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The 1983 Seminar on Nuclear Data was held on November 30 and
December 1, 1983 in Tokai Research Establishment of JAERI, by Japanese
Nuclear Data Commiftee (JNDC). The Seminar concerned: (1) Inffoduétion
to Nuclear Cross Section Measurement for Evaluators, (2) Verification of
JENDL-2, (3) Sensitivity Analysis and Its Application, (4) Evaluation of
JENDL-3, (5) Topics and (6) Poster presentations on "ﬁiffgrential and .
Integral Nuclear Data Measurements in JAPAN" containing 19 papers.
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Introduction to Nuclear Cross Section Measurement for Evaluators

Fission Cross Section
*
Toru MURATA

Explanatory description of nuclear cross section meagurements was
made for the nuclear datd evaluators who were not familier with the
experiments.

Principle of the measurement, neutron sources and radiation detec-
tion techniques were explained generally at first, then examples of the
measurement system, data analysis, present status of the measurement
uncertainty and future problems were présented for the fission cross

gsection measurement.,
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Table 1 Ty}:es of neutron sources for the cross section
\ measurements

NEUTRON SOURCES

MONO-ERERGETIC SOURCES
CHARGED-PARTICLE REACTIONS
7Lr0e,w)7Be : 0.1-5 Mev, Slvep,m51ck ¢ 0.5-0.6 Mev
T (0% £ 0.2-4'MeV, Do,w) He: 1- 8 Mev
T (0,0 : 12-20 Mev
GAMA-N sountzs '
6a<D : 140 keV , Ma-D : 265 keV , La-Be : 770 eV ,
Ma-Be: 964 keV , Ss=Be: 24 xeV
FILTERED BEAM ¢ REACTOR )
St ¢ M4l keV , Fe : 24,5 KeY , Sc : 2 KkeV
CRYSTAL SPECTROMETER ( REACTOR )
THERMAL TO 10 &V
TIME-OF-FLIGHT SPECTROMETERS
MECHANICAL CHOPPER ( REACTOR )

PULSED ACCELERATORS
ELECTRON LIMEAR ACCELERATORS , CYCLOTRONS ,
VAN-0E-GRAAFF -€TC,

FULSED REACTORS
- UNDERGROUND MUCLEAR EXPLOSION
LEAD SLOMING DO SPECTROMETERS

Table 2. Methods of neutron flux measurement
NEUTRON FLUX MEASUREMENTS

NEUTRON DETECTORS
GAS-FILLED, DETECTURS H-RECOIL : HOw,#) , BF3 : 10B(w,n)
3Hs : 3Hs(u,r)
SCINTILLATIOR DETECTORS  PLASTIC , G6LASS ., LIQUID scmn.
- WITH H(n,P), SLI(N.A), 0B(u,A)
Go(u,e). REACTIONS
SEMICONDUCTOR DETECTORS  WITH H(w.e), BLiona), Stetne),
UK, k) REACTIGIS
ASSOCIATED PARTICLE METHOD
To, %) e, "D(o,n)He, Ter,1)7He
ASSOCIATED ‘ACTIVITY METHOD
51V(P N)SICR 71 (P,u)7BE
IHDUCED ACTIVITY METHOD .
m—n.ml V—BATH ACTIVAT[ON-FU]LS




Table 3 An cxample of fission cross section derivation formula and fission

cross section uncertainty3

235.04 )_l_d_l’f
%= 06023 \R/ MD F

1 Q +’~).(TA).(Tr)r[ ] }
X 2,: {(Ynlt)l (SFX (o)1 JENDF/B-V

Yp = fission chamber yield
Y black neutron detector yield
:_A = geometrical area of the collimator
" F=correction for ﬁssiqn' fragment absorp-
7 tionin the deposit'backing
- '.":M =335 mass of the fissnon chamber

r=dnstance to ‘the center: of the fissxon
deposits -

‘R = distance to the -nd ot‘ the collimator

D =dead-time. correctxon for the black de« :

~ tector
e= black detector efficxencv o

ap (l + k)= enmy-dependent vanatxon in the effec-

tive area of the colhm:tor
TA = gir.transmission of neutrons

T,.-- neutron trammhnon_of one-half of thei o

fission. chlmber

Sp=scattenng correction for the ﬁssmnf_"_"_---

chlmber

(ay); = fission cross section for group i

i = labels the neutron energy groups in the
black detector response.

Parameters Which Are Used to Determine the Cnois Section*

Uncemlnty in
. |- Cross Section

Quantity - Nominal Value ' (%)
r (1333:0.2)cm .03
R (5659.£0.3)cm ool
A (5.067£0.025)em?. | - 0S5
M (1709120)x1o" 12

F 0.993 _ L e—-
€ 0.94 10
Ta ' 092 - .08
TF 0.99 -02
S ' 101 0.1

(1+k) 1.015 ' © 0.2+
D . 1.003 0.1
Fission spectrum extrapolation- 04

Monitor spectrum fitting = .. 02
Monitor chield scattering - 0.3
Neutron beam unlformlty o 03

Neuuon backgmnnd . : 03

Total systematic’ unceminty B P _2 0

"The third column lMs the: unceminly in the crou'
sectlon due to the uncertainty in the pnrameter i

- v

- N
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Fig. 1 Explanatory drawing of cross section measurement
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Fig. 2 Diaéram of a'fackfto-back fission chamber



1 EXPERIMRNTAL ARRANGEMENT
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Fig. 3 Experimental arrangement of NBS fission cross section measurement and 2
pulse height spectrum of the SLi-glass and proton-recoil neutron detectors )
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MOVABLE SHIELD

REMQVABLE PRECISION BLACK

NEUTRON BEAM COLLIMATOR  DETECTOR
4.5-deg HALF ANGLE £

BEAM
PIPE

§ NEUTRON SOURCE

=S8F,

et

FISSION
DETECTOR

LEAD SHIELD

SECONDARY
MONITOR :
: (25em, EXPERIMENTAL ARRANGEMENT

. For compactness the black detector and shield are shown nearer the source.

E
| -mkucmmo;og _ ) T ————————— ?
s O HECOIL PROTON : Er 540 keV z.
o 4} n B -

, OF NEUTRON PHOTO CATHODE 1 EXPERIMENT £
/ —CALCULATION 1,
ANODE - , 2
\ £ . @
4 2
: ELECTRON
[ uu:.muc:mou ELECTRIC &
. = N SIGNAL £,
NEUTRON 3
BEAM O . / U\\.\l’/"’ 3
‘gl . 5
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- ‘ o e
PLASTIC scmmu'ron n PHOTOMULTIPLIER TUBE 20 40 ©0 0 100
10 : ACA 8834 CHANNEL NUMBER
. BLACK NEUTRON DETECTOR '_ BLACK ]E[ECI'(R PH—SPECT o

Fig. &4 Exper:luntal arrangeuent of NBS f:l.ssion cross section meagurenent and )
pulse he:lght apectnlll of he;black neutron detector 3 Do s
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" Sofid-State Detector
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EXPERIMENTAL ARRANGEMENT

Alpha-Particle Spectrum ”
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13y Licurate ;e TO e s’} i “
3000 . » Ep = 139 Me¥ { “
H \
I\
sl MR
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Fig. 5 Experimental arrangement of Bruy2res-le-Chdtel assoclated
particle wethod and pulse height spectrum of the alpha-
detector and 239Py fission chamber 4)




'EXPERIMENTAL ARRANGEMENT .
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Experi-ental arranguent of KfK f:l.ss:l.on cross section nezsurenent and S
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Fig. 7 Flow diagram of data processing for fission cross sec._ .
derivation
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et

. The ™. s hi'fmulu ror llu lwo mups or mnmmu Thie statistical and tolal -mmhﬂu are
hdhud uch mull by the -ml ad l:m bm, mpullnly 'nn soul euhe npmcnu ihe ENDFIB V ewalustion, .




A Hm mcnmc) : S
BEORETIE, BEPETRERATSRATE Y275 Y K ERTERDTOF %~ -
mmurtn,eonmu¢amboeuarua,in,WKLWrw“mnommumup‘
®bDOTHY, Fission Chamber ® aBFR BN 775 Y FishE ')l':HIlU.\ BHV.
Q: M HE (NAIG) ’
Black neutron flux ‘detectot @M*lithﬁ?-‘ﬂ*w#- 6:J:—:’Cﬁb£bfn‘037bﬂx, ;
PRAR S &+ 5 &, FIH" black * detector &FESDH?
AHA % (NAIG) :
HBAS T 5 X% 5 2 9V % ey RMALTROSY, AMPRTERLCRNT 50
BRI O TRHMEO T 3 V¥~ kfHid5 5. * blak * LBONAOR, DN " grey*
&ED&&%ﬁ&D.Cﬂﬂﬁﬂﬂfﬁif%ﬁ/7ﬂ§mﬁfa¢ﬁ¥umgffw eh
DHRBEODTE SHARDTRIECHERS, SR




_één ’“Umﬂ!ﬁﬁﬂ_&&bf rmtwtwwﬁﬁ%mb#mta.!&Kﬁﬂ,rv
#mtaﬂﬁmourumTAV,- ' PRIV

Messufeﬁerits of Neutron Capture Cross Section_o.” .
Yutaka NAKAJIMA'

A review of measurement techniquel for the neutron clpture crocl L
sections is presented. Se11 trlnsmiss:l.on nethod, activation nsthod, .
snd prompt gsma-ray detection nethod ate. described using exuplu‘w of.
capture cross aection measurements. '1‘he cspture cross section of _
messured by r.hree different prompt gams—ray detection methods (lar
liquid scintillstor, Hoxon—Rle detector, and pulse he:l.ght wc,ghti
nethod) ‘are conpared and. their discrepsnc:l.es are resol Ied.

héw' to derive the covar:l.snce is described.
1. Id:b&bl'

merﬁmue#mtau ﬁﬁﬂmﬁmtattﬁ fnmgawrnisnzca#;{f”i
o ERRRECHEMTIENT - awﬂmtw!mettnmrﬁmueﬁursaanmb.jiﬂ
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bnéoL#Lm#btottﬁ !oﬂﬂ(btﬁﬂoﬁk&lbwctrtsoil?— ,
EHL rmxsms.iwuaseﬁﬁtaceuaurssreuwmbwsraa,xuw_"’
EH%MwaFI#Ktaruﬁbébtbhctmmao&ﬂ!otﬁﬂi%f%ﬂkh@:"f'
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Tabl_é ‘.,' U:ricér:t’a"lnti'ies of ?331:1'('n,'v) Cross Sections

" Source’

Ran'gé', %

Comment

Garma Detection Efficiency 1.0 . W

235 Sample Hass 0.6

Total Fission Fragment 0.5
Absorption

Half-life of 23%)p 0.2

238 Sample Mass 0.2

2354(n, ) tfross Section 2.0

Statistics and

Fission Product Decay

> Common to
all values

J

0.9-23.1 VYalues are 0,9-3.0%

Reproducibility
.Neutron Background 0.3-4.0
Second Neutron Group 0.1-1,2
Scattering of Neutrons 0.8-1.7
- {n the Counter, Samples .
. and Neutron Source
Structural Material

0.2-4.0

balow 1 Me¥

0.3% for most values
except at higher en-

* ergies and larger
distances from the:
target

Does not apply beloﬁ
800 keY

Does not apply below
1 MeY :

Table 2 Uncertainties of the capture cross sections measured by .
the prompt gamma-ray detection method

Source(fk) LWL (%) correlation
Normalization 5 © correlate -
Background 10 *
Multiple scattering 10 correlate
Statistical error * uncorrelate -
Sample thickness. .. correlate -
Ganina-ray energy ivgss . .

in the sample 1 correlate
Scattered feutron ) :
o : “correlate

sensitivitiss »

\ experimental condit! 6ns,

- 24_
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Fig. 1 Experimental Arrangement for the Measurement of Neutron Absorption’
Cross Sections by the Spherical-Shell-Transmission feéhniqug.‘” o
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Benchmark Tests for Fast and 'Thermal Reactor Applications
*
Yuji SEKI

Integral tests of-JENDL-2 library for fast and thermal reactor
applications are reviewed including relevant analyses of JUPITER experi-

mants.

o WBIFx¥I=TY¥I W , FBR Engineering Co., Ltd.
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ériyticali“ ; and core center characteristics vere telted with one- °
‘dimensional modcls for a total of 27 fasr. critical assemblies. More
gofisticated: problem such as reaction rate distributions, control rod
worths and sodium woid reactivities were tested using two~dimensional
models for HO_ZAR’I“lnd ZPPR~3 assemblies, Various thermal core charac-
teristics were tested for a total of 6 cores with three different
moderators: 520,. D20 and graphite.

Main observations from the fast core benchmark tests are as follows.
1) The criticalicty is weil predicted; the average C/E value is 0.999%

0.008 for uranium cores and 0.997+0,005 for plutonium cores.

2) The calculation underpredicts the reaction rate ratio 239Pu /235Uﬁ
by 3% and overpredicts 233U / 239Puﬂ by 6%. The results are
conaistent with those of JUPITER analyses. ’ ‘

3) The reaction rate distributions in the cores of prototype aize are
well predicted withim +3%. In larger JUPITER cores, "h'owever, the
C/E value increases with the radial distance from the core center
up to 56X at the outer core edge.

4) The prediction of control rod worths is satisfactory; C/E valuss are '
within the rauge from 0.92 to 0.97 with no apparent dependencs on
103 enrichment and the number of control rods inserted. Spatial
deperidence of C/E is also observed in the JUPITER cores.

5) The sodium void reactivity is overpredictad by 30X to 50X to the
positive side. A sensitivity analysis. vith generalized perturbntion
theory suggests that the main cause msy be underesticate of 239Pu
fission cross section of JENDL-2 below the 3-keV sodium’ relonnnce. B
Main points from the thermal core benchmark tcsta are s_arized as,

1) The criticality is well predicted, as 1is the . :sameé. in- the fut core
tests; the avevrage C/E is 0.997:0.003. : S

/235U

2) The calculation overfredicts 239[] e by 3% to- 6%; which shows

the same tendency as in the small’ md mediun size fast lsae-blies. '
The 233U / 235 Uy, ratio is well predicted 4n the thermal cores.
The calcu’ ~d reaction rate ratios of 232Th deviate from the meas-
urement ‘% to 15Z.
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/E RHWROMAAMITE O TEEL L BFIBRELRLTVS,

ABFLTR, RERHHERU L FMEE#IcS, F12 °BY Y7 vy —34Hich Fig.6
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_ Tsble 2 C/E.VALUES FOR K-EFF AND REACTION RATE RATIOS

F28/F25

o JENDL-1  JENDL-2  ENDF/B-4
| REre '
U CORES 1,007 0.999 0.996
. 0,007 +0.008 0,010
Pu. CORES 0,998 0.997 0.986
+0.007 £0,005 +0.006
R/R: RATIOS .
F49/F25(%) 0.96 0.97 0.97
C28/F49 (%) 1.06 1.06 1.08
F28/F25(%)  0.91~1.04  0.98~1.12  0.93~1.07
JUPITER ANALYSIS (ZPPR~9)
JENDL-1 JENDL-2 ENDF/B-4
K-~EFF - 0.993 0.983
F49/725 - 0.97. 0.97
C28/ph9 - 1.06 1.09
- 0.96 0.91

(*) 2PPR-2, ZPR-6-7, MZA, MZB
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Table 3 ' Central control rod worth of MZC

108 enrichment | Experimental worth JENDL~1 JENDL~2
2 _ 28k /kk! C/E C/E
—
Natural - 0.808 *+ 1,3% 1.00 0.97
30 0,993 + 1,4% 0,99 0.97
80 "1,525 + 1.8% 0.99 0.97
90 1.629 * 1.92 0.98 0.96

Table 4 C/E values for control rod worth of ZPPR-3 phase 1B core

~

No. Control Rod Positions Inserted Ng:n?f 'w'::z;“r(esd)_ JE.N:I./-IBJ.V‘].:;DIrzn
t| 8 1 1.9 0.94 0.93
2| 2 1 2.02 0.99 0.96
3| 2,8 _ 2 3,58 0.98 0.96
4 | Type-I in CRP-1 1 4.14 0.96 0.93
5| 8,14 2 4.24 0.95 0.93
6| 2,5 2 4.26 0.99 0.95.
7| 2,4,6 3 6.51 1.00 0.96
8 | 2.4,6,10,14,18 6 14.33 098 1 0.95
9 | 8,10,12,14,16,18 6 14.88 0.96 0.9
10 | 2,3,4,5,6,7,10,14,18 9 20.75 0.95 . - 0,92
11| 2,4,6,8,10,12,14,16,18 9 22.65 0.97 0.94
12 | 8,9,10,11,12,13,14,15,16,17,18,19 [ 12 28.96 0.97 0.95
13 | 2,4,6,9,10,11,13,14,15,17,18,19 12 28.99 0.97 0.9
14| 2,3,4,5,6,7,8,10,12,14,16,18 12 30.12 0.96 0.92.
15 All except CRP-1 18 44.76 0.96 0.92

Average and one standard deviation of C/E valueg

' 0.97:0.02 0.94£0.9L
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_Table 5 C/E Values for Control
.o and 108 Sample Worth

Rod Worth

. C/E VALUES FOR CONTROL ROD WORTH

JENDL-1
MzZC _ 0.99 +0.01
ZPPR-3 0.97 £0.02
ZPPR-9 -
ZPFR-10 -

JENDL-2

0.97 £0.01
0.94 x0.01
0.95v1.00
0.5941.09

C/E VALUES FOR 10B SAMPLE WORTH

JENDL-1
ZPR~6-7 1.006
ZPPR-2 : 0.993

ZPPR-9 -

JENDL-2

——————

0.958
0.942°
1.12

Table 6 Thermal Banckmark Cores

Fuel " Moderator Mod/Fuel

Assembly Comments
© TR¥1 'U-235 H20 250 r=26.2 cm
TRX2 u-235 H20 430 r=27.4 cm
DCA U-235 D20 for ATR, r =150 cm".
ETA-I U-235+Th~-232 D20 113 r=33 cm
 SHE-8 U-235 : T c 2316 r=28.7 cm
SHE-13  U-235 _ C 15724 r=55.76 cm
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. Table 7 Effective multiplication factors

Calculation/Experiment
Assembly  Exp. JENDL-2 ENDF/B-4  B-4/B-5(235p)*
TRX-1  1.00 0.9934 0.9860 0.9916
TRX-2 1.00 ° ©.9945 0.9890 0.9942
DCA 1.00 1.0021 0.9948 1.0013
ETA-I 1.00 0.9966 0.9851
SHE-8 1.00 0.9949 0.9930 0.9970
SHE-13 1.008 1.0031 1.0006 1.0051
Average 0.9974 0.9914
S.D. +0.0034 0. 0054

% 235y data from ENDF/B-5 were used.

Table 8 v Values of U-235

JENDL-2 ENDF/B-4 ENDF/B-5
2.4286 - 2.4188 2,4367
(1.0041) (1.00) (1.0074)
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Table § Lattice cell parameters

' : Calculation/Experiment
Exp.
Assembly parameter P JENDL-2 ENDF/B-4  B-4/B=5(235y)%*
TRX-1 p28 1.311 +0.02 1.001 1.034 1.033
8§25 0.0981 + 0,001 0.978 6,988 0.985
528 0.0914 *0.002 1.056 1.037 1.081
c* 0.792 +0,008 0.996 1.007 1.009
TRX-2 028 0.83 =0.015 0.983 1.016 1.015
8§25 0.0608 * 0.0007 0.965 0.975 0.972
8§28 0.0667 + 0.0502 1.032 1.009 1.051
c* 0.644 +0.002 0.985 0.992 - 0.994
DCA 028 0.84 0.94 0.981 0.977
825 0.06 1.00 1.00 1.00
528 0.049 1.00 0.98 1.02
ETA-I P02 .10.54 +0.15 0.921 0.981
625 1.74 £0.002 1.012 1.004
5§02 0.0166 + 0.0009 0.842 0.778
CR* 0.867 +0.009 0.896 0,968

028,002
825
528,502
C*,CR*

ratio of epithermal to thermal U~238 or Th-232 captures
ratio of epithermal to thermal U-235 fissions

ratio of U-238 or Th-232 fissions to U-235 fissions
ratio of U-238 or Th-232 captures to U-235 fissions

** 235y data from ENDF/B-5 were used.
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Shielding Benchmark Test

* ' : *
Masayoshi Kawai and Shielding Group Constant Sub-Group *

Iron data in JENDL-2 have been testéed by analyzing shielding b_ejnchQ
mark experiments for neutron transmission through irom: bio‘clft?“p‘erfot-‘e%d‘ :
at KFK using Cf-252 ueutron gource and at ORNL using eollimited neufron
beam from reactor. The analyses are: made by & shielding analyaie code
gystem RADHEAT—V4 developed at JAERI. The calculated resulta are com=
pared with the measured data, As for the KFK experiments,: i the C/E values
are about 1.1. For the ORNL experiments, the calculated values agree
with the measured data within an accuracy of 33X for the o’ff'-eenter
geometry. The d-t meutron trsnsmission measurements through carbon
sphere made at LINL are also analyzad preliminarily by .using the tevfsed :
JENDL dezta for fusion neutronics calculation.

« BAMTHERKASH
s GTT =T Ry~ .
mﬁlﬂyﬁMIZ.!§MQCwE)LItfﬁ(lt),m}!(lii).ﬁkmﬁﬁ(sin
. WA~ (EHISREEIN , BELR (Eihﬁ.)

* N:Lppon Atom:lc Industry Group Co. Ltd.
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Actinides Integral Measurements ca FCA Assemblies

+
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Table 1(a) Comparison of one-group fission cross
section of actinides at core center
of LMFBR :
: {Unit : barms)
Set | carnavaL® :

Isotape v ENDF/B-vP FGLS® JENDL2® KEDAK4®
U 235 1.9 1.98 1,98 2.01 2,06
U 238 0.040 0.042 0.043 0.044 0.043

Np 237 0.33 10.33 0.31 0.32f  0.34

Pu 238 0.84- 1.15 1.13 1.13 1,05

Pu 239 1.81 1.85 1.83 1.86 1.87
Pu 240 0.33 0.37 0.35 0.37 7
Pu 241 2,53 2,60 2.70 2,64 9
Pu 242 0.22 0.26 0.27 0.27 0.25

Am 241 0.29 0.29 0.27 0.289 0.28

Am 242 3.70 0.61 3.33 3.49 3.86
Am 243 0.20 0.22 0.19 0.22 0.20
Cm 242 2.05 — 1.23 0.47 L —
Cm 243 3.39 2.77 2.89 2.91 2.46

Cm 244 0.45 0.40 0.38 0.41 0.43
Table 1(p) Comparison of ome-group capture cross

section of actinides at core center
of LMFER (Unit : barus)
St | carmavaie . '

Isotope v ENDF/B-vP FGLS® JENDL2Y KEDAR4®
U 235 0.59 0.61 0.54 0.64 0.62
U 238 0.29 0.30 0.29- 0.30 0.31

Np 237 1.41 1.82 1.95 1.70f  1.66

Pu 238 0.55 0.79 0.46 0.95 0.71

Pu ‘239 0.57 0.56 0.55 0.60 0.57

Pu 240 0.55 0.60 0.63 0.62 0.64

Pu 241 0.50 0.50 0.62 0.53 0.52

Pu 242 0.63 0.47 0.39 0.39 0.48

Am 241 2.02 1.86 1.88  1.699  1.93

Am 242 0.70 0.097 0.11 0.45 0.46

Am 243 1.60 1.20 1.73 1.69 1.53

Cm 242 0.59 —_— 0.51 0.64 —_—

Cm 243 0.50 0.27 0.10 0.29 0.18

Cm 244 0.85 0.91 0.49 0.66 0.65

a: CEA, FRANCE, b: ANL, USA, c: UKAEA, UK, d: JAERI,

Japan, @: KFK, West Germany, f: ENDF/B-IV, g: JENDLL.



Table 2 C/E values of actinide sample reactivity worth ratio to Pu-239 in FCA
standard neutron spectra assemblies

Assembly Data

No. Library Np237/Pu239 Pu238/Pu239 Pu240/Pu239 Am241/Pu239 Am243/Pu239 U235/Pu239

I%-1 '_gggm.‘g) _1.06_ 0.70 -0.73 0.98_ 0.91 ' 1.012
ENDF/B 0.99 0.84 Z0.61 “1.00 0.77 1.0232
1x-2  -JENDL JL.o1 _1.00_ 20,33 20.96_ 0.71 _0.985
‘ ENDF/B 0.60 1.08 0.59 0.86 0.78) 0.979
x3  JENDL 0.9 _1.07. 0.69_ 0.98) _(0.92) - 1,002
ENDF/B ~0.88) 1.12 0.74 ~(0.96) 0.86) 0.995
Ix-4  -JENDL _£0.97) _1.08_ 20,38 (0.95) _(1.00) _0.976
ENDF/B 10.89) 1.12 0.62 a.ozy 10.85 0.978
Ix-s SEEBL_ L1l 1.1l _0.67 0.77_ YR 0.967_
ENDF/| 1.57 1.15 0.70 0.80 78 0.970
IX-6  -JENDL _1.06_ J1.12 _0.80 _1.01 _1.14 _0.980
ENDF/B 1.36 1.17 0.8% 1.01 1.49 0.991
Ix-7  -SENDL_ J1.16 1.18 _1.03_ L.12 _(0.94) _1.007_
ERDF/B 1.63 1.25 1.08 1.16 (0.83 1.028
%-1  -JENDL _£0.99) 1,03 _0.81 _{0.98) (0.96) _0.979
ENDF/B 10.92) 1.10 0.88 - T(0.97 “10.83) 0.9%4
a) : JENDL-2 '
b) : ENDF/B-V for Np-237, Pu~238, Am=241, Am-243 and U-235, ENDF/B-1V for Pu-239 and Pu-240

c)

Values in perentheses are values of 1-C/1-E for |C| or/and |E| <0.1

010 - ¥8 W— AVl
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RFFHETREBRAEC B 2RERBIL, VWbW3 Unfoiding &#>data adjustment &
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Applications of Semsitivity Function to Dosimetric Data Adjustments
*
Masaharu NAKAZAWA

Sensitivity functions are applied to the dosimeti:i:t field in the
spectrum unfolding technique, also called as the data adjustment technique
which are statistical estimation procedures of the neutron spectrum or
relating dosimetric quantities basing on the reaction-rate data measure-
ments. '

Using the practical formulae and numerical examples of the sensiti-
vity functions in the dosimetric data adjustments, two comments are made
that (1) present sensitivity vaiues are highly depending on the initial
spectrum inputs and (2) more attention should be pald to the dependency
of the sensitivity on the very uncertain covariance data inputs of the
initial neutron spectrum.
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Table.1 NEUPAC-83ic & 5 MBI IR (Hi)

SEMSITIVITY PROFILE OF INTEGRAL QUANTITY

SENSITIVITY TOIREACfION RATE

1 WINDOW TYPE (%)
1 1 2 3 4

D L L L PUET T P U R ————
REACTION TYPE 1 -
45SC(N,G) I -4.4G3E~-#3 -1.16ME-is -1.588C~§2 ~B.146E-43
36TI{N,P) 1 7.491E~-83 ~2.230E~-§4 3.1BBE-82 1.612E-§2
S9CO{N,G) 1 9.634E~#3 ~7.742E-§3 ~7.6185E~-84 ~1.719E-93
G3CUIN,A) I 3.187E-#2 ~2.687E-#5 7.739E-82 §5.389E-§2
237NP{N,F) I 7.598E-#3 3.838E-§2 2.635E-83 1.273E-82

{(x) 1D NO.  TYPE OF W.FUNCTION

- - - - -

TOTAL FLUX

FLUX GREATER THAN 1MEV
FLUX GREATER THAN 188KEV
DPA

E YA
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Application of Sensitivity Analysis Method to the Prediction of
Large Liquid-Metal Fast Breeder Reactor Core Performance Parameters

Takanobu KAMEI* and Tadashi YOSHIDA®

In the design of a large liquid-metal fast breeder reactor (LMFBR),
the bias-factor method is widely applied in order to reduce the error of
predicted values of neutronics parameters. This bias-factor met;hod is,
however, rather an intuitive approach and only a limited nt-bef 6f_
studies have been performed on the evaluation of the 'predic':t’ed étréu
that remain after the bias-factor is applied. o

This report presents an evaluation model for the above k:lnd of
extrapolation error, due to cross—section uncertlinties, by genuinely
employing the sensitivity analysis method. As an exanple of an applicu—-
tion of this model, the extrapolation error of the d.sign paraneters of
a 1000-MWe fast reactor is evaluated for the case where bins-flctors
from the large LMFBR mock-up critical experiment, ZPPR-IOD, are av vailable.
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TABLEm

 Semsitivity Confficient at the Begiming of Core Equilbrium of 5 1000-MWeiectsic) LMFBR with Prismary Rode Inserted™

P4 Fission Rate % Fission Rate
Sundard
Devission . Inwar Core Inasr Core Outer Core Radial Blankst Owter Corw Radial Blanket
Eloment Rexction Grovp * kegy Worth Centsi (Middie) (Edge) (liddte) (Iomer Side) Comier (Middle) (Inmar 8ide)
ry Fimsion 1 3 7 -164 -26 -16 & 30 -62 - 13 -10
pu Fimion 2 s 160 -282 59 9 27 0 -99 L 5 -~
ope Fimica .3 6 152 -134 92 57 [ -20 -7 8 -19 -2
Wpy Fimion 4 6 60 47 7 2 -n -4 130 1 -22 14
b ] Capture 1 15 0 1 [ [ o [] [] [ [ <0
Wpy Capture 2 I8 -6 1 1 1 [} [] 2 1 0 1
gy Caplure 3 15 -17 -16 K] 7 3 4 s 12 2 3-
D My Copturn 4 15 -17 -33 20 10 [ 1 -1 17 5 1
Bopy Siowdown 1 50 -1 5 -2 -1 0 0 o -2 0 2
. Mgy Traseport 1 3 2 -3 -10 -4 [ 1 -2 ~12 0 -9
p, Trameport 2 4 2 -3 -12 -5 [ 0 - -1 [ -2
[y Fission 1 15 2% -59 -11 -7 0 s [] ~12 6 -3
ey Copture 2 20 =3 t 1 1 0 0 1 1 [] 1
e Capture 3 20 -8 -7 7 4 2 2 3 7 1 2
*ra Capticre 4 0 -5 -1t 7 4 3 4 1 6 2 1
Wy Slwdown 1 50 0 3 -1 0 0 [} [} 0 [} -1
iy Fission 1 H 13 -3 -10 ~7 [} s 3 ~1 5 1
My Fimion 2 10 k7] -1 -8 -6 1 ] 3 -5 10 -2
gy Fistien 3 10 52 -51 s 3 3 & 3 2 5 [3
" Fiasion ] 15 2 17 0 s 1 [} [} -3 -4 3
= Pimion 1 10 " ~187 15 7 o [ ] 17 -1 4
=y - Capture 1 15 -8 9 -2 -1 [ 0 -3 -3 0 -7
-y Captuss 2 15 -42 2 - -5 2 5 -24 - 3 -6
-y Captues 3 10 - -2 47 4 F ] -129 3 10 44
] Caprars 4 10 -0 -15 Q 23 21 % -125 k) 1 -40
-y Slowdows 1 20 - 100 - - - -7 -20 -108 10 -142
-y Slowdown 2 0 - 4 -28 -18 -3 -4 [ =28 [} 0
fon Tranegort 1 2 I -37 54 -50 - 1 -5 -112 0 -9
» Teanaport 2 2 16 -4 ~128 -4 -10 1 -2 ~119 " 18
b ] Capture 1 s -1 2% -3 -10 -2 -1 4 -28 - s
»y Capture 2 3 -15 177 ~194 -97 -26 -18 3 -1%% [] 23
] Capture 3 2 -2 M4 -281 -159 ~54 -42 50 -253 -1 36
b Captowe 4 1 -3 46 -63 -3 -15 -12 13 -54 -3 L4
*o Slowdomn 1} s -2 £3 -47 =22 -3 -3 -1 -1 4 -0
o Slowdown 2 s =2 n ~106 -60 -18 -5 -2 -9 -2 3
*o Slowdown 3 ] [ -14 -6 - -3 - 21 -4 -2 &
o Trasspart | ] s 45 ~113 -0 - " ~11 -138 6 -~
*o " Tramaport 2 H 19 B -143 -4 -8 L3 -13 -133 5] ]
"o Trameport 3 s 6 -24 ~36 -0 -5 -3 [} -32 [} 3
TN Siowdown 1 10 -8 16 -26 -13 -1 2 1 -32 0 -1
N Slowdown 2 10 [ [] -1 [ ] [ 0 -1 0 0
Ny Slowdown 3 10 [} 0 0 0 (] [ 0 0 0 0
TN ‘Teanapost 1 3 [] 3 -4 - -2 [ ~14 -3 -4 -33
N Trssaport 2 3 s 8 -62 -29 - -3 -19 -7 -l -3
N Teasagort 3 3 4 -3 -20 -1 -3 - - -18 -3 -3
Stalalew stoe Captuse 1 30 -4 6 -4 -2 [] [ 1 -5 [] 1
Stalnbts civel Capturs 2 30 ] 1 -5 -2 0 1 1 -5 1 -2
Stainjess stael Capture 3 E) -5 -9 -1 -1 ] 4 -2 -1 3 1
Stalalass ool 4 30 -3 -3 2 1 2 3 -5 2 2 [}
 Stainlews ol 1 30 -16 % -52 =24 -3 1 [] -3 ~t -5
Stainless seaal 1 ] 18 -37 ~106 «$3 -4 [ -23 ~126 -} -4
Stainiew sael 2 10 16 -3 -11? - -5 -3 - ~108 3 -7
Stolnloss noel 3 10 1 -3 -0 -37 -10 -17 -15 54 -6 -7

*Tie cos{ficients reporiad have boen Incrossed by 10%.
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TABLERV

Correl Matrix of the E: k Error of Nuclear Characieristics
Reaction Rate Distribution
Controt Rod Worth. ra(n.f) ()
Fint Second Third Owter Radisl Outer Radial
ke Cemral Ring Ring Riny Comter Core Mamket Center Core Blanket Standard
- Devistion
1 2 3 4 s [ 7 [ 9 10 1 )
1 ko (all rods ralsed) 1.000 1055
Costrol rod wocth .
2 Central -0492 1.000 2502
.3 Fiist ring ; -0.498 0947 1.000 2321
4 Second Ting -0470 0303 0924 1.000 2207
s Thind ring -0.655 0465 0556 0.594 1.000 0999
Resction rate distriution ’
(sl comtrol rods raised)
pu(n,
6 : -0.184 0879 0826 0.708 0.080 1.000 0767
7 Outer core
! (middle) 0.089 -0.696 -0.671 -0493 -0.050 -0309 1.000 0569
. B
_ -y (tnner ide) -0035 -0.387 ~0420 -0.242 -0.071 -0.468 0431 1.000 1141
(#,f)
9 ] -0.192 0872 0201 0.662 0.045 0964 082 -0480 1.000 0483
10 Ouvter core -
(middie) 0220 -0.704 -0613 -0407 -0.048 -0.748 0914 0.726 -0.789 1.000 0541
n Roadial blonket
(imnor side) -0.081 -0.369 -04s9 ~0380 -0.157 -0483 0770 (7] -0A% 0568 1.000 1.009
“The value for the case whiere the résctivity affoct ssncisted with the diferences in plutoniem fsctopic ratio s ot >
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Crogss-Section Sensitivity and Uncertainty Analysis
for Fusion Reactors

Yasushi SEKI+

Application of sensitivity and uncertainty anclysis to the nuclear
design of fusion reactors and the analysis of fusion reactor neutronics
experiments is reviewed. The special feature of the application to
fusion reactors are introduced flrst, followed by a brief description
of the computing methods in use. Severai examples of the appl‘icatvionv
of the sensitivity analysis for the blanket nuclear design and’ shield:l.ng
design of fusion reactors, fusion-fission reactors, and for the pre-
and post analyses of integral experiments are described. Lutly, some

future tasks are shown
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5 ~1.2024' (~6) -1,1937 (~6)
6 25,3632 (-8) -5.0528 (-8) - |
7 -1.7689 (-8) -1,0399 (-8)
8 ~1,6685 (~8) -6.3518 (-9)
9 -1.5792 (-8) -4.7337 (-9)
10 -1.4389 (~8) £4,3114 (-9)
1 ~1,3104 (-8) -3.9303 (-9)
12 -1.2527 (-8) -3.8660 (-9) |
13 -8.6025 (-9) | 1.2790 (-10) | -2.7317 (-9)
14 -8.6025 (-9) |-1.2790 (-10) | -2:7317 (~9)
15 -6.2352 (-9) 52,4390 (-9)
16 -6.0538 (-9) -1.8921 (-9) |
17 -4.6780 (-9) | -1.8694 -9y | L
18 -4.4179 (-9) | 1.1365 (-9). | -1.3952 (-9) | 3.6310 (~10) |
19 -4.4179 (+9) | -1.1365 (-9) | -1.3952 (-9) [ -3.63i0.(-10) |-
20 -4.3168 (-9) -1.2933 (-9) | T
21 | -2.9310°(-9) | ~8,3638 (-10) |
22 -1.8854ﬂ(-9)'f'~ ~5.6494 (-10) |

* -1.2012 (- ) - -1 2012 x 10'5
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Table 2

Priority of decay constants and cross séections to be measured, which is derived from
sensitivity analyses for build-up and decay of actinides in the core of 1000 Mwe LHFBR
.nides Priority of decay constants and cross sections

Nuciiae. processed e
e ‘year1y(gr) 1 2 : 3 4 ‘SM
1{Am-2011 1.011 (+4) {5z (Pu-241) | of - (Pu-281) o (Pu-240) |0, (Am-261) | oc  (Pu-241)
2 An-243 | 4.878 (+3) {oc  (Pu-242) o, (Pu-241) | oc (Am-243) | o (Pu-241) of (Pu-242) |-
3|'Np=237 | 2.504 (+3) {on,2n( U-238) [ o¢  (Np-237) | o  ( U-236) | o, ( u-235) | of  (Np-237)
41 U-23611.908 (+3) joc ( U-235)| of ( U-235)] s, { U-236) Ao (Pu-240) | 0  ( U-236)
5| Pu-238.{ 1.124 (+3) {ag  (Pu-241) | o (Am-201) |2, (Cm-242) | op 2n( U-238) | ¢¢  (NP-237)
6| Cm-244 | 4.243 (+2) |oc  (Pu-242) cc  (Am-243) | o (Pu-281) | o (Cm-244) | o, (Cm-244)
7| com-242 | 2.168 (+2) [ag  (Pu-281) | o,  (Am-281) | of (Fu-241) | oc  (Pu-220) [ 2, (Cm-242)
8 | Am-242m 2.148 (+2) *B' (Pu-241) | o¢  (Am=241) | of (Pu-241) | o, (Am-242m) o (pu-240)
91 Cm-243 | 2.619 (+1) o. (Cm-242) [ ag (Pu-241) ;0. (Am-281){1, (Cm-242) 01; ~ (Pu-241)
10| Cm-245 | 1.542 (+1) oc (Cm-244)| oc (Pu-242) | o (Am-243) | o (Cm-245) | o, (Pu-241)

010 — ¥8 W— RAVl

* Py fuel from BHR.

** {rradiation for two years and cooling for 180 days.

<

<

IR . e = e



- Table 3 _Prior'lty of decay constants and cross sections to be measured, which is derived from .
o Sl Asensit1v4ty analyses for buﬂd-up and decay of actinides in the core of 1000 Me LHFBR

Pridr"‘lty df "décay coﬁstants‘ a’nd cross sect-‘lqhs, "
: T T2 | s | + ] s
37:| 2. 575 (+3) ap,2n( U-238) | o, (Wp-237) | o¢  (U-235)| 0. ( U-236) [ ap " (Np-23;
6| 1.927 (+3) | o,  (U-238) oy (U-235){o. (uU-236)|op ( U-236) [a, (Pu-240)| - :
03 (+#2) {Ag  (Pu-241).[o. (Pu-200) | oc (Pu-239) | o (Pu-241) | ¢ .(Pu-239)__:»fﬂ -
2) u,, 2n(U-238) |oc  (Kp-237) [of (Pu-238) [ag  (Pu-241) | o ~(Pu-z4o). o®
. (Pu-240)‘ 9e (Pd—242). g /(P,!.l-Zﬂ) ac  (Pu-239) | o¢ 5
_ Aow242) | ag: (Pu-241) 0 (Pu-290){ac  (Am-281) | ac.
~(Pu-241) | og . (Pu-240))| o (Mm-241) 0. (Pu-239) | of ,
(Pu-240) |og  (Pu-242) | o (Am-243) | oc  (Pu-281) | o '(pu-zss)_;
(Pu-241) | o, (om-202)| o,  (Pu-200) | o (Am-281) o
(CI-ZM) a, ué {Pu=242)" oc  (Mm-243) | o,

(Pu-240)
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11/
- (n.7) {n,2n) e-decay ‘ I
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Fig. 1 Decay scheme of actinides
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Sensitivity Coefficients
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Np—236 | gg 2 = I ;]
o Np—237 F g% g = 4 5 -
_ Np—238 | 32 s 1 -
e Np—239 | 2222 1 -
: 5 Pu—238 | g2 3 R .
2 Pu—239 [ o <l i 3
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Present Status of JNDC Sensitivity Analysis Code Syatems
Akira HASEGAWAY

It is briefly described that the current status of the JNDC >(Japnn'
Nuclear Data Committee) sensitivity analysis code system for the adjust—
ment of group constante. This code lystem ia now being d.veloped undnr _

' the direction of JENDL integral test subworking group of group-constnntt
working group of JNDC.

1. ZFLHIC

R s /< WERRQOFEMWITRS O THREMTS 5 JENDL MAFET —+ 7 « 7
—7 (ATMAREW. G LT TIERHED SRTVS, adjustment DROMEMTI —
s YRFLEDNT, TOMELIROBBREERALT, &mtmmens cEbie,
AERICH 5 W, MEEE MO LD,

FEROBMESELI 5L, 1992 F 2 ARLAL, BAREW.CORACEOT XEE

fEkE LT, MP7—5ick s JENDL-2 @ adjustment %% D Ebld"Clib‘iJWféh 'Jﬁﬁt‘ib ‘
Y N ‘E@ﬂilCﬁLT adjustment OTERBESH, HWGHIEYE 57, /ﬁ'?iiéﬁ ‘
meﬁ!wéwﬂLts h6h6m4/no$%5166&#?ﬂéﬂfrbm uﬁ?—'
ks JENDL—Z D Adj ustment or&!ﬂlch‘ LT, ¥W.c &L 'Ch;buc;zo asu’z,«g;bw)
ﬁ&ﬁ%ﬁvﬁo ﬁz0f7/747bbn57F+/7§i§%o<o fcvoanmwﬂ
nrm:rasae 4 wll\iiéli {-0)& 3 @‘D%A’&ﬁt EOERLLT (MY T-% (S
3 JENDL zu!oumcut 6&31¢Dﬁ"=.1 éli’éﬁﬁiti& DELHoh, KE (835
5 AOMIMEWG SAICAHE m:., 5*#0:!:1 TRANBW.GE L TR 7— Sk kB
JENDL-- Z Il@ﬂﬂl%ﬁiﬂk e‘; b ibb"z, ze, ﬁltﬁﬁﬁtﬁﬂ#’&i‘ite‘: LT, Mﬂﬁ'&
f Ulﬁﬂ:—a) ¥R rz.f‘p‘ﬁi’i-zlaba z &i—‘l?& L 'C I'l!J OEM & ¢, f@‘!e‘;ﬁm '3

*+. E*I:HJExB’r ,Japln Ato-ic Energy Beuurch Institute




iﬁﬂK?PT$§TLTh6°JfﬁotatéATu KBHRICH > 1 TOMRBKE
st $#¥ﬁﬂ$ént,._ o

2. WR

COERBRNS AT, WG AREANICRROL 5 SRMBREDBESE &>
TOBOTHED ET: PLECHDETH, SIALEITE, THAISMEED D, BT —
5 OMAARSC LML VBT, BEOEL 25N, BHTONTNEC LTHE,
LiL, COMEELDMEL TRENSRBILFELAVT, SHOKAT— s KENT, K
F—5 5475 V- 2WET 2RABRKL T, R, AXOET—9 +3 1a=54—K
BOTR, BORSERBIRNTS - . HOBRISHTS 54, MESRO—BE, &
IO T BN, MERSROMMA GBI SR, B 5 HE S REFRORGERD 3
zamﬁ?nfﬁ,%ﬂznﬁmt#xr:wraaooznzﬁL - 5l!wm%r,f
B3, ¢ OBESETHS LAEVHNE K-> TET W3, BEMNIMECHOMEE LT, K
TR, ERGE FUA P -FEOMEENTIMIC, AMEED L RIENH Tk
DEENRPEEOSDER-TWB, X, 7 —5 DHAMBERS S 0iC, WHEREE
WENERORAE B 2 MY 3 LORMBES %, F.G.Perey Bl ERLOTFBLLRR
(ABNTVS. 25Uk, #IM7 74 MERRUMDF— R L BKEF—9 5475 ) -
Bz oL TOHREEOR S LT, B4, ABHSEERIRE (RE] OER, M5
EEATRET TRV OO THS 50, COMY, FNERLOERNLERETED, XS
#ﬁv—*yf-Vw—7m$wtc®MH%Hﬁwm§0566ct&ﬁ*?%lxbﬁmﬂ
B3 J

PO LSk, HROHNY, T8 < adjustment Dﬁ'Lf!aWCoh’Cﬁﬁb hh-T .
naﬁﬁmﬁor,a#/#4774—oﬂmwﬂnmﬁLroﬁﬂﬁoﬁﬁmofﬁoi?r
A4E 5 % 6 ERHBERENSMIE A TS 0 F Licts, BERFTREEENFIOV TR
THELTH, 2<ALCEHOAES, AL, HROBNERTHETE, FEND deter-
ministic EEHEIc &3 1 ]RTTSN ANISN,/SWANLAKEIz RE 31 3ERH 5, 2ui%en
HETR, 3T Ho (TRIPOLI(FRANCE) TIMOC (ITALY) DUCKPOND
UR) kKEB, WRERICHT SRERFFE~LTRBONDTHY, XANT 51
BN - e W T — 7 ST~ 5 TTHRBANZ LV S TREEL S L, WD
BH B bbb 5T, COHFTORIEOHIIINE BT 3ONEMTH 30

MEDL SUERED > T, RIERBRESN, REINBC L1, ¥/ <HARR
SATE, 3 v+ w2 £BE < ERAERICHT REITERD STV 3o

BT, feROMNE & FURIZ >0 T3,
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TR, aﬁﬂﬁwemﬁiaLr .
1) %4, FBRER*AW¥9E£5ﬂﬂT §2HWT, JENDL-2 O RERHT, HWE:
#H5,
2)5!#%,mvmaxmyfo,&v?—a-~—z®ﬁm§no,ﬁmmgﬁﬁ/xr
AIEOVTR, K-8, BEN, MA7—5, BERKEICES, HERvRFLEL,
BEIAW T~ 5 « N—2EMATHDERESRVS,
T EERRLTV S, |
L&Y T, MEEREC &b >TVWE DR, KT~ OFEESS, BofT-1KT— oM
fidh, BRESESTHONIFARICH L TENEGOMRER>LOTHEL, WKET
bt T S OPEESRTELHTHY, x&ﬁﬁuﬂi%ﬁﬁtaAﬂmmﬁmmméﬁﬁf
BAOHMEN 7 ELTORMERSBIHTOH 3,
PEiRbETE, MATEWG &L TERT B VR FARET—9 « <= R0 2RO &
JIEREL o
XAV 27 L%
D HR
*FBEK (B#F) 2R~y Fv—276R .
o 2RTHBEEERET B,
s TRNFEBIIR A B BET 5,
2) BARYZRFA
a. FREANHEY RT A
RATHRIN ., —BLRYIEERI &< 25Tl -~ SAGEPz)%ﬁHio o
b. XM X5 4 CATEX (Computer Aided Tool for Evaluaters of
Neutron Cross - sections)
FEN, RERN, SRiNEAL, MEROELKL L 3RIRICHT IFS5EHMT S
MENUFSRH TR & 2 7 & 2 K ic AR,
c. MGE#k adjustment ¥2 54 ADJUSTX (adjustment of Cross-section set )
B DRBEMIT Y 2 T L, ﬁﬂﬁ%—a-N—Z%miT.ﬂ¢ﬁ#ﬁﬁi<aﬁmb
ment 2179 /ZTA’&’T‘ < iC BFE,
3 #EELS5 Data Base (Dﬂ-:ﬁf._
o M@l — 5«7 74 (JENDL-2)
«BEM JFS-J3 TYPE -
« KRR '
- W5 7 — 5 el
o M CREE
AT -5



JAERI -M 84-010

HEdB~tey 27 AHROKEROKROSUB WG &L Tl deta OFE, HEH, BEN
HEENT WS date fEH 7 v — 7, RUHAY T — 5 ORMLAEREELT 3 M T -
BRI W— 7 EAERL T, (EREEH TO 3,

4 BEZNLEAMSERURIR

B, ARk 2R OEFEGRICOVWT, BEABSHRHEAELVOTTH, HA
PHENMEOMETHrEINRELED T RTATE L0, BRERARSEICOVLTR
Table 1i€, XE=OHTHRY HIF2MAIFERT—49 & LT Table 2R L-bORERELTHR
HEfEREEDTV D,

Table 1, PRIORITY OEhiH 24, FEEOEV & DE, PRIORITY £/ L THH,
PRIORITY=1 0D TRHEFTEDANS, L2DbDIZO2VWTR, fERIZRNIBB 725
EVARD, 3DBDISVTR, SENRREZZ LKL TWS,

5. NEHRERITRA54 CATEX : Canputer Aided Tool for Evaluaters

of Neutron Cross— sections.

TR S Fic L, MEROELY, MR EET 2000 1K
EH5ABLLEAMELE, MERRDOT 0S5 LTH S, VR FLOANIL, BEN, BE
80, 5 deta (AIEE) TH O, WMEMELICEL MDY deta ~DFERUED V¥ -8
$IPER, C/E (Calculated /Experiment) {#, C/E Oit#SHAS 13,

,Q'

Msydata (RIEHE ©  Ri® (=1, 1)
BEEM (F7—49) ¢ Ta (4=1,.+,N)
MREE £ I Gl =3Ri®IT,
a7l © R (i=1,-,1)
BF-s B TH LT kE{LIBOERICHES KRS data B, —ZGRELIT
R (TH~R¥M(T)+ G (T-T)
tHsh 3.
Wi, ARSI TS MENU I,
1) REACTOR TYPE
FRIRE, MEL TFig 1 LR,
2) CORE SELECTION
FAILRE,
Pu—4AL@WE LT Fig. 2 iCiRT,
3) INTEGRAL DATA SELECTION
W7 — 5 ™E, & LTFig. 3kiR?,
4) NUCLIDE & REACTION SELECTION

- 141 -
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BERORGRE, # Fig.4.
5) SET CROSS SECTION

EEWEMAT, P Fig.5,
6) RESULTS DISPLAY—1

WARE(LR, CE, C/EMit#RT. # Fig.6
7) RESULTS DISPLAY-2

TANF-BIBESRET. H Fig.T

6. MmmMB (ADJUSTMENT) X FAADJUSTX : tdjustment of Cross—

section Set

BIBOMENIT~ R 5 HICEREART — 5 ANEF, BNERESF TFEN adjust -
ment 24757075 LTH 5, '
Ri®*®, T2, G2i, Ri*¥%fi AL &itkELLT
i
.5y data DK Vij
B — 5 ORI . Moy
EERTEL,
ROFBBKLAWNE T2 L5 T 5ED B,

1 1
L= (T— 'r)+—M- ( T'—T) + (R*P—Rc&¢ (T'))*-‘-, (R*®~ Rea (T))

EOERT RUHLVEIH M/,

1
'=T+MG* ——— AR
GMG* +V A

AR = Rexp— Rcal (T)

1

MW=M-MG' ———
GMG*+V

THNsh 3,
X sh3MENUR, Ri8OCATEX MENU 5 ~7) ¢
5) SET COVARIANCE DATA
¥ data AA
6) RESULTS DISPLAY-1
adjusted cross—section &R
7 RESULTS DISPLAY-2 .
adjusted cross—section ICHEEF 2 353 # deta FR,
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.8) RESULTS DISPLAY—3
adjusted cross —section iC3 Y 2 WA MEILET,
KREhbolebD &N B,

1. &bYIC

CATEX it2 W\ Tid, HFEMA, ADJUSTX IC o Tid REFEHED v 2 7 21 BEAXL T,
BEMREDTHY, ChSHERLE LAN S, SREAKERIEOEEY, Wik M
F-oHOWBLET 27— s HRMEL LT, BHATHYR/EATEL0LRAIEL TV,
V2 ERERNTH, FERORBOERELTHTL 3, Wbw3 adjusted set IKOWTOD
SR FIROVTR, VERKI Ve ABBLRATHRVRRICH Y, HAEMNLCOER YR
FhAltHT3Y 722 b, MBAOREZTICEBIFENTALEVTH S,
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“FOR SENSITIVITY ANALYSIS.
FUEL FER/FISS VOL _ REM.

FCA-V=2 - RS B PU+CU) 2.3 200. PU/EU=1/3

CFCASV-1, Y 3 U+ (PW) 2.6 142. PU/EU=1/4
FCA-IV-2 | 1. PU+(U) 3.2 422. PU CORE+EUD
: T PU 3.9 570.
3 ) a
. 3 PU 4.4 423
Cop v 5.0 4000. L/D=0.8 . .
e PU 5.1 . .2400. _L/D-o 5 2-20NE
, - 1 o
ZPR-6-7.(REF) - 1 PU 6.5 3100. L/D%0.9 . .
ZPR-6-7(H240) 3 PU 6.5 3100. BURN UP SIHULAT. P
PPR~9 1 ' ‘

PRIORITY 1: INCLUDING THE CORE.

PRIORITY 25 MAY INCLUDE IF WE HAVE SUFFICIENT TIME.
PRIORITY 3: EXCLUDING THE CORE FOR THE MOMENT.

TABLE. 2 SELECTED INTEGRAL QUANTITIES _ {'

K-EFF (EFFECTIVE MULTIPLICATION FACTOR) : ALL CORES.
REACTION RATE RATIO: ALL CORES.
SAMPLE WORTH: 'ALL CORES IF EXPERIMENTAL DATA IS AVAILABLE.

u, PU, B-10, MO0, SUS :

N.B. MO: AS RESONANCE MATERIAL.

’ SUS: AS AN: EXAHPLE oF INTERHEDIATE HEIGHT NUCLIDES.
NA-VOID HORTH' Lo
ZPPR~ 2: IPR-9, M28
E CLUDING VOID MAP.

DOPPLER CDEFFTL EN S.
~SEFOR,ZPPR-9,FCA-VI-2
REACTION RATE DISTRIBUTION:
LEFT FOR ‘NEXT STEP.




REQUESTED REACTOR TYRE:FAST

Lot LA
caswan

CATEX PRNEL PCATYOIO :
c DMPUTER H DED T O0L FOR E VALUATERS OF NEUTROH CROSS LECTIONS
PLEASE SELECT aNE - REACTOR. TYPE. »

THERMAL FERCT R
INTERMEDIATE REACTDR

REACTOR"

GAS COOLED -REACTOR

CONF IRMATION

REACTOR TYPE SELECTION

&

e

. IF DK THEN HIT ENTER

SEL

SLCT
SLCT

Fig. 2

SPRAD GO WI o~ AP LDIRI -

e ot ot o ot et

Fig. 1

CATEX PAMEL: PCATX020
C OMPUTER A IDED

PLEASE SELECT LDREE ’

PU-CORE E
IF_OK THEN HIT ENTER. OR MOT OK_THEN REINPUT.
CD&EREAME

ZFR=3=54
ZPR-3=-53
FCA=Y~2
SNERK-TA
FCA-VI=2
MZA
FCA-VI-1
ZPR-3-30
ZPR=3-48

* ZPR=3-49

ZFR=3-56
ZPPR=2
Mzg
ZPR=-6-7
SNEAK-7R
ZEBRA-3

CORE SELECTION -
T ODL FOR E VALUATERS DF NEUTRON CROSS SECTIONS

NEXT CONF:

FERT/FI@E
050

3.600

An example of CATEX menu for 'REACTOR TYPE'

COMMENTS

FutCyNo U in core. -
Similar to ZPR3-53 excert F
U-refrector

Pu/E.U = 173

Pu/E.U = 1/3 .

Pu core + E.U driver’

Test region + D.U blaibket
(ZPR=3~48) with additional
Soft spectrum due to added
(ZPR=-3-48) without Na

Mi reflectar

Eaual volume 2 zone core,l/

L./D0=0.9
Hard spectrum(80X shove 100

An example &f CATEX menu for 'CORE SELECTION': Plutonium fueled cores



—===- CATEX PANEL: PCATX030 INTEGRAL DATA SELECTION

C ONFUTER A DED T OOL FOR E VALUATERS OF NEUTRON CROSS SECTIDNG.

PLERSE bELECT REOUEST]NG INTFGRAL»OUAHTITIES
LT 1k _k Pff “(Effective Multielication Factepr?

2: Reaction Rate Ratio_ (Srectral lndex)

3: Na=void Reactivity Coeffigient.

4 Saprle Dorrler Reactivity Coefficient.

5:° Samele Worth.

6! Reaction Rate Dtotr\butlon “(NOT. YET PROGRAMMED)
g' Wiarth Distributicn. ¢ NOT YET FROGRAMMED)

i Control Rod Worth. ¢ NOT YET FROGRAMMED)

CONF: e
REQUESTED QUANTITIES. IF OK THEN HIT ENTER

¢

Fig. 3 An example of CATEX menu for 'INTEGRAL DATA SELECTION'

----- CATEX PAMEL: PCATX040 NUCLIDE REACTION SELECTIUN‘ .
C omputer A ided T col for & valuaters of neutron ‘CROSS ;ccf
PLEASE SELECT REQUEbTING NULLIDE OR  REACTIONS - ' 5

NEXT OFPERATION :
REQUESTING NUCLIDE OR NCDDE

QUANTITY I NUCLIDE
K-EFF NCOD:

1 949 95-Fu-239
T 1 1 2 4 16 18 102
17T E IN 2N F°
REQUEST I = o mm om oo _-__
.. CORE I .
1 FCA=V=2 I = = Y = Y ¥
2 ZPPR=2 1 = = = = Y Y
3 ZFR=6-6A 1 = = = = Y Y
Confirmation:

Fig. &4 An example of CATEX menu for 'NUCLIDE & REACTION SELECTION' .
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_'F"il..g:..';S An example of CATEX menu for 'SET cnoqs
S setting ‘of. new ‘cross section -

neies CATEX PAMEL: PCATX060  RESULTS PANEL

" Conruter A |ded T eol for € valuaters of neutron CROSS sectlms' o
‘RESULTS DISPLAY . N
‘NEXT OPERATION ... . Ao
INTEGRAL QUANTITY: ~ K EFFECTIVE  TOTAL MUMBER OF CORES: 3.
CORE' " 1 EXP, 1 CAL | MEWREIW. 1 DIFF. :
1 FCA-Y=2 1 1.00000 I 1.0108 1 1.0091 I <0.0017
7 IPER-2: 1000000 I 1.0072 1 1.0087 .1 0.001S.
3 ZPRe6-6A I 1000000 1 1.0139 I 10015 I -anro.,
ORIGINAL
SUWMARYCALL) AVRG: 1.0012 STD: 0.0037 AURG: 0023 sm
SRreRYCPD ) AWRG: 0.9978 STDI 0.0074 ARG 1.0017 .
SUSRRRYCU ) ARG 100067 STDi 0.0077 AURG! 1.0033: sm. o omo .

HI)IFIED CROSS ..ECTXENS 3-NUCLIDES 7--R‘EACTICNS

‘Fig. 6’ An example ‘of CATEX menu for 'RESULTS DISPLAY 1
; difference in integrated qu.antities due ‘to, the
cross—section _change
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INTEBRN. QUPNTITY- K E’FECTWE
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: 949 I3PLI23!
L 92 EZEACTHN (N-FISS) .
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5. JENDL-30##

5.1 JENDL3OFMIH L ¢ SR 8 HRISHE | -

JENDL -2 OFEICEVTE, RLEmD, HAK{EEICJE(&HMtiieerhbn Lo
W3, ChEORETRUBSAERS, QNTRAE, OROEUHREEMTIA, O
RAUEHMAF T TRICRES 14 MeV BN CRIEICHIEE 23, mmmmam‘ o
JENDL -3 OF@TI, HAT v 3 VELADENITEAR LRI - SRMDERAL,
&% ECIS, GNASH 2MM Lk, H&7 » } VESMDEKURDENTOH BLBIK, WEI
DEREFT >0 THEOWL RALLMBICED Fe ONTNENEL 720 EORRIL I -

MeV P TICH T SMBE + = 3 44 - “HMIEMORNMLED TRELEAL, SED
HIEO RS HIES Shi .

Nuclear Reaction Models Newly Adopted in JENDL-3 Evaluation

Yasuyuki KIKUCHi*

The spher-:lc'al optical nodell and the statistical -odel Bue‘dv.oﬁ‘” the'i"

compound nucleus assunption have been mainly used :I.n JENDL—Z..evaluat:lon.' )

These models cannot conaider (1) the direct reactions, (2) the

pre—equilibr:lun processes and (3) the nuclear deformation effect.» Th:l»s-_ o
drawback 1is Part:lcularly severe for high energy neutrona ilPOrtant for RN
fusion neutronics. In order to overco-e this drawback, :lt vu decided

to adopt the coupled ‘channel opt:lcn], model and the evnporlt:lon lodel

with pre—equil:lbriul ‘process :ln JEN'DL-S -evaluation. The ECIS: lnd GKASH

codes were selected A specinl care wa pa:ld to combine the coupled

channel. opt:lcal -Dde..' o the ual atnt:l:t:lcnl -odel. 'l‘he crons lect:lon-.._' - Lol

th t 'ue newly ndopted 20d

‘Nesearch Tnstitute



results reproduce sntisfactorily the experimental data of the angle- o

energy doublc-differential cross sections ‘for 14 MeV neutrons, proving ‘ Sl

the applicability of the .present. model
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2. JENDL - 2 ROSHIRMEORE
2.1 HEAR
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i, FWHD S50~ 60 mb & BN ADK JENDL -2 01 mb T 1/500 TH 5.

 KABAEO OKTAVIAN THAEMANICHSN TS, 14 MeV SHEFICHT SR uHeh
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Table 1 Level scheme of S6Fe in JENDL-2

No Ex (MeV) " No. Ex (MeV) "
G.s. 0.0 ot 14 3.6070 ot
* + +

1 0.8468 2 15 3.7480 2
* + +

2 2.0851 4 16 3.7555 6
* ' + +

3 2.6575 2 17 3.8320 2
* + +

4 2.9417 0 18 3.8565 3
5 2.9599 ot 19 4.0490 3t
6 3.1200 1t 20 4.1003 3t
7 3.1299 st 21 4.1200 ot
8 3.3697 2t 22 4.2980 st
9 3.3880 ' 23 4.3020 ot
10 3.4453 3t 2 4.3950 3t
11 3.4493 1t 25 4.4010 2t
12 3.6009 2* 26 4.4584 3t
- * -

13 3.6019 2t 27 4.5100 3

Levels above 4.6 MeV are assumed to be overlapping

* Treated as vibrational level.
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Fig. 1 Leakage spectrum from iron sphere bombarded by 14 MeV neutrons.

Calculations with JENDL-2 and ENDF/B-IV are compared with the

measured data by Hansen et a1.6)
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Fig. 2 ' Double diffe»rential»cross ‘section of natural nickel for 14 MeV
it_i;idgnt’ neutrons.

_15'7_



JAERI ~M 84 — 010

do
dE Fe-56
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Wev™ Ep=14 Mev
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2 3 4 5 6 7 8 9 10 1
En' (MeV)
Fig. 3 Emission neutromn spectra from S6Fe for 14 MeV neutrons calculated

with and without pre-equilibrium process.

o
ol 1 p- 56 I —
’/
{n, 2n)
0.5f
— Pre —-Equil.
—-—-— Compound
L M ! \ . R . 1
0'010 ' 15 20
En {MaV)

) Fig. 4 (n,Zn) :_éaqt‘lon cross section of 56Fe calculated with and without

pre-equilibrium process.
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Evaluation of Light Nuclides for Fusion
Neutronics Application

Keiichi SHIBATA*

Neutron nuclear data of SLi, 7Li, 12C and 160 have been evaluated -
for JENDL-3. The methods of evaluation and the results are ducribed.
The present evaluated data are employed for the annlyl:[s of the lem—l]s
co-operative experiment using FNS. :

1. BLHIC

BADMES 54 7 -4 5475 Y — JENDL (Japanese Evaluated Nuclear Data Library )
% 31K JENDL - 3 D7: O REER G RERITHTH 5. KRB 0L TFTOBEE LTH 15
BEROMT S TECL-THY, EONCREMAFMRICLRL bOHEV, 40, BART
/IHFF O FNS (Fusion Neutronics Source ) % Flu i BKSFIKMOMITOLBIC *Li,

Li, BCEBIU 0D 4-DBHLEFELEOT, tONEHELLUBREZ ZICRET
3,

2. ‘LioEF-¥

JENDL -2 *Li OB 7 — 5 GBI FOL 5 S HMAHD 3.

(1) 2NFEBH MeV fIRT, EMBITHAREV, (14 MeV T 15 BB

@ Kapur - Pelerls EIICJ: hixN 3&**&&&%@& b MeVHIRTR/NERIZIE T
wa, @ LEI & D uﬂtsnr (n, a) REMEREESL, )

(3 #umﬁw Ml & LT, % 2BhEEMEY (356 MeV) DBHEERLTL 3,

- cnbmligﬂm ;éﬂmﬂﬁﬂﬁbnko

+ B*n?ﬂmxa‘r - Atomic Energy ‘Research Institute
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2.2 MEERELNGE
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BLTVS, 1MeV ELET], 2WEMEKEHRTROED SREM LR EOK, ET (n,
2n), (n, n') ad REREROMEMEL T, 6MeV 2 LTi2 JENDL - 2 38 5 i@
/INERETHY, ENDF/B-VRRERBXREDHEERL TV 3,

2.3 FEMEEMEL NG FB v

% 1 BUSIAL (2185 MeV) (da + d KT 30T, JENDL -2 TiMMMe ( (n, n)
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&L E -7 %79 oMM E MMM DPIZEY 5 ORFBLY L DOTSEIIMENRME L L THR
21e FEHGBEDOTMEE bLITL TR SN, »

% 2 BhSEr (3562MeV) (37 MEKM L TEERBICH S, (n n'7)0XRF-5i
26:30, EhoDOT—9%bLICHEET 7

MM OBSE LT3, HEMMin+a+d iKH38BD55 *Li * (2185 MeV) 28
TERFIMBLADLDEER T, (n, n') ad RIEDOWEME L Tid Rosen and Stewart 5
DOEBEESLEITL, RICKELN 1 BENNOFEEE LSV TREMRATIC K SWERE L
o

2.4 (n, a) BUGKEN

2 MeV 2 FTi2 R - matrix HMIC & 3 HIMMERALTH 2. MERTOHNMIZ 9403 b
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%&li—burb'nwso Fig. 2:o>b5}64:oac R ~matrix ac.l:atrlmi{&:*w* -z

DLV ﬂ[‘]i‘ﬂ( ~ L‘Chéa ‘
3 ’L‘i‘a)t}’v—ﬂ -
. JENDL -2 @I‘-ﬂl}ﬁ& L‘CGtU'FfDJ: 3 f.L 60)1)‘350)"bn5o

: _f‘u) AREMELOMMBEL LT, K IRERE (0478 MeV) OSEHMLTOS,
(n. ') at VJﬁiu‘Ni lenen e 1.“)30) activation 7— & BEMENTL VI,




et al” Lamaze étal. ™ ®ﬁﬁﬂ§6éicﬂﬁbto Fig. 3&05}%&9!5 ENDF/B-
lVliZSOkeVﬁ:&o#mt 9&3b\§€&i&6amﬁﬁ LTwW3, '

3.2 ﬁﬁiiﬁtl’rﬁﬂ

100 keV BI Tt 970mb (BNL -325, 4 th ed. ONMEM) LU, 100keV I ETRAMER .

EREKERORLE LTS AR, Fig, 41 MeV ﬁiﬁ’ﬁ‘mﬁiﬁﬂ%'ri'o 'il!'ﬂiﬁﬁ:ﬁﬁ(n.

no) DY -7 LM L BEME (04T8MeV) K EZHMMME (n n) OL—2 LHMFE

LEHFRLVOT, §<®ﬁA (n, ng+m) @iﬁﬁ%%zf(h%o Fig.- 40)&‘\“&1(‘0)“ '
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HIRHIZ 1 MeV 55 0 MeV ETOTANF—WEEH S~ LTHD, LHLHEOMTS
Presser and Bass @7~ 5 M- TV 3L &HP oo AEONHM I Morgan OERME b &
ZLTiT»7..

% 2GhiEMhy (463 MeV) i3 JENDL -2 TRRMEMME S L TIERMEINT VAW, MXNH
NETREETHIOTEERMMMG S LTH-70 (ZOMALIZa B3 3O T JENDL -
2T’ (n, n') at Eﬁ.‘ﬁﬁﬂmﬁmtéﬁﬂfhﬁo ) ERMEE LTI, Hogue et al.1¥,

Baba et al.'¥) £ &MU,

3.4 (n, n') at REKENK
(n, n’) a't KAENEHL activation ﬁmk%dﬂﬁ#; BENTVB, EOHTH

Swinhoe and Uttley *°) OXMMIZ 6 MeV 55 14 MeV OfERTENDF/B-N &b 5% b
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-cwa., Elomli'm:t Smith ‘et al. 8> &t Liskien et al.” ORMMAE b &icL iy Fig.
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JENDL - 2@ '2C 12 2 MeV I TOLMEME & CREMENER, 160512 Bos e
PISH3 ¥+ ~TENDF/B - N&REIL TV5, ENDF/B- N '1C otk 1973 £ifibh
24D T, Fhllk "C icﬁﬂi‘é’iﬁ?— IO, 22T, SEN JENDL - 3 =%
LRI 7 -5 2 RBL, BREE Tk, ¥C OREORMIC\ THR 17 22Bsh
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4.1 2MWEK

10eVYITTE, MERILNER S BUHERBNERON S L TR2MERESL . WeV
SHMEBED LSV TH 5 48 MeV OFid R - matrix BRI L Y BT ET»7o Fig. 61C
HEERERT. 48MeV L ETIHNBS, LASL, KFKORBF -5 % b&it, x 75 1M
M7 4w Mtk FEEEE:, '

4.2  THEEMELNTE B
BEARONTENE LU TIHBNL-3%5, 4thed ) 04746b £H4 10eVEFOME L1z, 10
eV 5 20 MeV OB T X 2MTEH & FUGHT N O % 2 M MELMTER E L,

4.3 FEHEEBELT N

MEEA S L TRB IS I TEEML, Tl LoMiLiz >0 Tidasilir s UTik-
72 (JENDL - 2 T35 1| RS 5% Ml & L7z, )

B 1 BiSAr (444 MeV) ~OFEBEEBE MGEMIE Morgan et al.'® @ (n, n'7) OX
BF—9 b ICFHMLIc. HEIZ4BMe VIS 19MeViLhiz-oT90° & 125°D 2 S THE
LTHHh, TOERENS T MOBEAH OB EMTEE,

2 EHEMEr (765MeV) CBIL TIRERT — 928 14 MeVAHREIZ LBEBV, 22T, 21
AR ERETERDZEE L TES 1 2 BEERELTMROFGEAHIZRE L A 5 & 5 i Z OMiEK
WL,

% 3 EHEMEL (964 MeV ) ~DIEMEMFLITENIE Antolkovic et al.'®’ DEMBARA L
oo WESRRETFHESHICED (n, 3a) D4~V AR LEHEORITICE Y 2C* (064
MeV) %#8@7 3 (0, n') 3aREOMERERDTEY, EORRKAEMTEZ 40T
53, '

103 MeV LI L DRI e ic B3 ML MEL S L U2 D0 G TRIREN 3a +n i35 %
DFNTEBHMGE~OEMEBE L E L. (n, ') 3 a RIGOMEME LT Antolkovié
et al.’) DEMMAEL, SCHHE L RBIGLD > OF 552 L 310 TR O W G
Lo
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Wit 7/~ HEBEL2BMAE 7~/ W.G., “ORES W.C. it hifbri bDTH 3,

5.1 2MEH _

3 MeVITRR-matrix BRicLOHME N1, XMOMAHWESLTiks, p, d [ HHEE
MEnr, Fig TREOHMERETT, 3MeVULTIIKFK : ~ 2 bE KR T 54 ¥
BT ¢ v Mtk D FEREB,

5.2 PEEEMELNER

3 MeV &I Fid R - matrix O Mic & DFFG L7, 2200 m/s TOMHMMIZAT5Sb THY,
BNL-325, 4 th ed.* DHIRK (3761b) &—B LTV 5, 3 MeV~9 MeV KLU 15 MeV
~ 20 MeV Ml ik 2MFTEM S FOEWERDE L LTSA e 9 MeV ~ 156 MeV Mid Glendinning
et al.2® DEBME b &ic L, Fig 825 MeV L LOMEHRERT,

5.3 FETEL MELYST DK :
MERATE L TRBIETANVE - 144 MeVETOEEERLN, ED35, K2, B3IGE
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ABEERLLBED Bayes HECIHT ZRMALEHEIIDUL, EAREROL I METHERS
575 L LTHBHICAVAL V- LARSH TV BV, LO220/RR, KF-sRFED
HAMFEOAF THEME L TSR ER B WEETE 5,

ZO&S KM IIEAIES B4, Bayes #Eic &k 2MEMORIRIEER, B 7 — 5 FUEIC
LoTHRATH S, ARDF— ¢ ERBLEFRIFL S RWRESICIREREN TS 2, o

FENEXOXAMIBA LTI, BorOMMANBRINT 3, LT THARAAEKTE, K
MO B CHRMAKI RN T - 5 ORARTHRE SN D, BCHMERENERO = *vi-ic
MMM ERTRES ST E, FENTRO S CRBEANZST 0 AOME & 5 LM%
3, B, EME N - TV 3 RREHOREDHEMS SIERORAMERET 3HETR, &
FLOHERD ITHBRRERET &3 & RBS LV, HAE, KR2CMENLET -5 2R
B LIFEMOE BRI 0 L5 5, COMMADRANEE LT, Bayes #5E O WA
THERO HEHERESSAEHNTEL 3 5% %L 505 12, CofTr, KERD
ERMIDP D TE  BFROEORML AV 2 bic, &b EREOWREROANKES LS
3. L

2 L TRADB~ENENASTEEE, Tk amk bIRTHTS 38, Thicon
TORREL CTREMT 3, FRT -5 »LOMMOLE LBV LEARKETS, LiROME
SRR LN D bIE LARENRS X UEORAKI, ALOWERREXE (R 16D
B 2TWEY, #-T, CZTHR&LIBayes #EERT54 /mumwrﬁ&u WiE
ME & DHRAMIELE LTHMERL 5 5. BEMBE LT, RRF~5 OXMER
Mb 3 HET I RIEHOREE, FHMRORENET bh, OMBONRIFETMOENENE
ELLDRELUOOLT S,
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WA 54 % JENDL ~ 3 (Japanese evaluated nuclear data Library - Version 3) ﬁ&?; .
5 FEERO—RE LT, HY ~MERS T~ 5 7~ % ¥ 7 S v - FHRE L, DRA VM - -
W7 - 9KHT6HE? &Oﬂ%? HN 7075 AOBMET5—5T, &meﬂﬁﬂﬁarﬁfti

ii!lcowcﬁﬁmfamﬁaﬁitwmmHt%l&éﬁorzf:, ﬁ'&il&@ﬂif’ﬁi s—m'
HgEL, 7r4w«®mm7n¢7A®Hﬁshnhntaconém%ﬁmﬁm%lﬂm&
hZ Y, ﬁEﬁﬁbﬂrw%ﬂEOEﬂ SRR DT RN S,

Evaluation of gamma-ray production cross sections
Motoharu Mizumoto®

A working group on nuclear data for photon production was ,
organized in l979 for the purpose of evaluating gamma-ray. production
cross sections for the JENDL-3 (Japanese Evaluated Nuclear Data '
Library-Version 3) The- experimental data for evaluation and -
computer programs:used-for_calculation»have been accumulated;apdaﬁfu ;
investigated. Recently. the preliminary evaluations. for specific;ii.'
nuclei have been completed and the procedure to store the data in i:_
the ENDF/B fOrmat has been developed. This report describes the i .
pest and present. activities of the working group and discusses the

problems to be solved. i

1. lw'm:‘

Wm&ﬁEKFJQVJﬁﬂﬂﬂﬁi%Ob&K Fﬁ/?ﬂiﬁﬁﬁﬂ&ﬁ$§iéjﬂ
'—Wﬁimﬂt%liﬁvlﬁﬁﬁﬂbﬂta%mwgﬂ(HH?V
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TTholko TDER, JENDL -3 REN V=WEF -5 7 7 A VERD BT LARE LV LD
BRREN SN, 2OPT, FLLOBUORMUATIHET R+ -0 <, ¥ -8kt
NTRHBTANE-ON V2 RBHENNCEETHD, TOERMEIIEAELL10%, &
U120~30%%2BELTEILEHNBOT VS, (RASTOMKRELLIZ, KA, Bl X
BROROERIH 2 2M80 TRTFERN Y37 <R - 51 LBUTRFNEEEI
#weRshTwz) '

COBFICHETEMNSAEL A, BF— s WHBSOPiL, #/=REBKT-5 7%+
YIy=7 BT WG LML) SRS hiz, LIRWGC CRBIOADA v "ML TE
Mt 8 BIOERMN L E LM & HEEREHT T3, DTERES-T, MeR7 /08
T~y OBE, WIXZhLOTER, BIRBEREFOBEN, 5K 7 7 1 Vikic>0T, W
6 MNEEIcB 2MEBRIESVWCHET S, b, ThoDORER W RTOMN, fEIlERI
ET T3S,

2. HUIBET -5 ORR

FHEFAMRGICEORETEH =B3RS AT B L, (VNET<# (Capture 7 -
rays) , (2EMEEMEICE S Y <@ (Inelastic 7 -rays) , BIAMBEARGIREE TV =M
( Nonelastic 7-rays) »ORIL->T 3, BT XA+ -RRICEL > THMLTHE L,
IMeVEIFTREIRQE (24, 1 MeVELETIRQ), GONEESBNERALT, $-EETR
HARick 35 v+M (Fission 7-rays) EBMLETHRL SRV, —HFENEFhOREO
HBRRETEH /< MEFAX-TLEAMT L, (DK A LE MY V<8 (High
energy discrete 7 -rays) (T 2 ¥ — DMWY =¥ (continuum 7 -rays ) BHEx
AnF-OMKY =¥ (Low energy discrete 7 -rays) ERKBI&h3, /=My -
SOFEICRCShIERT -5, BIUBMHN7 07741, it~ &20ORG, X
NVE-BRICE->TEBELTHY, TOBRELEEL THAARRL THOSL8H P 5,
PTeMErchiEFz i vad—% 1 MeV R - T, €hihBOHIR, RECEVRKT,
WGATERHASNTOAERT -9 BLUHNT 077 22BRLTH 5,

2.1 T i ¥~ 1 MeV LI TORIRK

ML LBH V< RA~T b icBBL TR, RFFhORETIMOUTER N ERT
- 5 ML MEICELEL TV 3, T b Bartholomew, Groshev 2 kD MMshi7— 5
B, RRKEETZELALOBMEBRBLTEY, EAMKY Y ~HOL5 > FRMY <
HRATVS, HENECRETRI I, WGCORECICRERLEF-2E LTRHVWShTYL
3, THICK L THWIR, EOMBRIC ST 3 Y~ M7—-51%, 2, 3OPAERVT, %

+ BEOWGO2 ¥
EREHN, SEAT, HRRZ NI . /AN EORE (NAIG) , (AWR (RHEEW |
ML) (MW . ANk (A3 . EHME—, RROX, AKRTH (W)
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7— S BHEICAC 5 TENHRS & 57, SREEERLAERIE EALTEDRTHEIS -
o L LEE TR -5 ORBEASUHINZRITILD, HTRORL b 0 Y& keV RIKO
Hy<Bacy b vOER® RITHM, Al, Nb, Mo, Sn, Si, Fe) SOHYL T~ 5 OM
EHE STV B, '
WEYT Y =HWRRI b AERNT ZERHNT 0 7 5 a3, ENACSOPERSATO S,
WG Tidchitt FEF MM ICiE Hauser Feshbach it L3858 ER (U TH.FERERES ,
HY=RRRY b ACIEH Ry~ FEFAEER Lk CASTHY WRE AV S hTW3, 20
705 aTH, #Y<ROBEELTEL, M1, E20ERSATED, ENELMOES
m;sﬁ/vaaxsnxta,CAmmYoﬂ1§§u¢tmuiozmﬁ/vuﬁ£uva
BRI P AOEMEE X BRT 5,

FEMMEMELIC L B Y= MOERTIE, HEOBEMNOEHICL -~ TRET MBS ¥ =MD
PEMSPAR AT L EMEL LM ShBESNE, LOL—BMICT » A MEEVSH
HEDhSRZE, WGHTHATE S5 -5 OMRERELFTLLEY,

2.2 dtFx k¥ -1 MeV B EDONER .

BUARGI X ZT =MD F -2 i3, AEFBMOMAORK S L, hlT i v¥-KROD
&5, ORNL TODickens 5P 07— 425, WG CORMET SMBLE L DTS B,
ZOEBRE, V=77 oOBRPHTERL, MHBELTNal (TE) 2HALTOHS,
BT L 4 V¥ - OREBGRITRMEZE AV T 20 MeV EOMEET> TV B,  (MEBM, Li,
C F Mg Al Si Ca V Cr Fe Ni Cu Zn Nb Mo Ag Sn Ta W Au Pb Na Ti
U 0) o 2OMBILADS A F < borTOGe (Li) REBEHAME (AL Ni Cu Mb)@
P,nz75ezoﬂy?¢57m¢,1RT®U:?w9“%ﬁath§%iuat&b%
RB, khayz77o7bickd (4, t) PEFEHVE UMV OERZEBRNESEET
3. LOLZhSOMER, 4 7 ABARICHETHELENSC2LbdHD, REAEH Natu-
ral Element ®F -2 KRN T35, SRANART EORBBHELIBETRIRICLLOE
ZEB/E,

ERHN oS5 4TiR, 1960 ERIEMBINLEREZVERD, 1S MRUZERL
% GROGI OB THB, DT u 75 aid, WIKA, NAIGEHLE LESV—TiRE>T
BEHTEbLTER 10, ZORRRETHEEEF V5 2 -5 (OMP) , REAR,
(AMSSEP) , BB /NF £ — #0705 aARIEABIHTE Y, NITREARLLON
5132 bHMF 3T EHMKS, (EIK Version % NGROGI £FE4) o Fig.1Ti, NGR
OGl DHMILHBIERAN NS % =5 ~HEMDS » IR, HROKRB S ERBED
#y AIDPTRENTOS, NGROGI OHMHRIL, HEBPH A v+~ AMICL BN V=
ﬁzaabwoinﬁﬁ%ﬁ<§ﬁtaoirﬁﬁ&w&p Ex hovd— ¢&?ﬁ¢rﬁ§m
b IMKY YT WERET 310, EBMEF =7 VvERVENET 075 ARMAMIC
MRESATVE, ED—2>L LT WG TH, nmmaAnMrmxarﬁmsnfmmm#"’
:b!ﬁihbn'rhao lﬁsﬂﬁt@ﬂl?lt—ﬂmdlﬁ?ﬁkth*\bﬁ/7!1&&!0)67‘:b'!‘ E2 ]
043&?’9“?_. aNTFORHLEMLEGRIEE SV, ZOBRREIESEORNY RS
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ZoM /Vvﬁi'z‘:"ﬂi 1980 fF-JENDL -3 §$§iﬁﬂ‘ﬂﬁ o, JENDL-3 tDﬁEOl

DELTHY +MERET - 5 2T 3 L EHRES WA, hitk3e, iL%D&OHﬂi o

(Li C O Na Al Si Ca Cr Fe Ni Cu Nb Mo Nb U Pu) tDWﬂ‘ﬂ'%’étfﬁébbnb
7= 1%, ENDF/B-N W8T 3 LBMMOSLEORONASDE R o 1H, EHEONED
B8 vy - RELEERLTHLERMRICEEDONETERE o,

4 BREREFOER

JENDL -3 K SMFEDOHBD 55, B WG THETOBEXRL TO 8 kMl (Na Al Si-
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BHREOMC BRI N T3 FEORGE Table 1IZRL TH L,

Table 1 ¥ @ F &

- 2 :

Na Si Al] F€ Nb Mo |- U
Capture | % B # x B @ CASTHY | CASTHY CASTHY

(CASTHY) | . o

GNASH |# M # [NGROGI NGROGI
Nonelastic . Howeitor

NGROGI |(NGROGI) [(GNASH)
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O M| B0 Fission

23

FhOH v 24 &, »ummmmmmgnf: DT BRAERDL TS,
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Fig. 2 An example of experimental y-ray spectra on Na

™'S1(n, 9)
En=545-615 keV
--=- EXPERIMENT { Kitazaws et al.)
~— COMPOUND { Cal. by CASTHY)
{- — DIRECT { Cal. by HIKARI)

= mmmw MeV)

Fig. 3 Conpar:lson of calculated aid experinental y-ray
i spectra on 51 e




Cross Section (b/sr/HeV)

Fig. 4

s.._._ﬂl[n!x')’) .9 = 127
E, = 12.49 to 14.98 MeV
' — ENDF/B IV, 1193

--—-'GROGI

I P P

10t

.0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Gamma -Ray Energy (MeV)

The y-ray spectrum calculated by the GROGI for
A1(n,Xy) is compared with the experimental data
by ORELA and evaluated data of ENDF/B-IV.

10.0

Ai{n,Xn} Enpn=14.6 MeV
—e—  Experimental Data { Hermsdort)
~ —— GROGI ) Equilibrum +
\\ ’
< ~—=- GNASH ) Pre equilibrium
-|_.: )
107 ~—— GROGI  Equllibrivm ]
>
©

s 10~ . E
> ]
- |
_g =
w
e
|
2
(=]

1%~ -

I | I
5 . ) 10 15
EQ(MQV)

Fig. 5 Comparison of calculaied and experimental neutron

emigsion spectra for Al(n,Xn)



Fig. 6

Number of Photens per 100 Neutrons Captured

— Maerker & Muckenthaler

---  Orphan et al.

10 = CASTHY

107

z
S
: fod
10F ey §
: | 3
N s <
L - o
- 17 i,
" - & 102
0 g
10 5
» 14
L n [ o
i 1 To
]
- )
[}
]
-d
10" P NI VRN T SR B | I 5
0123456788910
E 4 (MeV) ‘
The neutron capture y-ray spectrum calculated by Fig. 7

CASTHY 1is compared with-the experimental data by
Maerker and Muckenthaler (ORNL~4382 (1969)) and
by V.J. Orphan et al. (GA-10248 (1970))

T t ¥ { T l T

Np Capture Gamma-Ray Spectrum
of Epn=420 keV

. lgoshlra et al )
~===Level Scheme A (Emgx=~0.958 MeV)
+——— Level Scheme B (Emax=1.357 MeV)

I 1 1 [ Ll 1 L

2 a 3 8
Gamma-Ray Energy (MeV)

Comparison of calculated and experimental y-ray
spectra for 23Nb(n,Y)

010 —¥8 W— RIav[



JAERI ~M'84 = 010

REACTION Q-VALUE (MeV)
NB93(n, “¥INBF4 7.2295
NB93(n, p)ZR93 0.690
NB?3(n, . X)Y-90 4.918
NB93(n> 2n)NB92 -8.832
NB93(n, np)ZR92 -6.042
NB93(n, 2p)Y~92 -8.894
NB33(n, 3n)NBF1 -16.715
NB93(n>2np)ZR91 -14.677
NB93(n, n&x)Y=89 -1.939
NB93(n,2nx)Y-88 -13.407

NB~-94
ZR-93 NB-93 Y-90
(Y-92) ZR-92 NB-92 Y-89
1 s l . \‘\ l
(ZR-91) NB-91 (v-88)

Fig. 8 Reaction chain for Nb-93 with neutron
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HowerToN’S METHOD
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Fig. 11 Energy dependence of parameters used for Howerton's method.
. The experimental data for MatMo(n,y) and “‘r_':!'lo (n,Xy) are
taken from Dickens et al.
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Fig. 12 Comparison of evaluated nonelastic cross sections o(n,X)
(MF=3, MT=3) and y-ray production cross sections o(n,Xy).
(MF=13, MT=3) on NatMo.. ENDF/B-3 and ENDF/B-13 indicate
o{n,X) and o(n,Xy) of ENDF/B-IV, respectively. JENDL~2-3
indicates o(n,X) of JENDL-2. The figure is produced by
computér program SPLINT.
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JEF (Joint Evaluated File ) —1{3OECD®NEA Data Bank MBI ® 3k[ED.
RliT57—9 & LTEAMNED SN TO 56D THE. JEF— 113 ENDF/B-V-07
+—<o FERRILTHED, BHEH37 -5 3 NEANEEAOHKT — 5 IR o BRIER
HORMEA SNERETS 7—5 Thbe 77 A VEKMST 4 ~9RBAKNTA =97 7
A e, MROELELTHMSEREHMLT7 7 1 04L L1 pointwise 7 7 4 2D Zﬂl ‘
B SN B, LTI JEF— 104ME, NEA Data Bank Tiifi-7% JEF— L MSORE

EMBICE B,

Present Status of JEF-1
Tsuneo Nakagawa'

JEF (Joint Evaluated File)-1 is a common evaluated nuclear data.
file among OECD NEA Data Bank member countries. The ENDF/B-V format has
been adopted for JEF-1 to compile existing evaluated data reco-iéﬁééd by v
nuclear data exparts in the member countries after carefull iﬁ§e§ti§é-’.~
tion. JEF-1 consists of two kinds of files; parameter filéa*whiﬁh k
contain resonance parameters and pointwise files which were n}ade.frojl
pointwise cross sections reconstructed from resonance para:ieteré. In
this talk, histrical circumstances of JEF-1 and its compilation work

done at the NEA Data Bank are summarized.

1. % =B

JEF (Joint Evaluated Flle) —1i OECDDONEA Data Bankll]ﬂﬂd)#ﬁﬂi
TBF=9 7 r 4 v ELTHIMBIERBIS HNTVB7 7 4 A THB. NEA MBRHHL
JEF LS eu\amcn - - B K@H ENDF /B—V D —8|D 7 ~ 9%#!‘!!&: L
7D Bo. *chm&ﬁlcwﬁtan&sta‘cﬂs»anr JEFO7ud =9+ ThHEH,
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RAV - 3s YOETE AT S BADETROMRS MBSO MRS L UHRN
WM OMYT TS I CLE L5 20 MeV ~ 2 GeV DFEROBF— 5 ILOV T, HFMEN
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Nuclear Data in the Intermediate Energy Region =
= Yield and Transport of Spallation Neutrons -
Yasuaki NAKAHARA'
Summary has been made of nuclear data in the energy |

region of 20 MeV~ 2 GeV, which are required in INS(Intense
Neutron Source) developments and analyses of transmutation .

of the radioactive wastes and breeding of the fissile material.

From the viewpoint of nucleon transport calculations,
discussions are made on the foundamental concepts of nuclear
data and the present status of data on spallation reactions,
fission cross sections and neutron yields.
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Accuracy and precision of dosimetry reqnired

for radiotherapy and atomic, molecular and

nuclear data affected on accuracy

Yoshio oNa1*

The occurrence of normal tissue comnlicatiens end
probability of tumor control are steep functions of- absorbed
dose. It has been recommended, therefore, that the delivery
of the dose to the patient should be performed with a . ‘“
precision better than +2% and an overall uncertainty-less -
than tS%. This paper describes tne sequence of dosimetry
procedures to deliver the absorbed dose to the petient-end
the method of determining absorbed dose for x-ray, electron
and neutron therapy. The uncertainties of physical parameters

involved in dosimetry are discussed
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BORHMRR BN —<7 TREL AREBLHEV TV 30T, ThoBRERESRESET
L1355, '

LROHNRRFEORMERE, *°Co r®T2%, MV XMTISELUTTHD, A
FMT 2~ 5D D ETROKREVRMEEI KBTS 5. ETMLXMEEABETH S
o, BERICED BRI P VORMBHBXHLD LBVOT, SRFEDOME b XRLOBL,

20 MeV LU FD x 3 4% — OH - FHROHARBIEOSTHER L -6 %5 Th b, WMEN
RFRA—4DILT, WEH—HOTEEESBOA I, 20 MeV L DX X ¥ — Dbk
FiEHd 30— <HOMEIRE {0, ¥k 60MeVLILOMFEH W (p +Be) thi:
FHREROSHENTO 30T, COBROTETRON — < LOMEE S SRBRHE,

R, Exia¥ -7 REEAVLEENRAREREUC LDV KA 4 VRS ATy
A2DT, ZhoORED 30 RERDOBRASILETHD LENIC TS OBMROMEBME TS
BURT, AFRUET -5 OWMGSEEL 3,

References

1) Perez, C. A.: Int. J. Radiat. Oncol. Biol. Phys. 2, 815, (1977)

2) Herring, D. F. and Compton, D, M. J.: Brit. J. Radiol. Special
Report No. 5, 51 (1971)

3) 1ICRU: ICRU Report 24 (1976)

4) Stewart, J. R., Hicks, J. A., Boone, M. L. M., and Simpson, L. D.:
Int. J. Radiat. Oncol. Biol. Phys. 4, 313 (1978)

5) ICRU: ICRU Report 31 (1979)

6) NXACP: Acta Radiol. Oncol. 19, 58 (1980)

7) Berger, M, J. and Seltzer, S. M.: NBSIR 82-2550-A (1982)

8) THubbell, J. H.: ‘Radiat. Res. 70, 58 (1977)

9) HPA: Phys. Med. Biol. 28, 1097 (1983)

10) Broerse, J. J. and Mijnheer, B. J.: Int. J. Radiat. Oncol. Biol.
Phys. 8, 2049 (1982)



JAERI —M 84~ 010

11) ICRU: ICRU Réport 26 (1977)

12) TCRU: ICRY Report 14 (1969)

13) JummaL: R ‘

14) Bewley, D. K.: Int. J. Radlat. Oncol. Biol. Phys. 8, 2057 (1982).



JAERI M 84

fmo

Table 1 *Eﬁ‘i&:s;uz;gﬁmaemmméﬁ ( Perez, 19777)

IR TREBEBERE )
| N - E‘Fﬁ‘ﬁ'% D& £ R E B EREBOSH
B O(EM) ® | 35% 35% 30%
. = 10 25 65
Wi =~ 15 25 25
N X M % 15 65 20
¥ =1 » 10 50 30
IR - WHRN - W 40 45 15
50 25 25
yysE-RHN 20 20 60
=} ii -] - - 70
SWREMK D it

Table 2 40KVEITOX RO KRS r ME DK ITH T 5 R—rad MK

X W% EN f & IR f ("
(mmAl) :

0.5 0.89 26Ra 0.961

10 0.88

2.0 0.87 ®co 0.961

4.0 0.87

6.0 0.88 ¥ cs 0.961

80 0.89

1% An 0.961

(mmCu)

0.5 0.89 B2y, 0.960

10 0.91 :

L5 0.93 il ¢ 0.920

20 094

8.0 0.95

40 0.96

» W= 33.85eV/ 145
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Table.3 &MX,7 BT EC2 (HPA

X7 Mo C:
"R IE# (1969) 7 (1983)
€YY A—137 0.95 0.955
MV 0.95 0959
280 b — 60 095 0.95
4 MV 0.94 0.952
6MY 0.94 0.950
sMV 0.93 0.94,
10 MV 0.93 0.94 3
12MV 0.92 0.94,
14MV 0.92 0934
16 MV 091 0.93,
18MV 091 093,
20MV 050 0.924
25MV 050 0.91g
30MV 0.89 091,
MY 0.88 0.90g

. Table.4 MFMOT FEMFEMH Cr

(ICRU Report 21, 1972 )

RFOAH=F v F— Ey (MeV)

KBOWEE
(em) 5 | 10]15]) 2|2 |3 /|3]|40]|4s]s0
1 0.922 0.877] 0. 8 0. 823; 0.808] 0. 7%, 0. mg 0. mi 0.768! 0.762
2 0.855| 0. 858} 0. 835{ 0. 619. 0.8061 0.795) 0. 786 0778 0.771
3 0.915 0.871; 0. 848 0.530/ 0,81 o.so4! 0.794 0.786; 0.778
4 0.547] 0886, 0.85 0.8401 0.824; 0812 0.801) 0.752! 0785
5 0.963 0.901, 0.871, 0.847; 0.831 0.819' 0.509, 0.799 0.791
6 0.933; 0. 835/ 0.856; 0.839 0. 525 0.815; 0.806; 0.798
7 0.965: 0.902 0.867) 0.845, 0.832 0.821/ 0. 812 0.803
8 ! 0.941! 0.882 0. 854 0.839' 0.827, 0.816, 0.808
9 0.959, 0. 898' 0. 865, 0. 847, 0. 832 0.820 0. 814
10 0.926 0.917) 0.878 0. 856' 0.840; 0.827, 0.819
1 0.946; 0.890 0.866 0. 848 0.834 0.823
12 10939, 0.906; 0.879. 0.857] 0..841) 0.829
13 0.926, 0.890, 0.867; 0.848' 0.835
14 0.958 0.907, 0,877, 0.857 0. 842
15 0.933' 0.924] 0.890, 0..866 0. 849
16 0. 954! 0..903; 0. 876, 0.857
17 0.929' 0.919 0. 887; 0. 964
18 0.940i 0.900, 0.874
19 0.936, 0. 915] 0. 863
20 .| 0925, 0.895
21 0.943 0.908
22 0.921; 0.924
23 0.945
N o918
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Table 5 Co 7 HOBBRBKEIL XS 30 MV X RO B 5

L RO R
 MEEMSS X -5 FHEES
1 REHOLEM 0.2
2 BEEMNy o LAMME 20
3 WoR 10
4 RETRF —BURFENOH Ay, 0.2
5. #=D/K (1—-¢g) 0.1
6. Awall 05
7. ®Co r & 30 MVX . Bragg-Gray &4 OFR—&K 1.0
8 WERELREN, (smg) 1/ (smg) ¢ 20 -
LAMER (BFEMDELR) : 33

Table 6 hETFHURICE 5 1Mt O 2 BRMBIHED FAEE ( Broerse & ')

MBEHN T A -4 AMEEE
1L AHSERREO L5 Ry -0.2
2 KEMEFR (tkade 03
3 MBEHIAM dp 0.5
4 BIEEM - FEHERM » R-rad MMHEH N (tky)o (fy)¢ 12
5 Wi Wi We 40
6 RRMEIEWEL rn/ (sm g)c 20
7. H-<k : (Ky/Km )y 26~97"
8 W= V¥ -BREROL ((Pen/P)t/(Fen/Pn) 01
- ARMER (BRNOLHR) 5.4~108"

* Bewley (1980) ic&5 &, EBVWAHDOMIZA(16) +Be T,
B O p(66) +Be hETFick L THRASH 3,

Table'7 &EMKICHT 2B, a BT, BFHLURETO W (V)

(ICRU Report 31, 1979 )

¥ ¥ Ar N: co: | = m | ENEE
e N F [ 264 36.4 3.2 3.1 31.0

» T %.66 36.68 34.37 %.18 30.03
R T 26405 34802 [33.0£0.7 33.85:0.15| 20.2*
o T - - - 35* 31£1.5

a:5.3MeV, p:1.8MeV, n:l~14MeV
* ICRU Report 30, 1979

_m_
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Q: EP?R E# (ﬁk)
*E!E?Ki‘H'Z:Wﬁtb")ﬁs,liﬁéitlﬁ&'d'%o't L&5H?
AR BER ERE) :
*ﬁﬂ%ﬁﬁl‘ﬁ%mq’ﬁ?%ﬂﬁﬁb*t%lc fiEmicisi Benergy deposition Ed%,
Ed & >TRERICEL T4 4 IO N TRLIE, W, =Eq /NTE&*ﬂfh‘iTo

Q: &M@ & FEM

2&NBEEOPTHRCEB W TERSWIREMEOREHNS 2 — 5H L fA-70s,. PETH
RAECH L TR OMETHETRET 2048, ##mmta@bnaoiuﬂutbrzmﬁ
ENBsshzoh? '
AER R (EED

20 MeV LI TODH TR T, ABSENRT ORIREE+ 5 FORMEE THETET
VI T, KMOBEFIZOV TORMMBRFEOTMERI, XMICOVTH, HETFMIcONT
LHShTEWS, ERER S FOMBRELREACRITEZLENTNET. f-THES
hoRBOTHERII5 H~ 10FTT. '

Q : #f 8 (RED

XHT400KeV BT & WS RPH ESHT VB0, & OEEITH» 2 Ric T AT, T4 300KeV
£ 500KeV THLDD, 400KeV ic Li4Biommhi 7
A EA fEk oEED

BHEZAERE CTHETE 2BEOXMOREL VS5 BKT, 300KVTH 500KV THLMWE
HAD, EET 0KV TR > TV BDTENIMENE Lk, B 40KeVTRED A

QMK W (A= i@h)
OBHLEOREDSHAEO LD TLAY, Thidthko LHRETZTRISTHD
? .
®cold neucron FFEALIEVOTEH?
A B KR (BED
OBELM T &bk 5N, KERERI—EORRTREVOT, SERLKLT, FUL
Ric E—LEEY 3OHBHTRRVDPSTT,
® «cold neutron (i&ﬂi LTWEHA.

Q: g TIK (NAIG)
| hETORS, ﬁ:&%;mﬁ«r&lﬁﬁ&Lmaceum:e#zsnam E-s%a
YA-FFROREILTOIOTIN? WMEHREOERONMICL - T E00, $1
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i, EOWET ) A~ S ERRMLTVBOTIH?
ARl MBS (BED '

RYZFLY, V=44, ERARETEOSKRYRLHBSEMEOE2R 120 ~ 150ca
DaY 2 —sERACTEY, 392 -5 O—HERHFORS SICHLLZRRI Y A ~sE
Mg O TRRASThTVE T,
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6.4 JFIRREEFMORIR
MEE B

L&« REOFERARBOEFHEE¥N, F, Seitz 2 F LT3R MOEEL, HBX=AER
HRETIHAMOFERSEDLED SN T BH, T THEINSHKOFFTORRE 20
Eﬁ‘coﬂ‘fi tﬁko

Present Status of the Reassessment of Atomic Bomb Radiation
Dosimetry in Hiroshima and Nagasaki

Toshiso KOSAKO*

The reassessment of atomic bomb radiation dosimetry in Hiroshima
and Nagasaki has been going on by the American commi ttee (chairman; Dr.
F. Seitz) and the Japanese committee (chairman; Dr. E. Tajima). Here,
the status of these committees is written and some discussions are dome .
about their problems.

. % K

1980 £ LLNL @ Loewe {3, #di, KB B0 REHRBFECHONTE/-T6D #
EIEEES, PHETRTEAXI0EE CAAFETHD, rBTERAL /3~ 174 ADNET
H 55 OMEETTIE o120 LB RBEOFARERAORYT v RERDL ¥ F» 7 2E LTHW
ShTETHY, KARELERD -2 LI ->TOBDT, Loewe ®Z DREBICBBREIZA
VICRAN T, TOMECHT S REMDOHGIRIEH TR, 18B1FEIAKE, Z oMM
L TDOED y¥ £ YU AsMhN, HROELEbN, X, BXROEMBEEOER (
RERF) bZ Dff@icn LT £44%, 198 E2Ai, 1 EORSSREREICRTS
BXE&RA 7 -2 ¥ a v 7ORETHDG O, S5k, 19834 11 Bicid, B2EH0AR7—2
v 3y 7, BEYWRLEERREF <L LTERBTRMN:.

ZZTR, Zho—MORIGREENRMICIME L BROMRIEHOL € 2— &, THASHE
DhP A EROBBER S5,

FIRR BNE (K D 20 #nE Fig, | LRTETEL h TV 3, 0% D REEANE,
ZRORAMEE, HETOZMEUSRIVE, BUOEEHR, LkkRRFES BRT b
3 THB. RELUT, FREKOWTERETE I,

» NMRARERFIPEMAL v5—, University of Tokyo

— 251 —
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2 WENCHTSMN

21 RURDOHE . _
FROREII+ 0 ¥ (kt ) ORETHEOSHTVSS, Fat Man &N MO b
DD T3, LANL®DBrowne @ Radio—~chemical yield 21 + 1. 5kt & LANL® Ogle
ic &£ % Fireball yield 23+ 3ktid, 1970%E® UK, @ Penney it &3 22+ 2 kt it&K L
THY, RPN bDEENTH B, ‘

{15, Little Boy &N ERROSDILOW T Fig, 2ItRTLIIC 1055 18 5kt
ETNTDNTN B, CHED yield RE, MO DHEEADTORR Y ¥ T LB HE,
i b B OEPRE, KO3 XL DR EOMYRFICL > THREShBIHITH 30, U—
235 TR WA ERBOMIIE  fES L TWREWADTRHDOBAHE

22 FBOWMBR~NZ b
FBDORE R <2 b3 LANL © Preeg #¢ 19755E1C 1 RTTOMMEREREL, 1062 FEic
(& Streetman HiLL D 2 REDOHAHRHURESN T 5. (Fig, 3BR) hoicow
TRETZVE—-NTREOEMIL TN BRUEA IO AHTREDONTED, A7 b
HRICONTHFBORBEDO RN ICID RN L RBBTHLD - E LT B, BiE, K
BEDbDico0Tid, M ME LANL OWhalen Hick, BREL THW R FE—OMAREHG
Ry F2— s RROBRIREN, A7 P VEUBMOHT ORS8N

Boni. '

Hy2RCBIL TR, BANICHESINRT Y <RENC, BRRESMICLERRN <M,
BT/ ~REOFSOBRATELNI LR Sh, BEKEOEOMET & ORNL @ Kerr Sic
LY IFRbHh TS,

3 RO R

BRDDOHEMRREICOVTIE, HL BRI TORERETE > BO7— 2 (BR{ILESD
RIBIC LB 60) £bLCRNEREED, ZhichESOTHRRERENEL L, BET
T, PETRGEHN, EL LTS ERICL ZFHESEEINTED, LLNL © Loewe (Figd#
%) , ORNL ®Pace>O#RaH 52, AT 35— KPIHMOE X013, 85 LK
MERTRARYT PALOBOHREREAZSEA TV S,

4 HLTORGESN T

FBOHWIER, #ETORGRAINL LI L EOE LS HMES NBRTDLOTHB,
MY TRLD, BEL, MMpLLTETHY, BEALOREHRME GEEL TOEL,

| RERRTEZORTIES SNOREHMIE ML TS,

ORMORRI LD 43 (RRHES O 2P).
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BRI TR, BHTRORIICEFOILM SICLD o— Y » v YREE (Fig, 5 #8)
A3 D‘w'ﬁ"z{n‘ts@-@. 1982 ~ 19834Eic RIKZ& DKM, HHA, BRELFE-1
RREERHUTO B0 TOBUGHMIET & v+ — MO T OB £ 5 i THR S (3
HFRETHIM, HOLOER, 2oL Db - iRFOREDORRSICKREDORNHH LD
BB

OEESORRTE Eu OB (PEu) ,

SRAK KL, BRRA -FRS (Fig, 6 #8) Kk, LB, EBOYr— o0 TRl
BENTV 3. Y 7VRBUEATOBBR QRIS & Db - TH3 85, HMERIEN
FELTMPRFIRIOEL s TOBDTF— yMITHIESETTY, Jinrmcmétﬂéﬂ
ot Fh L,

@#h d *Co oMt (¥Co)

HEWOanK&91=/7)—b¢®ﬁﬁ®&ﬁw( Co>mwﬁsnrn %t
HRED PCo HEMADRS KL DBMES TV 3, O MROMMMLR-, 37
Y~ bIEHBHICOVTIR T VY Y — b OREESRRE TS, ‘

@H 7 705 A NGOMBIENA LIz X V< MIRE -

BREWXA <l (Fig, 7 #8) , HEH - dul, 22Kk« Haskell itk hMES
NTVB, 575 ERIED 5 4 A DRE ZHMBEOLMHMENT & { bir > TV 524, Pl
BOMBMOELY, HHOURE, BRMHED B, G, OELLESMMICIEY 33,

5. BEEEZR

HREOH 80 BHRMDOPTHBMLTED, COERYROAMD b XEETHD, +/5
TEERETU-LBCBARELNE (BT (Fig, 8§ 2 . TodTomEkitMick b

BXRERSE ORDSNTO 32, Z OMRREI AARBOBEUTO 58, 195 Ph~t, .

RRERTAES hichtl, BAETR7 7V M BETHONTED, COTEFTIDAD,
ERRREN S, :
H7Eld, Science Applications #:® Woolson % tulviz DOE 450, ﬂiﬂﬂuﬂﬂui:o
REICLDEYFALOHEEFB-TED (Fig, 9 #K) , 2XT0H 3853 T fotward »
5 adjoint "DOREHRMEFTFUE->TE D, WEHOAOHMMEIL adjoint HMIC LDR
BBHL 1T B. RHEE b, ROHDEOBHTONMD, TOBARKNETH-1b S
LamEd, BYERIED -1, BOMERE ST »ih B4 OMEILDE » T 3,

6. HiMENE

R bnﬂlﬂ)ﬂl.to M&'J&coiéﬁrll&skbabﬁ'cabsﬂ EZRLTELVY X b
i va!‘%.ﬁ@“ﬁi Zoikllcbf'—rcb\% X, TOMICS—R & 155 AfhD T FAM,
AR L AW -anaka{—mlL— Lf‘”}\&ﬂft‘ﬁl—fct b, ZOFIKSVTH 1947
'ﬁéﬁ@ﬂﬁjQﬂO%T&%ﬂb FRICHE LIRS EL X5 LT ARB IS0
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TWw3, (Table 1 RE)
1T & =

FURARBIGEIC T 5 KENOMB L EHTHS , WA LT3 FMb BAMOENE 10045
BELEE-TVS, 2k0MHBEL T, 1984 ki ERICREERERERD Y 1 RO
TT3LZEENTTHONT 3, LrL, RRORBHRERDZICIT, ¥RELIALA
DHh— KRz, LIEEREBAL, BTAARRDESZ -5 2 RAESHGNINSH 0. ThiE, &
BTRELFHEEMEET 3, RAREENES, LLNL @ Loewe #7334 L{ T 65D %t
HLARELD SELES, BOTHHKTRVRMELELTS7 2 —XRA-TETLEES
B3,
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Table 1. Organ masses for Japanese adults from 1952 and 1979 studies :
of autopsy data and for mathematical aualogues developed at Qak Ridge

Japanese females Japanese males Cak Ridge
Organ . - . mathematical
1979 1952 1979 - 1952 . analogues
Total body S5lkg 49kg  57kg . S4kg 57kg T4kg
* Adrenals 13.2g 10.5g l4.7g  1l.1g 10. 5g 16.3g
Brain 1308 1256 1440 1424 1408 1422
Heart 284 249 352 309 - 241 316
Kidneys 280 235 a27 269 . 248 299
Liver ' 1363 1269 1600 1431 1411 1907
Lungs 893 1162 © 651 . 1000
Pancreas 111 135 - 65 94
Spleen 122 106 127 109 123 183
Testes ' 35.0 : 15.5 39.1
Thymus 25.6 21.7 31.7 24.9 28.4 20.9
Thyroid 16.8 17.2 19.1 18.8 .o 12.4 20.7
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Fig. 8 Typical array of Japanese houses used during
Operation Hardtack II
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A Study of Neutron Scattering and Transmission
for Light and Medium-Weight Nuclei -

*
Mamoru Baba

A brief descript»ion is presented for experiments of double-differen—
tial neutron emission cross sections measurement, Neutron tranaliaaion
experiments for various sample thickness are also described.

. & ®

B 50 BPETRELT— 53, HMAF=2— b o= AEBOTEANLTRNERTS
DTHEH, ERT— 5 RRE SEREFTRRC S5, X, PEKCENTS, BEWNER
RbE kD, ANEMCEOTHMMALHENS N TH S, CORETIR, IEAS1F o
YERZICHT SPETREAERO—BE LTITbhi, ZEESIFEROMEIC OO TR,
abeT, FHETAAKRICELND,

2 RMETER

1) hETHE

mhbnfihﬁlémglwrtsmnﬁmﬁﬁmhfﬁmnmﬁEfﬁb EMHBEL
TE gx 2" I!NE 213, HETREMEAT=2CRALL, 2°¢x2° MNE 21350505,
guzlc Gi 400 E Y I// J’&ﬁ‘d‘é n—-y #Bﬂﬂ%ﬂ*ﬁl LT3, Fig 21

Wk x,az,';;;ﬁ-_rp_rj;oi';u mversigy

—269 —



JAERI ~M 84— 010

2 cm ¢ x 3cm & Be # ¥ 7 it & SMEPRTFRT A O— 2T, —EBANTEROMED

BEicis, &ICRINBHEE Y2 5 Y FOREMENEETS S, ~v 57 5 Y FOFT,
| PRTROBAK L SOEP-H0THY, & KMMENS d-DREZAV S HAIE,
HRATY mzﬂlﬁbﬁw MOBETOAOPOFETTF = v 7 %4T> Ttk X, SWHEM
Eb, BRoOHS iﬁtmﬂﬁxmvdﬂ-%m\kéh\f-m%/-rwwnmﬁ»mn\bnz)f» RE
*I‘Cﬁﬁt‘:éﬂ%T"’ ﬁﬁkﬁﬁ%’&béf-b HMBARTF— 5+ b2 ERTILNBHLEL
3, MEROEHBORECAVERYzF LYY /1;»@15/*:&42&:&{5[1?55}1&350
Fig. 31 %Li, 'Li DMEHRERT. $TRIERSATE AL i) ENDF T, BB, T4
WIS R 51 3 (LXAUBEICE 3) SEESATOEY, ZhIHL, ART
ALz R ERH—RART XL E£55BAL T, S # Coulomb H1 % ER phase space
AL~ ME € — 7 1T LT, DWBA OHMEARE — HRBEEHID & GBRELT
VB, BLTALEBEMV LTI B EHMCE D By RERDEDAEBE D ERE-TL
EVSRORNFBETHB, 148MeVDF— & TH, °Li, 'Li kBVTQ=-22, Q=
—46MeV LB RBOBIBIN TV ELIRAZ, ZhobERSNBHELD S I,
Fig. 5 IK{i Be O %2FT. EREEEO—FIRI+REREANRVY, ZxrF0HRORD
L EMT 3 ELEBNER—BLTWAEEEL LI, Thicil, ENDF REOHRE AHic R
BRNY M AEEZ TS, LINiHER LA & Hic, ENDF TRESATOsh g TRIARS
RYUTHWZE, REDOBHPHTFO = 2V FRHBEENTENI LLL b0 L BbNS,
£&L5%Be (n, @) “He DBEOHELOKEVEELRLSBABYTHSEELONE,

Fig. 6, 7Tiid, Fe, Ni, Th OBA&OMEMENE T, EBREOHLEDHITHEITRB L
BAF v Y 2R (C-C) Itk 25 HEEORT . HERF V¥ v vidFe, Ni O& JENDL
2 THREANA LD, ThORAR Haouat ' €&~ TTh KHLH—F SN BDTH B
Fe, Ni DB, EMANELE HEBEEABELLILLD, HE)ERECES ¢ EHR
ENTHWD, ThOBAHE, HIRLK 25, 57MeV T, BEEENBEALE LD, CC
DLHTRL{EBRELERL TV, Qs ERINEREL D, FREHIITERE, XR
thit FEEFE R AR Fig. 7(C) ERENTV B, (ZOHA, 20d 27, 3rd 47 EMEN
He— 2 o3BENTORVDOT, EBOC-CIRE DML ) FEMEMEINTEHII,
ENDF,/B-V (ANL EVALUATION) iz#<{, JENDL-2 kD R~30%#H\. DAV
i, 27, 4T DA TREFSOHLBVOTHEEME Y, SRORNILBETH 5, Mh,
5.7 MeV TOXRch#: FEBEEE, JENDL-2 Oficii{, B-V OBEBIIER@MICH~HIED
BNRRZ P VESR B,

2) hETHERFE

LWEMOBEHIIER T 5ETHLV S, ANL 7u—74, uhitiamu%cmvc
Self —shielding ﬁ]*f)‘ﬂ(é( FOERERESEETHEL & 2L, Rx EDEITh
fcou\rnotﬁ:ﬁﬁﬁ ,kﬁ%. BEHEDY Y 7 VB S BEEO X REMEET T 5,
HEREe A £ MIEDNWT, 1~5cmED 5 BHOY YLD ERBREMEL, Yol

"7 ¢ dE

oT(n) = —1-.Ln L.Q;Tfe_&?—_. (n:¥>7rEX)

— 270 —



JAERI —M 84 - 010

AMTBCLitd-T, W ﬂ)iﬂﬂlﬁﬁﬁiﬂtb;')étéﬁﬂ)’c‘é%o Fig. 81tiRT &I
MIERRI, JENDL, ENDF POFRSHE LD senuémﬁeeTu SFié}liﬁwcm\
Ts, 5~1o%ﬁ»oﬁ=&n-lxcu\ao oz &3 ANL yw—mﬁmemﬂnrm #
WMEDL D BMTHEL EETRLTOBETL .

References

)]

2)
3)

4)

5)

6)

M. Baba, et al., Proceedings of International Conference on “Neutron'
Cross Sect:l.on and’ '.l'echnology , 1979 Knoxvill, p.43

Holland, et al., Phys. Rev. C'19 (1979) 592

M. Baba, et al., Proceedinga of International Conference oﬁ "Neutron -
Physics and Nuclear Data for Applied Purposes", 1978, lhrwell, P 198“
G. Haoua.t, NEANDC (E) 180 LA (1976)

A. B. Smith, et al., ANL/KDM-33

N. Hirakawa, et al., Proceedings of "Japan US Seminer on Thorium
Fuel Cycle", 1983, Nara




JAERI —M 84 -010

Neutron Monitor Engnm?n.tal. Setup

NE213 o S
R /,CO,—P_araﬂin'

Detector NE213

Fig. 1 Experimental setup for neutron
scattering measurement
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Fig. 6 Scattering cross sections of Fe and Ni
compared with calculation by :atisticalt---)
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Fig. 8 Results of neutron transmission for
various sample thickness.
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P.2 15MeVic ki) 34 E - EODDXORE

a5 8 L=

HILAS 4+ bovERCENT, RREMAFMEE L TEEL (h) EKico0 T, 15
MeV TD DDX OBEEIT>TE T3, #REREOHBEEH T—5 771 VENDF/B—
IV LOHBET- 1B, BRAESHCED TR—B0B» k. —BAEShiKT— 20
BRIIRITET T, BIPHRREIC L BESHAHOBEM 2N L L. MES hAsmE, Ti,
Nb, Mo, Pb, Th GUED) T, fikEKELTCE Al 553, :

Measurements of Double Differential Cross Sections (DDX) "
for Several Medium-Weight and Heavy Nuclel at 15 MeV

Shin TWASAKT"

Measurements of double differential cross sections (DDX) for several
intermediate and heavy nuclei have been performed at 15 MeV in the
Dynamitron Laborétory at Tohoku University. Comparison of the e'xﬁeri—
mental data with the evaluated nuclear data file, ENDF/B-IV revealed
that the data file could not reproduce the experimental ones, partiéﬁlarly
in the angular distributions. Nuclear model calculationrsh'owed that the
preequilibrium process was important in the present incident energy
region.

Measurements héve been performed for titanium, niobium, molybdenum,
lead, and thorium (in progress), including the light elements, carbon

and aluminum,.
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