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(4) nuclear data for fuel cycle, (5) integral measurements on nuclear
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Opening Talk

Kichinosuke HARADA+

<0 t L T,

L

L < S -3

< /f L t S 19 £

-Japan Atomic Energy Research Institute
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2.
Status of Nuclear Data Discrepancies

2.1 NEANDC Discrepancy Fi

NEANDC £ I

File - *

ACS.

la —
I

Discrepancy

M b LTff

Report on NEANDC Discrepancy File

Sin-iti IGARASI

"A new measurement introduces a new discrepancy." Nothing is more

confusing problem for users of nuclear data than this discrepancy.

NEANDC and INDC have examined the nuclear data discrepancies, and agreed

recently to maintain a joint discrepancy file in cooperation with each

other. This will stimulate nuclear data measurers and evaluators to

reduce the discrepancies. In this report, a brief is presented on the

discrepancy file and on some examples of the discrepant data.

(discrepancy)

Japan Atomic Energy Research Institute

o
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- 9t1z (±ffNffi"f & 7- 9 £!&£ L T ^ ^ r -

(INDC)

ittee & • £ © — S

INDC © * i i © discrepancy file

NEANDC

L

(NEANDC) T-fi.WRENDA

:**, Siftjc/«£-,T,

^ ^ f t ^ - § discrepancies subcomm

L, NEANDC i

2.

l i , NEANDC i

L^L , 2 3 9 Pu © « - L ,
1970 f£fttt 5 i , I N D C f l i l i P S f - 9

INDC T?fc 1968

T

•) World Request List for Nuclear Data ©ftT? & -5 0 I AEA t

ttz,
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4sa&S£?&#>, s t a n d a r d s subcommi t t ee t discrepancies subcommit tee i ^ f f ^ t I">

ho W&&T—9\$, 1971 ^ © I N D C ^ 4 l H ] ^ ^ K * i ^ T , l H ( n , n ) , J H e ( n , p ) , 6 Li

( n , «) , 10B ( n , a) , l 2C ( n , n ) , B 5U ( n . f j , l97Au ( n , r)

(E
( n , a ) , 2 3 7 N p ( n , f ) , 2 3 8 U ( n , f

NE AN DC b tit:

Table 1 (c 1976 iftT(Dl NDC

Ltzo

, I N D C i 7 l i ! ! ^ l (1974^-) JCfc^T, status

, NEANDC

NEAND C ©file on discrepancies £fE£o f i t , INDC ©status fi le on standards

and discrepancies (Cn / y h ^-oy-T IN DC fCi*§, t f H O T i f e S o COBt.^lTfi,

^ ^ i ^fd, N E A N D C T l

discrepancy file Zfflift L t n < £ £i<:|H|;t Lfc cl i tc f t - , T < P 5 O iS

' ) NEANDC ©^21 @ ^ ^ (1979

J, * LT NEANDC©^ 22 0 ^ ^

, joint discrepancy file £>

L *> L, 9 t> ft £ t JC f i le

t L t , filefeloose leaf f ile ic LT

^ , joint
file

Table 2

T- 7, 7 L i ( n , n ' « t )

c

*) C NEANDC ( A - document )

- 4 -
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3.

Table 2

NEANDC t tz \t INDC

HH

- ^ i LTfiST-a55 C tit8.

5—14 MeV © f - ^ # E N D F / B - IV © f -

3.1 7Li ( n , n ' « t )

h U

h ij ^ 3

(i, Harwell

< , HJ

fc, Jiilich 2), KFK3), LosAlamos4) Tftt>tltz b "J

3 ^ n ^ n i 5 ^ , 35%,

, KFK©H®^iiffe©

ORNL5)T-(i, 0.

*ffl'r, NEANDC ©21

I N D C © liini

/c, I NDC

discrepancy subcommittee ip t>(i|^< C i K L/co

NEANDC m 22 0 ^ ^ * * 1 981^4 ft lcm>tlt:i)S, ^©BftTiC, ANL6) , Geel7^ ,

JuIich8),Los Alamos9)^i-'^bSf L P f f l ^ ^ S / i ^ ^ ^ n / C o ^ n « i © S ^ ^ F i g . 1 JC^

Lfc&. ENDF/B -IVcfc«9fi/h$ < , ffliJ^fltH©^f±»* *) <£^0 ^ © M S ^ M T , NEANDC

Ltzo itz, Los Alamos © Young ©

b-f, t

/ c i LTdiscrepancy fi le/&> bl& <

LT<

ttz,

#©/ci6(c: ig. 2

3. 2 Cr , Fe , Ni

0eV~100keV-e Cr W20 96 , Fe # 5 ~ 10 # , Ni tfi 10.96, ttz 100keV~l

r &30 96, F e ^ l O ~ 2 O ^ , Ni

- 5 -
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s -
t / c , M@ilfI©@SJ^ (/> ©Porter-ThomasM©g&

O (2 15£Hg-£vh£ < , M% U-^npl©1^1^:^;^ PC i ^ L t l ^ o

1977 f|Ef<: Geel Tf^ft/cfitiSM^x- ^ © ^ P ^ ^ ^ ^ T T i i ^ < ©PpiMI^'ttti^ftT^ &>

t l t l ^ o tC^HfitfgOifliJ^Jcag^'St, Fe (cop T

(i, OR NL-Lucas Heights ©{&|5]||It, 40 keV t"?© Harwell ©$ij£, 600 keVJ^T^

, 27.7 keV s-S£nJ|£ffliJofc KFK©imtt<h'#*.5o ^ n ^ © o ? . ;

56Fe ®'h$ tts-jft^i!|i p-SCKd-S*«4i ?:JtK LT

(capture area) ©Pa1(tgi#/j::fep;lt<^& So

Geel ©SiJSI2)(0~90keV) £S2£l«:K 5 i Harwel 1 © r - ^ 13) (± 8 %{&< , ORNL -

Lucas Heights © x - ? 1 4 ) (i 20 ̂ ^ < ttoTPSo CCf, fcL, Harwel 1 © 1. 15 keV

n Z Geel 0)T- ? lctt.£

ORNL £ Harwell ©ffl^Tii black resonance S t cali brat ion £rr-o tX

B!llcffi-3T^5o Geel

, tztzl 1

s - z

LT, Geel

KFK -e(iFrohner

7. 7 ke V © s - /

tVfr&K

27. 70 ~ 8 0

^ , ±!B©
5 , £ I NDC ©11

L ,

JENDL-2©fF

(lOkeV J3.3

£fc 10 ^ © . | Q I 1 { C / £ ^ O T ^ ' 5 O *ifi© r - ^ T f^ i l ^&5©( i

Macklin-Halperin16)©fe©-e Lindner et al ?7) ̂  Ponitz -Smith B)ct«9 i&^ L , 24keV

T'fcChrienet al . 19) ^ Yamamuro et al. 20) «t <9 feiglr^o E N D F / B - IV (iC ft&© i J ^

E N D F / B - VtiffliJSMi: 10 ^ r t ^ ^ T l ^ , Fig. 3 (±Ohsawa21) ©

S ^ , ^ © H ( C ± f 5 © l i ^ * ^ < i a n r P - S o tztzl, Ohsawa©!?

lin- Halperin (cfi < , i

- 6 -
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- ? it 10 96 £O

Macklin-Halperin©^-?

INDC iI@

L , 1 MeV £

NEANDC

> 5 - 1 0

j : -5 C £ ^ t , Mack-
a8 Th

, 4 MeV

, discrepancy file

3.4 237Np © ( n , 2 n )

i, €©4/SiilM(±237Np (n , r ) 2 3 8 N P

^ p (n, 2 n ) 2 3 6 N p i T 2 3 6 P u - < ; - £ - f 3 2 3 6 P u fi
208Tl ^ i S M i L T i f S * * , C©2O8T1 (±2. S H a i

2 3u(i tH*5fc*y-^fi£a«-{i>< Lfc^tR-C-S'So 237Np (n , 2 n )

-r 5 fcttJCj^H/j: r - ^ • ? * So
236NpK(iisomer state W o T , 22 Bt^T'W^ LT236Pu ( 48 ̂ ) £236U ( 5 2 ^ ) }C

5o22) —Aground state it 1. 15 x 105 l f O f f i i ^ - 5 T^T 2 3 6 Pu (9%) i2 3 6U (91

2 3 7Np ( n , 2 n )

o Fig. 4 (n , 2 n ) 2 3 6 m N p

9.

©*^bburn-up code

1. 10 +0. 10 mb 2. 5 ± 0.63

fcJ&Kfiisomer ratio

et al .

Fig.

5 ? >2

25>i Pearlstein

(n, 2n) ©^^iEKS

-ntf^&^^o C©fitf± 14 MeVTriJofcMyers

I1L, isomer ratio i C l i i ^ ^ '

Jary

ENDF/B-VOff

7 ~ 12 MeV [ C ® 5 5 - x - ^ &#<<•> C L, isomer ratio

*) E N D F / B - V©ji(i Pearl stein ®{|S(C 0. 89 E N D F / B - V

»7
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N E AN DC IB 2 2 t ft H U 14 MeVI^©p/re©/IiJ;££,

iS. Cadarache
236gNp £ 2 3 6 m Np©x t f y -

14. 5MeV©isomer ratio ^

, 6. 8 £ 9. 6 MeV-£©isomer ratio

. »riSSl©SiJ^(i'Bruyeres-le-Chatel

, 6.8, 9.6

£ ©

^ * 5

3.5
241 f frft.

Fig. 5 , 0. 5 76 eV

cut-off energy £ 0. 5 eV ^bO. 4 eV

0. 308 eV ©U^Vi^Jicut-off energy X. <0

© 1. 276eV ©

barns

INDC T-fc NEANDC "Cfe

energy 0. 5eV(Ci£

, Lynn et al2 8 ) ©^f^f (<:<£ 5 i ,

10. 6 barns frt> 11. 1 basns

^ i , 0. 576eVi^-©±

, 0.0253eV©»fE

c . 0. 308 eV&^U^MCA <0

4.

, NEANDC £ INDC

, discrepancy file fcA-?Tf> 5^H{iTable 2

£
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LT fc^ -, discrepancy file

- 9 -



JAERI - M 9999

References

1). Swinhoe, M. T and Uttley, C. A.: "Tritium Breeding in Fusion", Proc Conf.

on Nuclear Cross Sections for Technology, Knoxville, 246 (1979).

2). Herzing, R., Kuijpers, L., Cloth, P., Filges, D., Hecker, R. and Kirch, N. :

Nucl. Sci. Eng. _60_, 169 (1976).

3) Bachmann, H., Fritscher, U., Kappler, F. W., Rusch, D., Werle, H. and

Wiese, H. W. : Nucl. Sci. Eng. £7_, 74 (1978).

4). Hemmendinger, A., Ragan, E. E., Shunk, E. R., Ellis, A. N., Anaga, J. M.

and Wallace, J. M. : Nucl. Sci. Eng. 22., 274 (1979).

5). Morgan, G. L.: "Cross Sections for the Li(n,xn) and Li(n,n*Y) Reactions

between 1 and 20 MeV", ORNL-TM-6247 (1978).

6). Smith, D. L. , Bretscher, M. M. and Meadows, J. W.: Nucl. Sci. Eng. 28., 359

(1981).

7). Liskien, H. and Paulsen, A.: Private Communication.

8). Quaim, S.: Private Communication.

9). Lisowski, P. W., Auchampaugh, G. F., Drake, D. M., Drosy, M. , Haouat, G.,

Hill, N. W. and Nilsson, L.: "Cross Sections for Neutron Induced,

Neutron-Producing Reactions in Li and Li at 5.96 and 9.83 MeV", LA-8342

(1980).

10). Young, P. G.: Private Communication from H. T. Motz to NEANDC.

11). Proc." Specialists' Meeting on Neutron Data of Structural Materials for Fast

Reactors, held at CBNM (Geel) 1977.

12). Brusegan, A., Corvi, F., Rohr, G., Shelley, R. and van der Veen, T.:

"Neutron Capture Cross Section Measurements of Fe", Proc. Conf. on

Neutron Cross Sections for Technology, Knoxville, 163 (1979).

13). Gayther, D. B. and Moxon, M. C : Private Communication to NEANDC.

14). Allen, B. J.: Nucl. Phys. A269, 408 (1976).

15). Wisshak, K. and Kappeler, F. : Nucl. Sci. Eng. Jl_, 58 (1981).

16). Macklin, R. and Halperin, J.: Nucl. Sci. Eng. j)4_, 849 (1977).

- 10 -



JAERI - M 9999

17). Lindner, M. , Nagle, R. J. and Landrum, J. H. : Nucl. Sci. Eng. j>9_, 381

(1976).

18). Ponitz, W. and Smith, D.: "Fast Neutron Radiative Capture Cross Section of

Th", ANL/NDM-42 (1978).

19). Chrien, R. E., Liou, H. I., Kenny M. J. and Stelts, M. L.: Nucl. Sci. Eng.

J2_, 202 (1979).

20). Yamamuro, N., Doi, T., Miyagawa, T., Fujita, Y., Kobayashi, K. and

Block, C : Nucl. Sci. Tech. JL5, 637 (1978).

21). Ohsawa, T. and Ohta, M. : Nucl. Sci. Tech. ^8_, 408 (1981).

22). Schmorak, M. R. : Nucl. Data Sheets 2Q_, 192 (1977).

23). Paulson, C. K. and Hennelly, E. J.: Nucl. Sci. Eng. _55_, 24 (1974).

24). Halperin, J., Idom, L. E., Baldock, C. R., Oliver, J. H. and Rainey, R. H.:

233 235 237
"Measurements of the (n,2n) Cross Sections of U, U and Np",

ORNL-4306 (1968).

25). Jary, J.: Private Communication from A. Michaudon to NEANDC.

26). Pearlstein, S.: Nucl. Sci. Eng. Z3, 238 (1965).

27). Myers, W. A., Lindner, M. and Newbury, R. S.: J. Inorg. Nucl. Chem. 37,

637 (1975).

28). Lynn, J. E., Patrick, B. H., Sowerby, M. G. and Bowey, E. M.: Prog. Nucl.

Energy 5_, 255 (1980).

- 11 -



Table 1: Nuclear data considered at the INDC and NEANDC discrepancy

• subcommittees in the past.

1968 INDC 1 a-value of Pu-239 in keV region.

1970 INDC 3 v, a-value of Pu-239, a of structural materials (SM).

CO

I

1971

1973

INDC 4

INDC 6

Standard: 1H(n,n), 3He(n,p), 6Li(n,a), 10B(n,a), 12C(n,n), 2 3 5U(n,f), 197Au(n,y)

239 239 238 —
Discrepancy: Pu(a-value), Pu(n,f), U(n,y), x> v, SM(n,y), dosimetry data.

235U(n,f) above 100 keV, 2 3 9Pu(n,f ) , 238U(n,f) , 2 3 8U(n,Y) , 2 3 8U(n,Y) / 2 3 5U(n,f) ,

239 93S ?TS 91Q _ 9^8
Pu(a-value), resonance parameters(R.P.) of U, U and Pu, v, x» U(n,n'),

•pa

CD
to

a of Cr, Fe, Ni, R.P. of Na.

939 ? 38
1974 INDC 7 J*Pu(n,f), J°U(n,f) above 100 keV, "JOU(n,Y) ,

 tJJU(a-value) , iJ7U(a-value),

p 235 238 . . 239 , , 238 T T , ,N - , 233TT 235TT 238TT . 239 , , . 235TT

R . P . o f U, U and P u , U ( n , n ' ) , v of U, U, U a n d P u , x o f U,
9on o OQ

Pu and U, a of Cr, Fe and Ni, R.P. of Na.



?3i - ?S? S8 ?3Q 9A.1 - 93S
1975 NEANDC 18 U(n,f), v of Cf, Ni(n,p) in 2 ^ 4 MeV, T 1 / 2 of Pu and Pu, v of U

239
and Pu in 1 keV % 14 MeV.

INDC 8 239Pu(n,f) above 100 eV, 2 3 8U(n,f), 238U(n,f)/235U(n,f), 2 3 8U(n,y),

U(n,y)/ U(n,f) above 100 eV, U(a-value), ?Pu(a-value) above 100 eV,

D B . 235TT 238.. , 239D - f 235.. 238.. , 239 238TT, ,. . _
R.P. of U, U and Pu, v of U, U and pu, U(n,n ) , a of Cr, Fe

235 238
and Ni above 100 eV, o and a of Na at 3 keV resonance, x °f U> U and

239 93
Pu, FP chain yield, trans Pu nulcear data, dosimetry data, Nb(n,n ) ,

charged particle nuclear data for (D,T), (T,T) fusion, delayed neutron yield.
>
pi
73

n rt r O / 1

1976 NEANDC 19 U(n,f), Am(n,f), discrepancies of a(n,p), a(n,a), a(n,y) in eV region.

CD
CD
ID
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Table 2: Nuclear data considered at the INDC and NEANDC discrepancy
subcommittees in the present. Symboles o, x and A mean,
respectively, the data in significant discrepancy at the
present the data solved their discrepancies, and the data
placed under the control of another subcommittee.

Items

Li-7(n,n'aT) cross section

Capture cross sections for Cr, Fe, Ni

Cu-63 (n,a) Co-60 reaction

Nb-93 (n,n') Nb-93m reaction

Fast neutron capture in Th-232

Fast neutron fission of Th-232

Fission cross section and fission
cross section ratios for U-233

U-235 fission cross section

U-238(n,Y) cross section below 100 keV
and U-238 resonance parameters

Inelastic neutron scattering from U-238

Np-237(n,2n) cross section

Pu-239 decay power discrepancy

Am-241 fission resonance integral

Am-241 fission cross section

U-235, Pu-239 resonance parameters

Rh-103(n,n') Rh-103m

Delayed neutrons

Min. in a in Sc at 2 keV

Zr resonance parameters

21st NEANDC 11th INDC 22nd NEANDC

o A x

o

o

o

o

o

o

o

o

o

- 14 -
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0.1-
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Fig. 4: Comparison between experimental and calculated cross sections of the
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2 . 2 2 3 8 ^ f ^
n s ^ m*

238 u®-r-9

Discrepancies in 2 3 8U Nuclear Data

Yukinori KANDA*

Discrepancies in both the resonance parameters of the first three

resonances and the inelastic cross sections of ^ U have been reviewed

and discussed mainly on the presentation of the problems, the status of

the data measurements and the improvement of the discrepancies. The

differences between experiments and calculations in integral experiments

of thermal critical assemblies have been decreased by using the data

measured recently. Uncertainties in the inelastic cross section data

have been generally large. In addition, there have been discrepancies

between experiments and calculations based on the models. These have

affected the evaluated nuclear data.

ii) ifftiMOOkeVJilT®* (n, r) © * £ £ , jjj) ##ai&i!!fig#© c (n, r)

9-, iv; ff(n,n';©M, T * 5 o C CH~lt, \) t\V)

, Kyushu University
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(n , n ' ) ^
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(n , r) to (n , n ' )

u , Pcge35ii*

S (n, r ) ,

<b*-3

L T ,
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2. 1

-mW,, 6. 67 , 20. 87 fcj;a'36. 68

i i L, cct-li,

TRX (i 1.

ofc, ±

Table 1 (C, ESI

7

iit^ifiSRL (Svannah River Lab.) ©^HO^-^^lffl L

keff Ttigt^MfiiKl 2 96t£V&< 238U (<: J; 5 epithermal- to -thermal

capture ratio ( i l t ^ M * ^ 1 0 %^\ Hl^f i i l f ^{1 £ © ^ - g c ( i , 0.625 eV Jil±O|IS|j

=fMil§#£l. 0 ± 0. 3 b / ; ' y i ' > ^ f 5 C i T f M ? . o 0RNL©Hi i^ (93wt^235U)

uranyl nitrate f^i*^.© k eff

238 U© epithermal <; ( n , r)

n trr©ii

2.2

1975 BNL

20.

4 *£

7 eV © 3 ^

- ^ (i Bhat
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- * SrflQX. fc £> #* Table

ENDF/B-ffl t -

rn = 1. 50meV

rr = 25. 6 meV

, Liou and Chrien7) led;

, 100 eV Ĵ  238
y * -

tion

<ffliJ^Lfco Jil±{ifast chopper

monochrometer^t,©2. 5eV+&^£fiPJrf LT

Table 2

t Fig.

self -indica

Ii , ifC 6.7eV*-D.|©^

O iii) i f c^kS : neutron

ii)

(n, r)

2. 3

Liou and Chrien

C

, C

Table

Jackson8^

0.

) 1970

TRX-1

T'ffl 6. 7 eV itn.|^° 7 ^ -*-C

- ^ JiBNL-325 , 2nd Ed. (1965)

7 ^©Doppler

± 5meV -Li ou and

Chrien

T 15 ^
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Table 1 Criticality and ratio of epithermal-to-thermal 2 3 8U capture3).

Benchmark

TRX-1

-2

MIT-1

-2

-3

Mod/Fuel

2.35

4.02

20.74

25.88

34.59

Criticality keff

Calculation
III* IV*

0.9766

0.9859

0.9735

0.9752

0.9788

0.9875

0.9941

0.9883

0.9888

0.9911

Ratio of Epithermal-to-Thermal
2 38u Captures4"

Experiment

1.311±0.020

0.830±0.015

0.498±0.008

0.394+0.002

0.305

Calculation
III* IV*

1.454

0.890

0.5683

0.4659

0.3624

1.417

0.868

0.5464

0.4483

0.3490

+ Thermal cutoff energy = 0.625 eV

* ENDF/B-version

cO
co



CO
00

Table 2 Resonance parameters of low-lying s-wave resonance of 238Ul*

E R (eV)

6.6680±0.00030

6.6743±0.0001

6.67

6.65±0.10

6.65

6.65

6.68±0.06

6.690±0.025

6.67

6.67±0.04

6.70±0.06

6.70±0.06

rn (meV)

1.5070±0.00080

1.480±0.32

1.50±0.03

1.52±0.05

1.578±0.106

1.52±0.01

1.48±0.05

1.15±0.04

1.45±0.12

1.4±0.1

1.54±0.1

1.52±0.07

ry (meV)

23.54±0.53

23.0±0.8

21.8±1.0

(23.5)

23.43±10.12

27.2±1.5

25±2

21.1511.30

26.0±3.0

26.1±1.5

24±2

(24±2)

Quantity
Measured

at

at

°t > °Y » S.I.

at• aY• ^•I •

° T >
 as

at

S,I.

at

at

at

at

at

Author

Haste

Olsen

Liou

Rahn

Asghar

Jackson

Rosen

Radkevich

Bollinger

Lynn

Levin

Harvey

Year

'78

'77

'77

'72

'66

•62

'60

'57

'57

'56

'56

'56

2
i

CD
CD
CD



Table 2 (Continued)

CO
CD

E R (eV)

20.8773±0.00080

20.871±0.001

20.90

20.90±0.10

20.79

21.0±0.3

21.00±0.14

20.8

21.0±0.3

21.2±0.3

21.1±0.02

20.9±0.2

Tn (meV)

10.17±0.10

10.16±0.21

9.86±0.50

8.50±0.78

9.34±0.44

9.0±0.3

6.35±0.59

9.9±0.4

8.7±0.3

10.3±2.0

8.310.7

8.510.4

ry (meV)

22.44+0.43

22.810.8

23.511.5

2213

33.83+3.74

2512

36.0+3.5

21.9+2.3

28.812.3

25.9H2.0

30+6

25+5

Quantity
Measured

at

at

atj aY, s.I.

at, aY, S.I.

S.I.

at

°t

°t

ot

ot

Ot

Author

Haste

Olsen

Liou

Rahn

Asghar

Rosen

Radkevich

Bollinger

Lynn

Fluharty

Levin

Harvey

Year

'78

'77

'77

'72

'66

'60

'57

'57

'56

'56

'56

'56

i

CO
CO
CO
CO



Table 2 (Continued)

CO

o

E R (eV)

36.6916±0.00013

36.682 ±0.001

36.80

36.8±0.07

36.58

36.4

36.53

36.8±0.6

37.0±0.4

36.6

36.8±0.15

37.0±0.6

37.1±0.4

37.0±0.3

Tn (meV)

34.41+0.41

33.76±0.70

33.3H.20

37.98±2.00

30.95±1.17

31.0+0.9

34.5±3.0

33±2

22.0±3.5

34.0±2.3

28.611.5

32.6±9.0

30±4

32.5H.9

ry (meV)

24.03±0.87

22.9±0.8

23.6±2.0

23±2

26.33±3.0

31.3±2.2

21.213.5

26±4

34±10

29±10

24.9±4.2

27.7±24.0

40±20

29±9

Quantity
Measured

at

at

at, ayt S.I.

at, ayt S.I.

°t

ay

S.I.

at

at

at

at

at

°t

Author

Haste

Olsen

Liou

Rahn

Asghar

Firk

Moxon

Rosen

Radkevich

Bollinger

Lynn

Fluharty

Levin

Harvey

Year

'78

'77

•77

'72

'66

'63

'62

'60

'57

'57

'56

'56

'56

'56

>
m

7
to
CO



Table 3 Effect of new level parameters obtained by Liou and Chrien on

dilute and effective (TRX-1) resonance itegrals. (Cited from

Liou and Chrien7')

Eo(eV)

6.67
20.9
36.8
66,15

80.74
102.5
116.8

ENDF/B-IV

rB(meV)

1.5
8.8

31.1
25.3

2.0
71.0
28.3

Ty (meV)

25.6
26.8
26.0
23.5

23.5
26.0
23.5

7y(b)

131.38
62.56
43.13
11.48

1.17
7.47
3.88

/eff<b)

3.917
1.751
1.387
0.493

0.103
0.450
0.222

New Parameters
(This Work)

Jy(b)

130.12
65.59
42.07
11.21

1.25
7.03
3.97

/eff(b)

3.615
1.735
1.367
0.482

0.107
0.426
0.228

A/y(b)

-1.26
3.03

-1.06
-0.27

0.08
-0.44

0.09
Sum= 0.17

A/eff(b)

-0.302
-0.016
-0.020
-0.011

0.004
-0.024

0.006
-0.363

>

2

CD
CD
CD
CD
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6.0

o

2.0

1.0

0.5

0.2

1 ' ' I T
551.9-and 612.0-keV LINES

SPECTRAL CONTINUUM

NEW PARAMETERS

ENDF/B-IV

0.3
J i i i i i

1.0 2.0
Neutron Energy, E (eV)

J L
7.0

Fig. 1 Measured neutron capture cross sections (the closed circles and

opened triangles). For comparison, the dashed curve is plotted

with the values in ENDF/B-IV, and the solid curve is evaluated

from new level parameters. (Cited from Liou and Chrien7')

I ' I '
551.9- and
612.0-keV LINES

! —NEW PARAMETERS
— ENDF/B-IV

0.2
9 11 l 13 15
Neutron Energy, E (eV)

Fig. 2 Measured neutron capture cross sections. See the caption of

Fig. 1. (Cited from Liou and Chrien7^)
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JQ

6

0

Fig.

1 2 3
En(MeV)

Inelastic cross sections for the excitation of the 45 keV state.

The opened circles are experimental data measured by 1970 and

the closed circles are ones after 1970. The doted line is our

results evaluated for JENDL-2, the dashed line is from Poenitz

et al., and the solid line is from ENDF/B-IV. (drawn by refering

to Poenitz et al.9))

En(MeV)
Fig. 4 Inelastic cross sections for the excitation of the 148 keV state.

See the caption of Fig. 3.
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Q : m

A :

Poenitz J;-5 "C

C :

, BNL - 325

discrepancy
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2.3

Prompt Fission Neutron Spectrum

Itsuro KIMURA

A review is given on the present status about the shape of energy

spectra of prompt neutrons emitted from the neutron-induced-fission of

2 3 5U, 2 3 3U and 2 3 9Pu, and the spontaneous fission of 2 5 2Cf. An integral

check of the shape of the fission neutron spectrum through the average

cross sections for some threshold reactions by the author is introduced.

Finally the author shows the problems to be solved in future..

C t

5(1l Bowman

neutrons i L t i ^

neutrons (SOS central neutrons) i LT#t£rj£

* 14^©;*:¥(£ fragment

(scission) rescission

(2)

(3)

Research Reactor I n s t i t u t e , Kyoto Univers i ty
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r-

£ < i C ,

2. 2 3 5 U ( n ,

«lMeV; K J;

(1) Maxwel l

Z(£) = C M JF exp ( -

I = 1. 5 T

(2) Watt

(£) =C (?7exp ( - £ / a ) sinh / bE

E = 1. 5 a + 0. 25 a2 A

5U (n, /

^H-t© E N D F / B { i E= 1.9 5 MeV

, 19 60

i%L /Co

971^OlAEA Consultants Meeting on Prompt

Neutron SpectraMt?«5o £ nfCfi^S*^ 15 ^ © I B X * S ^ $ tl, 17l|g© recommen-

^ * i t ofc ENDF/B-IV TT(i235U (n , / )

t l ^ n Maxwell ^^JT 1. 98MeV i / ^ T l ^ o

Harwell T'll^-

, 2 3 5 U (n, f) © z (E)t L T I i W a t t

= 2.016

[o]© AST M/EUR ATOMIC =?•& K^> h 'J - -> y ̂  î r> A ^ Petten -e

- 7 ° ^ b , 235U ( n , / ) © I (E)iC-D^X, Maxwell
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X{E) = f (E) 0. 75 01 (F exp ( - 1. 5 E/ 1. 97 )

0 - 0 . 2 5 MeV 1 + 0. 800 E - 0. 153

0. 25—0. 8 ] - 0. 140 E+ 0. 082

0. 8 — 1. 5 1 + 0. 040 £" — 0. 062

1. 5 - 6 . 0 1 +0. 010 £ - 0 . 017

6. 0 — °° 1. 043 exp {- 0. 06 (E- 6. 0 ) / 1.043 }

Y^<D Workshop ^"BNL "Cf^B^tl^, S l ^ © Atlanta

', ENDF /B-1V©2 3 5U O , / ) CDEfiititel&i-g&t^^oigifefrM'O , ENDF

B-V©235U (n , f) SJS©Z (E)tEit, ZtlZ'tl Watt M53-^T2. 031 MeV tteitzo

Z(£)=exp ( - E / 0 . 988) sinh H. 249 £

5 )o

J = 1.98 MeV © M a x w e l l ^ * , ±13 E N D F / B - V © Watt £!#*&& Cfifin8i©

<£*i. JENDL

3. 2 3 3 U(/ i , f

233U ( n , / )

ENDF/B - IV T( i Green t > © r - ^ £#3§-ft L t , £ = 2 . 016 MeV©

Maxwell

ENDF/B - V f ( i £ = 2. 073 MeV ft£ t l T ^ -5 (38'O ttfc

o 233U ( a , / ) fe JENDL

4. 2 3 9 Pu(n ,

239Pu (», /

Watt Sf^flJ©^**Maxwell^^«fc!9iSJS^'f7 ^ - ^ ©-&**«!: < <£
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E N D F / B - V©239Pu (n , f) © g p ^ t t i 1 * ^ h Mi Watt MftftT:, a = 0. 966

Z> = 2.842, 5 p i ^ x * ; u + * - F = 2.

'«£*}, ftfiStarostov &«;, 235U (n,

/:0. 05-0. 239

5.

252 Cf

- E = 2. 13 ± 0. 027 MeV t </•> o f i© Maxwel 1 ^fl i^ ' f t fc=t<
235U i

E) = /«(£)• 0.6672 / Z e x p ( - 1. 5 £ / 2 . 13)

ffi m v (E)

0 ~ 0 . 25 1 + 1. 20 E - 0. 237

0. 25 — 0. 8 1 - 0. 14 E + 0. 098

0. 8 — 1. 5 1 + 0 . 024 E - 0. 0332

1- 5 —6. 0 1 - 0 . 0006 E + 0. 0037

6 ~ °° 1. 0 exp [ - 0 . 0 3 ( £ - 6 . 0 ) / 1.0]

Green t> {±, - ^ t e M a x w e l l ^ f r C f f i i t f ^ S ^ x A - i t j ; £ 3 & ^ L

-jj, 252cf ©g^g^^Sfco^r, wattsy^Vii(i?^<h-ffl^bn^^o E N D F / B - V S

t LTMagruno^rifl,v^itjx^^4 : ' -©Watt S-!5>?tĴ -{g -o T ^ - 5 ^ ( 5 9 ) ,

L 0 ^OTHBSO E N DF/B - V ffiffl I o

M4itE= 2. 13 MeV ©Maxwell ftfii, NBS m.Rtf±.j&(D Magruno ©Watt
252Cf gmmftm$.mW}iJ- 7*^ ? V^Zmto ^©U^bHTfe Magruno

^ 0. 2 5 - 8 MeV

T , f§«5#£^*>ftTl^5;&i, 0. 25 MeV £IT&O* 8 MeV Ji(

cn(C(i©-l±T^?A^^Starostov b(c J:5 i 0. 05 — 0. 3MeV

i ^ -5 (27l
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, F = 2. 13 MeV ©Maxwell Cf

©(i, 235u

^ , ENDF/B.-V

T, ENDF/B-V©252Cf

2. 13MeV

= 2. 13MeV

t , 8"Cf©

6.

HfflSfc©

t i **

Dosimetry File (clRig$ t lT <

IAEA© Consultants Meeting tetmJt^M L/c(65!

E N D F / B - V ©

6 S ^ ' ^ 7 K/^

(discrepancy) J li

>c :

0 : 4^<^ < §
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235 U (»,

if

Watt L*£/&*

= 1. 97 MeV ©Maxwell

t m6

Green

Wa tt

f&fttii(49)

^ x * ,i/** LX,

a^jt2 5 2

L

7.

(1) i ^^ f f l i <fC252Cf

Smith ^(D^m Ltzffi

(2) {£x^^i/+*-^US (£<0. 25MeV)

(3)

(4)

(5)

U, /)

8 MeV)

: LMIE(68 '

%x.

^ * 5 £ ^ -5 fc C t X& & (±© (lj

(6)
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£a*

= a + b \ v + 1

(7) L T ,
(73)

(8) *

.B . Smitht
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(l)252Cf ^ © g f ^ ^ S P ^ t t ? * ^ ? h i ' C S t K o P t , IAEA Consultants'

Meeting on Neutron Source Properties (Debrecen, Hungary, 17 — 21 March

1981, Proceeding ti INDC (NDS) - 114/GT) JCfey- 5 Blinov ©

" Neutron Energy Spectra of Spontaneous Fission Sources" #*£>§ C £ J£iif

i 2 5 2 C f ^ ^ ^ x ^ ^ h^ncgg-^5 2, 3©^X (S&©*;
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7f (E) = K | / F e x p (-E/T) S « i « '
L i = l J

CCTI-, a0 = 0. 812 ± 0. 047, a ,= 0.0934 ±0. 0241, a2 = - o. 0079 ±0. 0026

7 = 1 . 409 ± 0. 015MeVo

(3)233U U , / ) ^ © S P ^ t t ? * ^ b ^ c D J B t ^ ^ E N D F / B - V t i ' o ^ o T ^ S

d^T, ^<SiftBNL ©National Nuclear Data Center ©S . Pearlstein
233U ( n , /

( £ ) = exp ( - i s : / 0 . 9 7 7 ) sinh ^2. 54 6

* H. Jasicek and F . Bensch : Nucl . Sci . Eng . , 77 , 51 ( 1981 )
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3. g&^ft^f-:?

Delayed Neutron Data

3.1 &J

(systematic ttm

ENDF/B-1V (V)

Effective Delayed Neutron Fraction 3eff

and Reactivity Scale for LMFBR Cores

Masafumi NAKANO+ and Hisashi NAKAMURA*

Uncertainties of the calculated 3eff of LMFBR cores have been

studied. The systematic error of the calculated 3eff due to different

delayed neutron (DN) data is estimated to be about 6% for a large LMFBR

core, 3% from DN spectra and 3% from DN yield data evaluated by

different authors.

Experimental studies for evaluating the reliability of the

reactivity scale derived with DN data are reviewed. Integral experiments

with fast critical assemblies indicate that the calculation with ENDF/B-

IV(V) data underpredicts 3eff by about 4%.

J a p a n Atomic Energy Research Ins t i tu te

* m±n.WtWi& m) , Fu j i E l e c t r i c C o . , L T D .
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Inverse Kinetics j&HtfiJ: <ffli^bft5

i) >

(DN) r

fflil$STS, ill)
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f tife l ^ j
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tztz'L,
T =^

j 3 e f f i =

i / P eff

- {
j8eff C n o / n ( 0 ) - 1)

C /ieff + £eff 5 (a i / ^ j )) n o / l 7 n ( t ) d t -

ft- (2 a)
ft- (2 b)

iii) Inverse Kinetcs i

P ( t ) 6 • S e f f 1 1
= 1 — 2 a,

J8eff iSeff R ( t ) R ( t ) i

R ( r ) e j d r (3)

tztzL,

R (t)

S e f f

^ (=

a i/(l + ^ T)

( l b )

Kinetics i4fe=t <

e . s e f f

-5 fctt i t l t

(1 + I j T) ©{!£ Table 1

M KT= 100sec ( p ~ 0 . 1 Y

90 9 KT ©

Table 1 f t ^ f cfcoK,

~ H 3 ?\rt/

= 100 sec ©i§£i|H]

(a, / ^

^ 2 7to-
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L T

ef f
(4)

CJ C NE)/N

tztzl,

N =

m m

Z

(5)

(6)

(7)

2 MeV T- lOOkeV £flilt

t , Fig.

0. 9 a

eff
(yield) f- ^ *J

Saphier. (1977)'4 )©f-^ £fflWco — S", DN yield 7- 9 t LT(i, Tomlinson

*)
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(1972)5>, Cox (1974) 6):fo J;tfTuttle ©ftfTx-* ( 1979) 7

JENDLE-2fcfc£cf< 18i¥5£»££fflLfco *§££ AN L ©It lNi i £ fcjc Table 3

"To ANL ©j8eff fitteENDF/B-]V:M ^ 7 'J - t ENDF / B - V © DNf- ?#> 5>!

ft/;£>©-£££<> ENDF/B-IV&J;^ VCDNf-^ (i^fc Cox © x - ?(6) JC f> t -3

t) , DNx-?^ h ^ ( i F i e g ( 1 9 7 2 ) 8 ) © r - ^ ^ ^ f f l b r ^ 5 o Fieg(l972) iSaphier

(1977) ©DN x - ^ f i ^ f t ^ n & ^ x ^ h>>ui@^x^^ h J\s<D&mt%x.?>tl&o

-3it, DN x - ^©^*(CJ;?>^§U^© 0eff ^it©ti&ot(i^j 6 %

ANL

efffi(iDN x ^

4.

ef f

*J

eU

mapping **£vgK« S

fiB^it© mapping

iicti^ZPPR ^ffl^

^KJ:«gt»fitliPu 7 vilpitih

ANL

f «**. -

, Tuttle

9 C 2#

i, ENDF

L r ^

Karlsruhe252Cf+tt:FiiSJC<fc

, Table 4 ic^-f £-5 tt*£££*#T^5u)o ^ ^ f i Pu^^f^^ 3

o D N f - ^ i L t , Keepin (1965) , Tomlinson (1972) fc'

SNEAK

Keepin

eff

»j cf

- 6 0 -



JAERI-M 9999

%fe$k$:Tab\e5

P0 (D C

Kr ick -

Oo (DCM)

(period) ( i ,^ 4 ^ / J N $ < /«£ -,

FCA IV-

M) (Cib^T Keepin2) © x - ^ (i 7

Evans ^•'P Tomli nson I5)©fFffi7-°-

Cf

Keepin2)

L T

ZEBRA (US) T-fe, FCA©tl^ifH]^i©#^T, I

1.02
ted data FGL-5^ffld\ DN f- ^ i LT(i Tomlinson ©fFffi L/
Smith ©*fTL/c total yield data 16) ^Mffl L t ^ 5 O <£*?, ©J

, ZPPR

V - 2

L

fet*3\,

9 9 - 1.

Adjus

5.

(systematic ^1

S i /Seff Mfi DN

Tomlison ^ Tut tie (1975) © DN r-9

•ENDF/B- IV (V) 4 %mgM'J>&ffi-t Z C

- 6 1 -
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Table 1 a±/(l+X iT) values of 239Pu (Keepin's da ta 2 ) )

Group i

1

2

3

4

5

6

Sum

Note:

X± (sec"
1)

0.0129

0.0311

0.134

0.311

1.26

3.12

ai = Beffi/Beff

ai/(H

T = 100 sec

0.017

0.068

0.015

0.010

0.001

0.000

0.111

(15%)

(61%)

(14%)

(9%)

a±j

2.95

9.00

1.61

0.99

0.08

0.01

14.6

(20%)

(61%)

(11%)

(7%)

Table 2 g e f f
m values of ZPPR-9 (Keepin's da t a 2 ) )

m

23 5 u

238u

2 39pu

240Pu

241pu

Sum

geffm

0.008x10"2

0.188

0.140

0.006

0.006

0.348

= delayed neutron

nd/F*

0.0165

0.0412

0.0063

0.0088

0.0159

yield/fission
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Table 3 Uncertainty of calculated Beff for a large
fast critical assembly, ZPPRr-9

Delayed Neutron (DN) Parameters

Reference (ANL-value)

DN spectra, Saphier (1977)1*)

DN yield data

Tomlinson (1972)5>

Tuttle (1979)7)

Cox (1974)6>

Calculated 0 e f f (%)

0.3436

0.3642 (1.06)*

0.3608 (1.05)

0.3539 (1.03)

* Values in parenthesis are ratios to Beff (ANL),

which is calculated by using DN parameters for

ENDF/B-V.

Table 4 Experimental and calculated Beff for SNZAK assemblies

Assembly

7A (PuO2-UO2)

7B ( " )

9C2( " )

9C1(EUO2)

* 252cf

Measured Beff*

xlO 2

0,395(±3%)

0.429(±3%)

0.426(±4.5%)

0.758(±3.2%)

source method

Keepin2)

0.927

0.946

0,891

0.953

C/E

Tomlinson5)

0.963

0.986

0.924

0.969

(NSE 62,

Tuttle12)

0.987

1.011

0.948

0.995

114)
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Table 5 Reactivity calibration by fuel density
coefficient (FCA Assembly V-2)

Fuel

Pu

EU

Pu+EU

Fuel density coefficient (Ak/k/ANf/Nf)

J-F-0 RCBN ABBN Experiment

0.267 0.254 0.258 (685±6)p0

0.213 0.223 0.219 (575±6)Po

0.480 0.477 0.477 (1260±9)po

Po = 0.0379 %Ak/k (D.C.M.)

p0 = 0.0363 %Ak/k (period) Po(D-c;M-) =1.0450 Po(period)

Po reactivity worth for 0-30 mm stroke of No.9 safety.rod

(JAERI-M 5890)

Table 6 Reactivity calibration by fuel density
coefficient (FCA Assembly VI-2)

Experiment

Calculation
(J-F-0, 2D R-Z)

p0 (%Ak/k)

Po (period)
Po (D.C.M.)

Fuel Density Coefficient (Ak/k/ANf/Nf)

Test Region

386.5-p0

0.2046

D.C.M.

0.0519

1.000

Driver

543.0-po

0.2776

Keepin

0.0483

0.930

Test Region+Driver

929.5.p0

0.4822

Krick & Evans

0.0532

1.024

Tomlinson

0.0506

0.975

p0 : 0-50 mm stroke of #9 safety rod

(JAERI-M 7888)
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Thorn linson

Q : ^ffllE (NAIG)

A :

, 1972

ZEBR AT?f± Tomlinson© f - ^ ^K, Smith ©^IT L/c yieldr - 9
6) IC^StlTlS**, i^Krr(i238U©yieldlr Tomli
o fe-5 1 ^tiS5"e# 5 t i t t , !t3Sfc adjusted datanson

Q :
j8eff ©iS'J^fiilt^M^: Keepin, Thorn linson , Tuttle ©x

ENDF/B-IV©Cox ©

A : f̂

, ENDE/B-1V f-

Q : I5S®§ (NAIG)

A :

jSeff ©Hl^fii Keepi n ©x~ ^^'''1 « * :
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3.2

1980 ̂ igfClRft L/c 2 3 2Th , 233U, 235U, 238 U, 239Pu, 24OPU, 241 Pu , fccfctf 242PU ©
U, Pu

discrepancy
fractional group yield (cdgLTfi, &+ffiTfc.fcCtti+tt^K <fc

^ , l¥ff ix-? fe^J6T^©BTJtR-^-5o #f£, fractional group

yield © x ^ ^ 4 : ' - f e S t 4 © P a ^ ^ 2 3 8 U©a 2 (E n ) *^|IC i o TfBxE^Si^fC, X~^PB1

discrepancy £Hi£ j ; - o T / # » g f l i f t t 1 ? © x ^ ^ + ' - ^ ^ i ? h^HclHI LT

i - L f c ^ , 2 3 2Th , 235U, 238U, *i

discrepancy ©FaE3li£ffliJ£{t{£fl] $ tl/c

The Present Status of the Experimental Data on Delayed Neutrons

Hiroyuki MATSUNOBU*

The present status of delayed neutron data for 232Th, 2 3 3U,

2 3 5U, 2 3 8U, 2 3 9Pu, 240Pu, 2"l?u, and 21t2Pu is reported on the

basis of the experimental data compiled up to 1980. On the

absolute total delayed neutron yields, the status of the data

is described for each nuclide. Discrepancies among the data

are pointed out, and the incident neutron energy dependences of

v, are considered from a point of view of evaluation. On the

delayed neutron fractional group yields, the experimental data

obtained with thermal and fast fission neutrons are compared

with the evaluated data in the form of tables. In particular,

the energy dependence of fractional group yield is described

for a2(En) of
 2 3 8U, and the large discrepancies among the data

(#0 , Sumitomo Atomic Energy Industries, Ltd.

- 68 -



JAERI - M 9999

are shown in a figure. On the delayed neutron energy spectra,

the recent measurements are briefly reviewed, and discrepancies

among the data for 232Th, 2 3 5U, 2 3 8U, and 239Pu are described

in relation to the spectrometers used in the measurements.

1.

, Pu

jf9, 1981 ^zimmmzntzffii^r-9it^ttiz^tei,\ x, 1979^3j3(£?
-f - ^T" "Consultant's Meeting on Delayed Neutron Properties " &ffl$k£tl, %•<, <D re-

view paper * ^ ^ $ WC^^CDH; C tlfe*B©I5O#%g^4i Lfco #{d 232 Th fflg^*

-^(i3-@©H2tfc:f±#f n r i ^ i ^ r , t z t i i , Ufc<fcOfPu (HlMli-ItJczBiJ5£$tiT

u©f-*£*fc | |a6£f t fc¥<!: , ±ISConsul-

tant's Meeting T'R.J.Tuttle n Preview paper ©i£"£ 232Th ©-f*-

T', u, PulH]fi^Mi*:c, 2 3 2Th(cgtrfefg^tSo ffi. £i

a, b , c,

2. i

lement 3 )

(Quantity)

(Delayed Neutron Yield)

2 )CINDA-A2) *J«tCXCINDA 80 Supp-

'"Delayed Neutron " ©

Table

- 9 tte
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3. 'M (Delayed Neutron Yield )

Table 1 (c^ Lfz «fc o ic, g ^ f t ^ J R ^ Oi(T©£*-e(±fi#©& DNY tmt) (^Abso-

lute Total Yield ( ^ § ^

^ (E n ) d

ft-5 Relative Total Yield, & # S 3 <9$tB£ft-5£#f4?£K ^, = ^p + "̂d )

^, © J t i LTJf<#>bft5 Delayed Neutron Fraction (/3 = 17d/T7( ) t ftfj1&(DmM

bT5fflXfi 6ffl©^^IW^:©^^-7°(c^^LfciBMc, / ^ - 7°

Delayed Neutron Group Fraction /^ (T /9; = P) , ?>\s--f i

t(Dik7:i3-A.Z>tl& Fractional Group Yield (aj iffiSt", a; =^d i

/^d, 4* at; = 1 ) . fcitfii U ^ u - / 1 (r , =~55sec) ©af t ( a , ) (C^-f^^Ou

-7" i © a f i («j ) (Ditt LT^-x.btl-5 Relative Fractional Group Yield a\ (a ' , = 1,

a'. = a j / a , ) , <h5-o^x - ^ •*?#)£$tlT^So V^HH^©Xitt»c 1,^*1-5 Fractional

Group Yield © r - ^ ( i , ^i:'^'relative

a . , ^ 30

5ft'£:&x.Z>(Dfr-e&r>ti

Group Yield

/;o

. Total DNY i Fractional

3. 1 Total Delayed Neutron Yield

Total DNY©ffl!j^Ji£< <± 1947

240 P u i

79Tuttlei;i *%

LT{fe©

/c^d M i

i <0,

2 3 2 T h <! :

{ML,

i recommend t 5

, C ^ T- fe 79 Tuttle (t i 1

, 79 Tuttle (i ^d

Fig.

- ^ ^ r adjust

. 7(C 2 3 2 T h , 2 3 3 U , 2 3 5 U , 2 3 8 U , 2 3 9 P U , 2 4 0 P u ,
232 Th

adjust

U , Pu

, 79Tut t le ^

2 4 0 P t 241

adjust

Pu t 241 Pu ( e l l L t l i f

7° a .y

^d ( E n )
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3.1.1 232

232Th©"?d ( E n )h © ? d (En

Fig. 1 *»
point

9 fC, T*- * (i 1-5 ~ 3.5 MeV (Dffi&lC 7 ,&, 1,4 ~ 15 MeV
^*^<flft lrS $ * 3 ~ 4 MeV J2I

V 2.4 MeV © 59 Maksyutenko 4 ) , 3 MeV

©56Brunson5 ) , 3.1 MeV © 69 Masters 6) © x ~ ? ( i ^ ^ 0.0571 , 0.0568, 0.0566 T'
7)

£ « discrepancy

MT&'Sa*, ±1B 3
2 3 5 U , 239

X, 70 Cox 8 ) © f - * (i 1.3 ~ 1.6 MeV

T 0.0525

^ C , 3 , 4 MeV J2I

, SP^d^, / d E n ^

, 70Cox

233 U,

tenko

( E n )

, 59 Maksyutenko 4 ) , 57 Keepin9) © x - J; 9 «c, seco-

nd chance fission ( n, n'f)

Stil>^5o C © ^ d ( E n ) ©it

ters, 59 Maksyutenko, *> «fcC5 57 Keepin © x - ^ t <

C E n )

, 69Mas-

5 MeV

discrepancy £/F L T

14 MeV ©50 Sun 1 0 ) , 60 McGarry n ) © r - 9, 14.5 MeV © 61 Shpakov 12)

(DT-9, fcJ: O' 15 MeV ©59 Maksyutenko 4 ) © f - ^ J i , 1.5 ~ 3.5 MeV^I^©^, =t »5 fe

^ ^ /J 0.058 ~ 0.083 ©{(^•^•^.T^ -5©fcftL, ftfe©r - ^ ti^J 0.03 JiiT©fS^fi^7F: L T ^

6o 14~15MeVfc fcy -SC©^^( i 232Th3t:tc|iS(i-r>, Fig. 2 ~ F i g . 5/>»
2 3 3U, 2 3 5U, 2 3 8U, iiJ;CJf " " P u O J i ^ l C i M ^ n S o ft£> 77 Alexander 13)

, En ©tf jDc!:*[c^d ( i ^^d ( E n )

, 14MeVT'»d

mann 14) , 69Notea1 5 ) , 72 Benedict 16) © r - 9 t , 0.03 tu

69Masters6 ) , 71 Brown 18) © f -

67 Herr-

69 Keepin 17) ,

± Fig. 1

Keepin Lt ^
S 69

69Keepin©

232 .
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3.1.2 233U
233U©^d ©ffliJSKgg-f 5£ift©£fe{i 232Th Jfc»3 fe4>< , 10#KiltVjH,^i, Fig. 2 i

*U-5 «t 9 IC 73 Evans 19) ©x - ? #Wc¥(<:<fc o t f - * j&(± qjfi!c!9 S i t * -So L*» L 7

14 MeV <Dffi.&Ktt*tzm%.r- 9 ltM^o

i, 69Notea15) O f - * te^Li^iSt'S U M

^ ^ ^ i c , 56 Branson 5) ©x - * fi 0.27 MeV © x - ? fe^a6

-^( i57Keepin 9 ) i 71 Conant 20 )

So *fe 71 Conant fi 0©zftij££?f ft o T 0.027 ± 0.0001

, 79Tuttle x) tfCtllc^ = 2.498 *SliT"^d <c

^ 99.7 96'&Wip © i i - e ^ ^ ^ n . "̂ p © thermal value JiH

;6>£79Tuttle ^ ^ J t L / c ^d ©filfi 71 Conant O f - ^ i i - ^ T fcH

© Z l # © f - ^ (TT, =0.0066 fc^CK 0.00674) £ , 73 Evans © f - ^ ^ i

ffiLfcffl, ,^0.0074 i t h ^ S i ^ ^ f g ^ ^ , 69 Notea &£{f 56 Branson

H(C79Tuttle {* 57 Keepin i 71 Conant

0.00667 ©fî & recommend L T ^ 5 O

^(C50keV~6.6MeV©fI^(C(i±(Cig'N;/-c73Evans 19) © f - ^ (25^ ) ©ftilfc,

© 56 Branson 5) ( 270 keV ) , 57 Rose 7 ) (1 MeV ) , 57 Keepin 9 ) (1.45 MeV ) , 69

Masters 6 ) (3.1 MeV)© 1 point data t, 72 Krick21) © 0.1 ~ 1.8 MeV TT©¥^Ifi( 0.0075)

I T , ^ © x - ^ i O i r b S ^ - l f ^ ^ i , 56 Branson © f - ^ (i6!> Lfg <, 57 Keepin ©x

^ (g@^**t>S^—Sfe^r^LT^-So 57 Rose i 73 Evans © f - * d: ©—ifcliffiifc

X, 69 Masters ©x-?©£{£{£f i 73 Evans ©x-^(±4ft^^ ' , 73 Evans ©3

57 Keepin © 1.45 MeV © x - ^ t 69 Masters ©x - ^ t£ffi&\M.B(£>£}S!,li, 73 Evans©x

{i, 233 U ft(i thermal ~ 4 MeV

© thermal value

79Tuttle (i±IH©x -

73 Evans © x - ^ J i , (n , n't )

En ) (D^Mtem'P&^LX^&o C O ^ « © vd ©x * -»!/+'-tt^ttfi Fig. 2 #> b *IJ § «fc

<, 60 McGarry n ) , 69Keepin17),
232 Th ©*l^ct|H]#ic, 60 McGarry

it 0.0142 t
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15, 69Keepin t 69 Masters

(En) \tftt£

3.1.3 235U
235U©"^d

ZB L tz 73 Evans 19) O f - ^ ^ * t l t l - ^ © t , thermal ~ 7 MeV

10 #©x*-*#&•&;&*, Fig. S l t l b f t S J ; ? ^ x - ^ i a f ^ r f ^ i f t dis-

crepancy W&t£tSo jtt^©r*-^ ;£50keV~-3MeV^JSi©r*-^iJtlS!LT*5<t, 48

Hughes 22) ©f-°-^(i^/J>ii<, 67 Herrmann 1 4 ) , 69Notea15), fcJ; t/79 Benedict 23 )

t o t thermal value £ft£"f Sr f-*l±&!9©

f-x-?( i47Snel l 24) . 56Brunson5), 59 Maksyutenko 4) tS^T - 9 ft%> < , 0.0173

~ 0.0176 © { I ^ T F L T I ^ S o fto "̂, f6^fil ;£-^:t"x-^(i57Keepin9 ) , 71 Conant 2 0 ) , 79

Synetos25) iSr L ^ f - ^ * ^ t ftT*} «3, ^©fl ( i 0.0156 ~ 0.0158 ©Igff lTl^ iCS < -

ffcLT^So ^ C t X , f5Jtl©^^-7o^{f,IItt^i^^^^Pa1li(c:fAS^, 57Keepin fcctCf

59 Maksyutenko it thermal value ©ftll(C, ^4r, 1.45 is «£# 2.4 MeV ©"?d ^-iJS L t ^ 5

©T', M e V ^ « J C * j « - 5 i : # © f - ^ * f l & © f - ^ t J ± K L r * ' 5 < b , 1.45MeV KfcttS 57

Keepin ©ffifi 0.01675 T 73 Evans ©r*- ̂  i S f c t S ^ - S c ^ ^ : L T ^ S ^ , 2.4 MeV (c fc

tt-5 59 Maksyutenko ©€( i 0.0178 T, Fig. 3 feJIbftS«fc •? IC, fte©r*-^ JcJt^TiJ>Li^

l̂ o X, 2MeVli(T©73Evans O f - 9 JcS/J\@^ftT fit f" SiliSS^^^IJffiig^ffi Lfcfit

fi, - d / i ^ c f S i ^ ^ b 57 Keepin ©^^-^©f jKc^^fCje^o ggoT thermal value tLX

(i, &'Pfc^&\,tir>Z>t)i, 57 Keepin © ^ ^ - 7 ° © r - ^ © ^ ^ { I U t t ^ r S ^ i # X . ^ n S o &

(C79Tuttle (i 0.01621 ©fit^r recommend L T ^ S O

, 50 keV ~ 7 MeV ©iTO±±t2 73 Evans © f - ?^I±$Jftft^ < , 50keV~ 6.7 MeV

e27 > 5 © T - ^ ; £ 4 X . T 0 - > ' S > O 73 Evans ©{fefcfi, 74 Cox 26) ^ 1 ~ 4 MeV ©ISffl

T4,&, 59 Maksyutenko0 ^2.4 *j«fcOf3.3 MeV © 2 ,^©x - ^ *til L T ^ - 5 ^ , ^©ffi(i

56Brunson5) ( 0.29 MeV ) , 57 Rose 7 ) ( 1 MeV ) , 57 Keepin 9 ) ( 1.45 MeV ) , 69

Masters 6 ) ( 3.1 MeV ) , 72 Clifford 27 ) (0.63 MeV) , 77 Besant 2 8 ) ( 0.63 MeV ) ©1

point data, fcj^'72 Krick 21) © 0.1 ~ 1.8 MeVHJg<©^±=HI ( 0.0163 ± 0.0013 )

73Evans © f - * { * & # £ < . I ^ ^ x ^ w f + ' - W c i o t l ^ © ^ 233U

mffiz, zn&mmtlTifc<vr-?&ik&LX%-&t, m& Ltz 57 Keepin © f - ^ i 72

Krick, 74Cox, 77 Besant © f - ^ t i 73 Evans iffia6TS<—ScLT^5o X, 3MeV

iSff© 59 Maksyutenko, 69Masters, 74 Cox © x - ? ^S0->—g:^^: L t ^ S o
 235 U ©i
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73Evans O f - ^ ^ L t l ^ J ; ^ * : , 35MeVrt>£> 7MeV { c ^ t t T ^ (E
n

En

L/c73Evans © 2 MeV £

L*»L, 73 Evans CD^- 9

^ * t t ? ^ ^ " p (E n . )
thermal~3.5

f i l e , 7 ~ 1

#> 2 3 3 U < h ^ l t ; i ! , 59Maksyutenko4) (15MeV) , 60 McGany n ) ( 14 MeV ) , 69

Keepin17) (14:J fc«fcC5 14.9 MeV ) , 69 Masters 6 ) (14.9 MeV) © 4 f t O f - * # & S © *

fe^, 59 Maksyutenko feJ;^' 60 Me Garry © f - * f i 232 Th fc =fc <̂  233 U ©

^I i6T^:#^f I^^ :UT^§o 69 Keepin t 69 Masters O f - ?©—
2 3 5 U©tI^ fee (Dffit&lt 69 Keepin fc^CX 69 Masters © r -

"̂ d (E n )

3.1.4 238U

h- Ltzfy 7^Fig . 4(C/5^-o C©H^b*lJ5«fc o ^ , 73 Evans 1 9 )

, 1.65 ~ 6.9 MeV {C 14 & © x - ^ * i * 5 o ^^"C 76 Meadows29} ** 2.5

£©f -?£ t r jLT( , ' ' 3o 76 Meadows © f - ^ (i 4 ~ 5 MeV 0|gffl"e

73 Evans O f - ? i i t o t f i < - i S [ L t l 1 5 o ffe©f- ^ ktlMftft 1 point data, X( i2 ,

3 ©x ?,;i/+*-^T'il'J^$ t l /cx - 9T:&Z>o

- ^ ( i , Fig. 4 l£fl,<ift-5 J; 9 t t , "̂d ̂ ' 0.048 HiJ^

fH73 Evans, 76 Meadows ©'ftft, 56Brunson5), 69 Masters 6 ) ,

Clifford 2 7 ) © 1 point data** 3 MeV ©fif£(£&5o 2.7 Me V K fc tf § 56 Brunson © x - ^

(±76Meadows fflf-?iS<-SLT^5o 72 Clifford© 2.77 MeV O f - ? (i 76 Meadows

cfcO^L^^o 3.1 MeV ©69 Masters © f - ? { 2 , 76 Meadows ©f-^^Jgt&'fbf- -5© ic{^

^ t l t l ^ o M , f g W I ^ / S - t f - ^ t U i , 57Rose7) (3MeV) , 57 Keepin9) (3.01MeV)

59 Maksyutenko 4 ) (2.4 fccfc O' 3.3 MeV ) , 74 Cox 2 6 ) ( 1.97 , 2.98, fc <fc CK 3.98 MeV ) ©

7 ,*©f - ^ ©ftjjfe 0.9 ~ 2.4 MeV ©ISfflTT^Ii( 0.0436 ± 0.0028 ) ZMfe Liz. 70 Cox8) © f

- ^ ^ 5 O C © 4n? 57 Rose © f - * (i 0.0386 + 0.0052 £ g fe (g < , B . o ^ # g fe ^ ^ < ,

fF^i©*f^JCfiLli^o 3MeVfeiijy-5 57Keepin i74Cox ©f-^0—Sfe{±g^o X, 70

Cox i 1.97 MeV © 74 Cox © f - ^ f e I f e t S < - i L T I l ^ 0 59 Maksyutenko © f - ? ( i

57 Rose £ 74 Cox © f - ^ f f l i f S O l * ^ L T ^ 5 O

^{i 0.0463 ~ 0.0492 ©
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7°©f - 9 it 0.0386 ~ 0.0439 © I B H ^ S O , Hkfr L ^ 77 Besant 2 8 ; ( 2.77 MeV) O f - ? (i

0.04451?, zioo^'yt'— 7°©43PaE!©{ii[;3r7F; L T ^ - B O

1 ~ 5 MeV ̂ |1^© v
d (E ) ©x z-i^^v' — ft#tt(i^^9 ^ f i t ' l i t f ^ o Fig. 4 ip t>¥ij § <£ 9

ft, 76 Meadows © f - : ? (±Ĥ  b^f^IEO^SS^-TF LT^-SORl&l'L, 74 Cox (DT*—9 ©£JIB

), X, 59 Maksyutenko © f —

76 Meadows t 74 Cox tte&fc ANL O f - 9H',

discrepancy ifitbKi, S.^ d " d / d E n

I L ^ ^ , ±^L/cJ;9(C4~5MeV©|QSl

•? 76 Meadows O f - 9 it 73 Evans © f - 9 I C g f c t g < —I.

?, 76 Meadows (D7-9 Ofitf, cfc ^{iJHtt^B A/"*? l̂ -

nCE ) ^^^[(c:-M^>'t"§ 5~7MeV©^I^( i , ^ i : 1 ^ ' 73 Evans <DT-9 (9>a) TT,
J n

76 Meadows © f — ? J&s'S MeVJC 1 j&&£0<&"C:&'5o 73 Evans i

73 Evans © f - :

T 1 <!̂ SiT" fit $ # , 5 MeV (C^o t̂-5 C©SC©{j|̂ ->Rfe'S) i , 0.04603 <t ' i >0 76 Meadows ©

j t 0.04831 Jc *9 5 96U\&< ft -So X, C©j£(i 4.75 MeV © 73 Evans

i"t"§o Z. CD^-fr b 76 Meadows ©5MeV©f—•

7 - 1 4 MeV © ^ « f i 233 U iicfcCK 2 3 5 U ^ < H ^ T . fflHSf - * (± 1

7MeV£IT©"»7
d ©{I t ibULT, $fc1glZi

.Jo -7-i ^ X m JL 232 n
•h

, 60 McGarry n ) © f - ^ ,

^d fflfifi 0.065 ~ 0.08

discrepancy ^ ^ b t l - S o ffê f, fS''1

t, 14 MeV j£^(C 67 Herrmann 1 4 ) , 69Keepin17), 69Notea15),

Benedict 16) © f - ^ , 15 MeV Jg^iCJi 66 Butsko30) , 69Keepin17), 69 Masters 6).,

fcj;c;71 Brown 18) © f - ? # * # l 9 , ^d ©ffiti 0.02 ~ 0.03 © I B I K C ^ ^ L t O S o 14 MeV

jfi^© 67 Herrmann , 69 Keepin , fc =fcCK72 Benedict © f — ^O^|fe(i^i6T^i/'>o ±!2H

# © f -^(C^LT69Notea © f - ^ ( i ^ L f g ^ l i ^ - ^ L T ^ - S o 15 MeV &W©f - ^ (i 14

2 3 2 T h , 2 3 3 U , &

MeV £( ±~e#! i:>5F t> ft [III i ft -5 •^" : f iS $ tl & o L fr L, 14.1 fc J: O* 14.9 MeV fc i> U" 5 69
233U4>=ty:" 235U i f i M o / i i i f p l ^ S b t l S o fi|J*>, 233Ufe=fc0;'235U

©ifi(i^pi:1|n]L;tr^'l>^, 2 3 8 U©il^- , 14.9 MeV ©
i-, 69 Keepin © f - ^ fc J: Ĉ~ 69 Masters © f - 9 lc
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g ^ T ^ " d ( E n )

•S73Evans

3.1.5 239PU
239PU

238
u 4 \ ,

;< , 73Evans 19) © r - ^ - e , 50 keV ~ 1.75

&l^T?74Cox 26) # 1, 2, 3 , 4MeVT4j&©

r - 9 £& LTl^ 5O ffe(± 2 points data ** 4 ft, 1 point data & 7 ftT, C ©ife^ 0.1 ~ 1.8

V©fQlS

Fig. 5
6 J41©x - ^ '̂afe 5 ^ ' , r - ^ PalK j\# 4' discrepancy #*II b t l 5 0 S fc ^ # ^

ffl^d = 0.009 ^-tHLT^-S©^47 de Hoffmann 31 ) © f - ^ "C, #^Tr 47 Wilson 32 ) <h 69

Notea 1 5 )^" 0.0076 t, Cftfc RIJSD A ^ ^ f i ^ # X . T ^ 5 o ^©ffefi 71 Conant 20 ) *•£

0.00661, 57 Keepin 9 ) & 0:0061, 56 Brunson 5 ) ¥ 0.00604 i , MeV ̂ |J^© ?-9 t i t tx L

7de Hoffmann t ft /JMI^^f" 56 Brunson © r - ^

56 Brunson <t 57 Keepin O f - ^ O - i i i l ^ T g ^ o

. 47 de Hoffmann, 47 Wilson, fcj; #69 Notea © f -

50 keV ~ 4 MeV (Dffl&Ktthfcm^tz 73 Evans 19) fc«fc#74Cox 26 )

56Brunson5) ( 0.42 MeV ) , 57 Rose 7 ) (1 MeV ) , 57 Keepin 9 ) ( 1.59 MeV ) , 69 Mas-

ters 6 ) (3.1 MeV) , fcJ;C/Sfc$fU^77Besant 28) ( 0.74 MeV ) (Dr-9&SbZo Fig. 5

-9L$, 56 Brunson, 57 Rose

fcJ;O;'74Cox © T - ^ l r , 0.007 B U & © M £ 5 - X . T I P S O ffeJ£. S ^ f l ^ ^ ^ x - 9 fi, 57

Keepin, 72 Krick , 73 Evans , &<fc tf 77 Besant © f - ? " e 0.0062 ©ia^lcSlt£ LTfc«9,
#|C 57Keepin £ 73 Evans © r -

73Evans (t74Cox ©•7-*-^©x*^**-'fiSc#tt*Jt'<T*-5<t, 73

Evans Of -^J i iEOfe lE^^LT*}*) , ffe^, 74 Cox © f - ^ ( i € * ^ i ^ i i ^ © ^ ) E ^ ^

, 73 Evans © x - * £f t /h@^/££ff l^-Ci :§ |T«l L, C©[l |g^ 4 MeV jg

3~4MeV(cfc^-S69Masters fc J;a'74Cox © r - ^ i f f i i6T^ < — $kt Z>o

, 73Evans ©fgx * ^ + * - J C * j ^ S f - ^ (i, Ife^HS© 56 Brunson *i<t# 57 Keepin ©

, 74 Cox © T - ? *l»«l®^^fflt- S i , 71Conant©x-^

X±Wfrt> 74 Cox © r - ^ (i 71 Conant © r - ^ i consis -

, X, 73 Evans © r - ^ { ± 57 Keepin, 72Krick, 77 Besant, fcJ;O*3~4

MeV TT69 Masters fc=fcC>'74Cox (Df-9 ttfli&T consistent -£&&£:zkz.?>o Thermal

57Keepin, 73 Evans , %3 J; # 69 Masters © r -
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consistency

£ , 73Evans (i 2 MeV EJ±-efiitiJ^£fftt o t l ^ i ^ f f l f , 4~14MeV©fl

- * t e £ < t o ^ 0 14~15MeV(C(±61Shpakov12) (14.5 MeV ) , 69Keepin17)

C 14:1 is «ta* 14.9 MeV), & «fctf 69 Masters 6 ) ( 14.9 MeV) © 3 p f - 9 Lfrti^o 61

Shpakov © f - * « , ^&l£%<btltz ViS©r - 9 £111$ ft, 0.0135 i E ^ f i f t t ^ ^ i l *

fl&2F, 69Keepin fc J; Ĉ '69 Masters O f - ? (i 0.0042 ^ © f g W i ^ / S LTfc «9,

(En )69 Keepin *j«tO*69 Masters O f - , C

239 ^ ( E n ) ^ f

3.1.6 240 P u , 2 4 1 P U , fc
24O PU, 241PU, &

242

240 9 )2.13 MeV ft 57 Keepin 9 ) , 14.1 ti&tf 14.9 MeV {t[5j b < 69 Keepin 17) ©

S © * - e * 5 o cn^rF ig . 6<t^t-*i, x - ^ ^ ^ © T , Keepin ^tHL

, 79 Tuttle ! } (C j ;o r adjust ^ t l ^ f l i ^ ^ - t f T ^ n y h Lfco
241 Pu Itg£-ni3&fg®ft 61 Cox 33) , 14.9 MeV Jt±|B 69 Keepin © 1 point data

76 Meadows 29) & 0.15 ~ 5 MeV ©t l^ t ? 15 £ © f - ^ *S"J^ L t P 5©-e,

^•l>o Fig. 7 ^ t> 61 Cox O f - ? i 76 Meadows © f - ^ J i — I - consistent {t

^ , 0.15MeV©f-^fi thermal value .fcfjfe 10 5K£l±l£<, X,

(E n ) fi

242 (E n ) 0.015 ± 0.005

c k
2 i ) i 73 Evans 19) O f

, 0.7 ~ 1.3 MeV
, o.64 -1.25 MeV ©& * |1 | L^EtT 4,^

73 Evans © f - ? « i 0.0149 ~ 0.0160

iav—SfeLT^So 242 Pu JtgC LTfi, 14 ~ 15 MeV

1.25 MeV £l±©^IJ^T(i, gij^f - 9

iE L

72 Kri -

3.1.7 vd© ( Z ) A )

3. 1 .1-3 . 1.6 ft J*T

*>

Fig. 8

Fig. 8 (i 79 Tuttle 1} Preview paper
(3Z - A c) A c / Z *'*7* -9 t
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(spontaneous fission) £ S :>t"0

242

, s

*, 3. i.6

242

235 U,

En

5 MeV JiJ

, A ) «t

( En )

Fig.

^, ( E n )

© 3 ~ 5 MeV Ji

Table 2 ic&

, best nt

( E n ) li—
233 U,

( n, n ' f ) 3 ~ 5

- ( i ^ ( E n )

79.Tuttle 233U 235U, 235U,
2 3 8 U 1£%£T

, 79 Tuttle (i 238 U Idgjfc

sy- -5 x ^ ^ + * - f t # t t »c i L T (ifflfj

x , 79Tuttie 2

3.2 Fractional Group Yield

J i ^ ^ t t 1 ? © Fractional Group Yield a, ii

Yield « : Icgg^SffliJ^f - 9 it, &§£<&&=?r- 9

Relative Fractional Group

T, [

2 4 0 P u , 2 4 1PU , 242 Pu

, ^©^i '^Maksyutenko fc

Maksyutenko i © x - ^ ©#fe(i , a

V>\/-~f O i = ~ 55 sec)© Fractional Group Yield

LT^x.§±!5Relative Fractional Group Yield a'. Is
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3~m5

—o

^Maksyutenko

14

T

238 U, fc 239 PuJCgJETii4I14;?-<C«fc5SiJ^-7'-^;£:^>«r, Table 3, Table 4, &«

Table 5 (c^ i46 , X, ^

fccfcCX "'PufflffliJ^f-^

(c(i75Tuttle34)

235 U ©a, Table 6 K, 233U, 239PU,

f -

3.2.1

59 Maksyutenko4) , 65 Maksyutenko37) , 69 Cox 38 )

MeV *j «tOf 1.6 MeV

^>n^©
Table 4 «fc 9 f t ,

, 59 Maksyutenko (Dy*-•?

Table 3~Table 5 © 3M

r. , a. i t fCx-^^© discrepancy

, 55Paxton36), 57 Rose 7 ) , 57Keepin9),

77 Besant 28) © 7 # © x

fe=tO'65Maksyutenko © f - ^ ( i , Ji.%, 2.4

f - * T * -5#, i i + t t ? © ^ l ^ x ^ ;i/**- fc

L*>L65Maksyutenko

15.2 sec i^-aTfcfJ,

o x ,
«i ©

- 7° 1 &

<tl<, 235 U t£i:lttf

i , a.

pancy , 57 Rose © f - 9

--? 2

discrepancy

ti discre -

57
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Rose

, 75Tuttle O f F f f i f - ^ l c a g - r S i , 2 3 5U, 238 U, fc «fctf 239 Pu © 3

, ai ©fI(±££T 57 Keepin © x -

3.2.2. i . ©r*-*

64Maksyutenko39),

, 235U(C®ET(i57Keepin9), 59 Maksyutenko4),

Z&, 233 U t 239 Pu T( i 57 Keepin, 241 Pu T?(

235 U 64 Maksyutenko O f - * (± ^3 ^ 15.5 sec

235 57 Keepin i 59 Maksyutenko

<ha2©ffi(il0^Jil±f;tlTt('>'5o X, i - ^ ©

discrepancy * ^ # <

L ^ L 59 Maksyutenko t 64 Maksyutenko © x

&.-t&t, 57 Keepin

(^(C72Tomlinson35)

pin #fliJSLT^ttl^ 241PU

57 Keepin ©x -

, 75 Tuttle © * § £ £ £ <

g ^ T 57 Keepin

, 57 Kee-

3.2.3

3. 2.1 T - j ^ f c 59 Maksyutenko fc«fcO° 65 Maksyutenko © x - 9 © =fc r> (c,

fc 238

r. ©

U

zr-9<DX¥t± Maksyutenko

, 14 ~ 15 MeV ©filî c, fc J;Of 18 ~ 21 MeV

, 8 MeV £

8 ~ 14 MeV &£& 15 ~ 18

59 Maksyutenko

(i57Rose7)

66 Maksyutenko 40 ) © x - ^ t ,

5 o 59 Maksyutenko

, 67 a Maksyutenko 41 ) © f -

75 Maksyutenko 42 ) ©if L ^ x - ^{i
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LTfc K), 5 MeV &&!?& 0.096 gffiT, 67 a Maksyutenko © 5 MeV fC;te

- r^L< (S^o L ^ L C © $ f L ^ r - ? © 4 ~ 6 M e V t d f c t f §£j |Bii , 6

~8MeV fC*3U-§|ij#(D£jief<:ia vjfi^o

14 ~ 15 MeV ©fi|:®i<:(i 59 Maksyutenko ©ffeic 67 Butsko43\ 67 Herrmann14) , 69

Notea15), 70East44) , 72 Benedict 1 6 ) ©5 # © f - * # & 5 O 70 East &<££/ 72 Bene-

dict

7b Maksyutenko 4 5 ) t 68 Maksyutenko46) © 2 {$©7*- ^ L ^

, C ^trfe 2~8MeVM^i[H]{itc, l o f f l f - ^ f a i l c x ^ ^ ' - K t t f f l ^ ^ A i

ffl^, 67 b Maksyutenko © r - * (i 19.5 MeVi£#;&*iBl-^S£tt&«fc o K&ft.

, 68 Maksyutenko ©x - 9

4.

£< (i46Burgy47)

Table 8 l ^ i J 6 T l f : o DNS ^

£© Table

C© Table A^*iJS«J;oJCf Sfe^O^fliJSi LTSn&ftTl^S 46 Burgy 4 7^, *© 10 ^

JCffliJ^*ff/«£ofc 56Batchelor 4 8 ) fcj;^56 Bonner 4 9 ) , Mtc^© 11 ^©ffliJ^C&S 67

Chrysochoides 5 0 ) (iMtlfe 235 U {CgfC, ^ © ^ * t t ? f c J; S ^ ^ S © DNS

46 Burgy J i7 j<^©^ | |43©S^l l? (cJ ;oT, .1/^©x j^wi/+'- ^Of- 7°© DNS

/•Co 56 Batchelor (i Harwell © B E P O J I ^ ^ O S U ^ + ^ ^ E ^ 7 y ^ M ^ T , 3H

h ny -^£ffll^TDNS ^iJ^L/Co 56 Bonner { i i i ^ ^ f f i ? © ^ 4 x * ^ - ^

V b ^&M&(DICJ 9 y f l l ^ f f l L f C o 67 Chrysochoides {i iS It i ^ f f i ? © coincidence

m^tz TOF ^ \cd; -a T DNS &Mlfe Lfco

, 71Chulik51) (i 252Cf
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1*3, H4 x ^ / i / * * - : / ^ - : / © * ^ h^£TOFi%TifJ^L/Co Table 8

2 3 5U, 2 3 8U, 4s cfctf 239 Pu

^ ^ h ^ proton recoil counter £ffl^T#iJ$ L/Co $ , 72 Fieg

|.-3T^'5o 73 Shalev53) {i>f x 7
2 3 2Th , 233U, 235U, 238U, &=fct / 2 3 9 P u ©5&;f i^©

j± 'Hgifc^JitScW-C-fliJ^Lfco C t l i a a t , 7->y h y ^ ^ O 74 Sloan 54)fcJ:^77 Eccles-

ton55) {i, > ^ y&ltiM Liz proton recoil counter £ffll^TDNS ^rliJSLTto f ib , 74

Sloan { i S * t t ? f c « t 5 235U, 238U, 4b" «fc CX 239 Pu ^t>© DNS * , &#, 77 Eccleston (i,
9 B e ( p, n) 9 B S / E ^ b ® i I + t t ? £ f f l ^ T , 73 Shalev i | f l tf 232 Th

5 6 )^K, LASL © 77 Evans 56) it 3.75 MeV

T, 2 3 5U, 2 3 8U, fcJ;^ 239PU

DNS ^

DNS

, DNS ?-

( t ^ - 5 T ^ 5 discrepancy *tg!S^-So itk^© DNS

Fig. 11-Fig . 17ic^-fo j ^ , 77Saphier ©aftX« 232Th ~ 239 Pu © 5 ^

3 HeJt
e

W t ^ ^ , ^ | f / - c 72Shalev5 8 ) , 74a ShalevS9)4SJ;CJf

74b 6 0 ) j j ^ ^ f F f f i S ® /

g 1 1 - F i g 15 { i * « 2 3 2ThFig. 11 -F ig . 15 { i * « , 2 3 2Th (Fas t ) , 235 U (Thermal) , 235 U (Fas t ) ,
238 U ( Fast) , 43<fctf 239 Pu (Fast ) KgJtT, 77 Eccleston ©/IJ5ET - 9 t 77 Saphier ©

L/c proton recoil counter #*§!t)tl, f1J}v5\ 77 Saphier ©Hf-ffifiUbftfl?^© 3H

fe discrepancy )̂S'M &>tl%>o Z- © discrepancy (± 5 ^ -

4o«3, lOOkeVJilTi, 200 keV — 800 keV Xfi 1 MeV © ^ l ^ f c ^ t l T f ^ ^ , ^fc 100 keV

#* discrepancy ©i fc 5J§HTT(i^ii/'i"C"'i)'5 "^^^i^x. i>tli>0

235U©«ltftt;?4Sctafii+14:flC«fc5^^S{CgJET. ^©DNS ^

J; -5 DNS x - * ^ibU L fc Fig. 16 TT(± 3 # © x - ^ ©fê fc 77 Eccleston O x - ^ fl, ^ ^

discrepancy f i H t l T f ^ ^ o 1 , s¥ffltCs9i, 56Batchelor © f - 9 (i 100 — 400 keV
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, proton recoil

77Saphier ©x - ? <fc ̂ J&«9 fg< , 600 keV ~ 1.4 MeV T€ifaJCig^o X,

56Batchelor O f - * f±M£CH^TV5#, f i©x - * lt{±£ ftfil.bftte^o —15, 72 Fieg

O f - ? l i . 56Batchelor tfttZt&t, 77 Saphier ©x - * K «fc <9.g < — Sfc U ^ § o ffi

L, 100~400keVe4>L®<, 700 keV ~ 1 MeV T i i

Tf*, S S ^ V f c 3HeibfiJIti[W^ffl^/c56Batchelor

counter £ffl I *> /c 72 Fieg © x - ? J: <0 & 77 Saphier

7?(±72Fieg, 74

c LT^-5 Fig. 17Tfi,

, 100 keV £l

72 Fieg ©x - 9 (i«\

Sloan , &=);£/77 Eccleston © 3

$ n r ^ 5 0 Fig. 11-Fig. 16 i

fgx ^ ̂ 4-*

crepancy

f - 9 ft 77 Saphier

dis -

200keVJil±-C!(i77Sapier ©i¥ffif6i^^— |fc£^ LT^-5**, 150 keV

77 Eccleston t 77 Saphier © x - ^ ^© discrepancy Ji, Fig. 13 iPl LJ-CiS^, 77Ecc-

leston i IR] D proton recoil counter £{3ift] LTC^§ 74 Sloan © x - 9 hwi^st^WS dis-

crepancy ^ ^ LTV -So L^Ls¥ff l^ l ,§ i , 74 Sloan i 77 Eccleston ©x-^(C( i DNS

, x - discrepancy *iff i*T^# <

£©DNS <Dl&* * JV>¥-ffiigtfctetf'& discrepancy © P a i ^ i x ^ ^ h a / - •?

Tit, 1979 ^© " Consultant's Meeting on Delayed Neutron Properties " T'h K. - L .

Kratz61)^'DNS fC(HtS ^ f ^ - © * T « i 9 ± i f T ^ S o ^ ( i proton recoil counter,

TOF&, fc

counter * 10~5

—#, proton recoil

DNS ©discrepancy ©RIM(cS3LT(i,

I , discrepancy

n / -

—S©

5.

Lfc#,
?- 9

iTIE©«fc

2)
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3) ."„
4) "d

5) a.

232 'p

233 u

235 u

238 u

: 4~
* ry

* V

" 7 ~

Dr-i

14 MeV

14 MeV

14 MeV

14 MeV

239 p

240 p

241 p
r u

242 p
u

He 14-15

: 4 -

: 3 -

: 5 -

: 1.5

MeV-

**, ^

-14 MeV

-14 MeV

-14 MeV

MeVJil_t

r - 9 <D?3lC-%.

î discrepancy fr!^

:#/i discrepancy ffi,

) ©

©

6) a.

7)

discrepancy ^ M ^ 200 keV
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Table 2 Delayed-Neutron Yields* Recommended by Tuttle

oo
us

Table 1 Delayed Neutron Data

1. Delayed Neutron Yield

i) Absolute Total Yield (\>d)

ii) Relative Total Yield (Ratio to_235"vd,
 2 3 8 v d

vdiii) Delayed Neutron Fraction (8 =•=— )

iv) Delayed Neutron Group Fraction (0., 26•= B)
1 i x

v) Fractional Group Yield (c^, ZCL^ = 1)

vi) Relative Fractional Group Yield (a!, a!=l)

2. Delayed Neutron Spectra

3. Data on Delayed Neutron Precursor

i) Neutron Emission Probability (Pn)

ii) Half-life (i i), Decay Constant (Xi)

iii) Decay Curve

iv) Kinetic Energy of Fission Fragment

4. Others

Average Kinetic Energy of Delayed Neutron, etc.

Nuclide

231Pa

2 3 2Th

233O

2 3 4U

2 3 5U

2 3 6U

238[J

2 3 8Pu

2 3 9Pu

2 4 0Pu

2 4 1Pu

2 4 2Pu

Thermal

0.00667

0.01621

0.00628

(0.0152 i

-

-

+ 0.Q0029
4.3%

-

± 0.00050
3.1%

-

-

-

± 0.00038
6.0%

-

0.0011)
7.3%

-

(0.0111

0.0531

0.00731

(0.0105

0.01673

(0.0221

0.0439

(0.0047

0.00630

(0.0095

(0.0152

(0.0221

Fast

+ 0.0011)
10.0%

+ 0.0023
4.2%

± 0.00036
4.9%

± 0.0011)
10.7%

± 0.00036
2.1%

+ 0.0024)
10.7%

+ 0.0010
2.3%

+ 0.0005)
10.7%

+ 0.00016
2.5%

+ 0.0008)
7.9%

+ 0.0011)
7.3%

+ 0.0026)
11.8%

14

0.0080

0.0285

0.00422

(0.0062

0.00927

(0.013 ±

0.0273

0.0028

0.00417

0.00671

0.00834

(0.0084

MeV

± 0.0026
32.5%

+ 0.0013
4.6%

+ 0.00025
5.2%

+ 0.0008)
13.3%

+ 0.00029
3.1%

0.002)
13.3%

+ 0.0008
2.9%

+ 0.0004
13.3%

± 0.00016
3.7%

+' 0.00050
7.5%

+ 0.00070
8.4%

+ 0.0011)
13.3%

O

ID

* Values influenced by empirical estimates are shown in parentheses.



Table 3 . Comparison of Che Experimental and Evaluated Data on
Fractional Group Yields of Fast Fission Delayed Neutrons for I

i

1
2
3
4
5

57 Rose

55.6
22.0
4.51
1.52
0.43

ai

0.035±0.00l
0.224+0.007
O.34O±O.O17
0.320±0.021
0.081+0.027

59 Maksyutenko
(2.4 MeV neutron)

T£(S)

56.09
22.27
5.46
2.17
0.435

a.

0.037
0.221
0.217
0.409
0.116

69 Gox

54.76
22.08
6.51
2.22
0.497

a.

0.033
0.218
0.184
0.397
0.168

1

1
2
3
4
5
6

55 Paxton

T£(S)

54.3
21.7
5.87
2.18
0.46
0.126

a.

0.036±0.006
0.210±0.019
0.192±0.027
0.409±0.022
0.135±0.008
0.018±0.004

57 Keepin

T^S)

54.51
21.84
6.00
2.23
0.496
0.179

a.

0.038+0.003
0.213±0.005
O.188±O.O16
0.407+0.007
0.128±0.008
0.026±0.003

77 Besant

Ti(s)

55.32
21.26
5.13
2.52
0.829
0.185

ai

0.035±0.002
0.234+0.003
0.216+0.069
O.29O±O.O55
0.l78±0.038
0.047+0.013

75 Tuttle(Evaluation)

T£(S)

54.58
21.87
6.027
2.229
0.4951
0.1791

ai

0.038+0.004
O.213±O.OO7
0.188±0.024
0.407±0.010
0.128+0.012
0.026+0.004

2
i

2
CO
CO
CO
CO



Table 4 Comparison of the Experimental and Evaluated Data on
Fractional Group Yields of Fast Fission Delayed Neutrons for 2 3 8 U

I
CO

57 Rose

55.6
22.0
4.51
1.52
0.43

0.012±0.001
0.154±0.005
0.266±0.017
0.401±0.032
0.167±0.033

59 Maksyutenko
(2.4 MeV neutron)

T - ( 8 )

54.88
21.41

5.47
1.95
0.568

0.012
0.152
0.176
0.440
0.220

65 Maksyutenko
(1.6 MeV neutron)

55
24
15.2
5.2
2.2

0.0225
0.204 ±0.003
O.O6O5±O.OOO3
0.189 ±0.004
0.524 ±0.022

1

1
2
3
4
5
6

55 Paxton

T i ( 9 )

53.0
22.0

4.94
1.77
0.39
0.117

a i

0.01U0.003
0.128±0.013
0.182+0.018
O.4O5±O.O17
0.240+0.015
0.034±0.008

57 Keepin

T £ ( . )

52.38
21.58

5.00
1.93
0.490
0.172

a i

0.013±0.001
O.137+O.OO2
0.162+0.020
0.388±0.012
0.225±0.013
O.O75±O.OO5

77 Besant

52.51
21.935

4.68
1.88
0.379
0.0619

a i

0.013
0.144±0.003
0.182+0.031
0.372±0.024
0.257±0.026
O.O32±O.O3O

75 Tuttle(Evaluation)

52.51
21.59

.987

.936
0,4916
0.1724

4,
1,

0.013±0.001
0.137+0.003
0.162±0.030
0.388±0.018
0.225+0.019
0.O75±O.OO7

P3
•73

2
CD
CD
CD
CD
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Table 5 Comparison of the Experimental and Evaluated Data on
Fractional Group Yields of Fast Fission Delayed Neutrons for 2 3 9Pu

1

1
2
3
4
5
6

55 Paxton

53.7
22.9
6.11
2.14
0.40
0.15

ai

O.O37±0.O16
O.265±O.O37
0.193±0.019
0.378±0.013
O.12O±O.OO7
O.007±0.004

57 Rose

55.6
22.0
4.51
1.52
0.43

ai

0.03UO.002
0.304±0.013
0.317±0.014
0.293±0.024
O.O55±O.O18

.1

1
2
3
4
5
6

57 Keepin

53.75
22.29
5.19
2.09
0.549
0.216

ai

0.038±0.003
0.280±0.004
0.216±0.018
0.328±0.010
O.1O3±O.OO9
0.035±0.005

77 Besant

T^S)

55.01
23.03
5.874
2.1935
0.425
0.1894

ai

0.030±0.002
0.294±0.006
0.18U0.039
0.373+0.025
O.108±O.O91
0.014±0.042

75 Tuttle(Evaluation)

53.73
22.29
5.173
2.094
0.5501
0.2159

ai

0.038±0.004
0.280+0.006
O.216±O.O27
O.328±O.O15
0.103±0.013
O.O35+O.OO7

Table Comparison of the Experimental and Evaluated Data on
Fractional Group Yields of Thermal Fission Delayed Neutrons on 2 3 5U

i

1

2

3

4

5

6

57 Keepin

55.72

22.72

6.22

2.30

0.610

0.230

a.

0.033±0.003

0.219±0.OO9

0.196±0.022

0.395±0.011

0.115±0.009

0.042±0.008

59 Maksyutenko

T^S)

55.55

22.02

6.06

2.25

0.462

ai

0.039

0.245

0.206

0.418

0.092

64 Maksyutenko

T £ ( S )

55

24

15.5

5.2

2.2

ai

0.039

0.147±0.0023

O.139±O.OO27

0.208+0.0150

0.467±0.0116

72 Tomlinson
(, Evaluation)

55.72

22,72

6.22

2.30

0.610

0.230

ai

0.033±0.004

0.219±0.013

0.196±0.033

O.395±0.016

0.115±0.013

0.042±0.012
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Table 7
Comparison of the Experimental and Evaluated Data on
Fractional Group Yields of Thermal Fission Delayed Neutrons

2 3 3U

i

1
2
3
4
5
6

57 Keepin

55.00
20.57
5.00
2.13
0.615
0.277

ai

0.086±0.003
0.299±0.004
0.252±0.040
0.278±0.020
0.051±0.024
0.034±0.014

72 Tomlinson
(Evaluation)

T£(S)

55.00
20.57
5.00
2.13
0.615
0.277

ai

0.086±0.004
0.299±0.006
0.252±0.059
0.278+-0.030
0.051±0.036
0.034±0.021

2 3 9Pu

i

1
2
3
4
5
6

57 Keepin

"4(8)

54.28
23.04
5.60
2.13
0.618
0.257

ai

0.035±0.009
0.298±0.035
0.211±0.048
0.326±0.033
O.O86±O.O29
0.044±0.016

72 Tomlinson
(Evaluation)

T £(S)

54.28
23.04
5.60
2.13
0.618
0.257

ai

0.035±0.013
0.298±0.052
0.211±0.07l
0.326+0.049
0.086±0.043
0.044±0.024

2 If 1Pu

i

1
2
3
4
5
6

61 Cox

4(8)

54.0
23.2
5.6
1.97
0.43

ai .

0.010±0.003
0.233±0.006
0.176±0.026
0.396+0.051
0.185±0.019

72 Tomlinson
(Evaluation)

4(3)

54.0
23.2
5.6
1.97
0.43
0.2

ai

0.010±0.003
0.229±0.006
0.173±0.025
0.390±0.050
0.182+0.019
0.016±0.006
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Table 8 Measurements of Delayed Neutron Spectra

CX5

46

56

56

67

71

72

73

74

77

77

Expementalist

Burgy

Batchelor

Bonner

Chrysochoides

Chulik

Fieg

Shalev

Sloan

Eccleston

Evans

Target Nucl

235U

235U

235U

2 3 5U

2 5 2 G f

2 3 5 U ,

. 2 3 2 T h , 2 3 3 U , 2 3 5 U ,

2 3 5 U ,

2 3 2 T h j 2 3 3 U j 2 3 5 U j

2 3 5 U ,

ide

238y 2 3 9 p u

2 3 8 U 3
 2 3 9 P u

2 3 8 U , 2 3 9 P u

2 3 8 U , 2 3 9 P u

2 3 8 U 3
 2 3 9 P u

Incident Neutron

Thermal Fission

Thermal Fission

Thermal Fission

Spontaneous Fiss.

14 MeV

Reactor Spectrum

Thermal Fission

Fast Fission

Fast Fission

Spectrometry

proton*

3 He**

methane

TOF + +

TOF

proton

3He

proton

proton

3 He

m
22T
CO
CO
CO
CO

* proton recoil counter

** 3He proportional counter

t methane cloud chamber

tt time of flight method
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3.3 3

m H

, JNDCFP Decay Data File H—JKJCJK& L tz

On the Estimation of Delayed-Neutron Emission Probabilities

Ryuzo NAKASIMA

According to the recent experimental progress, it is necessary to

reevaluate the delayed-neutron data included in the first version of

JNDC FP Decay Data File. This review is concerned with several methods

used in estimating the delayed-neutron emission probabilities for

possible delayed-neutron precursors.

7 - 4- - yli, ftjffi JNDC FP Decay Data File

fa 2)

65 ^f t , ENDF/B-V 4 ) T( i 67

(precursor) T'

, IS© 1979 3)

JNDC FP Decay Data File £l^f!ft3fc!Tt'Sffi5fcte, fr

Hosei Univeraty
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(6)
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Table 1 Number of precursors of which ra t ios of calculated
and experimental Pn-values are within factor of 2

A<IOO

A>100

Total

No. of
Experiments

36

29

65

Ref. 5)

22

13

35

0.5 £ C/E g

Eq. (11)

20

11

31

2.0

Eq. (10)

18

20

38

Table 3 Delayed-Neutrons per 100 Fissions

235 U ( T )

2 3 5u(F)

"SUCH)

238 U ( F )

238U(H)

239Pu(T)

239Pu(F)

241Pu(T)

233U(T)

232 T h ( F )

JNDC File1)

1.65

1.80

0.977

3.04

2.32

0.653

0.588

1.29

0.796

4.62

England et al.4)

1.77 (1.66)+

1.98 (1.84)

0.978(0.902)

3.51 (3.13)

2.69 (2.38)

0.769(0.675)

0.724(0.612)

1.58 (1.34)

0.846(0.803)

4.76 (4.51)

Rudstam2)

1.70

—

—

2.98(3.83"j"

—

0.70

—

—

Experiments cited in Refs.2),4)

1.58+0.07, 1.65410.042
*1.621+0.050

1.71±0.17, *1.673±0.036

0.9510.08, *0.92710.029

4.12+0.25, 4.510±0.061
*4.39+0.10

2.83±0.13, *2.73±0.08

0.61±0.05, *0.62810.038

0.6510.06, 0.624+0.024
*0.630+0.016

1.57±0.15, *1.52+0.11

0.66±0.04, *0.667+0.029

4.9610.30, *5.31+0.23

+ Values in parentheses are calculated using only measured Pn-values.

++ Calculated by using 1974 recommended yield data 1 3^.

* Recommended values by R.J. Tuttle (taken from Ref. 4 ) ) .

(T) : thermal f ission

(F) : fast f ission

(H) : high energy (vL4 MeV) fission
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Table 2 Comparison of estimated Pn-values for possible precursors listed in England et al.

I

Zn 79

Ge 83

84

85

86

Se 90

Br 93

Kr 95

Sr 100

Y 97

98m

100m

100

Zr 104

105

Nb 103

104

105

106

Present, Eq. (10)

sn from
Ref.10)

0.53

4.0

43

16

0.56

4.3

Uno-Yamada

1.3

1.4xl0-3

6.7

15

19

10

49

17

4.6

0.15

0.81

2.1

1.9

0.49

1.4

0.53

0.79

8.3

4.4

Present

Eq.(12)

0.46

3.0X10-3

13

22

16

14

48

28

5.1

0.05

1.2

Eq.(13)

0.03

0.00

6.2

17

9.4

5.4

40

10

3.8

0.02

1.7

Ref.4)

1.1

0.17

10

20

22

11

41

9.5

5.0

0.33

0.54

5.5

0.11

1.4

0.13

0.71

2.9

5.5

Ref.5)

0.2

4.3

14

16

9.3

38

10

5.0

8.1

0.3

5.1

0.3

2.9

5.8

12

Mo 109

110

Tc 109

110
[Ag 122

123

Cd 128

In 127

Sn 133

135

Sb 137

Te 139

I 142

143

Xe 143

144

Ba 149

150

La 149

150

Present, Eq. (10)

sn from
Ref.10)

l.lxlO"5

0.26

2.6xlO~5

18

0.72

0.79

Qg, sn
Uno-Yamada

0.51

1.5

1.1

1.9

0.14

2.1

1.4

0.20

0.14

11

31

5.4

16

1.1

1.3

4.6X10-4

0.24

0.42

0.40

Present

Eq.(12)

0.06

0.37

0.19

13

35

6.9

27

0.16

4.4

Eq.(13)

0.36

1.2

0.48

21

61

8.8

46

0.11

2.1

Ref.4)

0.53

1.3

1.7

3.1

1.4

4.6

0.11

0.72

0.02

8.6

20

6.3

16

18

1.2

0.73

0.03

0.24

0.81

0.94

Ref.5)

1.9

4.1

0.5

10

1.6

3xl0"5

7.1

26

11

24

30

4.0

1.7

0.2

5.5

3.4

5.1

T
CD
CD
CD
CD
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zA

Qfl P 7
Sn

A-1
Z + l Y + n

AYz+r

Jx : ( delayed - neutron) precursor, % ^ *

z* ,Y : (delayed - neutron) emitter, ^ m ®

5+5Y : final nucleus, M ^ ? ^
Fig. 1 Illustration of delayed-neutron emission

0.2 (U 0.6 0.8

Fig. 2 Systematic trend of Pn/Pnc
 v«s«

(taken from Ref.(5))
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Fig. 3 Systematic trend of P n v . s . (Qg-sn)/(Qg-Qo)•
The s t ra ight l ine i s expressed by Eq. (10) in the tex t .
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Fig. 4 Comparison of calculated (C) and experimental (E)
Pn-values in the form of C/E. C/E's are represented
by symbol I for Rudolph and Kratz5), o for Eq. (10),
and x for Eq. (11), respectively. C/E-values larger
than 3.0 are given in parentheses.
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Q : mmm ( NAIG
p n

A :
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total

87-91 , Rb 93 ~ 97'; I 137 ~ 140 tli£<D Pn

Q :

A :

JNDC FP Decay Data File

) ^ •SO

, ttfc 50

Q :

A :

L^L,

twotttzv,

A :
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3.4

1 ) , ( N i - 2 , Z i ) , ( N i - 2 , Z i + 1 ) , O ^ i f - ^ l l

So

&(*, N i # magic number <fc «9 2 tztfj*z£ < Z i ^ ^ © i ^ i c

r , 137I ©

% t 6.7 96)

Systematics of B-Decay Strength Functions

and the Delayed Neutron Emission

Takahiro TACHIBANA*

An attempt is made to deduce the g-decay strength function of the

nucleus with N^ neutrons and Z\ protons ((N^,Zi)nucleus) from 3-decay

data on the three neighboring nuclides, (Ni,Z^+l), (Ni-2,Zi), and

(Ni-2,Zj+l). This approach is considered to be most effective when Ni

equals to a magic number plus two and Z^ is odd, and can be applied to

the delayed neutron emission of some nuclides. In particular, the

delayed neutron emission probability (strictly speaking, its lower

limit) is calculated to be 2.55% for 87Br and 3.3% for 1 3 7I (experimental

values are 2.57% and 6.7%, respectively).

Waseda University
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Rudolph fcJ;tf

<

CfttTTKPappas fc cfcO'Sverdrup ° , Amiel fcctC/Feldstein2?

^ P n &^

2.

2.

WLtfi m a g i c n u m b e r + 2 ( = N i ) "CR ( = Z i )

Fig. 1 (C^;-ro c n f C J i ^ ^ W a H T - ^ J t ^ n ^ ^ T 'J y ^ © gap ©fljliei,

S ± © magic gap £>7FLT<fe<5o Fig. 1 ©^PJ<c magic number i f o j

core i magic gap ©±©^T ;£•ff i^/f I : t ; I& :5 1^>7^ L, ^&ffl(C|l^© u

® ^ © / c J 6 , Fig. 1 © ^ S P ^ ^ ^ t l ^ ' t l " core neutrons ( c . n . ) " , " vacant proton

levels ( v. p. 1.)" , " paired neutrons ( p. n . ) " , " single proton hole ( s. p. h . ) "

o C © CNi, Z i ) &(Dp-ffimtt, ( p . n . ) <DOtr>1fi ( v . p . l . ) P ( s . p . h . ) K

k, ttzit ( c . n . ) © t f o t ^ t i ^ o o i o ^ ( v . p . l . ) ^ ( s . p . h . )

M^, F ig . 2 I C f e 5 J ; ^ A ( N i , Z , + 1 ) &, ( N , - 2 , Z , ) gt,

( N , - 2 , Z i . + l ) ^ O / 9 ~ ^ « © H ® l 7 ' - ^ * ^ * « 6 ' 5 © ^ ? t ' « ? © ¥ S - e * ' 5 o tir Fig.

1 © ( p . n . ) — ( v . p . l . ) M&t ( c . n . ) — ( v . p . l . ) a ^ ^ - F i g . 2 © ( N i , Zi + 1)

^ © ^ " l ) ! ^ T - l ^ ^ x . i > o IRHSUC ( c . n . ) — ( s . p . h . ) g ^ i ( e n . ) — ( v . p . l . ) S ^

( N i - 2 , Z i ) &CDp-mm-?:-m£&iLZ>o tztzL, ^ M M ^ f H ] ± © ( N i , Z i ) &t (N

- 2 , Z i ) ^ © S I S ^ J x f y . A ' i j f - / ^ | H ] ^ i S C i A ^ g - e * 5 o

« l ^ S l x . f c * W - ^ { i ( N i , Zi + 1) ®<vP~ffim, CNi - 2 , Z i )

( c . n . ) - ( v . p . l . ) * £ # £ • • £ * l - 5 © • ? , ( N i - 2 , Z i + 1

n . ) — ( s . p . h . )

( p . n . ) — ( s . p . h . )

Sfc"tfT{i (p.

magic number

fc ( p . n . )
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(v . p . l . ) M&, ( c . n . ) — ( s . p . h . ) 3 & , ( c . n . ) -* ( v . p . 1.)

(p . n . ) -> ( s . p . h . )

JCfcO S ^ $ J 6 f e . f t t l ^ o ttz,

2.2

* magic number + 2 ,

)
 87 Br, 1 3 5 Sb, 1 3 7I *££***& 9 , Kratz et al

precursor

6)

( N , , - 2 , Z

5£<o ) (N, Z) (i, fi^ t l

(N, Z) (MeV) (1)

C Cl: A= Z

3 (i,

M

M
= 0.6 + 0.4 A ~ I/3 (2)

L, S ¥ S * A 1/3 "C-fiJ o fcffl r o *

ro=1.25 (l+0.65A~2 / 3 (fm) (3)

/M= 1 tttlif, ^ Ref. 8 ) , 9)

Janecke 8)> 1 0 ) ©Coulomb displacement energy

EC (N, Z < ) = - ^ r ( a i Z < + a 2 ) - (m, - m H ) c 2 ( M e V )
A/3

(4)

ai = 1.389

a 2 = - 2 . 0 4 1

(MeV)
(MeV) (5)
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( m n - m H ) c
2 = 0.782 ( M e V )

cnt-,

it.

&MS L , 2

i + 4E c l -

L T ,

= C C h ) Ai

= C ( 1 2 ) A 2

= i2 i

( E 2 -

# 4 E c - J U

- z / U i ,

, (3)^ ©SSI 1*1

LT ,

(7)

2. 3

= 2.84h, ^

log ft = 8.72 t

8 8 K r -* 8 8 Rb i t *J«-j-S e 8 Rb

A i)i 2.913 MeV <JCT',

i t i i f = o.926 x io

t l r , 8 8 K r - 8 8 R b

2 Sl|aR16 (0.19632 MeV)

- ^ 2.717 MeV ft fc *),

11/2= 5.68 x 105sec ,

LT 1.90 x 10"9 sec"1 * ^ t ^ o -f^^

4 ^ 1.90 x lO^sec"1 MeV"1 i ^ 5 o

Br T(i 3.49 MeV © J S ^ X ^ W I / ^ ' - ( c ^ j £ t ^ © T , 8 7Br-*8 7Kr

= 6.84 MeV ^ - f f l l ^ i , Ct l ( i 8 7 Kr © 3.35 MeV i)jg Ltz t C 5 ^ © S^

87

= 1.90 x
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3.

magic n u m b e r + 2 ,

© ( ± 8 5 A s , 8 7 B r , 1 3 5 S b , I 3 7 I

( N i , Zi + 1) ,

> Ref. 9 ) i c t

Kr , 8 5 Br , 8 6Kr
85 As, 135Sb

tt9 f~ ffim%:t?>

. S ( N , , Z , )

i - 2 , Z i ) , ( N i - 2 , Z

137 138 Xe 135Xe, 1 3 5 I .

85 Br J 8 7 B r
1 3 7 I

: 8 7 B r i 1 3 7 I

-f
-5

/ c , F i g . 5 , 6 Tf

<' = OSMeV

Table 1

(/;+/;) T' <,

; + / > ) = 1 .

Takahashi 5)

6), 9) "e^ffl

, 87Kr ' - 3 - 4 MeV

137 I T'fei 137Xe

( p . n . ) — ( s . p. h.) i P l i l ^
137I i[5]

135

Fig. 3.

snKi
L/c/
8 7Br, 137I © QA i 137Xe © S

tltz
1 3 7 1

139Cs, U1 La

'tl 1.15 x 10"7 sec ~ \ 5.48 x 10"8 sec"1 'C, C

( E - 6 M e V )

2.51 x 10"7sec -1

SO 137Xe

, Kratz et al 6)
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(E u.Uit)

So Table l

(Kratz et al ©fit) ^ ^

kahashi © f F t f K ^ ^ ^ ^ S I f - * n ) £©—gW*

r̂  -5 J; ? (tUlix - ? ©*ft$ tl5
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Table 1 Delayed-neutron emission probabilities for precursors 87Br
and ^ 3 7 I . The first three lines for each precursor show the
values of the relevant quantities used in the calculation.
In Cases I and II the values of Q and S n are taken from
Ref. 6), while in Cases III and IV they are taken from Ref.9).
In the forth line listed are the upper limits of the excita-
tion energy (see Section 2.3) above which we cannot estimate
the strength reliably. In the ififth line given are (the lower
limits of) the delayed-neutron emission probabilities cal-
culated from the strength of Figs. 5 and 6 in the region of
the excitation energy between S n and E u.l. In the last line,
the experimental delayed-neutron emission probability11'' is
given.

8 7 B r

Q (MeV)

Sn (MeV)

rn/(rn+ry)

E u.l. (MeV)

Pn cal. (%)

Pn exp. {%)

1 37j

Q (MeV)

Sn (MeV)

rn/(rn+ry)

E u.l. (Mev)

Pn cal. (%)

Pn exp. (%)

Case I

6.84

5.515

1

5.97

4.89

Case I

5.82

4.025

1

4.94

12.46

Case

6.84

5.515

Ref.

5.97

2.55

Case

5.82

4.025

Ref.

4.94

3.28

II

5)

2.57

II

5)

6.7

Case III

6.5

5.515

1

5.63

0.54

Case III

5.5

3.862

1

4.62

9.15

Case

6.5

5.515

Ref.

5.63

0.27

Case

5.5

3.862

Ref.

4.62

1.98

IV

5)

IV

5)
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paired neutrons

(P.n.)

magic gap

core neutrons
(c n.)

vacant proton levels
v.P.l.)

single proton
(s.p.h.)

Fig. 1 Schematic illustration of single particle levels in the
nucleus (N^Zj). The neutron number N^ is equal to a magic
number plus two, and the proton number Zj is odd. Occupid
levels are shown by solid lines, and vacant levels are shown
by a dashed line. Four types of transitions are indicated.

n

/
t

(a) (b) (c)

Fig. 2 Schematic illustration of the neighboring nuclides.
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E(MeV)
Fig. 3 Strength function Sg for the 8-decay of 87Br. The abscissa E

is the excitation energy of the daughter nucleus (emitter).
The calculated strength which has been obtained by giving a
width of 1 MeV to each integrated strength shown by solid
lines, and, in the energy region above the upper limit
mentioned in Section 2.3, it is drawn with a dotted line.
The experimental data have been taken from Ref. 6) and are
represented by dashed lines.

O

6 E(MeV)
Fig. 4 Strength function Sg for the 3-decay of 1 3 7 I .

See also the caption of Fig. 3.
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U)
O

-7 6 E(MeV)
Fig. 5 Strength function Sg for the 6-decay of 87Br. The calculated

strength has been obtained by giving a Gaussian distribution
with standard deviation of 0.5 MeV to each integrated strength.
See also the caption of Fig. 3.
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o
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•
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I
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1
1
1
1 n
1 II
i II
I II
1 ii

II

II

iln
I H i '

1 I l l l

i I I I I
1 IIII
Mill

137Xe

• - /

"y.

ISn IQp

' u
1

nfTr1 ̂  '.

i\

t
1
J

6 E(MeV)
Fig. 6 Strength function for the g-decay of 1 3 7 I .

See also the caption of Fig. 5.
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4. ( i )

Summary Talk ( I )

Kazusuke SUGIYAMA*

1979

B I O Summary fefr 9 <t^ o l f r ? ^ L<fc 9 t

N&f-^o^-SU'i

L) 7 7 4 MtL&o ttZWlSli. 1976 I

NEANDC i lNDC meeting T T ^ H ^

NEANDC

/ - 7 L i ( n , n ' a ) t 232 Th

T

Watt M ^ t

Co Resonance parameter

fe © T * -̂  tzo fflM

, Maxwell

, Tohoku University
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, &fc 10 ^fe1(c precursor < iS/^-e?*5 *3, C

&©•?& 6 "5 3 *), 7° n ^ y A (C (i

, ftig© on-line mass separator
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5.

Benchmark Tests of JENDL

5.1

JENDL-2Bti , Big*PfC&aMfc8f£S (235U, 238 U, 239Pu,241Pu, Fe, Cr.Ni) £

JENDL-2 £>b, fUlO^S^: JENDL-l^b^-ofcSfiRv'f ^ 7 ' J -T '^So £ ft <i 8 ;f£fi(i

JENDL-2 - e 5 t £ ^ f f M £ f T o / c 0 ftK£SK:ftLT{±|^l#§¥ffi&£$fflL, JStigft Kft L

^ifSisj<tt&tf § in§f j f^£^ MeV * T ^ l t L ^ o

JENDL-2B d f l t ^ y f 7 - ? r x ^<f- , / ;o 27 0 KsJ?*&ftie>tf L, 4 ^ * P #

, Pu ilPitiUiP^O^-?? C/E

MOZART 'JP^i ZP.PR-3fC*fL, JENDL- 2B

JENDL-2B (iJENDL-1 «fc 0

MOZ ART •JP -̂C'tî Jff/«£ f̂flij «• 4>L 5* s , Z PP R - 3 T?ltfot£

Review of Benchmark Tests on JENDL-2B l ibrary

Yasuyuki KIKUCHI+

JENDL-2B is a mixed l ibrary consisting of JENDL-2 for the most

important nuclides, i . e . , 235U, 238U, 2 3 9Pu, 24°Pu, 2 4 1Pu, Cr, Fe and Ni

and of-JENDL-1 for other nuclides. Complete reevaluation work was made

for these eight nuclides. The simultaneous evaluation method was adopted

in the evalautaion for the five heavy nuclides. The resonance structure

was carefully studied for the s t ructural materials in the unresolved

resonance region up to several MeV.
>

Benchmark tes ts have been made on JENDL-2B. Various core center

character is t ics were tested with one-dimensional model for to ta l of 27

assemblies. Satisfactory resul ts were obtained as a whole. The resul ts

of spectrum indices, however, suggested some inconsistent spectrum :

Japan Atomic Energy Research Institute
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prediction. Moremover, the reac t iv i ty worths were overestimated for

most of mater ia ls , and apparent C/E discrepancies were observed between

the Pu and U cores.

Applicablity of JENDL-2B was further tested to more sophist icated

problems for MOZART and ZPPR-3 assemblies. The reaction rate" d i s t r i -

butions were be t t e r predicted with JENDL-2B than with JENDL-1. The

posit ive sodium void reac t iv i ty worth was much overestimated with

JENDL-2B due to too large moderation components." The cpntrol rod worths

were well predicted in MOZART, but were considerably underpredicted in

ZPPR-3.

1. F?

JENDL-2B(i, Sig'JpltiiMtt 235U, 238U, 239Pu, 240Pu, 241Pu, Cr, Fe, Ni £ JENDL

JENDL- lfriMitz-Mff 7*7 U - T

, JENDL-2 (D—1B> AMmfrb

^ £ JENDL mftpm W G. TfiCO JENDL-2B©^yf v -

te Ref ( D l C ^ J t l t l ^ o l 2 M f f l T X h H , MOZART &

ZPPR-

2.

JENDL- 1 © ̂  viP^ - ^ -f- x h 2)i(sl DT, 27

2. 1 l ^ i i f S ^ : Table 1 , Fig. 1

*eff ©C/EMJi 0.998-C&9, U ' ^ ^ - Pu ^ [^©i t t f c 0. 2 JKi /JN£ ^O L ^ L, ZPR

3 - 4 8 i 3 - 4 9^^OFs1-e0. 51 ® ^ ^ * - S * ( i , 3 - 49 *P'fr# 3 - 48 '^L>^b Na

fe©T-*^©T, Na *M Ffa$k$:lElC'MMm^-Z>?&tlfr$>Z>o C (D&tllt

Z P P R - 9 , -

2. 2 <£'£\RJE^Jfc : Table 2, Fig. 2
238U fission/235U fission

^•^< i C/EMJi l ICiS^o 239Pu fission / 23S U fission It* VM'

fti2©-fe •> h J;f9(i^ffT-ab^0
 238U capture /235U fission i 2 3 8U capture/239Pu fission

O C / E 1 I J 1 (Cifi
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2. 3 cfrhJxJfcJgffiM Tables 3 - 9

t©!t£TT<±/9eff

235 U,

239Pu £ 235U © C/E (2 10

"Bffll© C/E \t

2.4 K ^ y - S I E S : Table 10

Table

(REMOMIE)

&<D JENDL-2BCD C/E t±3̂ J 0. 9

3. 1 MOZART

3. 1. 1 SJS'$5>* : Figs. 3 - 4

/E€- Figs 3-4 C/E 1 ic—

3. 1. 2 Na # 4

Na # 4 K h 7 ^

Tables 11-12, Fig. 5

C / E M * Fig 5 fc, 1 g5cffiififi£$>*Tables 11

, JENDL-I X

3. I. 3 MZC ©fffiJflS#WiS : Table 13

MZC ©tlfflJMffi© C/E « Table JC o>U6T 1 —# J ENDL- 1 fi

3.2 ZPPR-3

3. 2. 1 ^i&*f|j'J{a

JENDL-2B©

liMZC i ^

3. 2. 2 235U
235U

: Table 14
0.88 "C JENDL- 1 «fc

: Table 15

C/E it, Um
- ^ JENDL- 1

^TfeO. 97

C/E (i 0. 92
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(1) JENDL-2B (i£{*£ LT JENDL-1 J

(2) 239Pu/235U StfSmtfri^itUOOkeVJy.h©:*'^ h

(3) *;i>&JfoJt«S(i, Af*(c^^rii^:g¥fitli*T?, u ^ ^ i Pu

(4)

(5) Na #

(6) MZCiZPPR-3

1) Kikuchi, Y., Narita, T. and Takano, H.: J. Nucl. Sci. Technol.,

17, 567 (1980).

2) Hardie, R.W., Schenter, R.E. and Wilson, R.E.: Nucl. Sci. Eng.,

57_, 222 (1975)

3) m^nm •• %m
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Table 1 Effective multiplication factor

• C/E OF K-EFFECTIVE

• PLUTONIUM FUEL

NO.

1

2 •

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

« AVERAGE

ASSEMBLY

VERA-11A

ZPR-3-54

ZPR-3-53

FCA 5-2

SNEAK-7A

FCA 6-2

MZA

FCA 6-1

ZPR-3-50

ZPR-3-48

ZPR-3-49

ZPR3-56B

ZPPR-2

MZB<1)

2PR-6-7

SNEAK-7B

ZEBRA-3

OF C/E

• AVERAGE(C/E)-1.0

« AVERAGE OF ABSC1

« STNO.DEV. OF C/E

EXPERIMENTAL

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.010B0

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00400

1.00000

1.00000

1.00000

.O-C/E)

JEN0L-2B

0.99236

0.95443

0.99116

1.00567

1.00135

0.99946

0.99446

0.99481

0.99709

1.00049

1.00546

0.98885

1.00037

0.99114

0.99368

0.99852

0.99825

0.99707

-0.00293

0.00460

0.00486

JENDL-1

0.9859B

1.02170

0.99940

1.01078

0.99552

1.00713

1.00267

0.99450

0.99738

1.0004 5

1.00006

0.99565

1.00717

0.99851

0.99826

0.98982

0.98163

0.99781

-0.00219

0.00573

0.00737

JFS-2

0.99240

0.95435

0.99650

1.00910

1.00508

1.00452

1.00119

1.0004 1

0.99848

1.00306

1.00416

0.99668

1.00874

1.00129

1.00332

1.00436

0.99797

1.00170

0.00170

0.00395

0.00438

ENDF/8-4

0.98399

0.93350

0.97716

0.99726

0.99072

0.99035

0.98305

0.98440

0.98105

0.98848

0.99175

0.97682

0.98780

0.97959

0.98098

0.98922

0.99182

0.98590

-0.01410

0.01410

0.00S72

• URANIUM FUEL

NO.

19

20

21

22

23

24

25

30

31

32

« AVERAGE

ASSEMBLY

VERA-1B

ZPR-3-6F

FCA 5-1

ZPR-3-12

FCA 1-6

FCA 1-1

FCA 3-2S

ZPR-6-6A

ZEBRA-2

ZPR-3-11

OF C/E

• AVERAGECC/E>-1.0

• AVERAGE OF ABSU.

« STND.OEV. OF C/E

EXPERIMENTAL

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

O-C/E)

JENBL-2B

0.99537

1.01225

1.00169

1.00114

0.99865

1.O0992

0.98920

0.99884

0.98314

1.00211

0.99923

-0.00077

0.00619

0.00823

JENDL-1

1.00767

1.01950

1.00605

1.00609

1.00930

1.01202

1.002S8

1.01390

0.99020

0.99986

1.00672

0.00672

0.00870

0.00767

JFS-2

1.00360

1.01660

1.00589

1.00697

0.99874

1.01763

0.98812

1.00191

0.98523

1.00800

1.00327

0.00327

O.O0B85

0.01002

ENDF/B-4

0.99418

1.00831

0.99418

0.99873

0.99647

1.01292

0.98253

0.98946

0.97814

1.00504

0.99600

-0.00400

' 0.00926

0.01038

SUMMARY OF ALL ASSEMBLIES

« AVERAGE OF C/E

• AVERAGE(C/E)-1.0

• AVERAGE OF ABStl.O-C/E)

• STND.DEV. OF C/E

0.99790

-0.00210

0.00521

0.00645

1.00123

0.00123

0.00687

0.00865

1.00230

0.OO230

0.00584

0.00714

0.98978

-0.01022

0.01224

0.00925
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Table 2 Central reaction rate ratios

Quantities

U -238 Fission
U -235 Fission

Pu-239 Fission
U -235 Fission

Pu-240 Fission
U -235 Fission

U -238 Capture
U -235 Fission

U -238 Capture
Pu-239 Fission

No. of Cores

Pu cores
15

U cores
9

All cores
24

Pu cores
15

U cores
8

All cores
23

Pu cores
9

U cores
4

All cores
13

Pu cores
6

U cores
6

All cores
12

Pu cores
6

U cores
5

All cores
11

*

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

A
B

JENDL-2B

1.086
0.081

1.016
0.074

1.060
0.085

0.980
0.032

0.986
0.040

0.982
0.035

1.073
0.139

1.043
0.083

1.064
0.126

1.006
0.029

0.986
0.016

0.996
0.026

1.034
0.032

0.974
0.038

1.007
0.046

JENDL-1

1.008
0.075

0.954
0.073

0.988
0.079

0.964
0.031

0.972
0.041

0.967
0.035

1.009
0.127

1.008
0.082

1.009
0.115

0.997
0.028

0.983
0.013

0.990
0.023

1.042
0.031

0.985
0.040

1.016
0.045

JFS-2

1.021
0.072 ,.

1.016
0.074

1.014
0.073

0.974
0.031

0.985
0.038

0.977
0.034

1.058
0.117

1.061
0.069

1.059
0.105

0.995
0.027

0.981
0.014

0.988
0.023

1.030
0.030

0.972
0.036

1.004
0.044

ENDF/B-IV

1.031
0.068

1.022
0.080

1.028
0.073

0.975
0.030

0.990
0.039

0.980
0.034

1.063
0.127

1.083
0.077

1.069
0.114

1.021
0.029

0.984
0.023

1.003
0.032

1.052
0.032

0.965
0.030

1.012
0.053

* A: Average of C/E, B: Standard Deviation of C/E.

ZPR-3-54 and FCA-I-6 are omitted in the statistical analyses.
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Table 3
239

Central reactivity worths (C/E) of Pu.

Fuel

Pu

U

All

Assembly

VERA-11A
**

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

ZPR-3-56B

ZPPR-2

ZPR-6-7

SENAK-7B

ZEBRA-3

*
Experimental

Inhour/kg

_

738

681

1023

564

445

415

372

120

158

584

1144

Average of C/E

Standard

**
VERA-1B

deviation of C/E

**
ZPR-3-6F
ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

674

452

436

57

195

411

Average of C/E

Standard deviation of C/E

Average of C/E

Standard deviation of C/E

*
Inhour/kg
%Ak/k

925.5

968.8

950.3

911.8

930.1

932.5

934.4

975.6

963.4

972.5

843.7

837.9

376.9

407.2

427.6

431.9

442.3

462.6

*

factor

1I»2D

-

1.0482

1.0434

0.9170

1.0488

0.9942

1.0489

1.0644

1.0000

1.0041

0.9649

0.9846

0.9735

1.0020

0.9948

1.0029

0.9866

0.9884

JENDL-2B

-

1.431

1.211

1.043

1.135

1.177

1.096

1.280

-

1.208

1.045

1.178

1.153

0.075

0.888

1.016

0.960

1.023

1.073

0.992

1.012

0.042

1.109

0.093

Calculated

JENDL-1 JFS-2

-

1.184

1.216

1.056

1.145

1.202

1.131

1.275

-

1.228

1.065

1.204

1.169

0.071

0.879

1.029

0.954

1.020

1.058

0.991

1.006

0.038

1.119

0.098

1.439

1.198

1.041

1.138

1.175

1.103

1.278

-

1.213

1.050

1.179

1.153

0.073

0.877

0.983

0.957

1.045

1.081

0.989

1.018

0.048

1.111

0.091

ENDF/B-IV

-

1.479

1.224

1.052

1.152

1.187

1.112

1.301

-

1.227

1.058

1.176

1.165

0.077

0.884

0.993

0.965

1.038

1.080

0.993

1.019

0.044

1.120

0.096

* Taken from Ref. (2)

** Omittec in statistical analyses
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235
Table 4 Central reactivity worths (C/E) of U.

Fuel

Pu

U

All

Assembly

VERA-11A
**

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

ZPR-3-56B

ZPPR-2

ZPR-6-7

SNEAK-7B

ZEBRA-3

Experimental

Inhour/kg

_

567

520

757

464

334

282

295

90

133

435

721

Average of C/E

Standard

**
VERA-1B

deviation of C/E

**
ZPR-3-6F

ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

391

320

285

42

140

246

Average of C/E

Standard deviation of C/E

Average of C/E

Standard deviation of C/E

*
factor
1D+2D

_

1.0472

1.0447

0.9175

1.0485

0.9943

1.0494

1.0632

1.0008

1.0041

0.9649

0.9857

0.9741

1.0024

0.9959

1.0028

0.9870

0.9891

JENDL-2B

-

1.463

1.252

1.025

1.119

1.183

1.168

1.229

-

1.190

1.055

1.179

1.156

0.071

0.887

0.837

0.963

1.061

1.092

1.040

1.039

0.048

1.120

0.084

Calculated

JENDL-1

-

1.245

1.287

1.079

1.167

1.239

1.254

1.254

-

1.234

1.118

1.249

1.209

0.067

0.899

0.869

0.983

1.079

1.111

1.066

1.060

0.047

1.163

0.092

JFS.-2

-

1.398

1.168

1.027

1.100

1.172

1.184

1.221

-

1.181

1.070

1.196

1.147

0.061

0.885

0.822

0.967

1.071

1.101

1.044

1.046

0.050

1.116

0.074

ENDF/B-IV

-

1.582

1.328

1.063

1.177

1.217

1.214

1.266

-

1.226

1.086

1.201

1.198

0.078

0.880

0.824

0.976

1.081

1.110

1.051

1.055

0.050

1.154

0.096

* Taken from Ref. (2)

** Omitted in statistical analyses
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Table 5 Central reac t iv i ty worths (C/E) of 238T.

Fuel

Pu

U

All

Assembly

VERA-11A
**

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

ZPR-3-56B

ZPPR-2

ZPR-6-7

SNEAK-7B

ZEBRA-3

*
Experimental

Inhour/kg

_

-82.0

-75.1

-38.8

-42.1

-23.6

-18.5

-18.4

-

-10.9

-24.2

-36.0

Average of C/E

Standard

**
VERA-1B

deviation of C/E

ZPR-3-6F**

ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

13.1

2.7

-12.0

-3.5

-10.7

-13.0

Average of C/E

Standard deviation of C/E

Average of C/E

Standard deviation of C/E

*
factor

1IH-2D

_

1.0057

1.0113

0.9389

1.0166

0.9914

1.0078

1.0178

-

0.9972

0.9760

0.9832

0.9045

0.9930

0.9915

0.9983

0.9854

0.9886

JENDL-2B

0.923

0.923

1.108

0.921

1.043

1.036

1.224

-

1.019

1.158

1.147

1.064

0.098

1.579

-

0.986

1.111

1.023

1.014

1.034

0.047

1.055

0.087

Calculated

JENDL-1

_

1.035

1.040

1.233

1.015

1.162

1.151

1.339

-

1.114

1.230

1.209

1.166

0.095

1.436

-

1.081

1.188

1.086

1.067

1.106

0.048

1.147

0.088

JFS-2

_

1.043

1.027

1.173

0.966

1.063

1.061

1.247

-

1.040

1.165

1.152

1.099

0.084

1.128

-

0.982

1.087

0.996

1.027

1.023

0.040

1.076

0.081

ENDF/B-IV

_

1.014

0.999

1.158

0.942

1.044

1.046

1.222

-

1.015

1.149

1.124

1.078

0.085

1.218

-

0.973

1.123

1.027

1.014

1.034

0.055

1.064

0.080

* Taken from Ref. (2)

** Omitted in statistical analyses
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Table 6 Central react iv i ty worths (C/E) of B

Fuel

Pu

U

All

Assembly

VERA-11A

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

**

ZPR-3-56B

ZPPR-2

ZPR-6-7

SNEAK-7B

ZEBRA-3

Average

Standard

*
Experimental

Inhour/kg

_

-42500

-39029

-19368

-17515

-8912

-6967

-7000

-2269

-2947

-7542

-9018

of C/E

deviation of C/E

**
VERA-1B

ZPR-3-6F

ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

Average

S tandard

Average

S tandard

**
-9846

-3693

-

-1313

-4506

-3380

of C/E

deviation of C/E

of C/E

deviation of C/E

*
factor

1IH-2D

_

1.0275

1.0252

0.9274

1.0315

0.9919

1.0286

1.0387

1.0020

1.0018

0.9710

0.9848

0.9799

1.0010

-

0.9989

0.9871

0.9889

JENDL-2B

_

0.833

0.759

1.004

0.908

1.015

0.991

1.043

-

1.154

1.041

1.050

0.996

0.104

0.977

1.070

-

0.956

0.832

0.963

0.917

0.060

0.976

0.101

Calculated

JENDL-1

_

0.793

0.803

1.054

0.957

1.082

1.050

1.097

-

1.232

1.086

1.097

1.051

0.110

0.994

1.106

-

0.989

0.855

1.003

0.949

0.067

1.025

0.110

JFS-2

-

0.936

0.846

1.063

0.987

1.059

1.032

1.088

-

1.217

1.067

1.043

1.045

0.092

0.955

0.978

-

0.941

0.812

0.944

0.962

0.027

1.008

0.106

ENDF/B-IV

-

0.852

0.766

0.990

0.893

0.982

0.965

1.012

-

1.114

1.010

1.029

0.973

0.092

0.949

0.959

-

0.931

0.807

0.930

0.889

0.058

0.952

0.092

* Taken from Ref. (2)

** Omitted in statistical analyses
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Table 7 Central reactivity worths (C/E) of chromium

Fuel

Pu

U

All

Assembly

VERA-11A

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

**

ZPR-3-56B

ZPPR-2

ZPR-6-7

SNEAK-7B

ZEBRA-3

Average

Standard

*
Experimental

Inhour/kg

-

-

-10.1

-

-13.1

-12.3

-11.8

-12.7

-3.4

-4.5

-

-

of C/E

deviation of C/E

**
VERA-1B

ZPR-3-6F

ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

Average

Standard

Average

S tandard

**

_

-4.6

-

-

-5.5

-15.4

of C/E

deviation of C/E

of C/E

deviation of C/E

*
factor

1EH-2D

-

-

0.9973

-

1.0222

0.9889

1.0266

1.0304

1.0022

1.0042

-

-

-

1.0041

-

-

0.9855

0.9868

JENDL-2B

-

-

1.327

-

1.428

1.273

1.218

1.081

-

1.227

-

-

1.259

0.107

-

0.879

-

-

1.109

0.972

1.041

0.069

1.204

0.136

Calculated

JENDL-1

-

-

1.040

-

1.348

1.235

1.218

1.052

-

1.230

-

-

1.187

0.109

-

0.569

-

-

1.080

0.979

1.030

0.051

1.148

0.119

JFS-2

-

-

1.585

-

1.729

1.553

1.485

1.318

-

1.516

-

-

1.531

0.123

-

1.228

-

-

1.504

1.202

1.353

0.151

1.487

0.151

ENDF/B-IV

-

-

1.777

-

1.827

1.643

1.557

1.393

-

1.576

-

-

1.629

0.144

-

1.441

-

-

1.537

1.274

1.406

0.132

1.573

0.171

* Taken from Ref. (2)

** Omitted in statistical analyses
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Table 8 Central reactivity worths (C/E) of iron

Fuel

Pu

U

All

Assembly

VERA-11A
**

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

ZPR-3-56B

ZPPR-2

ZPR-6-7

SNEAK-7B

ZEBRA-3

*
Experimental

Inhour/kg

-

-

-4.5

-32.2

-13.2

-12.2

-14.1

-12.3

-3.2

-4.3

-21.2

-

Average of C/E

Standard

**
VERA-1B

deviation of C/E

**
ZPR-3-6F

ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

-

-6.9

-11.5

-

-5.2

-14.3

Average of C/E

S tandard deviation of C/E

Average of C/E

Standard deviation of C/E

*
factor

lD->-2D

_

-

0.9694

0.9219

1.0177

0.9922

1.0243

1.0280

1.0018

1.0044

0.9703

-

-

1.0059

0.9895

-

0.9854

0.9869

JENDL-2B

_

-

1.545

0.797

1.233

1.177

0.971

0.989

-

1.094

1.004

-

1.101

0.210

-

0.845

0.976

-

1.090

1.091

1.052

0.054

1.088

0.182

Calculated

JENDL-1

—

-

1.275

0.736

1.141

1.108

0.943

0.943

-

1.068

0.986

-

1.025

0.151

_

0.798

0.872

-

0.994

1.038

0.968

0.070

1.009

0.137

JFS-2

_

-

1.292

0.814

1.241

1.193

0.994

1.009

-

1.128

1.077

-

1.094

0.145

_

0.995

1.104

-

1.255

1.162

1.174

0.062

1.115

0.133

ENDF/B-IV

_

-

1.831

0.899

1.362

1.294

1.061

1.088

-

1.199

1.129

-

1.233

0.263

_

1.196

1.193

-

1.281

1.254

1.243

0.037

1.236

0.225

* Taken from Ref. (2)

** Omitted in statistical analyses
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Table 9 Central reactivity worths (C/E) of nickel

Fuel

Pu

U

All

Assembly

VERA-11A
**

ZPR-3-54

ZPR-3-53

SNEAK-7A

ZPR-3-50

ZPR-3-48

ZPR-3-49

ZPR-3-56B

ZPPR-2

ZPR-6-7

SNEAK-7B

ZEBRA-3

*
Experimental

Inhour/kg

-

-

-20.5

-

-21.7

-18.2

-20.7

-16.8

-4.8

-6.5

-

-

Average of C/E

Standard deviation of C/E

VERA-1B**
**

ZPR-3-6F

ZPR-3-12

ZPR-6-6A

ZEBRA-2

ZPR-3-11

_

-12.5

-20.0

-

-9.8

-19.2

Average of C/E

Standard deviation of C/E

Average of C/E

Standard deviation of C/E

factor

1D-»2D

—

-

0.9956

-

1.0195

0.9913

1.0217

1.0282

0.9984

1.0040

-

-

_

0.9955

0.9893

-

0.9841

0.9871

JENDL-2B

_

-

1.594

-

1.443

1.459

1.151

1.359

-

1.304

-

-

1.385

0.138

_

1.620

1.188

-

1.044

1.248

1.160

0.086

1.310

0.163

Calculated

JENDL-1

-

-

1.528

-

1.312

1.348

1.098

1.248

-

1.198

-

-.

1.289

0.134

_

1.687

1.093

-

0.927

1.179

1.066

0.105

1.215

0.163

JFS-2

-

-

1.227

-

1.299

1.361

1.101

1.282

-

1.244

-

-

1.252

0.080

_

1.487

1.221

-

1.083

1.296

1.200

0.088

1.235

0.086

ENDF/B-IV

-

-

1.328

-

1.352

1.402

1.120

1.316

-

1.259

-

-

1.296

0.090

_

1.593

1.167

-

0.997

1.340

1.168

0.140

1.253

0.125

* Taken from Ref. (2)

** Omitted in statistical analyses
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Table 10 Doppler reactivity coefficients (C/E)

Small Sample

Doppler

Experiments

Whole Core
Doppler
Experiment

Average of C/E

FCA

ZPPR-2

ZPR-3-47

SEFOR

Standerd Deviation of C/E

V -1

V -2

VI-1

VI-2

(Normal)

(Na voided)

JENDL-2B

0.96

0.86

1.00

0.93

1.13

0.85

0.97

1.05

0.97

0.09

JENDL-1

1.09

0.98

1.13

1.03

1.25

0.96

1.04

1.12

1.08

0.09

JFS-2

0.78

0.74

0.94

0.90

1.08

0.81

0.95

1.05

0.91

0.12

ENDF/B-IV

0.91

0.78

0.93

0.87

0.93

0.81

0.92

1.04

0.90

0.08
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Table 11 Axial traverse of sodium void worth in plate-type central 9 elements of MZB assembly

(in unit of 10 6 Ap)

I

en
i—»

I

Axial Height
of

Void Region

0-12 cm

Core Center

12-45 cm

Core Edge

0-45 cm

Core Height

45-80 cm

Axial Bl.

0-80 cm

All Element

Measured

Worth

+175+2

+56+4

+231+5

-76+3

+149+6

1

2B

1

2B

1

2B

1

2B

1

2B

Total

+194

+228

+29

+93

+223

+321

-86

-94

+137

+227

Perturbation Calculation (first

Fission Absorption Moderation

-38

-41

-59

-67

-97

-108

-1

-3

-98

-111

+63

+71

+104

+118

+167

+189

+13

+15

+180

+204

+178

+206

+300

+344

+478

+550

+71

+77

+549

+627

order)

Radial.
Leakage

-1

-1

-1

-1

-2

-2

0

0

-2

-2

Axial
Leakage

-8

-8

-315

-301

-323

-309

-169

-182

-492

-491

Direct

Calc.

+190

+240

-

+121

+243

+335

-

-79

-181

+257

>
P5

2

CO
SO
CD

1: JENDL-1
2B: JENDL-2B



Table 12 Radial traverse of sodium void worth in 9 elements of MZB assembly

Void

#A

Core

#B

i.e.

#c
o.c.

#D

Rad.

Position

Center

Edge

Bl.

Measured

Worth

+231+5

+50+5

-201+5

-129+2

1

2B

1

2B

1

2B

1

2B

Total

+223

+321

+10

+68

-437

-242

-135

-88

Perturbation Calculation (first

Fission Absorption Moderation

-97

-108

-58

-61

-28

-15

-2

-4

+167

+189

+94

+104

+41

+37

+7

+8

+478

+550

+269

+300

+120

+131

+38

+26

(in

order)

Radial
Leakage

-2

-2

-103

-96

-450

-314

-168

-112

unit of 10

Axial
Leakage

-323

-309

-191

-179

-120

-82

-10

-6

Ap)

Direct

Calc.

+243

+335

+121

-335

-186

-120

-83

CD
CD
CD
CD

# See Fig. 4. 1: JENDL-1
2B: JENDL-2B
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Table 13 Central control rod worth of MZC

B enrichment

%

Natural

30

80

90

Experimental

%Ak/kk'

0.808 + 1

0.993 + 1

1.525 + 1

1.629+ 1

worth

.3%

.4%

.8%

.9%

JENDL-2B

worth .
%Ak/kkT L/tj

0.806

0.994

1.526

1.606

1.00

1.00

1.00

0.99

JENDL-1

worth
%Ak/kk'

0.765

0.946

1.461

1.540

C/E

0.95

0.95

0.96

0.95
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Table 14 C/E values for control rod worth of ZPPR-3 phase IB core

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Control Rod Positions Inserted

8

2

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

Average ai.d one standard deviation of C/E values

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

*eff
(xlO 3)

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

JFS-2*

0.96

1.00

-

0.96

0.97

0.99

0.99

0.97

0.97

-

- -

0.99

-

-

-

0.98+0.01

C/E Values

JENDL-1

0.94

0.98

0.95

0.96

0.99

0.98

0.98

0.98

0.93

0.97

0.98

0.97

0.95

0.95

0.95

0.96+0.02

JENDL-2B

0.90

0.89

0.91

0.87

0.90

0.88

0.89

0.89

0.90

0.86

0.89

0.88

0.86

0.87

0.85

0.88+0.02

m
2
7
CO
CO
co
CO



235
Table 15 Comparison of C/E values of U(n,f) reaction rate distribution in

outer core by using three different library sets

Case

Phase 2
Reference Core

A.I.R. Core

E.O.R. Core

Max.

0.

1.

0.

99

00

97

Min.

0.

0.

0.

91

92

88

JENDL-1

Max.-Min.

0.08

0.08

0.09

0

0

0

C/~E+a

.95+0.

.96+0.

.92+0.

02

02

02

Max.

1

1

1

.02

.03

.02

Min.

0

0

0

.96

.94

.94

JFS-2

Max.-Min

0.06

0.09

0.08

0

0

0

C/E+o

.98+0.

.98+0.

.98+0.

01

02

02

Max.

1

0

1

00

99

00

JENDL-2B

Min.

Q

0

0

.94

.93

.94

Max

0

0

0

.-Min.

.06

.06

.06

0

0

0

C/E+a

.97+0.

.96+0.

.97+0.

01

01

02

* Taken from Ref. (17)

Note

1) Normalization between calculation and measurement is done near core center.

The C/E values at control rod channels are excluded in the statistical procedure.

2) Control rod patterns are:

a) Reference Core: 3CR inserted in the inner ring and 3CR insterted in the outer ring.

b) A.I.R. Core : 6CR inserted in the inner ring.

c) E.O.R. Core : 6CR inserted in the even positions of the outer ring.

>
m
2T
S
co
CD
CD
CD
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JFS-2
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Fig. 1 C/E values of effective multiplication factor as a function of fertile to
fissile ratio.
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1.

0.9

238
U Fission

U Fission

0.8

A : Pu core
» : U core

4
A

JENDL-2B *••••* JFS-H

1.1

i.O

0 . 9

1.1

1.0

«—

0.9

: *=

1

2 3 8

2 3 5

U Capture
U Fission

v
1

1 2 3 4 5 6 7 8

Fertile to Fissile Ratio
Fig. 2 C/E values of central reaction rate ratio as a function of fertile

to fissile ratio.
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Fig. 3 Axial reaction rate (C/E) traverse in MZB.
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Fig. A Radial reaction rate (C/E) traverse in MZB.
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• Sodium Void Region

-o
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Radial Distance from Core Cenfer (cm)
Fig. 5 Axial and radial traverse of sodium void worth in MZB.
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ft ft

Q : IW&nm ( N A I G )

r \- ij ^A*M K J S J & S ^ O ^ T JENDL- 2©Ji^:ifffi©IlE&i LT adjoint f\ux(D&
r£&1£tfZ>titLt)tft?&, ^Ertlfi fissle Jilt fertile ©BrEfi

P u ^ i U ^ i l t K L / ^ l ^ » c a ' l ^ l o H S t t t f c ^ * s * 5 o ^
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5.2 JUPITER %®mr—JENDL-2BK X *ZPPR-9,10<7)#e#f—

ZPPR- 9, 10 US!* JENDL -2B TTftPtff L, $#ffi3iJK&® J;

(2) &JE*£#*j©!tgfifi£ilSlfit©Jt ( C / E l ) (i

f^T- f -^^^Oo 238U(n,f)(i 7"7 y>rv YWo

(3) ^MSJSJg( i f i^@(i5~i3%, liigM^S(i^]20%ii^:r:Fffi^-^o UO

(4) Na #4
(5) $ i J ® # « i o c / E ©jptsgfiHi l. 02 ± o. 04 -e

Analysis of JUPITER Experiments

- Analysis of ZPPR-9, 10 with JENDL-2B -

Keisho SHIRAKATA*, Yasuyoshi KATO** and Yoichiro KAISE***

The ZPPR-9, 10 experiments were analyzed with JENDL-2B, and the

following resul ts were obtained for physics parameters.

(1) -keff values were underpredicted by about 0.8%.

(2) Radial dependences were observed in reaction rate C/E dis t r ibut ions ,

which had peak values near the inner core-outer core boundary.
238U(n,f) was overpredicted by more than 10% at the innermost

blanket region.

(3) Material react ivi ty worths of heavy nuclides were overpredicted

by 5 to 13%, and worths of nuclides of s t ructural materials were

overpredicted by about 20%. U02 Doppler react ivi ty worths were

underpredicted by about 12%.

* ifl^*5 • W®-MW%MWM\, Power Reactor and Nuclear Fuel Development

Corporati on-
** M&IP^yiJ-Ti) y?WA£tt, FBR Engineering Co-, Ltd-

Q, Mitsubishi Atomic Power Industries, Inc.
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(4) Sodium void reactivities were overpredicted by about 30%.

(5) The average C/E value for control rod worths was 1.02±0.04.

JUPITER (Japanese-United States Program of Integral Tests and Experimental

Researches) t r f i (iB**(HlW^(C«fc ZXmm&i%MtP<?>&R'Mm+M-C"$> t) , *S*P©*P

^ : f f ^ ^ ^ ^ c ££@W£ L T i ^ o USHi ANL ©ZPPRS
, MVrlt B*m£T**n*:ti$k£lz fifotiT^&o ^ © H i K i 1978^4i f

b 1979 $f 8 n\ZfrlrjT ZPPR - 9, 10 (2*3)(4) i ^ o 2 -o<D$k&fo-?'nt>tltz

JUPITER ItilO*-e#*©feOi|xgiJ-r^/cfe JUPITER Phase I

Phase 1 Ji 700 ~ 900 MWe & 2 fiHiS^M*3^©^* ̂ f" v - ^ H^Tab <0 ,
'b, EOC (End of Cycle) ^lls BOC (Beginning of Cycle)

L

JUPITER
MAPI, S±«ili©

ZPPR-9

, B

* L

, ZPPR-9,10

-5o *@T'(iANL ti
B *©J5?#f*£££Jt&-f >̂ S

(̂ 11© ZPPR-10

2 0 JUPITER

C c e ZPPR- 9, 10

^ ) ©2^IJi'H(^^ ' J -

* 5 ^ , CRP (*iJfflH

A , B , C , D © 4 7 i ' f X #>

ZPPR-9*S«fcCX ZPPR-10

•To lOAtiZPPR- 9 ilsI

ZPPR-10 i / ' J - X C g J p

ZPPR- 9

ZPPR-10
CR

XD

Fig-

4600Z, CRP 19*

6200/ (900 MWeffi^) (D EOC

10 D/ l (ilODKft LTCR **+'CWCl*, 10 D/ 2 (i

JUPITER HH^JStfr LT
56 if-10^

4600 / (700MWe

ZPPR-9

ZPPR-10JJ

XD/ 1 , D/2

Table 1

5

10C (i CRP 19
-^^ X f - ^ 30

') v ?\c 6 * } f

^CMAPI),-

•S±(FBEC), *#^f . SB IE,

£, it S I ( I±
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ZPPR-9,10 <D$£m<DBm&ffiB£iZffifr-t& o ZPPR-

ct-^&t), ZPPR-IO usio
CRP©W*S, CRP*££©jSl \ CROWDS, * P J ^ I M x*©jgt\ &<!f*F'fr

, Na # 4 KSlES, fff'JW

IOA,

ioc ,
10A, IOC

IOC, CRP

2.

5 t t © Z P P R - 9 , 10 )!¥#? 0 ^ 1 1 1 * Fig . 2

T J E N D L - 2 B 5-ffltS I g l C i l f - ^ t i T I M S
(9)

PROF - GROUCH-G-U ^ I I L , Bondarenko

S* T ZPPR-9,10

- 9 • 7 T tL

-c1

J 2

JUPITER

7 7 - f

L,

JENDL- 2 B-70 i|-b -y h

SLAROMCl°) =i - K

SLAROM©

mtt&t IT XYZ

JENDL-2B -70 gf-fe-y h Oftf3 »& J F S - 3 -

o J F S - 3 - J 2 (i JENDL-2B-70 t fs]#

f ( n , n ' ) , (n, 2n)

Benoist ©t£

JUPITER
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(1) Ki

*eff

D/l, D/2

Table 3

OB ilOD/2

, ANLOiS

ZPPR-10 ©A, B, C i D ,

-fe ̂ ^ -d:> 7 ->a • x 7 • / ' © I t l n - K

, 10D/2 #ftJfflJ#
7 * ,

*eff

** 0. 9844 + 0.0012 T

0.9915±0.0014, ANL

^ ^ i ^ i : < , * e f f ©It

. 8 ^ , ANL

'n 0.0014, 0.0012 i © C/E

^ ^ o . 0004

L, Z P P R - 9

C / E

C M

, * eff

, CR, CRP,

ZPPR-10 § 7 x ^ » Areff O C / E l ^ K

i:ift. ZPPR -10 &7 x -f X© Aeff ©C/E Mfi

^ , ZPPR-10 ^ 7 x 4 X i ZPPR- 9©PB1(C(if&Mt LT--

JFS-3-J2

(2)

F i g . 3 ( i Z P P R - 1 0 D , D / l , D / 2

, JENDL-2B-70 eff

AN

Fig. 4, 5 (iZPPR-lOA, 10B x i f c ^ 239 Pu (n , f ) , 2 3 5 U (n, f), 2 3 8 U ( n , r ) ,

, b\\:t AN L ©&"!&€•*• ft*'fl^ L T I

10A, 10B
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Lit Kn7-T

, 7-7

238 U(n,

ZPPR-10

03, 1.04 T

i i 0.5

U 7 7

:, -fe

Table 4 fi ZPPR-9, 10
B, C, DfeTC 1, 2 ©^iJ^^-lt^T C/E

Z PPR-9 i 10 fc.J;C>' I C i O C
235U(n,f)/239Pu(n,f)(iZPPR- 9, 10 T ^ t l

ANL -e«t < H » LT0^5o
 238 U (n, r)/ 239Pu (n, f) « B *

238U(n, rtfitftt^^'TVxi^lRjROi^

o 238U(n,

238U (n,r)/2 3 9Pu (n,f)

-Winfrith ©H

, ANL-W, ANL-E

238 U (n,f)/239Pu (n, f) © C/E ilfi 5 t t t ANL1T 4 , ANL©#J&*

© ieff "f iBUfî  5 0.7

(3) t i f K 'y 7° y -

S^'DmW^^:^ Table 5 ic^to ZPPR-9, 10A, 10B

ANL - C J t R L r ^ S o t t 1 , ZPPR-9.10A, 10B

« o Tfc 19 , CRP -fCR (D&MIZ J: rj

, 5 i t f±5-13« , -¥t=Jtr-9^, ANLH
2 3 8 U © B T R © C/E fl^J 1.12, 1.15 |±, Table

/239Pu(n, f) fc^CJt^'UCn.O^PuCn.f) © i

* i fe
C /E
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Table 5 © Wh*r yy'^oMfeM.W-it, -t?^i*]7°u- h © l i

U238

Table 5 ~£ ffiMM &W.te 5'{it£ft]20%, AN L (i$j 40 % ii^fpffi L t l 1 S o
 10B(iJENDL

- 2 B - 7 0 ( t J ; S ^ i T © C / E fifi-^P-tij 1.09 T ^ o S ^ ' , J F S - 3 - J 2 ft i : 58?JJrT-{i 1.00 ~

1.03 <ttt«9, REMO fitiT-.©'#]-!£^A#^C £/^'5}So - / i ENDF/B - IV ft J; S ANL <

T'ti C / E 'fiS^^FiS) 1. 0 5 H'$) So Mn (i ElT^ft tt^ijigftjiiS/^lf-fli L,

£ t ^y\<m. LTl^So T a t i A N L ( i ^ - ^ *l C / E fi ̂ ' J- x. T ̂  S ̂ , 5 ft © ,^

;, 1 keV VlhCD}tnPjCT) (q ilM'&ffl f-^'^sEc
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(5) vtmmm®.
Fig. 10 f iZPPR-10A, IOC, 10 D

10A, IOC {i?

?So T SJfS i fc C /E
< s o io D / i , i o D / 2 Tia'J
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C/E M

± # L Tfc 0, C/E

fc235u (n, f) mfo&nQNlftfiK c t 5 1 ,
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Fig. 11
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BJSi!;-9- y
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Table 9© 5•«: t L ^
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(1) ETaWttti * eff

(2)

(3)
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0. 8 «<S <
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K •> 7°7 - S l E S f i - ^ i c REMO

(4)

(5) fiJ

^ 30

C/E 1.02 ± 0.04
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Table 1 Reactor parameters for ZPPR-9 and ZPPR-10

Core Radius+, cm

Core Height, cm

Core Volume"*"1", i

Fissile Pu, kg

No. of CRPs

No. of CRs

9

119.

101.

4599

1955

0

0

9

8

10A

126.

101.

4596

2071

19

0

6

8

10B

126.

101.
4596

2292

12

7

6

8

IOC

144.8

101.8

6168

2577

19

0

10D

144.8

101.8

6112

2611

31

0

10D

144

101

6112

2635

30

1

/ I

.8

.'8

10D

144

101

6112

2739

25

6

/2

.8

.8

+ Radius equivalent to core area including CRPs and CRs.
+ + Volume of core excluding CRPs and CRs.

Table 2 ffi fff -¥•

mtm

2
T

, 3D-XYZ, I N I * -y v i ,

, 3D-XYZ, *£K / -y > A,

, 3D-XYZ, &jft, FOP & l

, 2D-RZ, IJAHI FOP ^ I

, 3D-XYZ, -%Lnt, EP -* y v J-, liiiii

, 2D-XY, l£tfc ^ v V J - , Iliii, ^ f ^ , 3D

y v JLF^H : U 7 - / i / K n 7 - (XY¥S), ~ 5 cm (Z

SSC ^ ti : ^ ^ ^ ( B e n o i s t ' s D)



JAERI - M 9999

Table 3 Comparisons of k,« results for ZPPR-9 and ZPPR-10 reference cores

ZPPR-9 ZPPR-10A ZPPR-lOB ZPPR-IOC ZPPR-10D ZPPR-10D/1 ZPPR-lOD/2

'Calculated ke«

Base calculation 0.9916 0.9894 0.9892 0.9894 0.9864 0.9857 0.9841
Corrections

Mesh size 0.0005 -0.0015 -0.0045 -0.0011 0.0006 0.0008 0.0016

Transport 0.0031 0.0047 0.0074 0.0046 0.0046 0.0053 0.0071
(0.0050) * (0.0055) * (0.0066)x

Group collapsing -0.0011 -0.0007 0.0011 -0.0009 -0.0008 -0.0007 -0.0002

Japan- Compositions ** -0.0001 -0.0001 -0.0001 -0.0001 -0,0001 -0.0001 -0.0001

Corrected hn 0.9940 0.9918 0.9931 0.9919 0.9907 0.9910 0.9925

Experimental kf,f 1.00106 1.00096 1.00044 1.00072 1.00049 1.00034 1.00066
±0.00037 ±0.00038 ±0.00038 ±0.00038 =0.00038 ±0.00038 ±0.00038

C / E 0.9929 0.9908 0.9927 0.9912 0.9902 0.9907 0.9918

(Average :0.9915±0.0014)

ANL C / E 0.9835 0.9848 0.9864 0.9835 0.9827 0.9850 0.9846

(Average : 0.9844+0.0012)

* Values calculated by RZ model.

**Cor rec t ion for small differences in composition between the reference calculation model

and the actual zone compositions.

Table 4 Summary of reaction rate ratio C/E results

Z P P R - 9

ZPPR-10

5 Companies

ANL

5 Companies

ANL

23SU(n,f)
239Pu(n, f)

I C OC

1.03

1.03

1-.04

1.04

1.03

1.03

1.04

1.04

2«U(n,
239Pu(n

I C

1.06

1.09

1.07

1.08

y)

oc

1.08

1.10

1.08

1.09

I

0.

0.

0.

»U(n
239Pu(
C

.99

94

93

,f)
n, f)

OC

0.98

0.95

0.97

0.93

"Average of 10A, 10B, IOC and 10D.
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Table 5 Inner core averaged C/E results for small sample worths in

ZPPR-9, -10A and -10B

Sample /Principal \
ID \Isotope /

U - 6 (235U)
DU-6 (23SU;

J J Q 2 2 (23SU)
PU 30 (23-9Pu)

P240R (2«Pu)
WR-2 (2»U)

F E - 1
NI-1
CR-3
MO-1
SS-KSUS304)

B - l ( 10B)

C-l(C)
MN-1
TA-1
EU2O3-3
BEO-2

ZPPR-9

5 Com.

1.08

1.13
—

1.06
1.07
1.10

1.18
1.25
1.16
1.17
1.15

1.10
(1.03)*

—
1.95
1.70
1.06
1.92

ANL

1.21

1.14
'—

1.16
1.17
1.16

1.37
1.36
1.43
1.43
1.29

1.06

—
1.97
1.08
1.00
1.45

ZPPR-10A

5 Com.

1.08
1.12

1.06
1.06
1.11
1.10

1.10

1.09
(1.00) *
1.24
—
—

—

—

ANL

1.19
1.16

1.16
1.16
1.19
1.15

—

1.24

1.05

1.54
—
—

—

ZPPR-10B

5 Com. ANL

— —

1.11 1.15
— _

1.05 1.15
— —

— " —

_ _

— —

— —

1.08 1.04

—
— —
_ _

— —

Average

5 Com.

1.09

1.19

1.13

1.09

AXL

1.17

1.32

1.26

1.05

*JAERI ( REMO correction applied)
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Table 6 UO2 sample Doppler reactivity C/E for ZPPR—9

Sample Temp.
AT('K)

298- 487.5
- 644.4

- 794.0
- 935. 4
-1087.0

5 Companies

0.98
1.01
1.00
1.06
1.06

JAERI

0.88
0.88
0.86
0.89
0.89

ANL

0.92
0.93
0.90
0.95
0.94

Table 7 Comparisons of mean C/E values for large zone cumulative sodium void
reactivities of the core regions of ZPPR-9, -10A, -10B and -10D

ZPPR-9
ZPPR-10A
ZPPR-10B
ZPPR-10D

5 Companies

1.27±0.10
1.40±0.02
1.25±0.11
1.32±0.02

ANL

1.08=0.05
1.20=0.02
1.19=0.06
1.16=0.02

Table8 Summary of C/E values for plate control rods in ZPPR-9 and ZPPR-10

ZPPR-9
ZPPR-10A

ZPPR-10B
ZPPR-10C
ZPPR-10D

ZPPR-9 & -10

No. of
patterns

7 *

19
6
5
9

46

max.

0.991

1.029
1.060
1.047
1.090

1.090

C/E
min.

0.946
0.976

1.016

1.000
0.992

0.946

Average C/E

0.974±0.018
1.011 = 0. 012
1. 036 = 0. 016

1.018 = 0.018.
1. 040±0. 040

1. 022=0. 025

1.015=0.030

*One and two rods experiments
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Table 9 C/E results for pin control rods in ZPPR-10A

Absorber C / E
Geometry

•<•

• ' • ( • I *

• * •u
• } •

-a
j .

1
••# • •
• • • • •
• * • •• • • • » •

»•• ' •<•

• •
1 1

»
» •
•

s
3S

ffi

«
< »

1111

•
•
*

f
•
•
•
•

•

i<
• ! • *

• ( • • • r
•

«•'•'•••••

J 1

•
*

t 3 Si

i • n

HUH

1 ail

aa
Hsi

Material B-10,kg Companies ANL

B4C
(Nat.)

B4C
(92%)

B4C
(92%)

B4C+Fe
(92%)

Ta

B4C
(Nat.)

7.82

7.82

3.91

3.64

1.58 1.040 1.060

1.030 1.055

1.002 1.048

1.052 1.066

41.25 1.218 1.096

1.017 1.049

*28G 2D-RZ base calculation
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BLANKET SO 100
100 lSO c a

[El CRP

ZPPR- 9 ZPPR-IOA 8. IOB

I t t ] CRP

E53 BLANKET

so loo iso aooc

Z P P R - I O C
Z P P R - IOD

Fig. 1 Sectional views of ZPPR Assemblies 9, 10A, 10B, IOC and 10D
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Base X-sec . Data JENDL-2B

Data Processing

_L
PROF-GROUCH-G2

f

JL

TIMS-1

Light & Medium
Nuclei. Heavy

I Nuclei Smooth.

Vx(°O

Cell Homogenization

Group Co l l aps ing

Na Void Worth
Small Sample & Material
Worth. Doppler Reactivi
ty Worth. Control Rod
Worth. Reaction Rate
Criticality

f Heavy Nuclei.
I Res.
V ox(»), f(ao,T.R)y

JL
JENPL-2B-70

Bondarenko-Type
70-Group Set

\

SLAROM «
ID

Cell
Model

70-Group
Cell Averaged

X-sec.
Benoist's D

SLAROM

Y

ID
Reactor
Model

18 or 25-Group
X-sec.

CITATION-FBR,
etc.

7-Group
X-sec.

_L
XY, RZ and XYZ
Diffusion and
Transport

RZ
Reactor
Model

Fig . General Procedure for Critical Assembly Analysis
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Fig. 4
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HEFLECTOR

Fig.8 Sodium-void zones in ZPPR-10D
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:#<^ ( JENDL-2 / fy -e^< ENDF/ B - IV is ctO* B- V icgfc^T fe) ^ fc

C/E £ 1 7"7 U -

A :
238U© a

238 U(n, f)

W ^238U(n,r)
constant (C^ <)

40 keV li

, 393 - 403 (1981) ) K&Z> t , PWR

Multi -level formalism • ^ * J 6 S i ± I B ? M *

"Multi -level formalism 1

-h^ Effective multi-group
238 U Cn, r) SlE^fflf^I, * q | © g

238ucn,
S6 T^ i l f - ^ L T^
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5.3
* mm m**

JENDL

, ZPPR-9 :fe

illf- ? ©.trJ

Mi, STEK *P fcfcy-̂ -y- yy^SJSSfcJ;^ CFRMF

Integral Test of JENDL Neutron Cross Sections for

Structural Materials and Fission Products

Shungo IIJIMA and Takashi WATANABE

The JENDL evaluated neutron cross sections of

structural materials and fission products were tested by

integral data in fast reactor spectrum. The required

accuracies and the status for neutron cross sections are

briefly reviewed.

The results of calculation of structural material

sample reactivities in ZPPR-9 and the international

benchmark fast assemblies were presented, and the integral

properties of JENDL structural material cross sections

were examined and discussed.

The fission product cross sections were tested by the

STEK small sample reactivity data and the CFRMF activation

data. From the simulataneous comparison with recent micro-

m ($0 , fe^W^Bff, NAIG Nuclear Research Laboratory, Nippon
Atomic Industry Group Co • , Ltd

** JllliflTLlI ( f t ) , Kawasaki Heavy Industries, Inc-
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scopic capture measurements, the discrepancies among
differential and integral data were pointed out and discussed
A comment was made of the validity of the fission product
cross section adjustment based on integral data.

JENDL-2

, JENDL © M M , # ( t Cr, R , Ni t , Wfi^k.'&SM (WTFP £•&•*-5) ©

'5o Cr, Fe, Ni ^ x - ? ( i l 9 7 8 ^ f t : £ g *!T^ff^,

g f - ? li 1975 %-K. 28 &S, 1977 ^-icftiz© 34 & S

o JENDL-1 © 92,9t,96,98, .ooMo 5 ̂ | | ( 4 ) ^ ^ ^ T , ft 67&ffi© FP SI

, JENDL-1 $Lli JENDL- 1.5 t

adjust

, FP

9 ( 5 )3 tTf ' f i , Z PPR - 9(5) H

( 6 ' B ) ^ L,

L,

/ y

r -

>* CFRMF 0 0

2.

2. 1 \

Table 1 (i,

Table2( i , WRENDA 79/80

, FPfCot^Tfi, ^

9Jcfctt£ ,

HM± 0.

FPSJES«-/Kl3
FP

, 1 s t 45«fcO*2rri p r i o r i t y
(22)

: LT

, ±Q.296Ak(D

I : 9 7 M o , " T c , 1 0 1 R u , 1 0 3 R h , 1 0 5 - 1 0 7 P d , 133 - 1 3 5 C s , u 7 P m , I 4 9 - I 5 1 S m
| j - 9 3 Z r > 9 5 , 9 8 , 1 0 0 M O j 1 0 2 , 10 3 , 1 0 4 R u > 1 0 9 A g ^ 129 j ^ 13 1 , 132 x g ? 14 1 p j . _ 1 4 3 , 1 4 5 , 1 5 0

153 Eu,

FP ©
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2.2

, 56Fe

C©56Fe

^ ^ —2jfil/'1 discrepancy ^

, Fe, Ni

FP

Fig. 1, Table 3

Ni (n,

1 keV- 1

25

Cr, Fe, Ni T i i ,

Table 4, 5

LTfcO, capture area

, broad resolution
, 4

, 4MeV U

( K r , Xe EUft^rJg) i , K t ^ t t FP (93 Zr,

" T c , 1 0 3 R u , 1 0 6 R u , 1 0 7 P d , " 9 I , 1 S 5 C s , 1 4 7 P m , ] 5 1 S m , 1 5 2> 1 5 4 > 155 E u ) T?

500 keV- ^MeV IT© x -

, ANLfcJ:C/Bruyeres -le-Chatel

i < , |?ffifS (C J;

FP ©

CFRMF) ,(iii)-9-

Me V

, S T E K ' J P ) ,

g r , mg, /*g © S S - z r s S o c f t

© 9 ^ , " T c , 1 2 9 I , I 4 7 Pm, 125'

- 5 ©-f n

i), (ii), (iii)

.«t

, # (< :Cr , Fe, Ni JiSfe 10 keV J

F ig . 2 - 4 ( i , ZPPR-9'J£M>-e©Cr, Fe, Ni S^lS] h y^-^CD, ffl
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C / E fit : Cr (1.11) , Fe (1.12) , Ni (1.22) ,

Mo (1.16) , Mn (1.91)
2 3 5 U, 2 3 9 P U , 1 0 B ( C O ^ T © C / E Jtfct** , 1.08,1.05, 1.10 T-

Cr , Fe © C / E it li. Ctlit consistent T£>5o Ni ( i f g - f f t ^ t < ,

, ±IE©

«fc Q <if©

Fig. 5 , F e ©

, n e t

J\j&<D&\,«lz£Z$><Z>k%z.z>ti&o ( N i

Fe

, Table 6 (C, Z P R - I © 4 8 , 49, 50«5'^-> 'J - X ^ ^ T © Cr, Fe, Ni

box

HI -

, Cr, Ni < ^

ID-48, i i empty box s?

Cr, Ni

(1) ^^ffliJ

tf Z P P R - 1 0 A ) ~C'lt, a

(2) It^Tfi, MS, ^

ZPPR-9

Cr, Fe, Ni , SUS L

(3)

4.

4. l

'iP(8)STEK'iP(8) (i, MTR^'M^-© thermal driver Tffltft , i'n
v© '̂-y 7 T

Z P R - ni-

48-50
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2mm<D-7°is-h(D umtceu t « ^ t m ^ o mm

v^-^ifi oscillator element H-$>>0,

M, sample changer fii$>%o if yy^ lS^ teJ l f i^ fE i r f i}*^£ "5 \ct£ , t g > ) ,

U -©+y7°^igf#/L3o i i i i ^ i t ^ i L T , ^ C / ^ U i t f c 72, 48, 35, 23, 11 £ 5 I

, STEK-4000, 3000, 2000, 1000, 500 JP ' f r i^ t fnT^-So

, jj&ftft, Sf»WffllJ^<£-^^T ABBNM 26H 235 UIIS3& ^-t^gp L

252 Cf

CFRMF(U)(i

5. 3 c m

235U©0. 9 mm sleeve
c m 2 . s )

EBR -

30 B ( 4. 3 x 1021 n/cm2 fluence ) WM

*, E N D F / B - 149 Sm,

14. 5 cm

T, 100 kW tfj# ( ~10Bn/

ENDF/B-IV ^f$ o T71if.fi^It^fc J: O*

-, 0. 1 ~ 50 ug

1 5 3> 154 Eu

4.2 m
JENDL FP x -

(3)11—S$6^LTP

i t o ^ Table

C consistent

(1)

(2)

c, STEK, CFRMF f -

-O (n, r ) i i I£

discrepancy

Ref

C t

" T c , 1 2 7 I , 1 3 3 C s , U 7 P m

a i l ^ : 1 0 4 Ru, 1 0 9 A g , 1 2 7 I , 1 3 3 Cs , 148-150 Nd, U 9 S m ,

127

Mackl in

107'109

, STEK

Fig. 6 Jc 133Cs

Ag , CFRMF©
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activation S'JSrfi, x ^ ? h^-¥*£jWfiiSf{i, < <*f25> = 1. 595b i L t ,

b ( ± 1 9 8 ) (107Ag), 0.318 b (±9.730 (109Ag) 1?& (9

, 0.238

" T c , 104Ru, I 0 3 R h , 1 0 9 Ag, 147 Pm , CFRMF

Jt>, X > O R E L A T i i " T c , 109Ag ©

149 Sm, 151 '153Eu

^ o 149Sm ©

D s ) = 640 x io "4

D s = 2 . 2 e V i L T , S r ~ 3 0 0 x l 0 '4

, ^ r ~ 6 0 - 7 0 mV ,

Fig.
151,153 E u

igffi, ±!S©{$!#-fR5}x-?£-.5B&LT, JENDL FP f - 9 ©S^ffi^i l^Tg (; ,

JENDL-2 FP x - ^ «7 r-r ^ t -T^I t l i i rS^o ^-O^^, ±(cj7E^f; discrepancy ©

adjustment ©

© FP WWr-9 7 7 A MOi^X, 7 7 ^ x © CARNAVAL-IV (i2 6 ^©adjusted

library f*> «3 , * v v 9"<D RCN - 2A (i, M x - ^ 7 -/ A )\, RCN - 2 \t go ' l - '

ftr-?l€£iO adjust LfcfcO-C1**,, ENDF/B-V[i, ENDF/B-IV ( c S ^ ^ T ,

f-5'&CXSia©!Siitaf'- ^^rn]^(cffl^T adjust LTfpiS^n^fc©T-*So
(231

Table 8(i, Gruppelaar ©fiJC frbfaWLtz, RCN-2, RCN-2A, CARNAVAL-4

©, I f S X ' N ? h^¥£j®rE8t©lt&«:?p-ro C©^-T-(i, 4#ld RCN-2AiCARNAVAL

#L(-^a^-/T:L^^, ^©cfc o^^^^itCWi, adjustment S l c ^ i ^ H m &

X, Fig. 8 (i149Sm KoOt© ENDF/B-V © adjustment mWKDmB&TF
( 4 ) RPI r-5'tisu=-e©(gwf--?(17)i^<*ifjaLT^i>0Tr-, ENDF/B-VCI

, adjustment

adjustment

(data reduction

?fflSrB1(t discrepancy * i *

, discrepant

- ^ adjustment

«fc

, adjustment
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(FBEC),

, FP

iE (NAIG) ©ftftJC, ZPPR- 9

mm) tat, mm^y

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Contribution to 1979 NEANDCISS; , dig, SI, $

Topical Discussions

Kikuchi, Y., et al.: JAERI 1268 (1981)

Iijima, S., et al.: NEANDC(E) 209 "L", Proc. Specialists'

Meeting on Fission Product Neutron Cross Sections, 1979, Bologna,

ed. by Coceva, C. and Panini, G., p.317.

Nishimura, H., et al.: JAERI-M 8163 (1979) p.136.

Igarasi, S., et al.: Japanese Evaluated Nuclear Data "Library
Version 1, JENDL-1, JAERI-1261 (1979).

: &{f ( 1981 )

Bustraan, M., et al.: Proc. Second Advisory Group Meeting on

Fission Product Nuclear Data (FPND)-1977, Petten, IAEA-213,

Vol.2, p.627.

Klippel, H.Th. and Smit, J.: RCN-209 (1974).

Dekker, J.W.M., et al.: ECN-35 (1978).

Veenema, J.J. and Janssen, A.J.: ECN-10 (1976).

Harker, Y.D., et al.: ENDF-266, TREE-1259 (1978), also NEANDC(E)

209 "L" (ibid.) p.5.

Anderl, R.A., et al.: NEANDC(E)209 "L" (ibid.) p.363.

Progress in Fission Product Nuclear Data, No.l-No.7, (1975-1981),

INDC(NDS).

Musgrove, A.R.deL, et al.: Proc. Int. Conf. on Neutron Physics and

Nuclear Data for Reactors and Other Applied Purposes, Harwell,

1978, p.438.

Macklin, R.L., et al.: NEANDC(E)209 "L" (ibid.) p.103.

Yamamuro, N. and Asami, A.: NEANDC(E)209 "L" (ibid.) p.19.

#«£#, I^iTT-©€©^©jIiJSS^ (->^"vgl^F P 7 - + y ̂ '/^-/Ifi)
Kononov, V.N. , et al. : Sov. J. Nucl. Phys. J26 (1977) 947, 21_

(1978) 10.
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19) Priesmyer, H.G.: NEADC(E)209 "L" ( i b i d . ) p .85

20) Mftmt : mt (1980)
21) Proc. Specialists' Meeting on Neutron Data of Structural Materials

for Fast Reactors, 1977, Geel, Pergamon Press.

22) I i j ima, S.: IAEA-213 (1979), Vol.1, p.279.

23) Gruppelaar, H.: NEANDC(E)209 "L", p.299.

24) Schenter, R.E. arid England, T.R.: NEANDC(E)2O9 "L", p.253.
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Table 1 Structural Material Reactivities
in ZPPR-9 (in % Ak/k)

Cr

Fe

Ni

Mn

Mo

Sum

Net

-0.88

-2.34

-0.46

-0.29

-0.47

-4.44

Capture

-0.41

-1.27

-0.56

-0.28

-0.46

-2.98

Moderation

-0.93

-2.71

-0.22

-0.07

-0.09

-4.02

Leakage

+0.46

+1.64

+0.32

+0.06

+0.08

+2.56

Table 2 Data and Accuracy (%) Requests

WRENDA 79/80

otot

°el
ainel

anY
an,xY

On.emiss

an,p

an,a

°n,2n

°n,t

Cr

3

10-20

10-15

5-20

10

10

10-30

10-30

10-20

Fe

1-5

5-10

5-10

5-20

10-15

10

10-30

10-20

10

Ni

3

5-20

10-15

5-20

10

10

10-30

10-30

10-15

15

Mn

7-20

5

Mo

10-15

7-15

15

10-15

10-25

10-15

Object

FBR,SHIELD

SHIELD,FBR,FUS

FBR,FUS,ACT

SHIELD,FUS

SHIELD,FUS

FUS,FBR

FUS,FBR

FUS,DOSIMETRY

FUS
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Table 3 Grou-wise Fractions of Neutron Captures
in Structure Materials for ZPPR-9 Inner
Core Spectrum

Group

1

2

3

4

5

6

7

Energy Range

10.5-4.0MeV

4.0-1.4

1.4-0.1

100-10keV

10-1

1-0.1

<0.1

Cr

7

1.3

15

24

54

4.8

0.4

Fe

7
1.6/o

1.7

27

31

34

4.4

0.5

Ni

11%

14

17

48

8.8

2.4

0.2

Mo

0.06%

1.1

15

31

31

21

1.1

Table 4 56Fe 1.15 keV (1/2-) Resonance Parameters

64 Block

65 Moxon

68 Hockenbury

69 Ju

70 Moxon (Eval.)

77 Perey (Eval.)

78 Brusegan

78 Gayther

ENDF/B-4 (Eval.)

r n (<
0.068

0.052

0.086

0.062

0.056

0.060

0.051

0.074

0.086

6

5

21

6

4

2

12

rn (ev)

0.60

0.56

0.6(Assumed)

0.57 6

0.673 100

0.6

0.785 100

0.58 4

0.6

gvyr
0.061

0.048

0.075

0.056

0.052

0.055

0.048

0.066

0.075

grn/r

0.10

0.085

0.125

0.098

0.077

0.091

0.061

0.113

0.125
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Table 5 Fe Low S-wave Resonance Parameters

E, keV

27.6

rY

Perey

1520 30

1.4 1

Allen

1200 3100

1.6 4

FrShner

1400 200

1.25 20

Moxon

1474 jL7_

0.89 13

74.

83.

129.

140.

0

6

8

3

rn

rY

rn
rY

rn

rY

rn

535

0.73

1250

1.28

500

1.10

2700

2.2

10

1
50

13

50

10

100

2

740

0.8

1300

0.9

700

0.8

2900

2.4

150

1

200

_2

200

1_

300

(539)

0.65 15

(1300)

0.58 22

(380)

1.30 j40

(2800)

1.48 31

617.8

1211

600

2704

45_

17

28

(r in eV)
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Table 6 Calculated and Measured Central Perturbation Cross Section
in ZPR-III Assemblies 48, 49 and 50

I

CD

I

Cr

Fe

Ni

Core

49

48

50

49

48

50

49

48

50

Capture

-11

-12

-16

-7.8

-8.7

-11

-40

-40

-43

Calculated

Inel.

-15

-13

-12

-18

-16

-15

-14

-12

-12

(mb)

Elastic

-0.8

-0.1

+3.4

-1.0

+0.2

+2.8

+3.2

+5.1

+8.9

Net

-26.3

-24.7

-24.1

-27.0

-24.4

-22.7

-51.3

-47.1

-45.5

Net

-42.1

-31.4

-33.7

-28.6

-28.8

-27.5

-69.9

-68.8

-64.2

Measured

(C/E)b>

(1.60)

(1.27)

(1.40)

(1.06)

(1.18)

(1.21)

(1.37)

(1.46)

(1.41)

(mb)a)

Net

-31.3

-25.7

-60.0

(C/E)c>

(1.19)

(0.95)

(1.17)

a) Converted to perturbation cross section from Ih/kg value.

b) Measured in empty box at core center.

c) Measured in core material environment.

>
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Table 7 Summary of Comparison of JENDL Fission Product Neutron
Cross Sections with Integral and Differential Dataa)

Zr 91

93

Nb 93

Mo nat

95

97

98

100

Tc 99

Ru 101

102

104

Rh 103

Pd 105

107

108

110

Ag 107

109

I 127

129

Xe 131

132

134

Cs 133

135

137

La 139

Ce 140

142

Pr 141

STEK
Reactivity Data

C^E (P/JN)

capture i!jkj\

1.0-1.06

0.97-1.1

0.95-1.05

0.95-1.1

capture M^

VL (p /JN )

0.85-0.9

0.95-1.1

capture M^k.

C^E (p /JN )

£1.0

0.8

0.8 ({£-/§•!$)

1.1-1.3 (p /JN ) *

C^E (p /JN )

0.95-1.05

1.3-1.5

1.04^1.30

0.8-0.9

0.9-1.0 (&M.W)

CvE (p /JN )

capture jjjhj\ (P/JN )

capture ig^; (p/jN)

C^E (p /JN )

CFRMF
Activation Data

0.68(±50%)

1.24(±6%)

0.89(±17%)

1.21(±15%)

1.58(±7%)

1.17(±6%)

0.98(±24%)

0.82(±7%)*

0.99(±19%)

1.03(±10%)

1.23(±10%)

1.49(±7%)

1.11(+7%)*

1.15(±7%)*

1.01(±7%)

1.21(±5%)

2.05(±7%)

0.92(±15%)

Recent
Differential Data

IA.1.2

%1

l-vl.2

oil.5

%1

R;0.8

HS0.8

£1.4^2

£1.0

£1%1.2

^2

£O.9vL.O

Discre-
pancy

[/•

1/

1/
1/

solved

a) Table gives the ratio of JENDL or JENDL calculation to measurement.

*) ENDF/B-4 cross sections were used.
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Table 7 (cont inued)

Nd 142

143

144

145

146

148

150

Pm 147

Sm 147

148

149

150

151

152

154

Eu nat

151

153

Gd 156

157

158

160

Pu 239

U 235

U 238

B nat

STEK
Reactivity Data

capture MA (p'H*

0.9

Co-E (p /h )

0.7*

O E (p ;h )

capture ilA(p/h)

C-\,E (p /J\ )

0.95

0.95-1.05

1.0-1.5

0.9-1.1

0.9-1.2

1.0-1.1 (i£»*g)

W. 9-1.1

0.8-1.05

0.9-1.05*

0.9VL.4 <?-*y%i!t$)

Jfcl.l

%1.0**

1.0-1.1**

%1.0

CFRMF
Activation Data

1.00(±7%)

1.49(±14%)

1.84(±12%)

1.13(±13%)

1.19(±6%)

1.25(+5%)

0.87(±6%)

0.96(±7%)*

l,01(±12%)*

1.51(±9%)*

0.97 (n,f)**

[1.000 (n,f)]

1.04 (n,f)**

1.07 (n,y)**

Recent
Differential Data

^0.85

%1.1

%0.6-vO. 7

^0.85

1.2^2

0.85^1.0

1^1.2

^0.75

%1.0

l-x.1.2

1^1.3

0.6-0.8

0.6-1.1

Discre-
pancy

V
V
1/

1/
V

**) JENDL-2A (preliminary version of JENDL-2) values.
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Table 8 SNR-300 Spectrum-averaged Capture Cross Sections
of RCN-2, RCN-2A and CARNAVAL-IV, (in mb)a-)»b-)

10 5pd

109Ag .

129-j-

13 3 C s

1 J + 7Pm

^ 3 N d

•151sm

RCN-2

653

552

254

393

779

247

1003

1526

RNC-2A

704

590

251

374

964

228

911

1303

CARNAVAL-IV

822

693

318

404

781

175

797

2897

CARNAVAL/RCN-2A

1.17

1.17

1.27

1.08

0.81

0.77

0.87

2.22

a) Excerpted from H. Gruppelaar (23).

b) Only the cases of significant discrepancies are shown.
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Measurement and Analysis of Neutron Spectra

in Some Assemblies of Reactor Materials

Takamasa MORI*, Shu A. HAYASHI**

Katsuhei KOBAYASHI**, Itsuro KIMURA**

Shuji YAMAMOTO**, Hiroshi NISHIHARA*

and Masayuki NAKAGAWA+

In order to assess neutron cross sections of structural

materials for reactor, measurement and analysis of neutron spectra

in sample piles have been continuously carried out at the Research

Reactor Institute, Kyoto University.

This paper describes the results for thorium, molybdenum and

chromium, in which those cross section data in JENDL-1 or -2 and

ENDF/B-IV have been evaluated by comparison of the measured spectra

with the calculated ones.

Faculty of Engineering, Kyoto University

Research Reactor Institute, Kyoto University

Japan Atomic Energy Research Institute
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Table 1 Sample piles and slabs at KURRI.

Pile Purity Shape and size

Borated graphite

Iron

Iron slab

Iron sphere with

lead reflector

Stainless ateel

Iron oxide

Polytetrafluoro-
ethylene

Polytetrafluoro-
ethylene slab

Barytes concrete

Lead

2.5% B in C

Soft steel, SS-41

Soft steel, SS-41

Soft steel, SS-41

99.9% Pb

SUS-304

99.2% F - 0 ,

Nickel

Chromium

Molybdenum

Zirconium

Niobium

Niobium sphere with

lead reflector

Aluminum

Alumina

Thorium slab

Thoria

Lithium

Lithium slabs

Lithium fluoride

Titanium

99.7% Ni

99.8% Cr

99.9% Mo

99.6% Zr

99.8% Mb

99.8% m>

99.9% Pb

99.5% Al
(A 1050 P)

99.9% Al-C

99.5% Th

99.9% ThOj

99.8% Li

Same above

98.1% LiF

99.4% Ti

99.9% (CF2)n

Same above

f Barytes and 1
L Portland cement J

99% Pb

f Rectangular parallelepiped

I 70 cm x 70 cm x 80 cm

( Rectangular parallelepiped

L100 cm x 90 cm x 90 cm

Slab, 14 cm thick

Iron : simulated sphere 35 cm ?

in diameter (

Lead : cube, 70 cm cubic •"

Cube, 76 cm cubic

| Powder packed into a spherical)

L vessel of 60 cm in diameter )

Same above

Same above

Same above

Sam* above

( Powder packed into a spherical 1

I vessel of 28 cm in diameter J

Niobium : same above

Lead : cube, 50 cm cubic

Cube, 70 cm cubic

Same as iron oxide

Slab, S cm thick

Same as Iron oxide

fRectangular parallelepiped 1

L 60 cm x 50 cm x 40 cm J

Slabs, 10 cm and 20 cm thick

Same as iron oxide

14-hedron, in which a sphere >

104 cm in diameter inscribes J

14-hedron, in which a sphere 1

90 cm in diameter inscribes J

Slab,14 cm thick

Cube, 50 cm cubic

Cube, 70 era cubic
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11000

31450

1600

2650

(T) Sample pile , (5)Pb pre-collimator(22mm in diameter,

200mm thick), (5)pb shield(200mm thick) , (T)u filter(20mm

thick) , (D heavy concrete shield (400mm thick) , @ C d

filter(0.5mm thick),(?) Pb and B.C collimators((47mm Pb

and 47mm B,C)X4,50mm in diameter) , ©concrete wall,

(5)Pb collimator(100mm in diameter,200mm thick),

@ ) flight tube,

thick),

) B.C collimator(160mm in diameter,80mm

Pb collimator(160mm in diameter,60mm thick),

wall of hunt,
6.

Pb shield for Li(lj) concrete wall,

glass scintillators, (£j) Li glass scintillation counter

bank(This is removed when a B-vaseline-plug Nal(Tl)

counter is used.), (£j) heavy concrete shield(400mm thick),

Pb shield(150mm thick),

JB-vaseline-plug Nal(Tl) counter, @ rotary pump.

B4C shield(50mm th ick) ,

Fig. 3 Experimental arrangement of TOF experiment.

- 213 -



JAERI-M 9999

Micro F.C.

KUR-Linac

electron beam

Pre Amp. Main Amp. Single Chanel Analyzer Sealer

PowerSupply

Attenuator

Pulse Generator

gate

Fast Discri.
JL

Count Rote Meter Chart

Assembly N e u t f O n D e t e c ( o rector

r-
ti]L

Fast Discrl.

Fast Discrl.

Fast Discri.

Mixer Fast Discri.

H.V. Power Supply

T

T . Trigger

Time Analyzer

Count Rate Meter -*• Chart

BFS counter

Pre Amp. Main Amp. Single Channel Analyzer; Sealer
gate

Power Supply

Fig. 4 Block diagram of electronics.

c
3

A
CO

c
3

g io1

c
o

3
0)

z

DTF-IV, JENDL-2

. 1 { 6L1 g l a s s s c l n t l .

DTF-IV. ENDF/B-4

Neutron energy (keV)

Pig- 5 Spectrum of neutrons scattered by thorium slab 5 cm thick,

- 2 1 4 -



CO

CJ1

i 10

a

c
o
w
* •
3

10

- r - [ I I

10S-vaaollna plug Nal(TI)

LI glaaa aclntl.

NE-813 aclntf.

DTF-IV. ENDF/B-4

DTF-IV, JENDL-2

10" 102 103

Neutron anargy (kaV)

104

Fig. 6 Spectrum of neutrons in a spherical pile

of thoria, and ratio of JENDL flux

to ENDF/B-IV flux.

10

x 1.Jh

0.8 -

- ENDF/B-4. (bun

10' 102 103

Neutron energy (keV)

104

>m
S

CD
CD
CD
CD

Fig. 7 Spectra of neutrons in a thoria pile

calculated from substituted group

constants and ratios of those to ENDF/B-
IV flux.



JAERI - M 9999

Exp. 10B-V Nal(Tl)

if Exp. 6Li glass

10 10' 10'
Neutron energy ( keV )

Fig. 8 Spectrum of neutrons in a spherical pile of molybdenum.

10
- 3

D)

l i o ~ 4

•+- •

CD

CD

a
x 10~5

C
O

CD

10'

Cr Pile

-n- JENDL-2

- - - ENDF/B-4

r:15cm,p:0

\ j

B-plug
1—r

1 10 102
 1 0

3

Neutron energy (keV)
10

Fig. 9 Spectrum of neutrons in a spherical pile of" chromium.

- 216 -



JAERI-M 9999

aT ana

C :

iENDF/B-IV
/ V h t S o Th - 232 © x - ? (Doh JENDL-2

&Oo JENDL-2 ( i i

Q : JH^fa (NAIG)

(2) i i

(3)

(4) JENDL-2

A : ^ M

e i i , SUPERTOG T- , if

(3) Hiffl, Ig :f^->'XxAW^^-C ;RIFFH3-K^-f$ffl$-tfT^/c/f^ , ENDF/B-IV*

"Sl/^fi, JENDL J; <0 elastic scattering, elastic removal &.0> captuve

(4) itq|ys°7 /

K T - t - f pointwise

Q : I S S f ^ g ( N A I G )

(1) fp&TM®*- ^ ^

(2) JENDL-2T-(i,

SUPERTOG

-# L < i

A :

(1)

2 MeV iC t ° -

(2) *HSII¥*fra 14 MeV

V 7

- 217 -



JAERI-M9999
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Nuclear Data for Fuel Cycle

6. i fflpw-A ? )vwr- 9w G com

1978 stfr £ ->/vgi^icitWMvt 9 j^mr- ?v-*y ?7)\s--ftim}d in,

Status of the Working Group on Nuclear Data for

Fuel Cycle

Hirokazu UMEZAWA+

Since 19 78, a working group has been set in JNDC and

made an extensive survey of the potential requirement

of nuclear data among various parts of the nuclear fuel

cycle. Status of its activity is reported.

9 7 3 %.&% 77 ^ \c iotz i x mmmm ?-? 7 -

© j :

I l i L T , 1978i£fri>Mn^J ? ^&r-9WGfrWLm£tltzo £ © J; 9{C* WG
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Fig.

Japan Atomic E n e r g y R e s e a r c h I n s t i t u t e
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Fig. 1 Characterization of the working group on

nuclear data for fuel cycle.
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6.2

^ h - ^ A

Present Status of Nuclear Data

Requested for Nuclear Fuel Cycle

Kazuaki NISHIMURA+

The nuclear data utilized in different processes for

uranium-plutonium fuel cycle have been investigated in the working

group on Nuclear Data for Nuclear Fuel Cycle of the Japanese

Nuclear Data Committee. The requested data were critically

reviewed through the discussion between the users and specialists

of nuclear data relevant to the subjects, and these data were

reclassified into a familiar form to nuclear data community in

response to the request of the users.

-V tit, 2£

2 3 8 U
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Japan Atomic Energy Research Institute
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Table 1 Half life of spontaneous fission : ly2 (SF)

AJK TIL

2 3 2 u
Z 3 5 u
238U

23*Np
2 3 6 P u •

2 3 8 Pu
240 Pu
242 Pu
244 Pu
242m.

Am
242 Am
242Cm
244 Cm

(31 (4) (5) (6)

ab

O

O

o o
o
o
0

o
o
o
o
o
o
o

o

(7) (8) (9)

O

O

O

Tt/2 (SF)^iM.

(7.8 + 6.0)xi013y

(3.5 + 0.9)x1017y

(8.19 + 0.09)x10(5y

6.3x1019y ix)

(3.52 + 1.0)x109y

(4.77 + 0.13) xl010y

(1.2+0.1 )x10n y

6.84 + 0.08 x10t0y

(6.56 + 0.32)xi010y

(8.8± 3.31x10^

1,0 x 1010 y ix)

(6.5+0.5) x104y

(1.344+0.002)x107y

(6)

Table 2 Half life of a decay: T1/2 (a)

^ 3 1
2 3 2 U
237Np
236_

Pu
" 8 P u
239 Pu
2 4 0Pu
241 -

Am243 .

Am242Cm
2 4 3Cm
2 4 4Cm

(3) (4)

ab

O

O

O

O

O

O

o

o

(51 (6)

O

O O

O

O O

O

O O

o o
O

o o
o

o o

(7) (8) (91 (4)
T\/2 (<*) ̂ ) 4!E

70.0±1.0y
(2.14±0.01)x106y
2.851±0.008y
87.74±0.09y

(2.411 ±0.03)x104y
(6.55 ±0.02) xlO'y
432.6±0.6y

(7.38±0.04)x103 y
162.8±0.4d
28.5±.0.2y
18.11±0.02y
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Table 3 The average number of fission neutrons emitted
per fission : v

2 3 2 u
236 (j

2 2 9Np
2 3 6Pu
2 3 8Pu
2 4 0 Pu
2 4 2Pu
2 4 4 Pu
2 4 2 Am
2 4 2 Am
242Cm
2 4 4Cm

(3) (4) (5) (6)
ab

O

O

0

O

O

O

O

0

O

O

O

O

(71 (81 (91
(ENDF/B5)

2.0 (*)

2.053 (x)
2.86
2.895
ft£S!
2.81
2.884
3.264
3.36
3.44
3.46

(6)

Table 4 Gamma ray yield

87,88B(.

90Kr

^Sr
9 6Zr
95Nb

103Ru

106Ru

135,137,138,139,

139Xe
134Cs
<37Cs
140La
144Ce

iSSEu
238,239^40.241^

(3) (4) (5) (6)
ab

O

O

o
o
o

o
o

o

(7) (8) (9)

o
o

o

o
o

o
o

o
o

D y v h

Isl i

Isl Jt
Is] ±.

E ! W
P31 X .

ASf Art •M'L tth
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Toble 5 Radio -nuclides of potential importance in the nuclear
fuel cycle iV

92 Sr

l55mCd

M I L a

l33inTe

H 2 B a

l 66nVlo

229Th

2"5Cm

( 2 . 7 l h )

(44.6d)

(3.90h)

(55.4m)

(10.6m)

(l.2x!03y)

(7.3xl03y)

(8.5xl03y)

0"

P-

p-

P'

P'

P~

a

a

(8)

o

o

o

o

o

o

o

o

a i >

l.384MeV« r MU
±3% l e t 5

01 Ji

60^)'A.h ft 5 y JTI

77.6keVLA>>;LAff)

±25%

p- m

3 #• 13X

IJ , ( I8±I4)%

J i0~ 50%

Table 6 Capture cross section :0^ (Z <63)

8 4 Kr
85Kr

95Zr
106Ru
I 3 3Cs
134Cs
137Cs

Ba
t47Pm
149

Sm
152,i53,154,I55p

(3) (41 (5) (6)
ab

O

O

(7) (8) (9)

O

O

O

O

O

O

O

O

0

n * y V

m i

PI ±.
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Table 7

tt m
2 3 5 U
2 3 6 u
2 3 8 U
2 3 7Np
2 3 8Np
2 3 8Pu
2 3 9Pu
240Pu
24<Pu
2 4 2Pu
2 4 1Am
2 4 2 nAm
2 4 2 Am
2 4 3Am
2 4 2 Cm
2 4 3Cm
2 4 4Cm

Capture cross section : O£

(3) (4) (5) (6)
ab

O
 

O

O
 

O
O

 
O

O
O

O
 

O
 

O
O

O
O

O
O

O
 

O
 

O

o 
o

o
 

o
o

o
o

o
 

o
 

o
(7) (81 (9)

O
 

O
O

O
O

 
O

5
 

B
o

o
o

o
o

 
o

 
o

(Actin ide nuclide Z > 9 2 )

Am, Cm <r> 4$£
Pu, ' Cm .' Am^liw,

1 Cm ^) %LMS

(x) a =
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Table 8 Fission cross section : Of

* a
235u
238u
2 3 7Np
238pu

240pu

241 Pu
2 4 2 Pu
2 4 2 Am

2 4 2 mAm
2 4 3 Am
2 4 2 Cm
2 4 3 Cm
2 4 4 Cm

(3) (4)
ab

O_O

O

O

O

(5)

O

O

O

O

O

O

(6)

o
O

O

O

o
o
0

o

(7) (8) (9)

O

O

o ( * )

O

O

O

O

O

3 > V h
236U*)£#C

24..242m^m)242,243Cm

Table 9 ( n t 2n ) cross section : CTnt 2 n

2 3 8 u
2 3 7Np
2 3 9Pu

(3) MJ (5) (6)
ab

O O O

O

O

O

(7) (8) (9)

O

237 N p 238p u f l 4 S j ^ _

Table 10 f n , 3 n ) cross section • 0"n)3n

238pu

(6)

O

3 ^ V }-
239Pu»££
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Table 11 Dosimetry cross section

&
27A1
47Tj

56Fe
64Zn

113In

( n . a )
(n .p )
(n .p )

(n .p )

(n .n ' ) 1

2 4 Na
4 7 Sc
56 Mn
6 4 Cu

1 3>*

(4)
ab

O

o
o

- O

o

n j. y Y
<crm>/<ar0> = 0.950

0.786
0.92
1.056
1.121

Table 12 ( a , n ) cross section : (Tan

17.18Q

Li
9Be
B

C
13Q

0,180
i9F

Mg
27AI

Ca

a«*
2 3 2 U
236pu

238pu

2 4 0Pu
2 4 t A m
242Cm
2 4 3Cm
2 4 4Cm

-

(5)

O

o

o

o

o

(6)

o
o

o
o
o

.o
o

o

(7)

o
o
o
o

o
o
o
o
o

(8)(9)

O

o

3 J- V V

Yn = 3.63x10* (n/s-g)
1.18x106

3.18x104

341
6.27 x103

9.19x106

1.12x105

1.86x105

Ea = 0.1~6.5MeV,

(6)
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Table 13 Fission product mass yield spectrum : YFp

& m

235y

2 3 8 U

2 3 9 Pu

Pu

(7)

O

o

o

o

=1 ^ y Y

-90^137.138,39^.37,38^.^^^^^

* * ^ . ;

riUV^^Ao^*ror=y>«i, l 3 3-J 3 7cs,

^Zr, 106Ru, l40Ba, 144Ce « * » A ^ ^ *

_FP* r«ii i i* . «ffl^-«K*4-*o

7' )l> ^ - ^ A T> &#[,) Tz #) \~ ,

Table 14 Comparison of one-group data from different sources

CTc

a f

Nucl ide

Np-237

Pu-238

Am-241

Am-242

Am-243

Cm-243

Am-242

Cm-242

Cm-243

ORIGEN

0.76

0.22

0.99

0 .4

0.55

0 .4

1.83

0.42

0.32

FISPIN

1.87

0.44

1.91

0 . 1

1.7

0 . 1

3 . 3

1.26

3.14

TND

0.68

1.88

0.38

0 .9

3.73

SAVR ENDF/B4

1.76

1.09

0.42 0.81

666
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(1) Mining 3 Milling
of Uranium

(2) Uranium Enrichment

(3)
Uranium Fuel
Fabrication

/ a. Burn up \
(4) Reactor (b_DosJmetry)

(5) Reprocessing •=-

(6)
Plutonium-Uranium

Fuel Fabrication

(7) Safeguards

Waste Management
(8) a

Environmental Safety

(9)
Transportation a

Handling of Fuel

Fig. 4 Classification of Nuclear Fuel - Cycle Sector
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ft m

Q :

9 *, u

A :

(Table 5

L U

C : # ^ A - CISW)

Q :

A:

Table

Q : /v
(1) ^

(2)

ion & fr

A :

(1) L T ,

(2) x ^ ^

Q: t £ S $ ^ CNAIG)

< : n t > © f - ^ ^ * f ^ J i .

x.5o WGi

A :

<331 b

© 7 -
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Integral Measurements on Nuclear Data for Fusion Neutronics

7.1

D -

Past and Present of Fusion Reactor Neutronics

Integral Experiments

Yasushi SEKI+

Past history and present status of integral experiments on D-T

fusion reactor neutronics are reviewed. In addition, the requests

from the fusion reactor design to the integral experiments are

summarized.

D-T

C<D UMeV 1977 %-t 1 9 8 0 ^

review(11'(2)

iai©HH<»:Sifi©tf ffl

, JSW© FNS

fftfj|*£ L«^«k

Japan Atomic Energy Research Institute
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2.

• f o

Fig. 1

2. 1 Pre 1970

1970

Atomic Weapons Research Establishment (AWRE) Los Alamos

) ( 7 ) > ( 8 ) ( 9 H l 2 )(LANL)(7)>(8) i Lawrence Li vermore W^PJT (LLNL) ( 9 H l 2 )© 3

AWREcDU-pile

^O Th-pile

Lfc Weale
(4)

232Th-233Th-233U 7 'J -y K

LANL©Wymann ^ O LiD 'J f- ^ A (T)

Hemmedinger LiD

Hansen ^ ( i 1 9 6 9 ^ k>- 14MeV ^tt^zS RTNS

~5mfp

© Spangler ^" 1965^(c Flibe *J

1954 -

2.2 1 9 7 4 - 1 9 7 8 ^

/; Li
232 Th

Julich Li
), Be lif&

Julich 0? Karlsruhe

- Li

235U, 2 3 7 Np, 2 3 8 U,
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Karlsruhe Li

^ x ^ LT ^ &O
(23)'(24)

2.3 Post 1979

1 979 *pi

ftt #/c

* S Oak Ridge

Kurchatov Li F-BeF2

6V6 L i F

1 i Pb ¥^f*^^b
Li f* (̂cfc

0 # 'Jx

Birmingham Li F

* a © California A¥ Santa Barbara &ici5lr}& Li

h ^f j^ 3 5 3 , ^ X y x ; u © Ben-Gurion ^^(Cfcy- -S.Hi&f*^ IC*jfc)-5

FNS , OKTAVIANi^9~1012neutrons/s ©^^J 14 MeV

Princeton ^r^© TFTR

h 'J - 5 >"^

r

tt Benchmark
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7.2 FNS IZ X h First Blanket Experiment
Htf ill ft'

-M (FNS) £fflWc First Blanket Experiment

T, Li2o-C {^icfcSfflftHifrS-fTofco jiJ^SBteffiSfl-Sl^fr. ®h 'j
, ®SUS 316 Oi l&HiO 4 oT'* §o tftb

First Blanket Experiment by FNS

Hiroshi MAEKAWA+

As the first blanket experiment using the Fusion Neutronics

Source (FNS), the integral experiment on a Li2O-C assembly was

carried out. Measured items were as follows: 1) absolute fission-

rate distributions, 2) tritium production-rate distributions, 3)

response distributions of LiF TLD's, 4) induced activity of SUS316

stainless steel. The measured values were compared with calculated

ones.

(FNS) it, flM&Sfe, h 'J

First Blanket Experiment i LT Li 2O- C #&£ =t-S l

f^fiPNS-ATifi/ :- i i©HftiMii-fy--S/cfe, PNS-A
235U,238U, 237Np, 232Th

LiF 7LiF © T L D f f l i / x l y x ^ f c J ; ^ SUS 316

Japan Atomic Energy Research Institute
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Table I Nuclide Densities of Each Region in Li2O-C Assembly

Nuclide

6Li

7Li

0

C

Cr

Ni

Fe

1

7

6

Void

.827

.964

.652

lO-3

lO"4

lO-3

Nuclide

Li

3.3547

4.1857

2.2606

2.011

8.781

7.346

density

2°

ID"3

io-2

lO"2

10"3

io"4

10-3

do24
atoms/cm )

Graphite

7.3445

1.827

7.964

6.652

io-2

10"3

lO"4

10-3

Lattice

* 1.224

5.336

4.457

10

10

10

-3

-4

_3

13
12
It
to
»
e
7
e
6
4
5
2
t
I
2
3
A
6
e
7
e
9

to
II
12
13

2 3 4 3 6 7 8 9 10 II 12 13 <4 15 16 17 IS 19 20 21 22 23 20 25
i i i i I i f n I~T I I I i I I 1 I I I I

I I I I I I I I I I t I I I I I t I I I t I I

Fig. 1 Horizontal Section Across the Center of Li2O-C Assembly

D-T Neutron Source

Void

3.33 22.42 4677

0-50 Distance from the Center (cm)

Fig. 2 Calculational Model of Li2O-C Assembly

71.77
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ft fi

Q: WL%^.^ (NAIG)

/ ; ^ , 6Li detector ©ii^-fi, neutron It

X, 235U(n,f)

Li detector 5 response func t ion*^

A : HUJII •/¥-
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7.3

-IV, V © H
12lC

Assessment of Secondary Neutron Data by the Measurement of

Double Differential Emission Cross Sections

A *
Akito TAKAHASHI and Junji YAMAMOTO

Preliminary results of double differential neutron emission cross

section measurement at OKTAVIAN facility to assess ENDF/B-IV & V data

is presented. Comparison of experimental and calculated data is

12
stressed for C, and mentioned additionally for natural lithium.

(DDX

r A

13. 5-MeV

- i v ,

fi (
0,2)

t (n, 2n)

tb,

->? O 'J WRENDA4)T-fe

Faculty of Engineering, Osaka University

- 2 5 7 -
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X<D,

J; Sn f-̂  ^
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t r r

250kV
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Zo continuum

ENDF/B-V ^ffilWcfefflTTti ;

10. 84.MeV © l u ^ ^ , RrJ 11.25 #>b 14.75 MeV

U f-£ A 0 DDX f - * l i , ENDF/B-1V

, continuum ^5Ptttfca<t ( n , 2 n )

3 P £ & & ^ £ L f c o
 6Li

i f " -5 ENDF/B-IV

4.439, 7.653, 9.638, 10.30

5 MeV fc

, 7 Li
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DDX^^tti
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4. 1

" 18° A»t) 144

^ENDF/B- IV, V fr

t 4. 43MeV

*i, 18? 51°, 114° © = •&

Ltz DDX i i t K LT, Fig. 2 - a), b), d
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ENDF/B-IV <Dr-9fr, ^©"continuum"
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L/cENDF/B - V ©
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( | j ) t <t
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20 - 5 0
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Fig. 3-a) , b), c),

^5o Fig. 3 Tf-H

4. 439 MeV U^^KCo^

ENDF/B-IV, V © M M £ *3 :*: # < fio T

9.

t E N D F / B - V f - ^ i © -

(n,n'3tf)) 1£ , Fig. 3 -d)
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-, 0. 2mfp
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4. 2 7̂ E 'J

Fig. 5-a),b) (C

Ctit, 7Li (n, n'oO £%A,£i!i§£ U-OftfltfeSLi LT^2 O T ^ § C £ T*t) , ENDF/B

— u ^ ^ , 0. 748 MeV-^(n,n'r) Klftii continuum t LT^S) W^Z'

TIi, 1̂— i-^i/ (4.63MeV) BrSS
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Q :
J^T, 9 ~ 10MeViS$© elastic peak

Normalization

A: KIS^A

•^©SRftJi, £fiffeSLfc«fc5/*-j/?^7y K£#x.t>ft5#, elastic peak

^ inelastic peak MJ; t) 2fiTi£<fi^©-eg[^^i <" |^) 4. 43 level

•9o Normalization ( ^©^ '©^ ' ^ , elastic

Q :

g^ (c^$n /c Li

elastic peak ®^$ fi£o T^-S^Hi^fl©^*^^©"?-, t> L peak

A: ii^g^A
- ^ (Fig. 4- a)) T~ elastic peak ©S5MI£ ENDF/B - IV ©

^tte33°©£-T-m\ flfeOftKf-^ttffi^Hfit LTHiT-feito

barn/ MeV/sr. lc^#it$nTl^5o ^0(i^fiHl^l:-feafe0 , i «9
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8. •Xrv

Gamma-ray Production Nuclear Data

8.1 tfm

- * It,

Present Status of Gamma-Ray Production Nuclear Data

Measurements

Masayuki IGASHIRA

A survey of measurements of the gamma-rays from neutron

induced reactions is presented. Capture gamma-ray data are

described somewhat in detail with the inclusion of our recent

experimental results. It is shown that data of capture and

nonelastic gamma-rays are still inadequate to make a gamma-ray

production nuclear data library.

? • y4 y'y U - ( POPOP
4, ENDF/B-IV m ) it. r-?<DlM-M:tblC^3tftt3.b<D-T:-£>iot

, JENDL-3ictf

Tokyo Institute of Technology
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2.

CINDA

O'Spect Fiss

Fiss

Spect(n, r ) . Inelastic r . Nonelasticr.

, CO o ^ H i * s I ^ ^ f t t l - ^ Spect

Spect (n . Capture r i B?i>'

. IftOf

2.1 Capture 7 =r-

. 1950 *F-f

«fc 9 IC « -a /Co £ ©kjltffl ^ b tl/c # >"7 8H&fcb§s(i. Nal

. magnetic Compton spectrometer, &<£O'magnetic pair spectrometer ^

1960 ^ft^¥STic\m$MWKfotzm\&nt£ten. Z.(Dm$k. 1967 ^ i 1968

Bartholomew et al- ^tGroshev et al.af£cfc Scompendium^tHIScS^lfco C©— ii©compen-

dium KltZ<- 9

it,

Fig-1

KUR ^fflo^cSakamoto3'©

discrete line *»
1957^(C Landon and Rase5'^,

, c o m p i l a t i o n ^ ^

ifî P. non-statistical process ©if^Ofc 36, Ge (Li ) ^tB^^-fflt^cfii]

/c discrete line©

keV -^t t^^IJsgfcfc^Tti , 1962^(cBergqvist and Starfelt 6) *i Ag, Sn, I. Cs ,

Ta. W, Au. Hgfe=tO='Pb ©9 elements ( t o ^ T E n = 15~300keVT:fi&i

Graafffc «fc oTjni l L / ^ ^ ^ j

' *"Vv«|*iimSi LTJ± lZ7cm« x 12.7cm

Nal (Tim£trj2s£fflWco *fc 1965 ̂ ^ b ( i Bird et al.7)ftj; S - J i ©

ft>! i , #v-7|gilfttb$£LT{±2Ocin0x 15cm Nal (T^) *femS*SCW± Ge (Li)

t \ ^t t^i lMi LTJi 'L i (p . n ) 7 BeSi&^b^41-5En=5~l00keV©43t t^

C©Birdet al . ©—ii©iij^i Bergqvist and Starfelt © $ J ^ £ 3 £#)/ccompilation ^',

1973 me Bird et al .8)<c«fc -?Tiii¥&&tltz0 C © compilation (C{119F fo t>238U *T?(Dr-
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. Ge(Li)©x

© f -

L , spectrum unfolding ^fcJ; o T # y - 7 $ g * ^ ? h-

( single escape peak *Jj;tf double escape peak {±Bfo&»ttT*S ) #

Ca #>^

*)

1977 ^ ( t Barrett et al • 9)

MeV

spectrum unfolding \C J; o t | # btltztf
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Fig.2 CD

(D 30elements l c o ^ T E n = 40keV~l

Fig. 2 i c ^ f o *&£(* Bird et al. ©?*

2Ocm0xi5cmNaI(Ti) ^ f f l^T^So

S ^ . Fig. 2 * ^

, 3 s - , 3p- .

Bartholomew et al.10)lc«fc§ spectrum

fitting
, Joly et al .n>(i104Rh . 170Tm, fc

7.6cm0x 15.2cmOanti-Compton NaKTi?)

spectrum

Cs . Ta, fci^ h^©?l^^'En=1.5~75keV©|Blfflir1f?L<i:^>^l.

^CD-mt LT. 198

et al.11)*J«fc0fKobayashi et al -12) O ^ H i i fcft Fig. 3

(i, ORNL "C!

, Joly

Kobayashi et

and Starfelt 13 3MeV

Lundberg and Fig. 3

^ttl^o ) Joly et al
spectrum fitting ©^{cffl^fc level

fc. ^ U t r * L/c feOfi Brink-Axel
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CASTHY16' lc£^T$m£tltzk(DT&V , §tW-i^LT(2, tf^ilS&SIHI&i LTBrink-

Axel©k©£fflt\ level density fi Gilbert Cameron170©

. 5.5MeVfeJ:^6.5MeV^ifi©to-^, ±sJ;£>' 2MeVfaifi©f-f

&tit£^ctt)Sibfr&o

Bird et al.© compilation fc(±, Ge ( Li) O f - * <h L t l i * * ^ - •

o Rudak et al..iaWasson et

et al .2 0 ) ^ ( i , Mo 7M V h -

S . 98Mo it valency ffi»tlM 2 1 ) T - ^ « «9^ < I

e ta l . 2 2 > ( i 5 6 Fe . 58Ni, fc60 2 3

et al . 2

Jackson et a l . © # : ( i 5 7 F e ( r . n ) 5 6 Fe £ jEa>£*§£jT . fc f f i -e*£o ^ / c B e e r et al . ©

>. 27keV©s -

En l̂4MeVT-(i. gAf t i i i l t fcyS direct fc^a' semidirect

Oft 16. Bergqvist et al . ̂ iiX tf Drake et al .2%fC J; ^Xfcti <0 <DMfcWftet>tiri5 *),

direct *i£0? semidirect SlEt»SI"C!Ai« 0 ^ < I

et al-

© En^ 3MeV OffliJSiJ J; # Bergqvist et al -27) Jd<t -5 Fe ( c ^ t - 5 En= 7.4MeV X'<DM

. Capture r x

i , . ^ ^ t t i ^ i 14MeV*tt-FJCj; .

f i 4 > L < ^ ^ r ^ § o *t-". ENDF/B-

Fig. 5 Kf^-fo Fig-5(i. F ig - l i

discrete \i

5 ,£ 9 (<: level density ^y / - ^ fcJ;O'E 1, E 2 , Ml , fej;[f
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#>/!>* White et al . Fig-6 K i t o Fig.6

Fig.6-i

Table2

icj&^tz Barrett et al . © i j ^ ^ ^ i ENDF/B-lV©l:bS^YT^ 9 i . Fig.7 ©=t

Fig. 7-1 fiEn=40keVttifi, Fig. 7-2 (iEn= 400keV tti£-£

^x.-5J;-9(c:. ENDF/K-Nor-

Fig-7 &<0.

Fig.

i f

2.2 Inelastic?" T^-

^ # t t t ^ S L J S i E * ^ ^ 4 t - - 5 # y - 7 | § © x - ^ ( i . resolved discrete hneltmt&r-<? t

unresolved l ine£^ /Uiunfo ldedT-9 O ~ i I i < : 5 } y S C i ^ ' T # S ^ , c© 9 ^unfolded

r r- I
L 1z& o Tunfoldedx - ^ {ift© None lastic

, CCT-(iresolved discrete line KMtZ>7

<, 8MeV<En< 14MeV

. *J<fcCXISffliJ*tifcî T© discrete line

Lachkar et al.30)(CJ; 5 En=2.5~14.1MeV 5

Lachkar et al. fc Fig-9 li En=8.8

Lachkar et al . ic £& MIMf W-tW.^ fo & c £tl<b(D7-9 (Do %,

. Dickens et al .
31)

^l f f l L T Fig.lO(C/T-ro Fig.lOTfi.

hold x^ /u+ ' -^ i f i^^ lg l^ f t i e t tSK 2.09MeV )

Ubfflf-^77

. Inelastic r T-
ENDF/B-IV© photon data
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format ©i¥$ffll±JI I £ 34) C f f i g l ? ^ Z>tLZ<DX'C

#>£>. Inelastic r f - ^ © ^ < li 7 7 'f ^ I C f t f e S O I c g g f y ^ o C©¥H^MB* L/c

i. ENDF/B-IV0Fe© Inelastic r T-9 4}t LTIi . 56Fe©^l-SM*

-7«S ( 847keV) £ 54Fe ©&-l5to&Kffi;&»t>©#3lfflifc5L#>^*t ( 1-408

MeV ) ©multiplicity ©<^1rt26 bftTfc «9 ( ̂  — S^ftfig© threshold x#;i/**-&>£ II

©)£2tttl© threshold x ;jwi/ + ' - £ T'©^ {imultip licity= 1 t * 5 o ), L/^fe, I?—S/j£B

^©threshold x^,

2.3 Nonelastic r ^ -

Nonelastic r x - ? t e . Capturer x - * & <£tf Inelasticr x - ^ K t ^ T # t l ^ J > ^ < , £

0 x - ^ *sA»tt 0 © §!$#£• £ feT^ 5 S t t T * 5 o #S'J K Nonelasticr x

i 5 6 F e { c o ^ T * § i , ^ i t^I 3 0 flrtofflm® j *>ffi 1/3 #En"»14MeV

V. Nb , fcc

Nbfc*ft5S'J^©-^Ji L t ,

Hino et al . ^ O ^ S © — 9 5 * Fig.11 IC^f o Fig. 11 ̂ ( i . * t t : f x * ^ + * - 5.3MeV <h 7.0

MeVfc*ft" 5 # >--7 iSliJlJcSrSSI/)^ $ n T * i >?. A l ^ ^ t t i 1 x * ^ +* -ic«t o

, En«* 14MeV © one point x -

Benjamin et al.36) (Texas Nuclear, En=0.95~40MeV, 1966). Drake et al . 37)(LASL<

En = 4.0~7.67MeV, 1970), Broder et al . 38) ( Obninsk . En=0.93-7.37MeV. 1970),

Haouat et al. 39) ( CEA, En= 2.5~8.8MeV, 1971), Orphan et al-32)(CRT,En= 0.86-

16.74MeV, 1971). Dickens et al .31)(ORNL. En=0.8—20MeV, 1973), fe=t O* Chapman

et al.40)(ORNL, En=0.8~20MeV , 1976)^®SiJ^**5o C © 0 *> Orphan et al .ffl$te

(Li ) &£rj2§£ffl^fc fe©-e*»0, *fc Dickens et al. ©ilSfiWi1

Nal(T^) #fcij2g£ffl^Jtfc©•?*£;&*, t ®Ho©f-*- ^ (i ENDF/B-IV ©

first evaluation ®(^{c##(c^tl / ;o

E n ^ 4MeVT-( i^^-S:*> : SLT^S^. En>4MeVT?li,

{C Orphan et a l - © f i © ^ ^ Dickens et al . (D\$X <0 '&* ( c^# < « 0 . En=ll~15MeV©

1.6b Idfe^So — # , ENDF/B-IV ©first evaluation

^ , En< 12 MeV ^Tfi Orphan et al .

<. En >12MeVT-(i Dickens et al . ©MfCia i^^T-*^ /co C© «fc 9

Dickens et al • ©x - 9 it En=0.8~20MeV

) , first evaluation fcfc^Tfi Dickens et al. ©fi^'Mffl

n . n )*J«fcc;(n. n'

( n , 2n ) SJS© threshold

. ENDF/B-IV© MOD 2© evaluation fCiJ^TJi. En

12MeVT(i Orphan et al . © x - ^ © ^ ^ f U t t ^ * ^ t LT&ffl Stlfco L^LEn>12
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LT Dickens et al. © f - * *>

Chapmanet al.fflI^X^b?lfflLTFig-12(c^-oFig.l2(cfe^T. +EP(iDickens et al.©

, OEf](± Orphan et al-Ofiif**). fl£$(iENDF/B-IV© MOD 2 ©evaluation413

EP(i Chapman et al

T&*9, € © ^ ^ ( i Orphan et

al. ©ffilt^Sffe^—Sfe^LTl^So Dickens et al .©iJ^lc&#£g=*3©JiCSta, Chapman

et al. 4 0 ) K<£oTf£L<i$^bf tT^&C££^J^6ch . WPIfea&Ottm&^iTOFJ!?

^fflx u ? h n ^ ? x © M g ^ © dead time(t&ofcJcoT-£>So LfcA^T, Chapman et

al • i Dickens et al.

LT, Chapman et al. ©S^©— g(5^ Fig-13 <c^t~o Fig.

13-1 (±En = 4.00~4.50MeV©^^:-e, Fig.13-2 &En= 15.1~17.6MeV©|g^-e* «9, H * © ^

Chapman et al.©JiT-, t x h ̂ 7 A T ^ S n t ^ S O l i ENDF/B-MDMOD

Fe ©te££Fig.HT^LfcNb©|gS<fcJ±!H--5£. Fe ffi

, Fig. 13-2 Tl¥

LT, iuKjas^/cFe ©iJ^^^trORNL T©—

1977 ^ic Dickens et al .42)fci:

1972 ^*>t> 1976^fc^^T, Z=

tzft. elements*J«fcO'Sij^ftS^^S ifeTTable 3 (C^-^o Ctlb© elements©

•5 5. C. Cu. Fe *>«fcC)fTa J±, HUJc^-sfcaiJ^©^* «3***o fcfciifiaiJ^^nfcfeOT*

§0 *"v^^©iJ^^I^(iA*t*t4?fe:^LT1250TabS^'. HS«fe©'h$tt elements i T a

, 125° <t 90°©it|^Tii|^^ff^^^-T^'E>o Nb

l i f f l T S ^ o iJSffl^^4(±^ 30cmx30cm©

ftftf, Jp^fiO.Ol ~0.1atom/b ( *-5^fimolcule/b ) f * 5 o ^^^HlftttlSii L Tfi

12.7cm0x 12.7cm Nal (T^) fetiiHsWft^ibtl, ORELA© 47m X x - •> 3 y

t ^ S o f-*aTOF(512channel) xPH( 512 channel ) OZl^TcTiJlJiiinT*? t).

fct, ^elements T ^ l t 50,000

o ORELA ©ii$E

-130MeV, ^O^xipg5~30nsec , < <0MLMifaWL 800~1000Hz . iJctC^

LT 100-200 ̂ faiT. V!CO^T(i780B#fB1^a^LT^5o C tl h<D tf- A^fP^^-^sf^'B i .

4ooost^^s L*: c i jc«*), yp&Dffy^m&ifflimmmfe^oj]®An^t^ ?&&

T ( n, xn)

, ORNL ( *5^(iGRT ) TaiJ^^nfcelements^^^tf. Nonelastic

r r-9 ( i ^ t t ^ x *^+*-ISffl*i<fcXST -9©x * ^ * * -
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3.

Capture r. Inelastic r, is.fctfNonelastic T

fct^Si. J l^ t t^Rt f t - fS Capture r T-9. Inelastic r ® 0 t> discrete l i n e i c ^ S x

-9. £s«fctJfEns*

7

^«S*i«fc0f( n. 2n

threshold x^^i/+*-Ji
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Table 1-1 The partial radiation widths for s-wave resonance of Fe.

En

(keV)

27.68

(eV)

1.44

Ef

(MeV)

0

0.014

J71Jf

1/2"

3/2"

0

0

present

.117 ± 0.

.076 + 0.

experimental

Beer et

018 0.145

013 0.035

al.

± 0.

+ 0.

SP

023

013

(eV)

Jackson
et al.

0.112

theoretical

valency model

0.0605

Table 1-2 The partial radiation widths for p-wave resonances of F e

m
2
i
2
to
CO
CO
to

En

(keV)

34.25

38.38

1/2"

Ef

(MeV)

0

0.014

Jf

1/2"

3/2"

0.

0.

y

present

204 ± 0.031

080 + 0.014

r r
n y
r

0.

0.

p

Beer

301 ±

146 ±

(eV)

et al.

0.067

0.035

Jackson et al.

0.180
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(29)
Table 2 Ratio of areas under the curve (Figs. 6-1

and 6-2).

Neutron
Beam

Thermal

Epithermal

Epithermal

Energy Interval
(MeV)

1.0 < E < 9.8

1.0 < E < 9.28

3.4 < E < 9.28

Measured
Calculated

1.11

0.63

0.94

- 2 8 0 -
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Table 3 ORNL (n,xy) measurements, 1971-1976
(42)

•

Element

Li

C

N

F

Mg

Al

Si

Ca

V

Cr

Fe

Ni

Cu

Zn

Nb

Mo

Ag

Sn

Ta

W

Au

Pb

Angle

(deg)

90

o

o

o

o

o

o

o

125

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Sample

Thickness*

0.114

0.18

0.032

0.114

0.11

0.078

0.076

0.041

0.023

0.030

0.053

0.060

0.054

0.042

0.0325

0.0414

0.0186

0.012

0.039

0.040

0.0189

0.011

E ,min

(MeV)

0.4

4

2.0

1.25

1.0

0.85

1.0

0.7

0.2

0.2

0.85

1.0

0.1

0.84

0.75

0.2

0.3

0.75

0.007

1.0

0.2

0.6

E ,min
Y

(MeV)

only
0.478

only
4.44

0.7

0.7

0.7

0.7

0.7

0.7

0.26

0.3

0.7

0.7

0.3

0.7

0.75

0.3

0.3

0.7

1.0

0.7

0.3

0.3

Beam

Power

(kW)

40

10

40

40

50

40

50

40

25

50

40

50

10

30

50

50

30

30

20

50

50

40

Total

Beam

Time(.h)

280**

100

400

280**

220

200

240

300

780

280

80

60

180

70

110

100

80

120

200

50

150

60

* atom/b or molcule/b ** same measurement
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1b5

1O$

fo7

fo8

ENDF/B-IV
^ ) spectrum

5En=10'5eV

0 2.0 4.0 6.0 8.0
Gamma-Ray Energy (MeV)

Fig. 1 The capture gamma-ray spectrum of the Fe(n,y) reaction

at 10~5-eV neutron energy given in the ENDF/B-lf .
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i i
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En=210
keV

430 1000

Fig. 2

10

'MeV

Capture gamma-ray spectra for the elements Rb,
Zr, La, and Te. The incident neutron energy is
given above each spectrum^-'.
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>

0>
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11

X

CO

irr9

1 1 1 r

Present
Kobayashi
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\

—
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1 1 r

etal.
—
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1 
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^ 
•
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£
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CD

0

Fig. 3

1 2 3 A 5 6 7 8

GAMMA-RAY ENERGY (MeV)
Gamma-ray strength functions extracted by
a spectrum fitting method from obserbed
capture gamma-ray spectra of the
197Au(n,Y) reaction and the Brink-Axel
gamma-ray strength function.



109

10

fio7
to flj

a
a:

106

10"

\ Experimental En=400 keV(125°)

I _TL Calculated En=400keV

. [ " I . Barrett et al. En=430 keV(90°)

1

in
0 2 A 6 8 10

Fig. 4 Capture gamma-ray spectra from the

Sn(n,y) reaction.

166

io7

io9

ENDF/B-IV
Fe(n,3) spectrum

En=400keV

i

CD
CO
CD
CO

2JO 40 6.0 8.0
Gamma-Ray Energy (MeV)

10.0

Fig. 5 The capture gamma-ray spectrum from the Fe(n,y)
reaction at 400-keV neutron energy given in
the ENDF/B-W ^
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3
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1
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1
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1.0 1.8 2.6 3.4 4.2 5.0 5.8 6.6
GAMMA ENERGY (MeV)

7.4 8.2 9.0 9.8

Fig. 6-1 Comparison between the calculated and measured secondary
gamma-ray pulse height distributions resulted from
exposure of an iron slab to a thermal neutron beam(29)#

1.0 1.8 2.6 3.4 4.2 5.0 5.8

GAMMA ENERGY (MeV)

6.6 7.4 8.2 9.0

Fig. 6-2 Comparison between the calculated and measured secondary
gamma-ray pulse height distributions resulted from
exposure of an iron slab to an epithermal neutron beam^ "'.
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En*400keV
(E,: 50keV mesh-»0.5MeV mesh)

Barrett et al.
En=430keV(90°)

normalization
point

10'

to

10*
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-9

3 4 5 6 7 8 9 10 11
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Fig. 7-1 Comparison between the calculated and
measured capture gamma-ray spectra from
the Fe(n,y) reaction at nearly 40-keV
neutron energy.
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i
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Fig. 7-2 Comparison between the calculated and
measured capture gamma-ray spectra from
the Fe(n,y) reaction at nearly 400-keV
neutron energy.
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Status of Nuclear Model Calculations for Gamma-ray

Production Cross Sections

Motoharu MIZUMOTO+

The gamma-ray production data from neutron induced reactions are

needed in such applicat ions as reactor-heat ing ca lcu la t ions , material

damage estimates and shielding design ca lcula t ions . The extensive

measurements of gamma-ray production data became recently ava i lab le ,

and at the same time the advanced nuclear model codes were developed.

These codes are used to analyze measurements and to predict cross

sections in the regions where no experimental information i s given.

In th i s paper , the nuclear models and codes used in data evaluations

are br ie f ly described and comparisons of model calculat ions with

experimental r e su l t s are presented.

+ a $l̂ rP.£CT5EJ3>T Japan Atomic Energy Research Institur
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Table 1 The evaluation methods of ENDF/B-V from Ref. 48 by C.W. Fu (ORNL)

Method Nuclei

Howerton 3 1 P, S, T i , Nb, Mo, Ta,2 3 2Th,2 3 8U

Troubetzkoy c w

(evaporation model) '

GNASH 15M c . r 19,- 23.,
TNG N, S i , Ca, F, Na

Yost Fe, T a , W

Vary ing m u l t i p l i c i t y * ^ 9 B e , Mg, 3 1 P , C r , Nb, Mo, Ta , 2 3 2 T h

a) I t is assumed that the mul t ip l ic i ty of photons produced in the
capture reactions may be increased with increasing incident
neutron energy as M(En) = M(0)'(Ecm + Bn)/Bn, where Bn is
neutron binding energy and Ecm is center-of mass energy of
incident neutron.
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Fig. 9 Mass number dependence of the values of parameters in the

R-parameter formalism for incident neutron energies 4 .3 , 6.5

and 15.5 MeV. Experimental data are taken from the 0RNL group

(open c i r c l e ) , and TOHOKU group (closed c i r c l e ) .
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8.3

JENDL-3

7 7 -f

Making an Evaluated Photon Production Nuclear Data File

and Its Application to Photonic Calculation

Masayoshi KAWAI*

There is a plan to make JENDL-3 containing a photon production

nuclear data file. This report describes the input format and some

checking items for making a evaluated photon production data file,

showing the typical examples of ENDF/B-IV data. Moreover, its

application to photonic calculation in the nuclear reactor analysis

is described. In general, photon production cross sections are

processed together with neutron and photon cross sections into the

reactor group constants for transport calculation. As an example,

the author presents the analyses of measured gamma-ray dose rate in

the fast critical assembly, the shielding analyses for Japanese fast

experimental breeder reactor "JOYO", and so on. The photon produc-

tion nuclear data important to reactor shielding calculation are also

assessed by means of cross section sensitivity analysis.

Nippon Atomic Industry Group Co.. Ltd.. NAIG Nuclear Research Laboratory.
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Table 1 Photon Production Data in ENDF/B-IV

Nuclide

lH

2H

sLi

7Li

9Be

10 B

12 C

l"N

is 0

» F

aNa

Mg*

MAT No

1269

1169

1271

1272

1289

1273

1274

1275

1276

1277

1156

1280

File No

12

12

12

12

12

15

12

13

12

13

12

13

12

13

13

15

12

15

12

13

15

MT No

! 102

102

52, 102

51, 102

102, 741

102, 741

781

4, 103

102

51

102

4, 103, 104, 105, 107

102

4, 22, 103, 107

3, 4, 102, 107

3, 102

51~.68, 91, 102

91

102

4, 16

4, 16, 102

N.B. MT=3; non-elastic scattering
=4; total inelastic scattering

=16; (n,2n)
=18; fission
=51,—90; discrete inelastic scattering
=91; continum inelastic scattering
=102; (n,y) reaction
=103; (n,p) reaction
=104; (n,d) reaction

=107; (n,ct) reaction
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Table 1 (Cont'd)

Nuclide

AZ

Si

a

K

Ca

.Ti

V

Cr

55 Mn

MAT No

1193

1194

1149

1150

1195

1286

1196

1191

1197

File No

12

13

IS

12

13

15

12

13

15

12

13

15

12

15

12

13

15

12

15

12

13

15

12

15

MT

102

4,

4,

102

4,

4,

51-

3,

91

51-

No

28,

28

22,

22,

'61,

51~

-54,

51~56

91

4,

4,

102

3

3,

3,

3,

102

3
X

3,

3,

22,

22,

102

16,

16,

102

Sl~
102

103

28,

28,

91

61

91

28,

28,

22,

22,

55,

105,

103,

, 102

, 102

102,

102,

28,

28,

102

107

107

1

, 103, 107

103, 107

103, 107

102

102
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Table 1 (Cont'd)

Nuclide

Fe

Co

Ni

,Cu

93Nb

Mo

laEu

laEu

:iBlTa

MAT No

1192

1199

1190

129S

236

1287

772

776

1285

File No

12

15

12

13

IS

12

13

15

12

13

15

12

13

15

12

13

15

12

14

15

12

15

12

13

IS

MT No

3, 51, 52, 102

3, 102

102

3

3, 102

102

3

3, 102

102

3

3, 102

102

3

3, 102

102

3

3, 51-59, 102

3, 51~S9, 102

3, 102

3, 51~61, 102

3, 102

102

3

3, 102
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Table 1 (Cont'd)

Nuclide

182W

183W

186 w

82 Pb

asu

238 „

^Pu

21flPu

MAT No

1128

1129

1130

1131

1288

1261

1262

1264

1265

File No

12

13

15

12

13

15

12

13

15

12

13

15

12 '

15

12

13

15

12

13

15

12

13

15

12

13

15

MT No

102

4

4, 102

102

4

4, 102

102

4

4, 102

102

4

4, 102

3

3

4, 18, 102

3

3, 18, 102

18, 102

3

3, 18, 102

4, 18, 102

3

3, 4, 18, 102

4, 18, 102

3

3, 18, 102
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Table 2 Remarks on Kerma Factor ^ Based on ENDF/B-IV

Material Status of Neutron Kerma Factor

Be-9

Na-23
ft*

Mg
**

Cl
**
K
**

Ti
A*

V
**

Cr
**

Fe
**

Ni
**

Cu

Nb-93
**

Mo

Ta-181

W-182

W-183

W-184

W-186
**

Pb
U-238

too low below 8.8 keV, Negative below 5 eV.

mostly too high.

a little too high above 26 keV.

too high below 3.2 MeV.

too high at every energy.

too high below 95 keV.

too low at 237 keV-2.4 MeV, too high above 2.4 MeV.

partially negative

too high below 1.2 keV, high or low up to 4 MeV.

too low below 1.6 MeV, negative below 10 keV.

mostly too high.

too low below 6 MeV, negative below 900 keV.

large negative values.

mostly too high.

too high at 150 keV-620 keV, too low above 780 keV.

too low above 825 keV.

negative above 1.2 MeV.

negative above 1.5 MeV.

mostly too low.

too high below 95 keV.

N.B. * Materials without photon production data are excluded.

** Q values was roughly estimated.

Table 4 Composition and Thickness of Type 304 Stainless Steel and
BP Slabs for 0RNL Fusion Shielding Experiments36)

Configuration

I
2
3
4
5
6
7

Slab Thickness (cm)

Composition

Type 304
Stainless Steel

0
15.24
30.48
30.48
30.48
30.48
30.48

Type 304
Stainless Steel

5.08
5.08
5.08
5.08

BP

5.08
5.08
5.08
5.08

Type 304
Stainless Steel

5.08
5.08
5.08

BP

5.08
5.08

Type 304
Stainless Steel

5.08

Total Slab
Thickness

(cm)

0
15.24
30.48
40.64
45.72
50.80
55.88
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Table 3 Components of Gamma-Ray Source at Typical Positions
in MZB(2) Assembly (arbitrary unit) 2 7)

Fission Capture (n,n'y) Total

Radial direction

I.C. Center

I.C. Edge (R=59.7cm)

Mid-0.C. (R=70.5cm)

R.B. Inner Edge (R=79.6cm)

Mid-R.B. (R=97.7cm)

R.B. Outer Edge (R=108.5cm)

Reflector (R=119.4cm)

62.9%
58.1%

69.2%

21.2%

10.7%

8.5%

0.0%

25.3%
22.4%

20.8%

51.2%

80.9%

87.2%

98.6%

11.8%
11.8%

9.9%

21.5%

8.3%

4.3%

1.4%

0.669
0.473

0.445

0.129

0.0435

0.0235

0.0127

Axial direction

I.C. Edge (Z=42.2cm)

A.B. Lower Edge (Z=46.0cm)

A.B. Upper Edge (Z=77.Ocm)

Plenum (Z=96.1cm)

62.0%
22.2%

16.4%

0.0%

28.2%
59.3%

78.2%

98.7%

7.4%
18.5%

5.4%

1.3%

0.361
0.141

0.0333

0.00536
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Fig. 1 Flow Diagram of Photon Production Cross Section Data,

(n,Y)

(n,PY)

(n.n'y)

(n,XY)

MF = 12 or 13

MF=12(LO=2^

MT=51

(15)

MF=12 or 13

MT=4(MF=5)

10"5eV Neutron Energy

MT =102
103

— MT =4(51-91)

MT =3

20 MeV

Fig. 2 Typical Example of Energy Range for ENDF Photon
Production Data.
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22
0

Fig. 6 Transition Probability {ei,!^} for 151Eu in ENDF/B-IV
(MF=12, L0=2).
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Fig. 9 Normalized Prompt Fission Gamma-Ray Yield for
2 3 5U in ENDF/B-IV.
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Fig. 18 Zonewise Sensitivity of Total Dose-Rate at Outside
of Concrete to Iron Cross Section1*3).
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tronics Model for Tokatnak Experimental
Power Reactor Design.4 ** )

-M I Ra j o t

DIRECTION-COSINE OF SECONDARIES.^

Fig.21 Energy-Integrated Sen-
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Fig. 20 Differential Sensitivity
Profiles for the Angular Distribution
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reactions, per Lethargy Width of
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