)
R - 22.30 em (4.8 m.f.p.)
dtnilty- 7.85 «/em*

(em)

Fig. 2 Geometry of spherical target
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I K O N I 2 O U E D R E E 0 . 9 MFP

*ENDF/B-IV
+ all level
x 51
o JENDL-2

< • EXPERIMENT

% I

*• i

i

I

N K I I 1 K D N I" MI - I ' l iY I EV 1
M l )

Fig. 3 Comparisons of neutron leakage spectra at 120 deg for 0.9 mfp

of iron

• IRON l?ODFGRt-:F. <l . 8 MFP

rr IO ._

-
-

A ENDF/B-W
+ al l level
•x 51
« JENDL-2
• EXPERIMENT

X A
\ (\ "'

V :
*1. *

FNF;;OY I FV - in

Fig. 4 Comparisons of neutron leakage spectra at 120 deg for 4.8 mfp

of iron

- 57 -



JAERI-M 9523

1 '•

56Fe 1st. level

JENDL-2
ENDF/B-N

3 4 5 6 7 8 9 10

Neutron Energy ( MeV)

Fig. 5 Inelastic scattering cross sections of 56Fe first level in

ENDF/B-W and JENDL-2

10'

5
gto5

s to

K57.

natural Fe
fat, level | °*F« 3rd, level| |

°*Fe 1st. IBVBI | M F e 2nd, level |
I "FB 4th. level

| "Fe 3rd, level |

, wFe 1st 12nd, level I

_ _ ! • • — •

JENDL-2

Scolrerad Neutron Energy
t t . 4 - II."6 MeV

II 12 13 14 t5
SOURCE NEUTRON ENERSY t M«V )

Fig. 6 Inelastic group to group transfer cross sections with

ENDF/B-W and JENDL-2
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o
re
LJ

ft:
LU
Li_
LO

~z.
cr
ct:
i—

G
R

O
U

F

ID

cr

to

10

10

10

10

nalurallp

A ENDF/B-IV
+ all level isolropic
X JENDL-2
O JENDL-2 (lest)

1

NEUTRON ENERGY I fV )

Fig. 7 Inelastic group to group transfer cross sections with

ENDF/B-lf and JENDL-2

NRTURRL IRON 120 DECREE 0-9 MFP

o

UJ l 0

A ENDF/B-W
+ all level isotropic
X JENDL-2
O JENDL-2 (test)

NEUTRON ENERGY I EV I • 10

Fig. 8 Comparisons of neutron leakage spectra at 120 deg for 4.8 rafp

of iron
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1.5

1979^9 ^{C JENDL-2 O^fiKSC JENDL-2 A) ^

JENDL-2B*ifFfi£*n, JUPITER

Revisions recommended for Preliminary JENDL-2 Data
based on Benchmark Test Results

* ** *** ***
S. IIJIMA , Y. SEKI , M. YAMAMOTO and H. NISHI

A preliminary version of JENDL-2 was completed in August 1979, and

an integral test was performed using international benchmark experiments

for FBR. It was revealed that the prediction of criticality and breed-

ing ratio was not satisfactory. The adjustment of JENDL data was pro-

posed to the evaluation group of JNDC, based on the benchmark results

and a sensitivity analysis performed previously for a proto-type fast

reactor. The evaluation group has taken this proposal into account to

complete JENDL-2B file, which was adopted for the analysis of JUPITER

experiment series. The present comment gives the discussions concerning

the cross section adjustment, and the neutronics results before and

after the adjustment.

*) s^m^timmm, NAIG

*•) H^i^f tS, MAPI

***) FBRiy^-T'Jv^li, FBR Eng.
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1.

9 J3iC JENDL-2 JENDL-2 A J&*ftl&$ ft, —

Table I

ti 3
238 U ( n , r ) / Z 3 9 P u ( n , f )

L,

L, 239Pu (n, f )/Z35U (n,f)
238U (n, f )/235U (n, f)

L

f i^J iJENDL-2 * JUPITER HSI*?tlf, O
Oi—70!<: JENDL-2 A

Table

Hit,

SSS^Ifcfi MAPI

77 'J -

K =:

Table2-e(i,
239Pu z38Pu , Z 3 8 U © ( n , f ) , (n, r )

Table 1 t Table 2 ffl*&fj/^b&© =fc

(1) ^ S S i *

(2) o?/o?%\

(3) rTc

, 239Pu ( n , f ) / 2 3 5 U ( n , f )

, 238U (n, (n,f)

, u

(4) 238U ( n , n '

^*p^ (fi^-ft

(5) ^ 2 5 l

2 3 8 U / 2 3 9U/239Pu
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3.

\ 1979 £f 11 RK J E N D L -

2B &'£

(D cf

(ii) ±fa«lieo(l l i (3), (4), (5)o

iP'b), MOZART jp fo

Table 1 T^fT

fli^So C©^m, JENDL-2BJi JUPITER

PNC,

Table

JUPITER itiSSS 1

i , Si'Pb

(ZPPR-9

L T

4.

(1)

49fi, ZPRW-48

48 *P>[>T-K = 1.0005, Iff — 49 J

( JUPITER

?, K= 1.0055

(2)

(3)

JUPITER

/ 2 3 9 P u ( n , f )

10 B

JUPITER

RiEKt

BS)o JUPITER

, Pu

5 -

! M U ( n , 7 ) / ! 3 9 P u (n, f )
238U (n, f ) / 2 3 9 Pu (i),f

Ct l t i JENDL-2

(n, r)/239Pu (n, f) Jto

JUPITER

pancy "t

* 3 ^,z 3 8U(n,

«fc o T 0 - 8

discre-
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Table 1 Selected Results of Integral Tests of JENDL.
The Calculation-to-Experiment Ratios.

Criticality, K :

VERA11A (Pu)

VERA1B (U)

ZPRH-48 (Pu)

FCAV-2 (U+Pu)

MZA (Pu)

MZB-1 (Pu)

ZEBRA-3 (Pu)

JUPITER-1 (Pu)

U core (AV.)*1'

Pu core (AV.) '

Reaction rate ratios

F28/F25 *3)

F49/F25 *3)

C28/Ftf9 *3)

JENDL-1

0.986

1.008

1.000

0.996

1.003

0.998

0.982

-

1.006(±0.9%)

0.996(±0.6%)

at core center :

0.94^0.97

0.97

1.05

JENDL-2A

(Aug. 1979)

0.972

0.980

0.976

0.968

0.972

0.967

0.963

-

0.976(±1.0%)

0.972(10.5%)

0.98^1.00

0.97

1.10

JENDL-2B

(Nov. 1979)

0.992

0.995

1.000

0.991

0.994

0.991

0.998

0.993

0.999(±0.9%)

0.996(10.5%)

*4̂
1.010.05 '

0.98

1.06 *4>

*1) Average over 6 cores, *2) Average over 14 cores

*3) Mainly for ZPPR-2, MZA, MZB-1, *4) For JUPITER-1 (ZPPR-9).

- 63 -



JAERI-M 9523

Table 2 Sensitivity coefficients to c r i t i ca l i ty in
a Prototype or Large Fast Reactor

Energy

Group

1

2

3

4

5

Sum

*) ir

0.1

10

1

/ -—

Energy

Range

> 1.0 MeV

- i.o Mev

- ioo KeV

- 1 0 K e V

< 1 KeV

VCTf

+0.067

+0.18

+0.14

+0.057

+0.036

+0.48

2 3 9 P u

«ay

0

-0.01

-0.017

-0.018

-0.013

-0.056

' 23

0

-0.047

-0.082

-0.048

-0.032

-0.21

8U

a

-0.

-0.

-0.

in

,023

.006

0

0

0

.03
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2. Covariance FileCOffiOl t Mi

2.1 Covariance Fi

covariance file

On covariance files of evaluated nuclear data

Yukinori KANDA*

The topics on the covariance files of the evaluated nuclear data

are reviewed; what are the covariances in the statistics, how to apply

them to the experimental and evaluated nuclear data, what mathematical

method are applicable to deduce them in evaluating the nuclear data from

the experimental values, and how to take account of correlations among

the data. The problems to be discussed in constructing the covariance

files are pointed out.

1.

tti

, mfomit. o S i 7 -ea "Error file"
file <tfi?^tl5©lT "Covariance file" tW~t6«t o fC/«£ -o/c

| ? f f l i | g " Covariance"

•7 T -f

covariance

, Kyushu University
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2. Co v a r i a n c e

2. l 2

covariance

mx £ my

» * ( i = l . 2, n )

, x i y l J

mx

X C.

fix

1 vm y = - ^ y ,

(variance) o* i

2 1 n

x = — 2
n i

\ = - I
y n i

x £ y

( c o r r e l a t i o n c o e f f i c i e n t ) Pix, y )

n-5o ax £ e;

cov ( x , y )

1 n

cov ( x , y ) = — Z ( ( X i - m x ) C y — m y ) }
n

_
cov ( x , y )

ox = cov ( x , x ) , oy = cov ( y , y )

f ( x , y ) =
ox oy

i
exp { - — Q (x , y ) }

2
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Q ( x , y ) =
1 ( x — m x ) z / 9 ( x - m x ) Cy —m y )

\-P2 <
-2

P = Q,

, Y=y

ax p
x = mx + (y — m y )

= 0. 6

x - y , x i y , y (D\U&&it Ltz Z> x

<7 /?

y = my + — i — Cx - mx )

x t y iJiMBH^JC^-ffc-f 5 © T , x cDH

, x i y©0 , | 2 [c -

2 iC-f i i

T, y

2.2 ^ x ' — 9(D covariance

af (238U) *io f C235U)

L, af
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2.2.1 © covariance

(correlation matr ix)

C C2n Cn

E r <°nl ^ n 2
100

E,

E2

/ E,
/ 100
f

Pz\

E2 • •

P\2 • •

100 • •

• E n \
• P\ \

• P2

ij- =C j f

2. 2. 2 /IJS! T-'- ^ © covari ance

n i D ,

L/Cc 63Cu (n , a ) S 0 C

Winkler , Smith S t f Meadows

a 5-9.

m a t r i x ) & # ffl §d

oH =ioo

Taf (238U)

1

r , S d , S f , S a , S , Sn , LL>

Smith SO' Meadow 3 k t© 6 3 Cu ( n , a )

?,66Zn ( n , p ) 6 3 C
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2.2.3

[•] li 2 OCDHH AiB tfi&S £ * ,
A R A R

-5

2.2.4 covariance

B Offiicift < ,. a - E

m4

<r - E <Dm<nj5M

f i

3.

3. 1

Perey &

fco Perey 4) *
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< S

3. 1. 1

n )

f C h i , h 2 - " h m )

3.1.2

100

10

> •

• •

1 .

• 0

• 0

• 0

d i = 2.75 ± 1.2 8

d 2 = 2.5 ± 1 . 0

d 3 = 3.0 ± 0. 8

2.75 ± 1.05

i = Ci = l , - n )

- f j ( h , , h 2 > - , h m ) } 2

j - f i ( h , , h 2 , - , h m ) } 2

n >

h,
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3. i.

V i

P'

_ / p - p ' y
VD°-D'/ * l e v / *VD°-D

fe L, M i V jcfflgg*itt < C ^ 0

X2 = ( P - P ' ) 1 CD°-D')

/M 0 \

V o v /

3. 1.

(1.282) 0

0 1.02

0 1.0X0.8X0.6

0

1.0X0.8X0.1

0.82

2.80 ± 0.71

, 3. 1. 2 T
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3.2
4)Perey4)(i 3. 1. 3

t/:, ia

con- c c T

*-©£-5

LfrL,

b( i ,

3.3

r -<

239 Pu

A;

Format IJ

®{i ENDF/B IT version IV

ENDF/B

ES 235 U © af

fc 235u©fjf ^Yj t£t>to i

A , , R

AL, «i T

, version V

L

ES £20MeV

Xi = A, , Z( = «

<dXf • dXj > = <d

< dXj . dZj > = <d

j =ai XL

<dXj

<dXj

= < d R L «

= < d R j -

j ' dAj

<dYL
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<dXj • dYj > = <dYj •

j >=<dY;

j •dY j>

mm, K

© 4

iEL,

, <dRi«dRj>, <dai«daj>, <dY;*

j , Z ,

ENDF/B T ^ , i»J

4. U

ENDF/B -eS5

800 x
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2) G. Winkler, D.L. Smith, and J.W. Meadows ; Nucl. Sci. Eng. _76. (1980)

30.

3) D.L. Smith and J.W. Meadows ; ibid. p.61.

4) F.G. Peray ; Proc. of Int. Conf. on Neutron Physics and Nuclear Data

for Reactors and other Applied Purposes, at Harwell. (1978), OECD

Nuclear Energy Agency, p.104.

5) M.'&(c>m\^(Dm^Khi>o

6) F.G. Perey ; "The Data Covariance Fi les for ENDF/B-V", ORNL-TM-5938,

ENDF-249 (1977).

IT

Q :

1. Covariance Matrix

2. It55-

matrix

A

- 7 4

- - ^ or JENDL-2B©fi{<:, benchmark test , covariance

Q : ̂ -/& IS£ (HBf)

cross section ffl covariance

©JENDLi, philosophy i LT,

(ft*)
^ ( i , philosophy

-5

Ctllt, basic file

<fcS

Q : H * 35til (ECffl)

covariance matrix

Poenitz

^ Lf, partial cross sections

covariance matrix (ift
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A : m\ (ft*)
, C'JgffiO Poenitz

covariance matrix %£ < , «fc

^[Sl L fc-^

ift, f

c tojc t , t*

Q :

A :

ft ^©T,

Bit,

Q : (g

©matrix
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Table 1 Sfl^-f -9

The Principal Sources of Uncertainty in the Measured («,a)-to-Fission Cross-Section Ratios

Source of Error

Counting statistics and reproducibility

Irradiation geometry

Gamma-ray detector efficiency

Uranium deposit, mass, and isotope content

Extrapolation correction for fissions and correction for finite thickness of the deposit

Neutron source characteristics:
7Li(p,n) reaction
D(d,n) reaction

Correction for activity induced in the sample by neutron background (empty gas cell yield)

Correction of fissions for neutron background and neutron scattering
Due to the tantalum cup, 7Li(p,n) source
Due to gas-cell components, D(d,n) source

Correction for neutron absorption in the copper sample

Correction for neutron scattering by the sample and fission chamber components

Symbol

Se

Sg

sy

sd
Sf

Sn,U
Sn,D

Ssb

Sfb,U
Sfb,D

Sa

Ssc

Resulting
Uncertainty8

(%)

0.7 to 7.5

1.7 to 2.0

1.5

1.0 to 1.3

0.2 to 1.5

1.5
0.5 to 3.0

1.0 to 2.0

0.1 to 0.3
0.3 to 2.4

1.2 to 1.9

2.2 to 2.5

aExcept for data points with £'„ < 4.0 MeV.

Table 2

EH (MeV)

3.560
3.800a

4.065
4361
4.656

4.954
5.120
5.185
5.268
5.455

Sc

50
10.5
4.7
3.8
3.6

2.4
6.5
6.7
7.5
6.8

s<
3.0
3.0
2.0
2.0
2.0

2.0
1.7
2.0
1.7
1.7

Sy

1.5
1.5
1.5
1.5
1.5

1.5
1.5
1.5
1.5
1.5

Error Matrix for the

sd

1.0
1.0
1.0
1.0
1.0

1.0
1.3
1.0
1.3
1.3

Sf

0.5
0.2
1.5
0.7
1.0

1.2
1.0
0.2
I.O
1.0

2.1
a(n,a)!af Cross-Section Ratios '

Sn>u

1.5
1.5
1.5
1.5
1.5

1.5

1.5

Sn,D

0.5
0.5

0.5

Sa

1.0
1.0

1.0

Sfb,U

Negligible
Negligible
Negligible

0.1
0.1

0.1

0.3

sfb,D

0.8
0.4

0.8

sa

1.8
1.8
1.8
1.8
1.8

1.9
1.9
1.9
1.9
1.9

Ssc

2.2
2.2
2.2
2.2
2.2

2.2
2.5
2.2
2.2
2.5

Type of
Error15 uc uc c(100) c(100) c(100) c(50) c(50) c(50) uc uc c(100) c(100)

Note: The symbols for the different error contributions are defined in Table I. A horizontal dash means that that particular
source of error does not apply. The errors are expressed in percent.

aErrors are for the average of the two measurements reported in Table II.
bError contributions labeled as "c" or "uc" were considered to be correlated or uncorrelated, respectively. If they were

considered to be only partly correlated, the assumed percentage of correlation is given in parentheses.
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Table 3

Data
Point

Number

1
2
3
4

5
6
7
8
9

10
11
12

13
14

The Relative Covariance Matrix lor

1 2 3 4

100 2 4 5
100 17 19

100 37
100

5

5
20
39
42

100

6

5
23
45
48

SO
100

7

3
14
28
29

31
35

100

8

3
13
23
26

26
30
22

100

the Measured Cross-Section Ratios

9

3
13
26
28

29
33
21
18

100

10

3
14
27
29

30
34
24
21

20
100

11

5
21
39
44

45
SI
36
33

30
35

100

12

S
24
43
48

so
56
40
37

33
39
62

100

13

4
18
36
38

40
46
32
28

27
31
47
52

100

14

5
24
43
48

49
56
40
37

33
39
62
69

52
100

Energy
(MeV)

3.56
3.80
4.07
4.36

4.66
4.95
5.12
5.19

5.27
5.46
5.68
5.86

5.87
6.07

Table 4

Ex. A

Ex. B

Experiment A Experiment B

Re. A

Re. B

Reaction X

j . E 2 E

Reaction Y
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my=3.0
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Ol-l.OX
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Fig. l 2
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3

2

1

n

X © @I !>ft ffl

1 / f/(/v^-»^\/ ) 'J

• / ^ " ^ ^
/

i i i i 1

0 1 2 3 4 5 x
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Matrix
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(a )

( b )

cr

X±Kxx

Covariance
Matrix

a ^

Fig. 5 mo 3E L

239pu

a f

10"5eV
1

ES

ES
1

20MeV

10"5eV

ES

ES

20MeV

239pu

°f

10"5eV-ES

(dXi-dXj)

ES-20MeV

(dXi-dXj)

a
y

10"5eV-ES

(dXI-dZj)

(dZi-dZj)

ES-20MeV

(dXl-dZj)

<dZI -dZj>

235,

ES-20MeV

(dXi-dYj)

(dZl'dYj)

Fig. 6 # L
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3. Covariance

3.1 ^M

©

Sensitivity Analysis Method and Generalized Perturbation Theory

Hiroshi MITANI+

The present status of sensitivity analyses is briefly reviewed.

The generalized perturbation method for reaction rate ratios is given

in accordance with the paper of Usachev, and numerical examples are also

shown.

1.

ho

Usachev (1964)
T life-cycle-t v^ 2 - ^ yx^ffl^ 5ff L^Mli^xC^^-
TfiGandini (1967) fed; tJ ±ISO^i4;£-i£?S L, life-cycle

Japan Atomic Energy Research Institute
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t«

fc0 Gandini (1969)
3)

° 7 / -

Goldstein (1972) 4 \C J: ^ ^

<t*©«fc

h U - i
s)

* Williams et al.(1977)

(1972) 6

t i Conn & Stacey (1973) ? ** 7 Li

h U

(1980)

TOblow(1978)
10)

Becker (1977)

'ffi^ Williams (1979) K&~> T lSt i i*

9

r Greenspan

12)
et al. (1980) i t j ;

^ t f ^ u t ^ - t i , Lewins (1965,

1968 ) 13)' 14), Otsuka (1972)15), Stacey (1974)16), Greenspan (1976)17), Weisbin

et al. (1980)18), Cacuci et al. (1980) 1 9 ) , ^ & < 5 O

2.

-5

L^L, i

i = Q i (x , , x2> , x n )

tztzL, X j (j = 1 , ••-, n

(1)

* Fast Flux Test Faci l i ty C 1980.^ 2
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l = I Si,j
IQi J = I

ecu-, si.j

(2)

(4)

j £

2)

3)

4)

), 3), 4),

3.

life-cycle >f y # -

Moorhead (1961)20) ^

& Orlov (1961)
21)

Usachevtt

MTJiUsachev
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( A * - ^ F * ) <t>*= 0

R=

(5)

(6)

(7)

(8)

L t

( A' - -TF' ) 0' =0

( A'*--l'F'^'*=0

7

U

Usachev 35

life- cycle -f

(9)

(10)

(ID

(13

(13)
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A*0*= tt5)

-*=r0* 07)

(14M1Q

C ̂ ' life -cycled y- t ° -^ yx©{jt£ Fig. CM, ZPR-3 Na 12

'0'-/i (F'-F) ^ - (F'-F

(0 -

n =

(23

2
n=0

, 2
n —0

J0*,res
= 0n=0
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R

yjr= S irn= 2
n=0 n=0

(23

<**>

= 0

R

threshold

" k - rest

ttz,

, 7,

F i g . 2 ( c

< , tp'kfrb ii V 25cm
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y9 -

238u

Fig.4

^-x^ <, ^

10-30

Na ^

? 235 U

235u
fc 239 Pu

+.

Usachev

Usachev

5feff L^ - K

L< I

, life-cycle A V$- -9 y^^^Kth £ t
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Q : &% $?g (NAIG )

Life cycle importance©

X, 0in ( n —~ ) t L/cBf,

A : H £ mi MM)
life cycle It,

, n

fcI.

i Jc J; »),

life importance

Q : NAI G )

~ \>- , F P

A : = # -fe(H

Q : JII-& 1 fa (NAIG

A : = S

Q : ti-ea a -

Reaction rate

A : H S

5Q= 5A-/i

oo

residual life -cycle importance V*= ^!n
 ( 9>*~ r<t>*) it,

n — 0
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Q : W IE?& ( m* • I )
SensitivityOIE^fi, Q M

A : H S f& (

X

gg* ilo^',

Q : H+® f t - (J^

A : H ^

Q : MM BZ. ( W

life cycle inportance

A : 3 S fe ( JS

x k
,k

fl*UC(iiteration

, S
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5x10

life-cycle - 0

/cycle- 1 .
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, cycle -
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F i g . 1 Life-cycle importances of energy group 7 forZMPu to
^ U fission rate ratio (ZPR-3-12)
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for 2MPu fission rate (ZEBRA-2)

outer
boundary

group 11
group 3

i i i i i i 1 i i i i i

distance from core center r t cm)
i i I i i . , I i • • i I i -i i ,

0 10 20 30 40 50 60 70 80

F i g . 2 Usechev's function for ^ P u fission rate (ZEBRA-2)

- 9 1 -



JAERI-M 9523
1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

-0.2

'I'*{arbitrary unit)

Usachev' s function

for " "U fission rate (ZEBRA-2)

group 11

distance from core center (cm)
J _ 1 _ L i l l . 1 _ 1 _ [ I _L • I I ! I ! I I I I I I I I I I I I I I I I I I I

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0

F i g . 3 Usachev's function f o r 2 M U fission rate | ZEBRA-2)
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Fig. 4 Sensitivity coefficient of reaction rate ratio of 2MPu fission to
2S8U fission
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3.2 -3/y Y :

ffl IE*

r - 9 7 4 7- 7 u - ©
preliminary version £ffiI\ 235U ©$g?££P B$|g| tr © ̂ ^ ^ £ I t # L fc i C 6 ,

decay schemed,

p, Er

Sensitivity Analysis of Decay Heat

T. YOSHIDA*

Decay heat of 2 3 5U was calculated on the basis of a preliminary

version of the JNDC Decay Data Library for summation calculations. It

was shown that the library overestimates the 3-ray component of the

decay heat and largely underestimates the y-ray component. The origin

of these misestimations was examined with the aid of a simple sensitivity

analysis. As a result, inappropriateness of published decay schemes to

use in average released energy calculations was suggested. Adoption of

theoretical values of the average 3- and yray energies for shortlived

FPs essentially removed the above drawbacks of the preliminary JNDC

Library.

1.

preliminary version £5nj£L ( BIT JNDC Lib-iffiglB),

*) a ^
Nippon Atomic Industry Group Co, Ltd.,

NAIG Nuclear Research Laboratory
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2. JNDC z>41=5 U - (C

Fig

JNDC L i b - (

U -

'J-iit^Tfe,

\ Fig.

, E r

^^uncertainty ,

0 JNDC Lib.

Class 1 : 1 , , Er, t

C 1 ass E : t ^ #

Class I :

fe© ( Ĵ J 90FPs )

fe © (1fo lOOFPs ) o

^) 200 FPs )„

Er r -9 © 235 U ^

j : 1

3.

2)

J: o

_
E^/Q

3)

B©>r-x©Q0 0 fgl.5MeV(i, K i

; ClassD,

, Class I

m
Class

, Q

I , i T?

, Class

(Fig.3 )o -(ML,

o t , 1.0MeV Sl

Er (i, JNDC

- ( Fig.l , 2

, JNDC

5) ) © E r

JNDC Lib , Er ©ft^fil^ffl L,

J N D C L i b

If,

- 95 -



JAERI-M 9523

function (M

o n - line *S.jkfitiTW,t Ge

direct /^-transition fr
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direct ^-transition © S t ^ K ^ X . - S / 9 strength
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4.
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©
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3.3

c t&p <,

5 < c

Cf-252

Evaluation of Experimental Uncertainties with Covariance
Matrices in the Measurement of Neutron Cross Sections

Katsuhei KOBAYASHI*

Experimental uncertainties obtained previously have been generally

given with sum of square of the each error elements. This is due to

lack of the detailed information in the experimental uncertainties and

inadequacy of the error presentation. The uncertainty analysis with

covariances describing the correlation between the experimental data is

given.

In the measurement of neutron cross sections, it is demonstrated

how important is that the experimental uncertainties are given in the

form of a covariance matrix. It is shown how the covariance matrix with

non-diagonal elements can be generated and how the experimental uncer-

tainties can be combined to obtain their standard deviations. The uncer-

tainty analysis is explained by using the following examples; measure-

ment of the Cf-252 spectrum-averaged cross sections, method to obtain

the best value from these results, and measurement of the energy depen-

dent cross section by a linac TOF technique.

*) PM^^S^J-PM^kWi, Research Reactor Institute , Kyoto Univ.
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2 7 A£(n, 0J

gfiMannhart
10)

Reactor Dosimetry
252 Cf

kf

(4)

L

(5)

, j
1 1 5 I n ( n , n ' ) I 1 5 m I n

T a b l e 1

n, p )27Mg Rtfs*Mg (n, p )2*Na

(6,

, .3, j =2,

( V a r ) , * ^ | S [ ( Cov.)

Var ( 5R12 , 5R12) = < 5Pj 5 P ! > + < 3 p 2 5p j 2

Var ( SRu ,dR3i) =<dP3dFi>+<dPidPi>-2<dP38pi>

Cov ( flRu ,5R34) = < 5Pj 5P3>+<5P2 «P

7 * 7 > r y M ^ I f f I © M O | 0 ^ L , Table

Var ( 5R12 , 5R12 ) =11.20, 1 fi11

Var ( 5R 3 4 , *Rs4 ) =19.00 , 2 ff 2

Cov ( <?Ri2, <?R34 ) =-1.39 , 1 ff 2

(7)

(8)

(Q)

Table2

>Iic

2 fi1 1
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11.20 -1.39 \

-1.39 19.00y

r a = r 22 = 1.00

-1.39
= r 2i = V i9.oo

=—0.10

oo

a4{
 2 " M g ( n , p )

ff,{ " Al(n, a) ) : 3.35

o3{
 U 5 I n ( n , n ' ) } : 4.36

00

-10 100

13.69^4.84^

<5P3 5P3>+<ap3 5P4>= 14.78 + 17.40^ 5.67^

5.

ic J:

, ^*>v$5best valve ^ t

C Tfx.5 «t

P = ( P i ) = ( P 1 P n ) , i = l ~ n

P ©^i*^t)t*^S[ff5>J*M i t 5 i, COP

D ° = ( d " ) , i = l ~ m

12) 6)
, DANTE
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, D° lt2MiT-5tTOi£D = (di ) ttZ (Wlx.tf direct measurement

ratio measurement T l i d s= Ps /Pj ) , P fcft-5#f U

D'=D+G(P'-P) (12

j j ^ 9 d i
/ a p j T ^ S (direct measurementTJiGgfKft lXfiO t

>12

= (P_p ' )t M-1 (P-P') + (DD-D')tV-1 (D° -D1 ) (13

N=GMG1

P ' - P = M G t ( N + V )-» (D°

M-M'=MG'(N + V )~'GM

Table 3 tc 3 @ © ^ ^ |

T P = D = ( 4.87\

= (64) t « A : i

= GMGt = / 1 \ '64)( 1 1 1 ) = / 64 64 64

1 j ( 64 64 64

1 / \64 64 64,

P '=P=(64) ( 1 1 1 ) / \ - i / 4.797-4.87 \

N + V J f 4.892-4.87 )

\ 4.936-4.87/

= / 64+11.20 64+ 4.64 64+ 4.64

64+ 4.64 64 + 19.14 64+ 4.64

\64+ 4.64 64+ 4.64 64+28.45

P ' - P =-0.0230

P'=4.847, M' ^ [^^(CLT(19SJ ;^

( Yf1
M-M'= (64) ( 1 1 1 ) N+V 1 | (64)

M'= 7.4506
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, Table 3

6- mmim—

4.847+0.132( 2.73 % )

13)

(n, r
232 T h ( n , r )

13)

1 0 B ( n , a

ff; (Th) = Cj(Th)

232Th (n , r )

( B) St(Th) B )

i (B ) Ci ( B) es (Th) Si ( B) 0i (Th)

( £ i . S i ,

'

i ( T h ) =

a , (B)Ci f i S i a24 (Th ) P t

24

232 Th

Table 4

CCH; -^

] (Th ) , S j = S j (Th ) / S j(B) «t L, 0|(B)/0, (Th ) =

(Th )

4 (Th

i +<5Si (Th-)

Var { o , ( T h ) , - ai (Th

Cbv {
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i =1-12 , j =1-12

2 K

« f * £ ^ £ Table 5

7.

tfli,

D r . W.

- Ki

L

unfolding

, PTB (Physikalisch- Technische Bundesanstalt*) ©

t C

tf

del=E\ J a + a E j i n Ej 5 b ( i = l ~ 3 ) o Ei =0.336 MeV ( U 6 m I n ) , E3 = 1.368.MeV

Var ( e1 , 6! )=<de1 8 e, > = 4.996

V a r ( e8 , e3 ) = < 5f3 S e 3 > = 1.129

C ov ( ^i , £3 ) =<C 5 £j d e3 > = 1.897

4.996 1.897 \

1.897 1.129/

( 2 . 2 3 ^

M.06 %

1.00 '

0.80 1.00,

* 33 Braunchweig, Federal Republic of Germany
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24

24

'"Mn

Mg

Na

( 0.336)

( 0.844)

( 1.368)

£i ± 2.23

e3 ± 1.39

e3 + 1.06

/ 100

95

\ 80

100

94

JAERI-M 9523

X100)

100

1) Perey, F.G. : ORNL/TM-5938 (1977).

2) Mannhart, W. and Perey, F.G. : Proc. of 3rd ASTM-EURATOM Symp. on

Reactor Dosimetry, Ispra (1979) in print.

3) Wagschal, J.J., et al. : ibid. (1979) in print.

4) Perey, F.G. : ORNL/TM-6062 (1977).

5) Petilli, M. : "BOLIK - A program for integral data evaluation",

i S * publish & ft &¥%.<>

6) P e t i l l i , M. :CNEN-RT/FI(79)7 (1979).

7) Weisbin, C.R., et a l . : ORNL/TM-4847 (1975).

8) Drischler, J.D. and Weisbin, C.R. : ORNL-5318 (1977).

9) Kobayashi, K. and Kimura, I . : 2) (D^^XWc^l L)o

10) Mannhart, W. and Alberts, W.G. : Nucl. Sci. Eng., 69, 333 (1979).

11) Perey, F.G. : Proc. Int . Conf. on Neutron Physics and Nuclear Data

for Reactors and Other Applied Purposes, Harwell, CONF-780921, p.104

(1978).

12) Dragt, J.B. et a l . : Nucl. Sci. Eng., 62, 117 (1977).

13) /Jvft&qz : S * m ^ ^ / ^ ^ , H8fil 55 *£#*4£, E-14 Rtf Kobayashi, Ket al .

14) Smith, J.D. : ORNL/TM-7221, by private communication from F.G. Perey

of ORNL (1980).

Q : m m
partial error

5 e r > = 0.94X1.06X1.39

A :
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Table 1

- , a , b , c , d , e {ifflH8©&&<:

Uncertainties
due to {%)

I. D. No.

Counting
statistics

Efficiency

Geometrical
factor

Half life

Mass
determination

Back scattering

Irradiation
time . . . .

Gamma ray
attenuation

Gamma ray
intensity

Others

Symbol

*i

k?
Ni

kIR
ki

kS
ki

ki

Run
27Al(n,a)

1

1.6

1.06

2.0

0.4a

0.1b

0.7

0.3c

0.5d

0.1e

1.0

- 1
27Al(n,p)

2

2.0

2.0

0.5

0.1b

1.0

0.5

0.5

1.0

1.0

Run
115In(n,n')

3

1.0 .

2.23

2.0

0.8

0.1

1.0

0.4

1.0

1.0

1.0

- 2
24Mg(n,p)

4

3.2

1.06

2.0

0.4a

0.2

0.7

0.3c

0.5d

0.1e

1.0

Table3

Run No.

1

2

3

Measurement:

4.

4.

4.

797

892

936

D° Covariance

11.
4.
4.

20

.64 19.

64 4.

matrix:

14

64 28.45

V
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Table 2

o
I

'V
SP2 <rpu>

<fp,

1<*1 i <fN-> ? Jk?

( q u a d r a t i c sum of a l l u n c e r t a i n t y c o n t r i b u t i o n s )

0 . 9 4 x 1 . 0 6 x 1 . 3 9 + 2 . 0 x 2 . 0 + 0 . 7 x 1 . 0 + 0 . 1 x 0 . 1

0 . 8 0 x 1 . 0 6 x 2 . 2 3 + 2 . 0 x 2 . 0 + 0 . 7 x 1 . 0

1 . 0 0 x 1 . 0 6 x 1 . 0 6 + 2 . 0 x 2 . 0 + 0 . 7 x 0 . 7

0 . 9 5 x 1 . 3 9 x 2 . 3 3 + 2 . 0 x 2 . 0 + 1 . 0 x 1 . 0

0 . 9 4 x 1 . 3 9 x 1 . 0 6 + 2 . 0 x 2 . 0 + 1 . 0 x 0 . 7

0 . 8 0 x 2 . 2 3 x 1 . 0 6 + 2 . 0 x 2 . 0 + 1 . 0 x 0 . 7

+ 0 . 4 x 0 . 4 4 0 . 3 x 0 . 3 + 0 . 5 x 0 . 5 + 0 . 1 x 0 . 1

9 . 6 9

6 . 0 9

6 . 5 9

6 . 1 2

1 3 . 6 9

7 . 9 4

6 . 0 8

1 4 . 7 8

6 . 5 9

1 7 . 4 0

T
CO
en
CO
GO



Table 4 2 3 2 T h ( n , r )

a), b), c),

Uncertainties (%) due to

B(n,a) cross section

Counting stat is t ics

Background subtraction

Dead time correction

Energy dependency of
detection efficiency

Correction of neutron
scatt. & self-shield

Neutron f lux normaliza-
tion

Shift in energy axis

Other systematic errors

Other systematic errors
Normalization of 232yn

(n,Y) to 24 keV value

Symbol

^ ( B )

C i

k i(2)

E i

S i

k i (4 )

k.(5)

^ ( 6 )

a24(Th

Uncertainty element

1
2

0

0

1

1

0

0

1

1

1

. 6 a )

.03

.6

.03

.0b>

.8

. l c >

.5

.0

.od>

6P1

2

1.3a)

1.44

0.6

.028

0.9b>

1.7

0.1c>

0.3

1.0

1.0d>

6P2

3

.73a )

1.59

0.61

.026

.85b>

1.7

0 . 1 c )

0.3

1.0

1.0d>

6P3

Energy Group
4 5 6

.56a>

1.53

0.63

.024

.80b>

1.7

0 . 1 c )

0.2

1.0

1.0d>

6P4

.45a )

1.66

0.66

.023

.80b>

1.6

0 . 1 c )

0.2

1.0

1.0d>

6P5

.32a )

1.70

0.70

.022

.75b>

1.6

0 . 1 c )

0.1

1.0

1.0d)

6P6

7

.23 a )

1.69

0.75

.022

.70b>

1.6

0 . 1 c )

0.1

1.0

1.0d>

6P7

8

.22a>

1.66

0.80

.022

.70b>

1.7

0 . 1 c )

0.1

1.0.

1.0d)

6P8

9

.22a )

1.64

0.90

.022

.65b)

2.0

0 . 1 c )

0.1

1.0

1.0d)

6P9

10

.22a )

1.86

1.15

0.02

.60b>

2.3

o.ic)

0.3

1.0

1.0d>

6P10

11

.22a )

1.78

1.3

0.02

.55b>

2.6

0 . 1 c )

0.6

1.0

1.0d)

6 P n

12

.22a )

1.50

1.50

0.02

.50b>

4.2

0 . 1 c )

1.6

1.0

1.0d>

6P12

Error in
the group
including
9A tpV

0.32a)

1.70

0.70

0.022

0.75b>

1.6

0 . 1 c )

0.1

0.5

0.5d )

8.65

6P24

CD
O l
CO
CO



Table 5 232 Th ( n , r)

Group Energy (keV) Standard
No. upper lower dev. (%)

Correlation matrix ( x 1000 )

1
1—*

CO

1

1
2

3
4
5

6

7
8

9

10

11
12

408

247

150

90.7

55.0

33.4

20.2

12.3

7.43

4.50

2.73

1.66

247
150
90.7

55.0

33.4

20.2

12.3

7.43

4.50

2.73

1.66

1.00

9.64
9.46

9.42

9.40

9.40

9.39

9.40

9.41

9.48

9.62

9.71

10.35

1000

911 1000

904 923 1000

904 922 923 1000

903 921 922 924 1000

900 918 921 922 922 1000

899 917 920 922 922 921 1000

897 915 918 920 920 919 919 1000

891 909 912 914 914 913 913 911 1000

878 896 899 901 900 900 900 898 892 1000

869 887 890 892 892 891 891 890 884 871 1000

816 832 835 837 837 836 836 835 829 817 810 1000

B

CD
ui
CO
CO
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3.4 K x ^ b 'j — IC iJ It 2> Covariance CO $j

IE fefe*

X,

10

Influences of the Covariance Matrices over Reactor Neutron Dosimetry

M. NAKAZAWA*

Present status and influences of three covariance matrices being

used in reactor neutron dosimetry have been reviewed. Those are the

uncertainties of the measured reaction-rate values, dosimeter reaction

cross-section values and guess spectra, and are essential to the uncer-

tainty analysis of the present dosimetry results.

Immediate needs are stated to establish the evaluation method of

covariance matrices of the cross-section curves and to decrease their

uncertainties, which have rather low accuracies than the measured reac-

tion-rate values although these two have the same influences to the

final results.

Conclusive remarks have been said that we can't go forward without

covariance matrices of cross-section and gu.ess-spectrum at least in the

next 10 years, and interesting comments are given through numerical

unfolding results that the covariance matrices of guess spectra have

generally very favorable influences of dosimetry results which make

larger the inititial error of the calculated reaction-rate and make

lower the final uncertainty of integral dose values.

:, Nucl. Eng. Res.Lab., Univ. of Totyo
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1 ) 2 )
u

=l, n) J;t)I = /W(u)0(u)du

I = / l W ( u ) - 2 : Ci ai(
i—l

(1)

n n

+ 2 I Ci
i l j l

ii )}{W(u2)-2I Ci ff| (u2)
i — 1

j +zfRic/IRjc (2)

fll,

i JRj i

X,

u -

(U2)

^- ( JI

-4.75x

MeV

2. S

l o l i ,

3)

lou, ^
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/
Ul

,u2 du ' i CT(U) Jff(u') (3)
U l

(a) ±

= ( 0.1 )2 <7 ( m ) 5 <u,-u 2)

0.1 /V r lu 2 -u i l = 0.1 I \4n—l

Ei
(4)

Ei=lMeV, E2 =10MeV

(b) ±

= (0.1 ) 2 ff(ui)a ( u 2 )

4"CT/ 7= 0.1 (5)

i-fnif, i

5

*, K i / ^ h U -

^nfiSAND-I Monte-Carlo T y 7 * -
)

>f > M i ,

X,

X,

a (ui) • a (u 2)
= e\ ( u , , u 2 ) + e\' Ju ' S (ui—u2 (6)
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U 7

, K - > > h- I) - 7

fc net), B ^ W t c S -5

, «fc 19

0 d u

*!f; LT

(7)

Jo a-F (8)

Aag - J ak =.

ug uk

f dui f du2 {-o. (ui) — a ) { a (u2)— o
u g u k

} A<t> ( u j A<t> (U2)

( U 2 ) =

i) J * (u2) ©S

(U2 )-<

X,

(9)

(10

K->̂  h U-lcii^TJi, c©
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3. K-

7)
, NEOPAC 3 - K fc«t <0 Unfold ing

(i)

(Total -flux, DPA /ii* ) ©ffS*^ <

Oi) ( , ^ ^ C i C j x ( ifc^ffc )

Window-function

, X, £

m, comt,
Xii JRic4Rjc&Mffl.t&c tit, SI^IS^ I

R i t R i c A\

ffi (u2) .) ( i , , z(Ric JfciiJnS-a:, J I

4.

tc, Ge (Li) X, , C

x,
Damage MonitorXfi,

8)
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KW MJ -^

Unfolding

, K->> h 'J-
, x,

-5

9^ ? J , K->

1) Nakazawa M., & Sekiguchi A., "A New Data Processing Technique for

Reactor Neutron Dosimetry", Proc. of the H-nd ASTM-Euratom Sympo.

on Reactor Dosimetry (Palo Alto 10/3-7, 1977) N0REG/CP-0004 Vol.3

2) snsy? , rpRiEfe, U P %, "]
mn5 4%-fX<Dftm£ A 39

3) /i*i?, sffigti^ttiti^

4) *iRIE-?&, mn %, " Ge (Li

B ^ J S H 1 ^ ^ , BSlP5 5^f^©^4^B4 3

5) McErloy, W.N., & Kellog, L.S. , "Fuels and Materials Fast-Reactor

Dosimetry Data Development and Testing", Nucl. Technology Vol.25

(1975) p.180

6) tpRsEfe, Ma H, " Reactor Dosimetry ft*jIrj&WrMW.(D^mMfe" JAERI-M

8769 (1980)p.66

7) fe**l&, #&*ife+ffe* J l ^ l T y 7 * - ^ x > v^*=i — KOgSfS*

B # l i H ^ 3 ^ r *«C©^*4^ E - 2

8) Verbinski, V.V., et a l . , " Photointerference Corrections in Neutron

Dosimetry for Reactor Pressure Vessel Lifetime Studies", Nucl. Sci.

& Engng. ]2 (1980) p.159

9) s t t -torn mmmtw (mmm, mu) p.77
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P J diia

Q : 8 jt, £ * ( W

ENDF/B-V © Dosimetry File

A :tp

£{i Dosimetry File CD Error File ©!*!§(<:* «9,

Q : Jl |£ If^ (NAIG )

A : * - ^ JEi^ {
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Table 2 SAND-II-Evaluated Cross-Section Error Assignment

Reaction

*U(H, tot. 4He)
IOB(M, tot. "He)
MNa(»,r)
MMg<«, f)
"M(n,a)

"M(n, t>)
"SHn, />)
siXn,p)
"&»,/>)
MSHn, a)

*CI(», a)
"Scfn.r)
"Ti(»,/>)
"Ti(n^)
1tTi(n,t>)

"Mn(», y)
MTe{n,t>)
MFe<«,y)
MNi(it,*>)

"Ni(n. 2»)
wCo(». or)
"CoU.y)
"Nil*.*")
"Cu(n, o)

"Cu(«,r)
"Cu(«, 2«)
HZn(ri,/>)
80Zr(n. 2n)
llsIn(n.n')

"'ln(n.y)
•"KB, 2B)
'"Auto, v)
2"TM»,y)
»»Th(ii,/)

"Udi , / )
OTNp(n,/)
"ufo./)
"•U(n.y)
"'Pu(«,/)

SAND-n*
Group No.

Energy1"
Bounds (MeV)

Percent Standard Deviation Uncertainty

0.5
0.5
1
0
0

0
0
0
0
0

0
2
0
0
0

0
0.8
0
8
0

0
0
4
0

50

5
0
0
0
0

2.5
0
0.5
1.4
0

0.5
16
0
1.5
0.5

1-162*

b

r«u-T

i
i
2
0
0

0
0
0
0
0

0
4
0
0
0

0
2
0

e
0

0
0
5
0

50

5
0
0
0
0

5
0
4
5
0

8
10

0
5
8

162-226

4-M-»

1
1
8
0
0

0
0
0
0
0

0
8
0
0
0

0
8
0

28
0

0
0

10
0

50

10
0
0
0
0

5
0
5
8
0

8
10
0
8
8

226-361

i-s-rJ

10
7
8
0
0

0
0
0
0
0

0
10
0
0
0

0
8
0

15
0

0
0

10
0

5U

10
0
0
0
0

5
0
6
8
0

8
10
0
8
8

361-406

r'-r1

10
10
10
0
0

0
0
0
0
0

0
10
0

50
0

30
10
0

15
0

0
0

10
0

50

10
0

50
0

30

5
0
6
8
0

7
20
30

8
7

406-440

r'-e-1

20
20
10
0
0

0
0
0
0
0

0
10
0

50
0

30
10
0

15
20

0
0

10
0

50

10
0

50
0

20

10
0
7

10
30

6
5

30
8
6

440-455

20
20
10
0
0

0
0

50
100

0

0
15
50
50

0

30
15
0

15
10

0
0

10
50
50

10
0

50
0

10

17
0
7

10
25

4
4
4
8
5

455-463

1.4-2.2

20
20
10
0
0

30
0
6

20
0

30
15
50
50

0

10
15
0

15
5

0
0

10
50
50

10
0

50
0

10

17
0
7

10
20

3
3
3
8
5

463-471

2.2-3.0

20
20
10
0
0

10
0

12
8
0

20
15
25
15
50

10
15

8
15

5

0
0

10
50
50

10
0

15
0

10

17
0
7

10
10

3
3
3
8
5

471-481

3.0-4.0

20
20
10
50
30

8
50
12
8

50

20
15
20
.15
50

8
15

8
15

5

0
30
10
50
50

10
0

15
0
8

17
0
7

10
10

3
3
3
8
5

481-491

4.0-5.0

20
20
10
50
20

8
50
12
8

50

30
15
ZO
15
25

8
15

8
1 5 •

6

0
15
10
15
25

10
0

15
0
8

17
0
7

10
10

4
4
4
8
6

491-501

5.0-6.0

20
20
10
10
6

8
15
10

8
25

30
15
10
15
15

7
15

6
15
6

0
10
10
10
10

. 10
0

15
0
8

17
0
7

10
10

6
10
6
8
8

501-521

6.0 'J.O

20
20
10
10

6

8
15
10
8

15

30
15
10
15
15

7
15

6
15

6

0
10
10
10
10

10
0

15
0
8

17
30

7
10
10

6
10
6
8
8

521-551

8.0-11.0

20
20
10
10
10

20
15
10

8
10

30
15
20
15
15

10
15
15
15
10

30
10
10
10
10

10
8

15
30
10

17
30

7
10
10

10
io
10
10
10

551-571

11.0-13.0

20
20
10
10
10

20
15
10

8
10

30
15
20
15
15

10
15
15
15
10

20
10
10
10
10

10
8

15
15
10

17
15

7
10
10

10
10
10
10
10

571-621

13.0-18.0

i

S
CD
U l
IN3
00

*SAND-II group numbers.
*> bSAND-n group energy bounds: Note: I"10 = 1 x 10"10 MeV, etc.



Table 3 Sensitivity

co
to

5 5 M n ( n , r
5 6Fe ( n , p
2 ? A ^ ( n , p
24Mg ( n , p
2 3Na (n , r

1 1 5 I n ( n , n
1 9 7Au ( n , r

T o t a l flux (I

DPA (I

)

)

)

)

)

')

)

)

i )

2)

1.10 xio9

1.27x10

3.87X10'

1.51X10'

7.85x10

1.99X10

2.91X10

fflfc)

Rm

(+5S96)

(±6.1
(±8.4
(±3.1

' (±2.7
0 (±3.2
°(±3.2

)

)'

)

)

)

)

( 00 IZffl

R°c/Rm

0.802+13.0%

0.773±22.5

0.953 + 21.1

0.785 ±27.2

0.928 ±12.4

0.914 + 172

0.718 +12.7

(1.65K)

. Rc/Rm

.0.934 ±8.5 &

0.897±9.9

0.997±12.5

0.959±12.4

1.063+6.6

0.949±9.3.

0.896±7.3

(475K)

2.06x'10n(+4.5%)

7.40xl09(±15.4%)

( 00

AiRUR*)*

±23.6 %

±27.1 %

±27'.0

±29.4

±23.1

±24.9

±23.2

U\%)

(Re/Rm)*

0.955 ±8.2^

0.905 ±9.9

1.032 ±12.3

0.957± 12.1

1.092+6.4

0.973±9.1

0.888±6.4

f 01 Q£ \

2.O1X1O11(±4.2%)

8.12X109 (±11.5%)

( Sensit

dJfa Ii
J i n Rc

-0.043

-0.014

-0.0023

-0.0051

0.069

0.249

0.643

vity )

Jinli
JinR-f

0.015

-0.0048

0.014

-0.0021

0.218

0.248

0.487

d£n I 2
d£n Rc

0.466

-0.0030

0.0049

-0.0028

-0.175

-0.032

-0.069

~AAvRf

0.315

0.056

0.061

0.034

0.239

0.096

0.107

CD
cn
CO
CO

X, R

30

213 0 ^ ,

Sensitivity ( ttlltRm icfttZ fe©i|5] LJ ) fi,

L fc i ^ © Unf oldi ng

, fi-o Window Function (11 , I2 fe© ) S:^ 0
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3.5

HS©^^?*, FERDOR,

SPECTRA, J - 1 , STAYSL , CRYSTAL BALL, SAND-fli^ofc—jftic «fc<$n&

Covariances Used in Unfolding Methods

Hiroshi SEKIMOTO*

The minimization of the functionals defined by the prior knowledges

(most probable functions and covariances) and integral data (with their

covariances) of neutron spectrum can derive many unfolding methods.

The form of these functionals classifies the widely-used methods :

FERDOR, SPECTRA, J-l, STAYSL, CRYSTAL BALL, SAND-IE and others. The

methods are derived systematically and compared each other theoretically.

1. Httlft

c =/r(x)>(x)dx o CD

j I x K i = 1 , - , I

Tr (^, r ) i t , HHit «fc ^ ^ b t l / c ^ S ^ p Cc | ^, r

?r(0, r | c) ti^M

T, Research Laboratory for Nuclear Reactors , Tokyo

Institute of Technology.
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&?>tt&t,

, HiJlJiJCM, e l i

2. 1 0

. J {i

- t MtM ) .

SPECTRA(5| RFSP ( 6 ) , DANTE(7>, J - 1(8), STAY'

(5)

, FERDOR(3! RADAK(4J

(6)

(7)
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a =
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C8)

G

( x , y ) = ( P G ( x , y )

2. 2 1

d
J, =./:/• — JDG

dxdy

(9)

(10)

= ccM+ c Q r 1
an

E(x) <PG(x , (12)

E (v )dv , (13)

C = C M - C M ~A ~C . (14)

( c * - c M ) (15)

Gc:-eDG{±d/dx (</»/0G)G CRYSTAL -BALL {10)

(16)

(17)
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a,

q(x) =. /* r

E Cx.y) = . / " D G ( z , y ) dz .
X

G = . / !A(x )D G (x ,y ) q(y)dxdy

C18)

09)

(20)

d/dx

D ( x , y ) = D G ( x , y ) - . / ' D G ( x , u ) ^ T(u)du ? . / "D G (y , v)"q(v)dv .

(21)

(14)

2.3

< P C x , y ) = w o ( x ) 3 C x - y ) ,

D G ( x , y ) = W l ( x ) 5 ( x - y )

( y ) d y

(22)

(23)

(24)

(25)

2. 4

cnf t^L . / " q(y)dy ( i t t&^&M&ft /AoTfc^ , 1
X

, J i5 . CCDJ; -5 ttc

dxdy

C ;
C T

(26)
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4.1

4. Covariance CO!¥#&

Covariance S

100Ru

Evaluation of Covariance in Theoretical Calculation of Nuclear Data

Yasuyuki KIKUCHI

Covariances of the cross sections are discussed on the statistical

model calculations. Two categories of covariance are discussed : One

is caused by the model approximation and the other by the errors in the

model parameters. As an example, the covariances are calculated for

ioo
Ru.

1.

to

is «• h ^ ̂  y r v *

t tc

L,
Gruppelaar

2. -

Japan Atomic Energy Research Institute
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MeV J^

*tz

(E >=<//<rsys(El) (1)

< J<rst(E)>= 0 (2)

cov U(E1) , «r(E2) )

= <J<7 s t(El)

= <J<; s t (El) (4)

3.

, Gruppelaar n ^ Schraittroth 2 )

3.1
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b )

ex.,. ,,)-«, ̂ ,
Cov (n :, n .)

i

Dyson- Mehta's random matrix approximation

2
Var ( t i j ) = C I n < n ; > + 2. 1 8 )

V a r ( n , + n 2 ) = V a r ( n j H V a r C n 2 ) + 2 c o v ( n , , n 2 )

, > < n 2
+ 2 . 1 8 )C o v ( n i > n 2 ) = ( I n

Cn, n2 n3 )

1 <nj >+<n2>+<n3>
C o v ( n t , n 3 ) = — , I n L— -

3 n2 «n1>+<n2»C<n2>+<n3»

(6)

(7)

< n 2 > (8)

3.1.2

AEt), 3 ^

y, / * g . ^'J r v

a )

- 132 -



JAERI-M 9523

n
g X

T r T,
1P NE

Tr+ 1 Tt+ I"

C (E)
(9)

CC!,cTr {i r - r a y transmission coefficient, T t It i #@©

transmission coefficient trS'So NE fi Alif^ ^ ^+*- E "C'

e, p

neutron

-3 5

NE fe A
E

t E « A E

Var (AE)

<AE>2
(10)

cov C aK a. ) ^ cov (AE i AEj )

i> " < A E i X A E j >

NE NE

E = 2' T i(E)= I
i=p+l i=p+l

E

<AB>=./* aB(e)

>=< A E > = f a E (e) {/'
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3.2 .1

( P i , P N )

Cov ( tfCE 1) <J(E2) ) = 21

k=i 3 p .
Var ( P J (15)

, n

a) S -&$£&S&

Porter Thomas

2

V a r ( S o ) = —
n

b )

Var ( D )
4 -

n

- n

n

8
2 n

n2

2

." Wigner

. Dyson M

3. 2. 2

3 * ( E l ) 9 t f ( E 2 ) -
Cov (<r (E l ) , <r(E2) ) = 2" — C o v ( P k , P . ) (16)

k o, d P k 9 P a ^

A-IJ 7 > x ^ 5 - M M D 5 o I

: M ( n , x n t )

: V ( n r X n r )

: R

: G ( n r x n t )

G a T o

(M"1 + G T V ' G ) ( T ' - T ) = G T V ' ( R - R )

M'^dVl"1 + G T V " 1 G r 1

(17)

(18)
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4.

1M

= 0 . 2 x 1 0

= 4 . 5 5 X 1 0

= 0. 6 x 1 0

=1 25 meV

s = ' 3 4 4 eV

3. 1. 1

m&& Table 1

Ru
1 0 ( >Ru©*i! | u ^ K i 2 3 0. 5 eV Tf

, JENDL-2

T VX<b, 3. 2. 1

4.1

D o b s = 3 44eV

(5), (7), (o-, ai )/<

4.2

- 9

S, : 2 0 # , S

S^ffe^r Fig.
i ookev tr-s, ©^

5. m m

7 6, 3 .57,
;& Table 2

, S, , Sj , SrTT

keV

> < o ] >% Table

Figs. 2,3
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(NAIG)

1) Gruppelaar, H. : Nuclear Theory in Neutron Nuclear Data Evaluation,

Vol.H, p.61, IAEA-190 (1976)

2) Schmittroth, F. : HEDL-TME73-79 (1973)
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Table 1 Group structure of ABBN set

Group

7

8

9

10

11

12

13

14

15

Emax (keV)

465

215

100

46.5

21.5

10

4.65

2.15

1.0

Emin (keV)

215

100

46.5

21.5

10

4.65

2.15

1.0

0.465

Table 2 Covariance matrix due to fluctuation of level
numbers in unresolved resonance region

i><aj> for
 100Ru)

^\^^ i

13

14

15

13

1.42

14

-1.12

2.75

(xlO"2)

15

-0.193

-3.94

9.87
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Table 3 Covariance matrix due to variances of parameters.
for 100Ru)

(xlO-^

7

8

9

10

11

12

13

14

15

7 8

6.56 5.98

5.49

3

3

3

9

.88

.74

.25

2

2

2

3

10

.81

.85

.98

.04

11

2.44

2.56

2.88

3.16

3.56

12

1.75

1.94

2.39

2.88

4.35

3.97

13

1.58

1.80

2.30

2.85

4.82

4.29

4.69

14

1.59

1.80

2.27

2.78

3.59

4.09

4.49

4.63

15

1.48

1.60

1.92

2.19

2.61

2.77

2.99

3.02

2.36
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1 10 10' 10' 104 10*

Fig. 1 Sensitivity coefficients of the capture cross section of 100Ru

concerning the change of So, Si, S2 and Sy

*10"

)/«r9>«rN>

N : 15 14 13 12 11 10

So

101 101 104 10s

Fig. 2 Cov(a9,ai)/<a9><cr-j_>

Cov (0-15 PN)

14 13 12 11 10

EN(eV)

9 8 7

10' 10' 10' EN(«V)

Fig. 3 Cov(a15,ai)/<:a15><ai>
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4.2 m

a

, unfolding

Energy Dependent Errors
in the TOF Measurement of Scattering Cross Sections

Shigeya TANAKA+

This report decribes origions of neutron-energy dependent errors in the

TOF measurement of scattering cross sections obtained by comparison with a

standard cross section. Two origins are analyzed by using simple examples;

one is derived from detector efficiency, and the other is generated in the

case of unfolding of unresolved peaks in a time spectrum. In this case,

correlations among cross section errors are discussed.

£TOF&-£##?u tp&T-omim
—IRK, Fig. 1 ic^t^o ^geome-

try -n-mfetzmfc, ;£&£•? ttz&£i®[ffim o{[o)KmBtz>*^? h^jt© t°-?©

s
—2 (1)

Li

S
L

, Japan Atomic Energy Research Institute
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H,

C S ( « , E , )
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uncertainty

(2)'

uncertainty (± -

uncertainty

uncertainty

uncertainty

k l i t L'etl±'frt>ti^ £

, e :

CH<t L T ,

2.1

(2)'

uncertainty

E s i E H i { i

H) =R(E)

R(E)© uncer ta in ty

(4)
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i = E i - E H

b ~
R (E) = 1 + ~ x = 1 + a x

a

R(E)©variance tf

= x 2 tf2 (a) (5)

variance li x

<?(R(E)) OE ^ E H * ^
E -

^uncertainty

2.2 h;i/<0 Pee ling-off
, E s )

estimate

t

peeling -off (unfolding)

(Fig.3#fiB) \̂f-

F n j

n
 = F m &! + F n 2 a

I F = 1
n

+ F n J m a x a j m a x , (6)

So

(7)
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1/2, 1/4, 1/6, 1/8, 1/9, 1/10, 1/11, 1/12, 1/9, 1/6, 1/3 tftZo

_j _1 / 5.6 6 1.0 1 \
T y 1 6 2 W.O 1 4.66 ' ,

_i / 4.6 6 - 1 . 0 1 \ / 6.92 - 1 0 . 2 \
C ~ = G ~ = 1 0 . 0 ( I = (

V-1 .0 1 5.6 6 / ^ - 1 0.2 7.52 '

off-diagonal element

, = 3 2 ± 6. 9

2 = 4 6 ± 7. 5

uncertainty ^^trittSJSH t LT,

uncertainty r̂%x.fco

5 uncertainty
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A.B.

Fig. 1 Geometry of the TOF measurement. T: target for neutron

generation, S: scatterer as a sample, D: neutron detector

with efficiency n(E) and effective area S, L: flight path,

S.B.: shadows bar, S.T.: shield tank, 0: scattering angle,

A.B.: proton or deuteron beam from an accelerator.

0.4

u
2?Q

o

Id

S
<B

0.3

—'—I—•—1—'—

o With Dtd.nl'He reaction

* With Tfp.n)3He reaction

_L
2 3 4 5

Neutron Energy (MeV)

Fig. 2 An example of energy dependence of detector efficiency. Open

circles and crosses are observed values. The curve was drawn

by eye-guide.
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Sn

Fig. 3 An example of time spectrum with unresolved peaks. Open

circles show observed counts. Curves are peaks estimated by

the peeling-off method.

10

a.

No. 2

IMo.1 o ° / \
Fn,j

_*16
4
3
2
1

n
b. STANDARD PEAK

n

Fig. 4 An artificial example of the peeling-off method. Open circles

show observed values. Peaks with solid and dashed lines are

those obtained by the peeling-off method.
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4.3

y

Comments on the Error Matrix in Neutron Capture

Cross Section Measurements

Yoshiaki FUJITA*

Experimental methods of KeV neutron cross section measurements are

briefly explained and some comments are presented for preparation of

the error matrix.

1.

©S)

<, 3

, ffi©—oii,

v

Research Reactor Institute , Kyoto Univ.
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Black Detector
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e(E R )

e (E t h )

C M Saturated Resonance

, ex(E), Ji&ic«t oTJ i N

3.

© - 7

2.

p

= k(E) as[E)
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Pulse Height Weighting Techni-

que

t ^ 9 ^ ^ ^ t>

, A. Paulsen ( l )

+ 5Liquid Scintillator Tanks

Moxon — Rae Detectors +3 96

Pulse Height Weighting Techniques + 1 96
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(1) Paulsen, A. : Proc. of the International Specialists Symposium on

Neutron Standards and Applications, NBS SP493 (1977) .

(2) Poenitz, W.P. : Proc. of the International Conference on Nuclear

Cross Sections for Technology, Knoxville, NBS SP594 (1979)
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F i g . l Differences obtained for the U(n,V)

cross section nsasured with prorpt- fc"-detection

techniques and the black-resonanse normalization.
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4.4

Si£, ( ff (n.xn))^

On the covariances of the cross sections
for (n,xn) and (n,xy) reactions

Shin IWASAKI*

Uncertainties of neutron double differential corss sections

(cr(.n,.xn)) and y ray production cross sections are evaluated considering

the covariance terms. The covariances or correlation between cross

sections of these reactions are also discussed.

1.

X,

2. ^

2. 1

Dept. Nucl. Eng., Tohoku Univ.
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a.

b .

C .

*y ? ?y y K

a. !

b.
"J U"<^l/,

< ^

c .
D. < § F S > , <«5F H >

a.

b .

E .

a .

b .

F .

a.
dt

T C

, CC-C

**)
**)

**)

**)

*)

**)

T, ffi

+)
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G. <d eH8 aH>, <dJsd

H. <<?FH d an

J .

K. <«5NH

- ? (BrElft, ?-(X?lJl/'!A',

Lfc,

8. 9

t Ctitt,

r fit

0.6 6

0.7 0

)

0.8 4

0.5 0

1.0

2.4

Ck) ,

i , - o © l i « r k C E j , E j t

02)

7 y^ -y 1-1*37?© h 'J f" 9 A ( t )4f iS ,*^l f tifct Zffl

( R t ) {*, 6 L i ( n , a ) t , 7Li ( n . n ' a ) t © t -
6Li , 7 L i 12

5 ' , 3-y©—

C14)
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ffiL, k = 6 L i , 7Li , 1 2C, E ^ = 0 ~ l 5 MeV , 8 0°

R
(15)

(16)

it, J&B sensitivity profile i ^

( k i j

R t

A.

e H , N H , N S ,

FH>

B .

e H , N H , N s > F H ,

a (F s ) . L d f^,

c H . N H

D -

Wi •> 'J -
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3.

3.1

Nal Ge(Li

03)

„ IILTOF

7 v K i ,

3.2

( Y r )

(16)

Ns

e

o
F n

- ^ (NE

N

, N
M

(17)

*) 5 6 F e © 8 4 6 . 8 k e V , 9 4 Z r i 9 2 Z r ® 918keV i 936 k e V € L T , 7 L i © 4 7 8 k e V
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, H 2 t ,

J 0 ) = ( a o + a 2 P2
4 7r

( a o + a 2 P2 (cos 6)

= 0 t t t S f t K « N C55°, 1 2 5 ° )

=ao/47r

5)

(18)

(19)

1 2n: l
or = f d <P f (a0 + a 2 P2 ( cos (9 ) ) dcos 0

4 7T 0 l j

= a 0 = 4 (20)

3.3

3.2T?,

A. <<5Y2
r(0)>

-

B . <<52

C . <<52 e r

( 0 5 s 3 - K )

«rffl^T4S»3,-

E r it, 0.5~8MeVT?*S

, 3.5
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0.5~8MeV©$S|i£- 2 o f t # t f , 3 MeV K

M er(E r ) = a , +a2 M ( E r )

= a', + a 2 ' E r

a'2

, 3

D . < < S 2 F ? - >

E .

F. 7V

- K (FERDOR) 71

, (16), (17) ^ L T

(~mb) tztd,

1 4MeV©BfT '. 1 0 ~ 3 0

3.4

fflfl b ,

(21)

(22)
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it E r j ) = (23)

, k, i

A.

Fn, F r E

f I O f i i ^

B. <5 <7kij do

C .

4.

dt
< 5 X i

it

u, , x n)

(Variance)

(A-l)

(A-2)

*) 10
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V(y) =<dy

at at

(A-3)

(A-3)

Cov (A-4)

x .
J

(A-5)

X,

C o v ( X ( , X j ) c o r r ( + 1 ) = (A-6)

J

Cov (X j , X ;) <x j , x :
CA-7)

ts.
•, y

n

m

,2.
(A-8)

<5y =

/7 x k
n k = l

I

/7 X .

I dz ,
J

n

<5y
+ - +

y x,

(A-9)

CA-10)
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V(<5y) <<5y 2 >

x2

+ 2 {2
', j X j i, j Z j i, j X j Z j

(A-11)

( n
= 2 2 ' r j j

( i , J

±2 r ^ C x . z )
i , j X j Z j

(A-12)

eH(i,

TD 1

l - e t J H ) dB ( l -

" t l+ —-—- ( t e " t l H ) d £„
E

(B-2)

rfc (B-2)
t < 8 e2

H

B 2 >, < 5 JH (EH)

*) J. L. Fowler (t, , 8 ) C
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Q :

A :

(NAIG)

MJ

(NAIG)Q :

il) KeV capture cross section

A :

covariance

^{i, txatairalt^i shape * ^ < ̂ oT l
© covariance ©fUJIt !&(,•>" ffiM " fr'fc&k

ii)

iff i S
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Table i
93Nb (n.Xn) Ei=15.4MeV, E = 2.0-1 2 Me V2)

m i
Y s a

b

c

Yh a

b

c

d

N s a

N h a

T s a

b

c

s mm
5 - 1 2

<0. 5

1-2

2

< 2

< 0. 5

<0 . 5

2

2

J® g

e h a

b

c

F s a

b

c

F h a

b

c

o. a

b

<4E a

b

2 .

2

3

2

1 —2

3-6

Table 2
93Nb (n,Xn) , E ;= 1 5.4MeV, E = 5MeV 2)

YS

Yh

NS

Nh

E

5.5 x

0

0

0

0

YS

5.5

3.2 x

0

0

0

Yh

3.2

0.

0.

5

9

NS

x0.5

x 0.5x0.5*)

0

Nh

0.5 x 0.5

0

JE

3.0 x 3.0

e

s

a

F

F

s

h

h

h

S

2.8 X

0.84 x

0.66 x

0

0

e s

2.8

2.8 x

2.8 x

2.8

1.1

*)

•)

eh

2.8 x 2.8

0.66x2.8x1.1

0

0

1.1 X

0.7x

0

1.

1.1

0

h

1

x2.0

F h

2.0 x 2.0

0.5x2.0x3.0 *)

F S

3.0 x 3.0
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PARAFFIN
ES3 CONCRETE

EZ3 WATER

Sample

a gas target

LiCO,

Shadow Bar—>fi|

NE213
Neutron

Monitor

Distance

target-Sample =122.5 mm

Sample-Ge(Li) =1997 mm

target-Neutron =6130 mm
Monitor

0,

^Ge(Li)

F i g . 1 « J ( n , X n ) i

2) £ 0

F i g . 2 <7(n,X r)

3) &<0
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500 1000

Channel Number
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4.5

From the Standpoint of Nuclear Data Evaluation

* * **
N. ASANO , H. MATSUNOBU and Y. KAWAI

Some correlations exist between the errors in different experimental

data and it is desirable to take account of them in the nuclear data

evaluation. As an example, we tried to evaluate the fission cross sec-

tion of 2 3 5U in two energy groups in consideration of the correlations

between the errors of experimental data. The method used for the eval-

uation is illustrated here briefly and the procedure of evaluation is

shown for the convenience of explanation.

1.

- IK ic ,

2.

"weight "

LTli, .&*<DfflM7-9<D&M (variance) *
*, c CK^-tfi/hg^^i, Bayes theorem11

(covariance) ^fc" weight " tLX^mt -5 fe

" adjust"

, Sumitomo Atomic Energy Industries, Ltd,

, NAIG»^«ff^0r. NAIG Nud „ Reso Lab.. Nippon Atomic

Industry Groups Company.
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°(d"D°(d" , , dc
m) T

vector P C p i , p 2 , , p „) i

tZDidi , d2 , , d m ) i

D OP Jd^-f 4ffi#«tJi sensitivity matrix GKX.

CD'- D) = G(P' - P )

, " adjustment " ^

P - P ' ) t M'1 ( P - P') + CD^D ' ) 1 V~ ! (D 0 -D ' )

D0 ©covariance matrix f

' = P+MG l CN + V)" ' ( D f l - D )

CC1I-, N(±D©covariance matrix

N ^ G M G '

$.tz, P'© covariance matrix M' t>(3)

M'= M - MG' (N+ V)" 1 GM

Eiiili, K adjust"

" fitting"

, D°

' i€©covariance matrix

, thermal © | R S S I S » T B J R * 2

vector fc J; 'a '# matrix {i, C©i

) , M= Cm)

N=GMG
t / m m \

= )
V m m /

(1)

(2)

(3)

(4)
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th
: thermal itfcfr SiRMffifgcD first guess

m : <r
(h

(variance )

v j j : i f t ' J ^ - i

P' (±,

j ©fig©ft#ffe Ccovariance )

m m

m 21 V22 'th

1 C 1 C „ 1
— (!—)(<), + — (1 —) (< ) 2 + -

V 2 2 V22 m
' t h

22

1 C 1 C 1 C
— (1 )+— (1 ) + — (1

V 22 V 22 v n m 22

(5)

= V

21

n 2 (c =

"22 m
' th

22

L, v n or v22

{ (—K
1 V ,

1
:—)

V 22

H)

weight

" w e i g h t " l c L

* 5 i i ^ C c H O )

r - ' ? t L t , Pshenichnyj et al . 2l i Weston et al. 3l ©thermal

Measurements

l.fthenichnyj et

2.Weston et al.

al. 5

5

) ,

2

2

Cb

4.6

1-4

)

4.4

7.8
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t *), *th © 1 0 ^© 2 §t<h Ltz0

{i, c<vu

, v n <c<v ©|g||-e(ii^#©^^f±JTLf oCi-efe-So &1£tfJKit, 2

^ " reasonable" "e*5

, ft^-f b t>* -5-ett^c tic

t , Perey ^fto/c 12C 4) g

o ttz, frlfffiffi <Tihttm©li*S/h$ <^i511 first guess ath $

, " fitting" (Cij^T, MfiP©, V(iD° ©" weight " i L t # I

3.

*2 gfe*n^tL©gfjc 2
(3)*J«fcOf(4)3;ic*Jtf-'5£ vector *i

9&&&•$• s

matrix

-C)
D =

M =

G -

m 2 I m 2 2

N = GMG =
M M

M M

D°=

/ B n B12 v
V = ( ) ,

V B 2 1 B2 2 /B21 B22 t ' 22

<r;

m t j

i — H© ffrst guess

i -SI t j - H © first guess
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H ^ (total error )

- y -y

partial error

lM (partial error ) Itii

fc ©<h L,

f-^ •-fe-y h ̂ ©i -HfC*j^S k-th partial error

f - ^ " - f e 7 M i i ' i<c&V)% k-th partial error

, Gwin et al. 5) tCzirr and Sidhu 6 )©x~ ^ ^^Iffl L, partial

error itggLT{± Kon'shin et al. 7) i ^ t l b O f -9 ICo^Tft^ fcMM^tfr©^^^^!

fflLfco eitl*Table 1 »c^1"0 ^©gS(±£3f l f 1 Ht#g3ftT.fc»J, Kon'shin ^( i ,

2 o©iij^{i Normalization (k = 1 0) JCfc^TO&fflHL, x ^ l S i T J b 5 i L t l ^ o 1"

Table

1, 2, k\lO = 0

( V H > 2 2 ( V 1 2 > 2 l

15.5 7 13.3 7 0.47 0 5 0.40 6 4

1 3.3 7 1.1 4 8 0.404 1 0.3 4 90

0.47 05 0.404 1 0.8539 0.7 2 18

0.40 6 4 0.34 90 0.72 18 0.3 4 25

x 1 0"

first guess t L t l i , 1 ~W$t 2 -i¥©x * ;i/**-$Sil£-€:ftjeni 0 -2 0 keV <t 20-30

keV (Cii^-e^''S©•r^ l-8Ncl5keV, 2 -

iofc0 covariance matrix M

1 - , 2 -g f i h first guess © 1
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p =

2.500

,2.19 4

M =
m n m12

m21 m22.

'0.0625 0

0 0.0480

£*-©covariance matrix M

i) t S A

P=l
2.4 4 6

. 2.1 0 6

5.0 7

M' =

2.4 5 2

P ' = ( ) , M ' =

. 2.1 6 0

6.1 0 5. 2 4

5. 2 4 4. 5 0

al.

2-i |fC*jW^j| iJ^f-^©covariance matrix

I 5.5 7
V, =

V2=

v n ) n (v1 2)n

v u ) 2 2 (v12)22

( v 2 i ) 2 2 ^ 2 2 ^ 2 2

. 1 4 8

0.3 4 9 0

C v 1 2 ) n < ( v u ) u or

( v n ) 2 2 > ( v 1 2 ) 2 2 > ( v 2 2 )n ) 2 2 1 2 ) 2 2 2 2 ) 2 2

4.

x 10
—3

2. 5 0

x 10
—3

" weight"

and Sidhu ©x-?f jD

2 -

0.4 7 0 5

xio~3

0 . 4 7 0 5 0 . 8 5 3 9

0.34 90

0 . 3 4 2 5
X10

, 2 -

, Fig
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(covariance)

covariance matrix

1) Dragt, J.B. et al. , Nucl. Sci. Eng., 62̂ , 117 (1977)

2) Pshenichnyj, V.A. et al., "Measurement of the Energy Dependence of

n for 2 3 3U in the Region 0.02-leV", INDC(CCP)-111/U, p.23 (1978)

3) Weston, L.W. et al., Nucl. Sci. Eng., 3h_, 1 (1968)

4) Perey, F.G., Proc. Int. Conf. on Neutron Physics and Nuclear Data

for Reactors and Other Applied Purposes, Harwell, CONF-780921, p.104

(1978)

5) Gwin, R., Nucl. Sci. Eng., j>9_, 79 (1976)

6) Czirr, J.B. and Sidhu, G.S., Nucl. Sci. Eng., 60_, 383 (1976)

7) Kon'shin, V.A. et al., "'Evaluation of the 2 3 5U Fission Cross-Section

in the Energy Range 0.1 KeV-20 MeV", INDC(CCP)-148/L (1980)

ft m

Q : /h# m* {•&*.&)

i) Table 1 ©x - ^ faiT Ful 1 correlation ^ # S ^ 5 © ( ± Normalization {C ti-$Z> h<D

S ^ ^Jx.H'Mass determination © x ~ 9 fco^Tfc Full correlation

z> ti 61 m 9 rnuMr- L ± o fro

ii) {5J©ift©/cs£>i(:, F i g . 2 * © J: •?'<£ First guess ©l$<3-£&ft;fc©T-L>fc 9 J&\>

A : ̂ © HiJfli ( f tSEI ) '

i) XSKJC{±, mass determination ^ ^ J 6 , fiiJ©^^gHf<:o^Tfe^ffl^fSKB*^t/''©-C:
>

C C f l i ^ B W K Kon'shin ^©^JSPfffHSS&Slfli LTt^So Kon'shin ^(± mass determ-

ination (cHLTJi, 4BI3*^^<t L t i ^ o

ii) P'©MJC^^-5ft#14*m5fci6Ka*fce If*, fHffi&$r-*©covariance

i§a&, first guess ©covariance matrix M \t i°

, Proceedings

— 175 —



JAERI-M 9523

Table 1

Experimental Data of Fission Cross Section
and Partial Errors for 2 3 3U

Experimental Data set

Energy Group

Energy Range (keV)

Measured Values ( b )

k

1

2

3

4

5

6

7

8

9

10

11

Errors associated with

Mass Determination

Extrapolation to zero
pulse height

Lost of fission

Scattering in chamber,
foil backing and structure

Neutron attenuation in air

Neutron flux determination

Detector background

Detector efficiency

Geometrical factor

Normalization

Counting statistics

Gwin et al.

1

10 - 20

2.48±0.12

<Afflk>l
<%)

0.5

0.5

0.3

1.5

0.3

2.5

0.5

2.0

0.2

2.8*

2.0

2

20 - 30

2.13±O.ll

(Ac l k) 2

(%)

0.5

0.5

0.3

1.5

0.3

2.5

0.5

2.0

0.2

2.8*

2.0

Czirr &

1

10-20

2.42±0.09

(Ac2k)l

(%)

0.5

0.3

0.5

0.9

0.3

2.0

0.3

0.4

-

2.8*

1.0

Sidhu

2

20 - 30

2.0940.06

<4a2k)2

(%)

1.5

0.3

0.5

0.9

0.3

2.0

0.3

0.4

-

2.8*

1.0

Full correlation (K^ o 10
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518 -

(." th),

(° th)

C t h ) ,

2.7

2.6

2.5

2.4

2.3

2.2

2.1

2.0

1.9

1.8

1.7
10

First guess

Gwin et al.

Czirr and Sidhu

Not correlate

Correlate

r

20

En CKeV)

30

T
CD

Fig. 1 Dependence of evaluated value ( ath) on covariance (C)
Fig. 2 Evaluated values for a\ (U-235) with or without

correlation
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4.6

m?-?it, &m&te£(Dm&&m^'cmto£nz>£ttb£< &&o Fitting &

*, Fitting &ft©

fc Fitting &

Wit Lt, 12-15
it Ltzo n

Covariance Matrices of Nuclear Data Expressed

by Mathematical Functions

Masayoshi KAWAI*

Nuclear data are often expressed by mathematical functions such as

polynomials. The fitting parameters and their covariance matrices can

be calculated with a least square method. This report comments two

kinds of least square method taking correlation among experimental data

into consideration: one is a simple least square method and another is

a method with restrictive condition expressed by initial guess parameters

and their covariance matrices. The latter was introduced for nuclear

data evaluation by Perey. The dispersion of parameter error to the

nuclear data error is also shown.

As an example, prompt fission neutron number Vp of 2 3 9Pu was fitted

with a linear function in the energy range between 12 and 15 MeV. The

correlations in the experimental data significantly affected the fitting

parameters and their covariance matrices. This report gives some com-

, Nippon Atomic Industry Group Co., Ltd,

- 1 7 8 -
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ments about the restrictive condition for least square method. This

condition may be used for weighting certain reliable data in the nuclear

data evaluation.

1.

-75,

- 9

Perey

, 2 3 9 Pu© 1 2 - 1 5 MeV vp(E)

, Perey

2. Fitting

- ^ * * (x +^x, y ± Jy)

(x ; a0 -a1( - a p )

ft>r=}LTaylor ggfl ;

y = f ( x , a0 , a, , a p )

9 fix) P 9 f (a r)
y = y + — — ( x - x ) + I — ( a r - a r ) + 0 ( 2 )

9 x o 9r=o

Car-ar) ±//y ±
9 f ( x )

(1)

(2)

(3)
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x L m ±
' ( X i m - Y

tf2 C y k )

c;2 ( x k ) = < r 2

c o v ( x k , x k ' ) = o2 ( x k )

^ 2 ( x c )

c o v ( y k ) y k O =
df(xk)

9x

(4)

{EL,

o2 (y0 ) : y

, «?2 Cyc)

x , y

D e x P =

Y M .

Ym (5)

V =

V
n

VMl

V 1M

VMM

V / =
mm

Wmm<\

CV / ) T T
mm Im, l m

(V , ) . . = <72(y . ) 8.. § / + c o v ( y . , y . ) • ( 1 - 5 . . 8. )

(6)

* ) a r}
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P,

D - D = G ( P - P )

fiU

p = P =

M

D =

D,

D,

D =

c o v Cf ( X | ) , f ( X j ) ) = g C x i ) M g l ( X j )

fIL, i

F i t t i n g

a)

= (Dexp-D)t V~'(Dexp-D)

d

9(P-P)

P T q P = CG ' V ^ G D ' • G t V " ' ( D e x p - D ) + P

LSF

P , D

(7)

(8)

C9)

(10)

, ft

(11 )

(12)

, P (±ft

(13)

(14)

- 181 -



JAERI-M 9523

-9

n—p— 1
(15)

{it, nlif

(p + l̂ r) P

b)

Fitting ©IS,

, (12)

—US (Perey

Perey1' ! iSf - ^©ft^tfe^

-^I Fitting ©ffffii L t © X2

("P-P)

, V

P,

P =MGl (N +V)"1 CDexp-D)

fib,

Hit,

M= M-MG1 (N+ Vf'GM

H= GMG1

P e r e y 1 1 © 238U

o l o l i , Uglf

(16)

LT, (16) S t

(17)

(18)

(19)

JCJ;5 Fitting ^

Fig.

£, lo i i ,

, P

ti, Fitting
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o (14), (15) £ & (17)

Ml i , <fe£-

M = ~ P ~
n - p - l + Z

M
L S F

(20)

L S F

i ^T Fitting cn Ll

, t<Dm&hP=pLSF

vp(E) ©thermal ralue

ff <

3. t t#0ij : v p ( E ) = a + b E

fitting , 239Pu ©1 2 ~ 1 5 MeV © up[E)

a ) Soleilhac et al .41 ( 1 9 6 9 )

o 1 2MeV 9 y x A j p i i ^ ,

o^mmm: o2 c vc) = o. $%
o ^ i f f j | : v p ( C f - 2 5 2 ) = 3. 7 8 2

b) Hopkins-Diven 5l ( 1 9 6 3 )

o 2.5 MeV ff7 vT?y7lX\

m: J vsys = o. o 7 6

: v p ( C f - 2 5 2) = 3 . 7 7 1 + 0 . 0 30

, D i P , V t M<±
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c) Smirenkin b 6 ) Cl 9 5 8)

° i l *£ f i : v p ( P u - 2 3 9 , thermal)= 2.9 1

^ H B I f - ^ J i , Table \ \Z7fit0 C t l ^ © H f £ x - 9 \ JENDL

yp(Cf - 2 5 2) = 3.7 57 ±0.00 9

vp ( P u - 2 3 9, thermal) = 2.87 5 + 0.0 07

(5), (9)

" Y , 1

Y2

Y3

4.6

4.7

4.8

4.9

4.9

5.0

4.9

_4.6

5

4

1

0

6

1

2

5

4

2

7

6

4

5

4

3

G =
"9 v

9 a

d v

9 b

1
J

1.0,

1.0,

1.0,

1.0,

1.0,

1.0.

1.0,

1-0,

1

1

1

1

1

1

1

1

2.4

2.8

3.3

3.8

4.3

4.7

4.5

5.5

1

8

4

4

1

9

(21)

fIL, =Soleilhac ( 6 &) , Y2 = Hopkins ( 1 j£) ,Y, = Smirenkin ( 1 ^

Soleilhac

vD (E) = 2. 7 7 0 7 + 0.1 5 3 E (22)

CEC)

Soleilhac t Hopkins-Diven ©1 - 2 5 2

V =

cov

9.9 0 - 4

8.28-4

8.28-4

8.51-4

8.3 9-4

8.39-4

1.32-4

0.0

= a2 (Cf - 2 5 2 ) = (0.24 (23)

1.12-3

8.64-4 1.12-3

8.88-4 8.88-4 1.057-3

8.7 6-4 8.7 6-4 9.0 1-4 1.0-86-3

8.76-4 8.76-4 9.0 1-4

1.44-4 1.44-4 1.44-4

0.0 0.0 0.0

8.9 0 - 4 1.059-3

1.44-4 1.44-4 4.349-2

0.0 0.0 0.0 4.6 0 5-2

(24)

- 184 -



JAERI-M 9523

-9 a, b

f£ LS'h—f£& : (14) , (16) jfcjt (21), (24)

Soleilhac *

(17), (18)

(IV) ' ife#

o. i53)

(V)

P l=(2.80,

^ ^ S : (i Smirenkin © f -

Smirenkin © f - *

T ^ S o (i)ti Smirenkin

Table 2 it £ £ J6 5 o 5feo,

3'>, (V), (ii), (Hi),

, b ©fflH&Sfcli,

(i), (ii)©#

, -9 5.4 96,

F i g . 2 |C(i), (ii)

Smirenkin © r -

F ig .3 f± ,

Soleilhac

^ , Soleilhac

C 21 Smirenkin © r - ^ © S n < , flfe©f- ^ t©—ifc^

Fig.4ic{i , f -

tfc. , Table

3
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I Perey

O o

4.

, ^JcbLT239Pu

5 tttf
Fitting

* t > ,

1) Perey, F.G., Proc. of Int. Conf. on Neutron Physics and Nuclear Data

for Reactors and Other Applied Purpose, Harwell, p.104 (1978).

2) Draper, N.B.. and Smith, H., "Applied Regression Analysis", John Willey

& Sons, Inc., N.Y., (1966).

3) H £ m, " 8t^ffl!J^fi*ffl^fcSf^«fc«iE©SfiBfl<H5f^", J A E R I - M 5 7 6 7 ( 1 9 7 4 ) .

4) Soleilhac, M. et al., J. Nucl. Energy, _23, 575 (1969).

5) Hopkins, J.C. and Diven, B.C., Nucl. Sci. Eng., 48_, 433 (1963).

6) Smirenkin, G.N. et al., Atomnaya Energiya, 4_, 188 (1958).

7) Matsunobu, H. et al., Proc. of Int. Conf. on Nuclear Cross Sections

and Technology, Knoxville, p.715 (1979).
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Q :

A :

Q :

A :

ft- mm
* r iterate

CNAIG)

ft

# a CNAIG)

1 M&1± fitting formala ftfc.ikl£ linear

fit

, F i g . l

o f i b ,

iiE L ̂  t s?L 6

Table 1 Experimental Data of vp for
 239Pu

Author

69 Soleilhac et al

63 Hopkins-Diven

58 Smirenkin et a l

En(MeV)

12.41± 0.08

12.88±0.08

13.36 ±0.075

13.84 ±0.075

14.31 ±0.07.

14.79±0.07

14.5 ±1.0

15.5 ±0.5

Vp

4.685

4.774

4.849

4.939

4.997

5.048

4.942

4.71

Avstat

0.014

0.016

0.016

0.012

0.014

0.013

0.119

0.20
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Table 2
239Pu <D 12~15MeV© vp©Fitting

P = M /a2(b)
covCa,b)

/cr2(.a)ff2(b)
Av(.la)

00
CO

(in

(iii)

(iv)

(V)

. 0.1530)

P'=(Z8 0, 0.15 3)

'2.7713\

,0.1518/

'2.8333\

.0.1481/

'2.7709 \

,0.1526/

'2.7912 \

^0.1526/

'2.7656\

v0.1529/

/ 1.7027-2

\-l.1601-3

/ 2.3833-2

^-l. 7461-3

/ 2.9513-3

\-2.0109-4

/ 2.9513-3

^-2.0109-4

/ 9.6321-3

\-6.571-4

-1,1601-3^

8.6823-5y

-1.7461-3'

1.2841-4/

-2.0109-4'

1.5050-5,

-2.0109-4'

1.5050-5/

-6.571-4

4,933-5

0.131

0.219

0.054

0.054

0.098

0.009

0.016

0.004

0.004

0.007

-0.954

-0.996

-0.954

-0.954

-0.953

^0.040 10.6

0.014^0.033 6.0

^0.017 11.0

^0.017 13.7

^0.032 5.7

>

to
on

(BE) vp(E) = a + bE ; E = 12 - 15.5 MeV



00

F i g . 1 X2 <D'<y t -
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With Correlation ( i )

- — Uncorrelation (ii)

Confidence Level
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E (MeV)

M
I—I

I
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4.7

mi *

" roof function

S £ , 2 3 S U ( n , f

Evaluated nuclear data and its covariances of 235U(n,f)

Yuji UENOHARA* and Yukinori KANDA*

We have tried to apply the least square method combined with the

"roof function" used in the finite element method to evaluate the exci

tation function and its covariances of the 235U(n,f) reaction based on

the experimental data. It is expected from these results that this

method is useful to evaluate nuclear data and its covariances.

l i l i , HIIIT'—

f ), (n, r

f -

roof function - ^ «t

* . Kyushu Univ .
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2. 1

y = 06

x2 = ( y - 0 0 )TV-' ( y -06 )

0 = ( <Z)T V"1 0 )"' ( (2>T V * 0 )

M = ( 0TV~l O ) " '

( 2. 1. 1 )

( 2. 1. 2 )

( 2. 1. 3 )

( 2. 1. 4 )

y ; H^

0 ; f fM yf

V ;

M ;

<t>l

j + b

<i>ipdipdp

= b

y = 0 =

1)

, tfc—

5IIS© f— ^ A
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2)

i c

2.2 2)

(x - x2 ) ( x
f ( x ) = : f, +( X i — X2 X2 —

2 . 2 . 1 )

^ , ^ ^ — ^ E j ( i = 1 , 2, n

ffi ( i = 1 , 2 , n )

' ( E )

( 2. 2. 1 )

f (E ) = £ di ( E ) (Tj
i = 1

JAE ) =

,< E

0 E

(E - E j _
E i"_i < E <

) t(DM&li.m 1
( 2. 2. 2

2.1

( 2. 2. 2. )

( 2. 2. 3 )
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2. 3

fc J; 5*g[l9©fc

R
J • R™

i , j , i ' , j ' ;

R ;

m, ^ ' . m' ;

°
( 2. 3. l

JRf

7j K j

( 2. 3. 2 ) i S ( 2. 3. 3 )

L fc 0 \c ts. -5 i f i l l

2.3.1

i ' , j '

.,

8\'\'
X / > <

( 2. 3. 1 )

( 2. 3. 2 )

( 2. 3. 3 )

££TF©J;o

R1 R™

( 2. 3. 4 )
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Ref (9)©235U ( n , f

3. lo 6HB

113 &«ttfn4

t c

— © x

2.2.3

1) B.R. Martin ; "Statistics for Physicists", Academic Press Inc (1971)

2) F. Schmitroth and R.E. Schenter ; Nucl. Sci. Eng.: lk_ 168 (1980)

3) W.P. Poenitz ; Nucl. Sci. Eng.: j>3_ 370 (1974)

4) J.B. Czirr and G.S. Sidh ; Nucl. Sci. Eng.: 5]_ 18 (1975)

5) J.B. Czirr and G.S. Sidh ; Nucl. Sci. Eng.: _58 371 (1975)

6) O.A. Wasson ; "The 2 3 5U Neutron Fission Cross Section Measurement at

the NBS Linac." 76ANL

7) P.H. White ; J. Nucl. Energ.: 19_ 325 (1965)

8) D.H. Barton, et al. ; Nucl. Sci. Eng.: ^0 369 (1976)

9) W.P. Poenitz ; Nucl. Sci. Eng.: 6A_ 894 (1977)
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Fig. 1 " roof function " J; ( E )
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\

Fig. 2
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5. JENDL-

5.1 JENDL-3

U —, JENDL, ( i^©m 1 /K£. 1977 ^JC&gg U

JENDL-2

JENDL-3
0gMtt<!:*;6>&, JENDL-3

Scope of JENDL-3

S in - i t i IGARASI*

Japanese Nuclear Data Committee (JNDC) and JAERI Nuclear Data Center

(JAERI/NDC) have continued to make efforts to compile Japanese Evaluated

Nuclear Data Library (JENDL) and to improve it for extensive use in

various fields. The first version of JENDL, JENDL-1, was released at

1977, which was made mainly for fast breeder reactors. The second ver-

sion, JENDL-2, is now being compiled to use it for thermal reactors,

shielding problems, fusion researches, fuel-cycle problems and safety

analyses as well as for fast breeders.

JNDC felt that further extension and improvements of JENDL might

be necessary, and organized an ad-hoc committee in March 1980 for pre-

paration of the third version of JENDL, JENDL-3. The ad-hoc committee

has made survey of important neutron data and has discussed them from

the viewpoint of extensive data use in various fields of endeavors.

Meanwhile, the committee held small meetings to listen to various

opinions of specialists in the field of shielding, fast breeder, nuclear

fusion and accelerator breeding, and made a questionnaire survey for

JENDL-3. Considering the results of the survey and estimating the man-

power for the JENDL-3 evaluation work, the committee proposes to JNDC

the following recommendation for the JENDL-3 plan.

, Japan Atomic Energy Research Institute
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1. /* - m

7*7 'J - O H 1HS, JENDL-1 ^j&i&ggSftfco JENDL-ltei^

, JENDL-1

JENDL-1

JENDL-2 ttJENDL-UCjt^'Si, x * ^1/^—

* J i i^^ feJENDL - 2 Tf

U— *

LT, JENDL ®^ 3

L W S 'J—

JENDL - ^

, JENDL-

tf c. i ^ T ^ , #{cjENDL - 3 i

JENDL - 3 ^ r t / J^M^T-f i^T-^ -fe y ̂  —

LTJENDL- 3

*

- 2 0 0 -
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, ^B#^T-©JENDL - 3

2. 7>$--

JENDL -

7 Vr— L,

2. 1 J E N D L - 3

2 H , 3 H , N ( M N ) , 1 7 0 , 1 8 0 , M g . P , S , C l , A r , K , Z n ,

K r , C d , I n , S n , S b , 134 C s , B a , D y , Hf , W, B i , 2 3 2 U , 2 5 2Cf

9 N i ( n , a ) , 3 9 K ( n , p ) , " F e ( n , r ) , 6 0 C o ( n , r ) , 1 3 < Cs ( n , r )

8 0 S e , 8 5 B r , 8 8 S r , 9 4 Nb , 1 0 3 Ru, 1 0 5Rh , 1 2 6 T e , 135I , 1<'
I 4 3 , l « p r > 134, .35, »6 ^ ^ U S g ^ ,52 , 154 ̂  ^ 1*2 , 183 ^ ^ 2 ^ * 3 1 ^ 232

(1) N , " N :

(2) W :

(3) C d :

(4) S b :

, M N ( n , p ) M C ic«t 5 " C

(5) Mg :

(6) S :

* , In , Cd, Sb, Hf liBft

- 2 0 1 -
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(7) 2 H

(8) Ar

(9) K

(10) In

^ ^ M J - ,

2.2

(1)

(2)

(3)

(4)

(5)

(6)

2.3

^T < &

2.4

©tftlt,
( r, n )

2. 5

!, I 2 C Na, Fe - > / h 'J—
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2.6 JENDL -

21 JENDL-3

10 ~

3. JENDL—

JENDL - 3

3. 1

JENDL-

JENDL- 3 2. 1

N, Mg, S, Ar , K, W

5 9Ni (

IT,

) , 5 8 F e ( n , r ) , 6 0 C o ( n , r

3:2

JENDL- L T ,

Li , C , 0 , Na, Al , Si , Ca , Cr , Fe , Ni , Cu, Nb, Mo , Pb,
235 U, 238U, aBPu

ti £*itoi^T(±#'

. JENDL- 3 ©7 7 &S •?<!:,

- 3

ttz,

- 2 0 3 -
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-3077-1

3.3

JENDL-

JENDL - 3 © # $ ; 7 r -f ^ i LT*iJffl#©ffi*Ct§^ LT Wc/f < «<!f

, JEtiDL - 3 -?

— ^

o JENDL- 3 ^ ^

4. JENDL —

JENDL-3 T

#{C20MeV

K sioSH^tf -5 c t
, GNASH, f- + y * T

, JUPITER 1,

, GROGI , CASTHY 2,

CAPTR JENDL-3

, 58

T ,

5.

JENDL-
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1) Igarasi, S., Nakagawa, T., Kikuchi, Y., Asami, T. and Narita, T. :

"Japanese Evaluated Nuclear Data Library, Version-1 — JENDL-1 — "

JAERI-1261 (1979).
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A : E+filff- (IgC

9 ̂ { c H ^ n f c ^ 23 @

hoc

Campbell

7 A ad
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JENDL

JENDL- 3

7 r

Yoshizawa et al.

File 1,

, "̂ p . "v& , F P yie ld
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F i l e No.

1 2 3 4 5 6

J E N D L - 3
iJ «t Cf a / y h

H - 1

2

3

99.985

0.015

12.346y

®

B5G.

B5G-

Cn, 2n)

He - 3

4

0.00013

99.99987 ©

©
+ o

(n, p)

Li - 7.56

92.44

© O O O ©

O O O ®

© B5G- (n , n').- ftfC level

B5G. m ±
Be - 9 100. © o o o B5G- high energy part

B - 10

11

19.8

80.2

B5G-

©

C - 12 98.89 O O O B 5G- high energy part

N -

14 99.64

©

©

© © ©

© © ©

B5G- N © data

B5G- ( n , p )

0 - 1 6 99.756 © A A A B5G-

F - 19 100. © + + B5G.

Na - 23 100. © A A A A © B5G- ( n , 2 n )

M g -

24

25

26

© B5G-

78.99

10.0

11.01

4Mg C n, p )

Al - 27 100. © A A A A © B 5 G - ( n , r ) , ( n , tf)

Si -

28

29

30

A A A A © B5G-

92.21

4.7

3.09

P - 31 100. © © © B5G. ( n . p ) , IM.

S -

32

33

34

36

© © © B5G- IM, CN.

95.0

0.76

4.22

0.014

2S (n, p )

Cl -

35

37

© B5G- MS, IM.

75.77

24.23
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F i l e No-

1 2 3 4 5 6
JENDL-

y (•

A r - 4 0 99.6 (n, r )

K -
39

40

41

©
93.3
0.012 ,
1.28xi0y

6.7

B5G. MS
38K(n, p)3 9Ar(269y)

'K (n, p )

Ca -
40

42

43

44

46

48

A A A A B5G.
96.94

0.65

0.14

2.08

0.003

0.19

Ti -

46

47

48

49

50

© © B5G. SM.
8.0

7.5

73.7

5.5

5.3

6Ti
TTi
9Ti

V

50

51

0.25

99.75

B5G. V 0 d a t a £ A t t T * J <

B5G-

Cr -

50

52

53

54

4.35

83.79

9.50

2.36

© A A O O ©
© A A O O

) A A O O
© A A O O

© A A O O

B5G. high energy part

Mn - 55 100. © A A A A B5G.

Fe -

54

56

57

58

Co - 59

5.8

91.7

2.14

0.31

100.

© A A O O ©
© A A O O
© A A O O
© A A O O

® O O O O

B5G. high energy part

8Fe(n, r )
B5G.
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P i l e No.

1 2 3 4 5 6 > h

Ni -

58

60

61

62

64

67.76

26.42

1.16

3.71

0.95

©

©

®

©

A A O O
A A O O
A A O O
A A O O
A A O O
A A O O

© B5G- high energy

Cu -

63

65

69.1

30.9

A O A A
A O A A
A O A A

© B5G. threshold reaction

Zn -

64

66

67

68

70

© IM.

48.9

27.8

4.1

18.6

0.62

Ga -

69

71

© © © © © IM.

60.0

40.0

Br -

79

81

© © © © © IM.
50.69

4.9 s
49.31 F P .

Rb

85

87

© © © ® ©
72.17
27.83 10
4.7X10 y

FP. R b ( n , 2 n ) as DT.

FP.

Sr -

84

86

87

© © © © © IM.

0.56

9.9
7.0
2.8 lh

82.6 FP.

Y - 89 100.
16.0 s © + + + + FP.

Zr - © © © © ©
90

91

92

94

51.4

11.2

17.1

17.5

SM. for LWR.

FP.

FP.

FP.

FP.
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Z r -

N b -

M o -

T c -

R u -

R h -

P d -

A g -

C d -

96

93

94

92

94

95

96

97

98

100

99

96

98

99

100

101

102

104

103

102

104

105

106

108

110

107

109

106

108

110

2.8

100.

2.0x10 y

14.8

9.1

15.9

16.7

9.5

24.4

9.6
2.13xl0y
6.02h

5.5

1.9

12.7

12.6

17.1

31.6

18.6

100.

1.0

11.0

22.2

27.3

26.7

11.8

51.83
44.3 s
48.17
39.6 s

1.2

0.9

12.4

1

©

©
©
©
©
©
©
©
©
©

©

©
©

©
©
©
©

F

2

A

A

A

A

A

A

A

A

A

+
+

• +

+

+

+

l i e

3

A

©
A

A

A

A

A

A

A

A

+
+

+

+

+

+

4

O

o
0

o
o
o
o
o
o
+
+

+
+

+

+

No.

5 6

o

o
o
o
o
o
o
o
o
+
+

+

+

+

•+

r

©

©

JENDL-3T?©£ttfBR
is <k & a > v V

FP.

B5G.
9 < N b ( n , r )

B5G. SM. high energy part WHMffi

FP-

FP.

FP.

FP.

FP.

FP.

FP-

FP-

FP. '"Rh (n , n') as DT.

FP-

FP-

FP.

IM. CA

FP-

FP.

CM- e t c

FP.
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# # m F i l e No.

1 2 3 4 5 6 r

Cd

In

- 1

1

1

1

1

—

1

1

11

12

13

14

16

13

15

T 2 . 8
49m
24.0

9xi0ry, 14.6y
28.8

7.6

FP.

FP.

FP.

FP.

FP.

© © © © © CA.
4.3

99.48m
9 5.7 14
6X10 y FP. "6In (n, nO as DT.

Sb -
121

123

124

57.3

42.7

60.2 d

©

©

©
(o)

Sb-Be source material

FP.

FP.

Sb(n,r) for SbHBe source calculation

Te -
120

122

123

124

125

126

128

130

0.09
2.4
0.87 J3

1.24X10 y
119.7d

4.6
7.0

58d

18.7

31.8

34.5

FP.

FP.

FP.

I - 127 100. © FP. (n, 2 n)

Xe -

124

126

128

129

130

131

132

134

136

Cs - 133

©

Ba -

130

0.10

0.09

1.9
26.4
8.89 d
3.9

21.2
12.0d
27.0
10.5
0.29 s

8.9

100.

0.1

FP.

FP.

FP.

FP.

FP.

B5G. CN.
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u

Ba

La

Ce

Pr

Nd

Sm

Eu

- 132

134

135

136

137

138

—

138

139

-

136

138

140

142

- 141

—

142

143

144

145

146

148

150

—

144

*
148

149

150

152

154

—

151

153

0.095

2.4
6.5

28.7 h

7.8

11.2
2.55m

71.9

0.09 „
1.3X10 y
99.91

0.19

0.26

88.5

11.1

100.

27.1

12.2
2 3.9 I6
2.1X10 y

8.3

17.2

5.7 '

5.6

3.1

15.0 „
1.06X10 y

11.2 15
7X10 y

13.8

7.4

26.7

22.8

47.8

52.2

F i l e No.

1 2 3 4 5

© + + + +

© + + + +

© + + + +
© + + + +

© + + + +

© + + + +
© + + + +
© + .+ +. +

6 r

©
©
©

A CJ i.N \J X-i O V» v^J jZt. 'a* T p^t^

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

FP.

CR.

B5G-

B 5G. FP.
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fit

G d -

T b -

H f -

Ta -

w -

Pb -

T h -

152

154

155

156

157

158

160

159

*
174

176

177

17?
1 7 *

180

181

180

182

183

184

186

2 0 *

206

207

208

228

230

23?
233

234

0.2 H
1.1X10 y

2.2

14.9

20.6

15.7

24.7

21.7

100.

0.1815

2X10 y

5.2
18.5

5.1m,1.1 s
27.2

31y, 4.3 s
13.8

25d, 18.7s
35.1
5.5 h

99.988

0.13

26.3

14.3
5.3 s

30.7

28.6

1 A1.4 17
1.4X10 y
66.9m
24.1

22.1

52.4

1.913y

7.7X10V
100. I0

1.405X10 y

22.2m

24.1 d

1

©
©
©
©
©
©
©
©
©
©

©
©

©
©

©
©
©

+

+
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+

+

F

2

A

A

A

A

A

A

A

A

©
O

O
©

A

A

A

A

A

+

+

A

+

+
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3

A

A

A

A

A

A

A

A

©
O

O
©

A

A

A

A

A

+

+

A

+
+

4

A

A

A

A

A

A

A

A

©

o

o
©

o
o
o
o
o

+
+

A

+

+

No-

5 6

A

A

A

A

A

A

A

A

©

o

o
©
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o
o
o
o

+

+

o
+

+
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©

©

©

JENDL- 3T©;EEteffil

BP-
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Pa -

u -

N p -

P u -

A m -

Cm—

231

233

232

233

234

235

236
1

238

237

239

236

238

239

240

241

242

241

24 2g

242m

243

242

243

244

245

t,mt
3.25xi0y

27.0 d

71.7y

1.59xl0y
0.0055.

2.44xi05y
0.72

7.04xl0V,26m
2.342xi0?y

99.28 ,
4.47X10 y

2.14X10V

2.355d

2.85y

87.75y

2.439xi04y

6937y

14.89y

3.87xi0y

433y

l a o i h

152y

7400y

163d

30y

18.11y
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+
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+

+
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+
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+

+
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+
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+
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A
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+

+

+
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+
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O
O
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o
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5 6

+

+
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A
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A

+
+
A
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A
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O
O
O

o
o
o
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©

©
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B5G.
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J ENDL-3

Br 81

Kr 83, 85

Rb 85 , 87

S r 90

Y 89

Zr 90, 9 1 , 92 , 9 3 , 94 , 9 5 , 96

Mo 9 5 , 9 7 , 9 8 , 1 0 0

T c 9 9

R u 1 0 1 , 1 0 2 , 1 0 3 , 1 0 4 , 1 0 6

R h 1 0 5

P d 1 0 5 , 1 0 7 , 1 0 8 , 1 1 0

A g 1 0 7 , 1 0 9

C d 1 1 0 , 1 1 1 , 1 1 2 , 1 1 3 , 1 1 4 , 1 16

I n 1 1 5

S b 1 2 1 , 1 2 3

T e 1 2 8 , 1 3 0

I 1 2 9

X e 1 3 1 , 1 3 2 , 1 3 3 , 1 3 4 , 1 3 5 , 1 3 6

C s 1 3 3 , 1 3 5 , 1 3 7

B a 1 3 8

L a 1 3 9

C e 1 4 0 , 1 4 2 , 1 4 4

P r 1 4 1

N d 1 4 3 , 1 4 4 , 1 4 5 , 1 4 6 , 1 4 8 , 1 5 0

P m 1 4 7 , 1 4 8 g , 1 4 8 m

S m 1 4 7 , 1 4 8 , " 1 4 9 , 1 5 0 , 1 5 1 , 1 5 2 , 1 5 4

E u 1 5 3 , 1 5 5 , ( 1 5 2 , 1 5 -

G d 1 5 5 , 1 5 6 , 1 5 7 , 1 5 !

T b 1 5 9

1 S 2Eu, 16<Eu
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