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1 Nuclear Data
Bl What is Nuclear Data?
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1 Nuclear Data

Bl Nuclear Data Production
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El Nuclear Data Centers

International Atomic Energy Agency

\

Y Nuclear Data Services

14
Provided by the Nuclearn Data Section

Databases » EXFOR | ENDF | EEView | CINDA | IBANDL | Medical | LiveChart

(https://www-nds.iaea.orq)

International Network of Nuclear Reaction Data Centres (NRDC)

Coordinator: Nachiko Otsuka (IAEA NDS)

Objectives and Tasks

The primary goal of the Network is the dissemination of nuclear reaction data and associated documentation to
users. The following specific tasks must be carried out in order to accomplish this important aim:

« Compilation of relevant bibliecgraphic information {(CINDA),

« Compilation of experimental nuclear reaction data (EXFOR),

« Collection of avaluated nuclear reaction data (ENDF),

« Exchange of nuclear reaction data of all types,

* Promotion of the development of special purpose evaluated data files,

« Development of common fermats for computerized exchange of nuclear data,

» Coordinated development of computer software for managing and disseminating nuclear data,

* Coordination of the development and dissemination of end user software for both on line and local access
to nuclear data,

« Documentation of current and future data needs in order to be able to meet changing user demands.

2 Nuclear Data Center

J Active Centres |[ Discontinued Centres |

Country Centre

Hungary

Russia

Russia

China

Russia

Japan

Japan

Korea

India

IAEA

QECD

U.5.A

Ukraine

Muclear Data Group (ATOMEKI)
Institute for Muclear Research, Debrecen

Centre for Photonuclear Expenments Data (COFE)
Moscow State University, Moscow

Russian Muclear Data Center (CID)
Institute of Physics and Power Engineering, Obninsk

China Nudlear Data Center (CHDC)
China Institute of Atomic Energy Beijing

Center of Nuclear Physics Data (CNPD)
all Russian Scientific Research Institute of Experimental Physics, Sarov

Muclear Data Center (JAEA/NDC)
Japan Atomic Energy Agency, Tokai-mura, Naka-gun, Ibaraki

Hokkaide University Muclear Reaction Data Centre (JCPRG)
Hokkaide University, Sapporo

Korea Muclear Data Center (KNDC)
Korea Stomic Energy Research Institute (KAERI), Yuseong, Dasjeon

Muclear Data Physics Centre of India (NDPCI)
Bhabha Atomic Research Centre (BARC), Trombay, Mumbai

IAEA Muclear Data Section (NDS)
Vienna

QECD ME& Data Bank (MEA DB)
Boulogne-Billancourt

U5 Mational Muclear Data Center (MNDC)
Brookhaven National Laboratory, Upton, NY

Ukrainian Muclear Data Center (UkrNDC)
Institute for Nuclear Research, Kyiv

Joined

1992

1582

1566

1987

1997

1991

1975

2000

2008

1566

1966

1966

1938




2 Nuclear Data Center

CNPD nppCr
(Sorov)  (Mumbai)




2 Nuclear Data Center

Bl Evaluated Nuclear Data Files

Center Nuclear Data File Webpage
(Country)

(557 nuclides,

NNDC/BNL
(USA)

NEA/OECD
(Europe)

PSI/IAEA NDS

(Switzerland)

NDC/JAEA
(Japan)

CNDC
(China)

CJD/IPPE
(Russia)

NDS/IAEA

E Uill.o

JEFF-3.3
(562 nuclides, 2017)

2018)

(2800 nuclides, 2021)

JEND -5
(795 nuclides, 2021)

CENDL-3.2
(272 nuclides, 2020)

BROND-3.1 (372 nuclides,

2016)
ROSFOND-2010 (686
nuclides, 2008-2010)

FENDL-3.2 (192 nuclides,
2021), IRDFF-II (2020)

www.nndc.bnl.gov/endf-b8.0/

www.oecd-nea.org/dbdata/
jeff/jeff33

tendl.web.psi.ch/tendl_2021/ten
dl2021.html

wwwndc.jaea.go.jp/jendl/j5/j5.h
tml

www.nuclear.csdb.cn/cend|32.ht
m

vant.ippe.ru/en/brond-3-1.html

www-nds.iaea.org/public/
download-endf/ROSFOND-2010/

www-nds.iaea.org/fendl_library/
websites/fend|32/

E-— .o

No. NSUB Sublibrary Short
name name

1 0 Photonuclear g

2 3 Photo-atomic photo

3 4 Radioactive decay decay

4 5 Spont. fis. yields  sfy

5

6 10 Neutron n

7 11 Neutron fis. yields nfy

8 12 Thermal scattering tsl

w

19 Standards std

10 113 Electro-atomic e
11 10010 Proton

12 10020 Deuteron d
13 10030 Triton t
14 20030 3He he3
15 20040 4He a

VIO VIL1 VILO VL8

163 163 163

100 100 100 100

3821 3817 3838 979
9 9 9 9

6 Atomic relaxation atom_relax 100 100 100 100

557 423 393 328
31 31 31 31
34 21 20 18
10 8 8 8

100 100 100 100

49 48 48 35
5 5 5 2
5 3 3 1
3 2 2 1
1




2 Nuclear Data Center
B KNDC

= Established in 1997 to start research on nuclear data in Korea
(formerly, ‘Nuclear Data Evaluation Lab.’)

= Joined the International Network of NRDC in 2000
(IAEA, OECD, BNL, EC JRC, HZDR, JAEA etc |

it

O International Network )

\
Nuclear Data Center Request Domestic Nuclear
of KAERI (KAERI/NDC) Supply R&D
vy

/ [ Domestic Nuclear Data Network ] \ /-Backend fuel cch

N * Plasma diagnostics
* RAON NDPS

("« Pohang PNF

- eV pulse neutron
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\_Photonuclear reaction | i ged p P * Medical application
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+ KOMAC * KAERI nTOF * Homeland security — P
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03 Measurement

El Contribution to EXFOR DB

= As of 2023, a total of 115 entries were registered.

= Compilation: ~8.2 per year
® Institute (corresponding author)

SNU 2%
KIGAM 2%

DOT,ZZL';“;”'\\\\\‘

n KNU » Dongseo Univ. u Mambu Univ. KIGAM m 5N

n Sejong Univ. » AERE, Bangladesh » POSTECH u PAL m Hallym Univ._
n CIAE = Ewha Univ. = KAER] = Beihang Univ. = Dongh Univ.

® Facility (for experimental work)

Reactor KURRI




3 Measurement
B} Existing Facilities

Facility Characteristics Measurements

* 100 MeV, 2.5 GeV linacs Total cross section
Electron Linear * Neutron production by (n,y) by neutron activation
Accelerator 100 MeV linac method
(PAL) * v production by 100 MeV Isomeric yield ratio
and 2.5 GeV linacs Photo fission

* p:20-50MeV /40 pA
« d:10- 25 MeV /20 uA
* a:20-50 MeV /1 pA

Cyclotron
(KIRAMS)

Activation cross section

Proton Linear
Accelerator * p:20 & 100 MeV (linac)
(KOMAC, KAERI)

Cyclotron
(Jeongeup, KAERI)

Activation cross section

Activation cross section

p:30 MeV /100 pA

Bl Foreign Facilities
» nELBE (Germany) — Neutron total XS
= GELINA (Belgium) — Neutron capture XS
= HIMAC (Japan) — Neutron double differential XS




3 Measurement

B} ND Measurements : Domestic

v" PNF: Isomeric ratio

* S.C. Yang et al., NDS 119, 314, 2014~

18 cm 12 cm
Electron

— 1
Z o014
Sample S ]
W target « ]
(0.1mm thickness) '§ i
E 0014
7] ]

» S.C. Yang et al., JRNC 300, 367, 2014
* S.C. Yang et al., JRNC 302, 467, 2014

v. KOMAC: DAQ system, Proton activation cross

Cross section (mb)

Present - ""Nd(y,xn) *™*Nd

Present - ""Nd(y,xn)"*'""'Nd

Hoang DL et al. - "*Nd(y,n)'"™*Nd
Mazur VM et al. - "*Nd(y,n)"*"™*Nd
Belov AG et al. - "“*Nd(y,n)'""™*Nd
Palvanov SR et al. - "“*Nd(y,n)"*"™'Nd
Bartsch H et al. - "“*Nd(y,n)'""™Nd
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3 Measurement

Bl ND Measurements : Foreign

v" nELBE: Neutron total cross section - TY. Song et al., ND2016
* R.Beyer et al., EPJA 54, 81, 2018
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3 Measurement

B} Planned Facilities

v" NDPS/IBS: Fast neutron fission reaction
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4 Evaluation
Bl ND Evaluation Methodology

Chart of Nt\JcIides
WO de\ Ga\-

[ Evaluated File ]

Formatting
Checking

Utility
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E 10 |-
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4 Evaluation

Bl ENDF/B-VIIL.O
v' U-238 Capture Cross Section: CIELO Project with IAEA
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4 Evaluation

Bl ENDF/B-VIII.0

v' Nd-isotopes
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4 Evaluation

Bl JEFF-3.3

v Cm-isotopes
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Kim, Mughabghab, Herman, Oblozinsky
Kim, Mughabghab, Herman, Oblozinsky
Kim, Mughabghab, Herman, Oblozinsky
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Kim, Herman, Oh, Oblozinsky
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H.I.Kim,C.8.Gil,D.H.Kim,Y.0. Lee
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H.I.Kim,C.5.Gil,D.H.Kim, Y.0.Lee
H.I.Kim,C.5.Gil,D.H.Kim, Y.0.Lee
H.I.Kim,C.5.Gil,D.H.Kim, Y.0.Lee
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4 Evaluation

Bl IAEA Photonuclear Data Library
= |AEA CRP (1999)

v' 164 nuclides > ENDF/B-VII.0 (163 nuclides) > ENDF/B-VIII.O
v"  KNDC-evaluation: 124 nuclides

IAEA Photonuclear Data Library 2019

] IAEA ‘ R P (20 19) T, Kawano," = Y. 8. Cho,? I’ Dimitriou,” D. Filipeseu,® N. lwamoto,” V. Plujko,

H. Utsunomiya,® V. Varlamov,® R. Xu,” R. Capote,® . Gheorghe,* O. Gorbachenk
T. Renstrgm,'” K. Stopani

X, Tao,”
Y.L. Jin,*
M J.M. Wang,” T. Belgva,"" K. Firestone,'?
S. Coriely,' J. Kopee engner,'® 8. Siemn,'? and M. Wiedeking!?
‘/ 2 1 I 1 KN D I t . I H L heoreticat Los Alem: rional Laboratory, Los Atamos, NM §7545, USA

nuclides - -evaluation: nucliaes Nustear Duta. Centor, Ko Atoma. Enenyy Rescarsh Fostitate,

Daedeok-Daero 989-111, Yuseong-gu, Daejeon, Korea
3 NPAC-Nuclear Dalu Secion, International Atomic Energy Agency, PO Box 100, 1f00 Vienna, Austria
" Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH),
30 Reactorului, Bucharest-Magurele 077125, Romania
" Nuclear Date Center, Japan Atomic En Agency, Tokai-mura, Ibaraki 319-1195, Japan

S Nuclear PR riment, Taras Sh henko N Ly, Kyiv, e
100 929 -> 99mT, T Ching Nuclear Data (o ; :
Mo g,n Mo c China Nuclear Data Cente

* Y. Tian,” G. M. Tveten
ML Krtieka, ' R. Sch

Vational Uni
na Institute of Atomic Energy, P.O. Dox 1), Bedjing 102413, China

# Department of Physics, Konan University, Okamote 8-9-1, Higashinada, Kobe 658-8501, Japan
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4 Evaluation

B} Neutron-induced charged particle data : On-going

0003

= Completed in 2022 through I-NERI project with LANL

= Evaluate angular distributions and energy spectra for Fe, Ni, and Zn based
on the experimental (n,p) and (n,a) reaction cross sections

»= Predict angular distributions and energy spectra of (n,p) and (n,a)
reactions for unmeasured nuclides, such as Cr, Mn, Co, Cu, and so on

= New evaluations have been submitted for ENDF/B-VIII.1-31.

Angular Distribution of >Fe(n,p) Energy Spectrum of 54Fe(n P)
Ang. Dist. on *Feln,py) Ang. Dist. on **Feln, pl) - hng. Dist on *Fe(n,py) Ang. Dist. on *Fe(n,ps) 5Fe p-Productions 14?5 5Fe p-Productions ©"17** - 54Fe p-Productions 150 o=
—Present —F o —Prasent o —Present — (tot-prod. Jexors -0 — (tot-prod.Jesors -0 — (tot-prod Jewors .o

EMDF'EVIII - ENDFENILY — (0P8 e — (ohprO e — (0O

ction (b/sr/MeV)

- - . . - o = i - ® - 7 L) 1] ] 10 17 7 15 15 50 15 00 125 50 ¥ 15 50 15 _ 100 125 150 15 00
Ang. {deg) Ang. (deg) Hng. (deg) Ang. {deg) Energy (MeV) Energy (MeV) Energy (MeV)
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4 Evaluation

B} Neutron-induced charged particle data : On-going
® List of 58 Nuclides Submitted for ENDF/B-VIII.1-B1 (2022.12.19)

# of discrete levels # of discrete levels # of discrete levels
nucleus nucleus nucleus

p a p a p a
Al-27 20 20 Cr-50 10 10 Zn-67 10 10
Si-28 14 16 Cr-51 10 10 Zn-68 8 10
Si-29 16 20 Cr-52 10 10 Zn-69 17 18
Si-30 6 12 Cr-53 10 10 Zn-70 1 1
Si-31 1 15 Cr-54 10 10 As-73 10 10
Si-32 1 1 Co-58 40 40 As-74 10 10
CI-35 30 21 Co-59 10 10 Zr-90 12 9
CI-36 16 32 Ni-58 10 10 Zr-91 6 40
CI-37 10 6 Ni-59 10 10 Zr-92 1 40
K-39 10 10 Ni-60 10 10 Zr-93 17 27
K-40 10 10 Ni-61 10 10 Zr-94 10 40
K-41 10 10 Ni-62 10 10 Zr-95 16 9
Ti-46 10 10 Ni-63 26 10 Zr-96 3 10
Ti-47 10 10 Ni-64 10 10 Ag-107 10 10
Ti-48 10 10 Cu-63 10 10 Ag-109 31 2
Ti-49 10 10 Cu-64 40 40 Ta-180 10 10
Ti-50 10 10 Cu-65 10 10 Ta-181 10 10
V-49 40 40 Zn-64 10 10 Au-197 10 10
V-50 10 10 Zn-65 10 10 S ,/
V-51 10 10 Zn-66 10 10 C /kaegi

20



4 Evaluation

Bl Thermal neutron scattering data production: On-going
= To produce, validate, and support TSL data of coolant/moderator
materials for future advanced nuclear reactor R&Ds in Korea
= Preliminary TSL data of D,O and H,O

v" Frequency spectrum and/or Skold correction factor obtained by MD
simulations
v"  GROMACS and LAMMPS codes with TIP4P/2005f or SPC/E water models

Scattering Cross Sections for D,0O Scattering Cross Sections for H,O
60 o J.I.Marquez Damian (2015)
—— ENDF/B-VIII.0 (D20) —— ENDF/B-VII.1
- - ENDF/B-VII1.0 (D in D20) —— ENDF/B-VIII.0
50 - 3332—:('32% ()o in D20) 10° 7 —— GROMACS

= K.Heinloth EXFOR(21341.002) 1961
= J.L.Russell EXFOR (11162.003) 1966
= J.L.Russell EXFOR (11162.003) 1966

- - LAMMPS (D in D20)
- = LAMMPS (O in D20)
——— GROMACS (D20)
GROMACS (D in D20)
N[ - -~ GROMACS (0 in D20)
NI — Flux spectra (a.u.)

40 _

304 -

Scattering Cross Section (barn)

Total Scattering Cross Section (barn)

20
102 .
104 %
0 T T T T T T T T T T !
1E-2 1E-1 1E+0 1E+1 1E+2 1E+3 10 1071 10° 10°® 107 10 10° (r—' o
Energy (meV) Neutron Energy (MeV) KAERI
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5 Processing/Validation

7}
30| 0| Ef

3426 O] Ef
ENDF/B, JEFF,

JENDL &
KAERI New

I.

S 4HH| O] E
ENDF/B, JEFF,
JENDL 5

7 x0 0|
E[LIO|E

SEEREES

AL O (=]
==, o4

H[Ol&

B

S| O|E] XE|/HT

& 6| O] E
X 2|

al &
x =

ol

I-l gl 3

NJOY, AMPX

PREPRO &
= _—T—f_E
(ORIGEN-S

AL O =
==, o4

X2 Z5
. ACE, MATXS,
WIMS-D S

aolef | 2
45 UF:

#5 3L ZH$ Hj =
MCNP, - NEA DB,
DANTSYS, KAERI Web.,,
SCALE S =2l RD S

43 Q= Z2¥+ 88
ICSBEP, - ARp
IRPhEP, HFALM o2
SINBAD & =

= TS
. - (ll,/I(AEI.!-.I.
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5 Processing/Validation

Bl Application Libraries

v KAFAX: Fast reactor core analysis

KAERVTR-842/97

KAFAX-F22 : JEF-2.28& 0|88t I&8EF
Ch2 BHHE zlo|=2q2| Wi X HS
- Z47% 80T X A 243 -
KAFAX-F22 : Developement and Benchmark of Multi~group Library

for Fast Reactor Using JEF-2.2
= Neutron 80 Group and Photon 24 Group =

gFdAgATa

Library
KAFAX-F22
KAFAX-E66
KAFAX-E70
KAFAX-E71
KAFAX-F31
KAFAX-J33
KAFAX-JACO08

Source Data
JEF-2.2
ENDF/B-VI.6
ENDF/B-VII.O
ENDF/B-VII.1
JEFF-3.1
JENDL-3.3
JENDL/AC-2008

1

o
5
| BFS-73-1 radial & axial layout |

Energy Group
Neutron 80G, Photon 24G
Neutron 150G, Photon 12G
Neutron 150G, Photon 12G
Neutron 150G, Photon 12G
Neutron 150G, Photon 12G
Neutron 150G, Photon 12G
Neutron 150G, Photon 12G

Note
NEA-1650

NEA-1815

NEA-1816
NEA-1817

s
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5 Processing/Validation

Bl Application Libraries
v KASHIL: Radiation shielding analysis

(1) PCA-REPLICA

PCA-REPLICA

1.25 |- —w— ENDF/B-VII.0 (VITAMIN-B6, 199G)
—e— ENDF/B-VIL.O (VITAMIN-J, 175G)
120 - —a—ENDF/B-VI.5 (VITAMIN-J, 175G)

"In(nin)
o~

-to-Measured (C/M) Ratio
3 @

Calculated-to-M:

e s

g8 & 8 & 3
B F R F )

<.

—_ Z

s L s
0 10 20 30 40 50 60
Distance from Fission Plate (cm)

Library Source Data Energy Group Note
KASHIL-E6 ENDF/B-VI.5 Neutron 175G, Photon 42G NEA-1649
KASHIL-E68 ENDF/B-VI.8 Neutron 199G, Photon 42G

Neutron 199G, Photon 42G NEA-1818
Neutron 175G, Photon 42G

Neutron 80G, Photon 24G

Neutron 47G, Photon 20G

Neutron 44G, Photon 18G

Neutron 30G, Photon 12G

KASHIL-F31 JEFF-3.1.1 Neutron 199G, Photon 42G
KASHIL-J33 JENDL-3.3 Neutron 199G, Photon 42G

KASHIL-E70 ENDF/B-VII.O




5 Processing/Validation
Bl Application Libraries

v' KN-Series ACE Library: MCNP

KN Library
MCLIB-E6

KNEG62, KNEGS, KNE7O,
KNE71, KNE8O

KNF30, KNF31, KNF311,
KNF312, KNF32, KNF33

KNJ33, KNJ40, KNJ40u,
KNJACO8

5

flerence of k_, from ENDF70(LANL) (pcm)

1000
800 [
600

KN-Libraries vs. ENDF70 (LANL)

——KNE70 ——KNE71 ——KNF32 ——KNJ40

405-_
200 |- -

Y \
o B SR PR AY A fota ! AJE AL ]
AV S e e — :

s00fk 10

400 |

-800 |-
-1000
-1200 -

differences within about +£100 pcm except for several benchmark problems.
< Confirms the validity of generation procedures for KN-libraries

[/ KNE7O0 library shows good agreements with the results of ENDF70 while maintaining }

v Other KN-libraries show relatively large differences in comparison with ENDF70.

Source Data

ENDF/B-VI.5

ENDF/B-VI.2, V1.8, VII.O,

VIl.1, VIII.O

JEFF-3.0,3.1,3.1.1, 3.1.2,

3.2,3.3

JENDL-3.3, 4.0, 4.0u,
JENDL/AC-2008

Temperature Note

300K, 600K, 900K NEA-1651

293.6K

293.6K

203.6K D
S
%ERI
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5 Processing/Validation

B Web Service

Nuclear Data Chart
(http://atom.kaeri.re.kr/nuchart/)

Table of Nuclides

Directions
1. Locate the desir¢
horizontal slider.

2. Click the nuclide
evaluations.

3. On the list of eva
see the list of av.

4. Click the reactior
more plots, click
plots and then ci

+ Other informatiot

e

Xans log v

fom23EL | %1288
Yas Log v
nom(121E2 | to/R34E4
w0 x
Chart size
00
Legend o =
i Outace
Select 3 Use my oita
U-236(n otal o) ENDFB-8.0

8 u236(ny) ENOFB20

ZIN 10 20 30 4 50 60 7 %0 100 110 120 130 140 150 16 o
=
Open XSViewer
3 | List of added plots € X
c | |
s |
2
3
g
5
s
w
@
a
§ e
ws
T T

The coordinates at the cursor passon

Reset | [ Update | [ Delete

Application Library
(http://atom.kaeri.re.kr/NDVG/)

. Nuclear Data Validation Group

NDC Home -
ACE-Format Nuclear Data Library
ENDF/B. L
= KNET1: KAERL/NDC ENDF/B-VIL.1-Based ACE-Format Library
KNE70
KNEGS . Description
KNE62 o ENET] (Revision 0 |, 2013) was genarated (203.6K) trough
JEFF NIOY99.3096 with the ENDF/B-VIL 1
P o (€135 which uses the Reich-Mocre L format, has been, WL NIOY2012
- o ACESls 423 macids (A% _E7L3p o i 70 a3
KNF312 mm‘l‘mnm(}meﬂmpmnhﬂ[?l)xsm
KNF311 - AAAis the momic
KNF31 and pnC lied suffix. For a the atomic mass mumber is
mxnguim(mﬁﬂ)ﬁxd:mnmmmmgmmdsmmmmmmhmssﬂnwﬁ:l
KNF30 _—
JENDL
KNJ40u . List of Nuclides
KNJ40 o [ et Nuctide ZAD ACE Plot Nots.
KNJACDS B
KNJ33
{ 2 128 REE] 002,880 | DO1N_DOZ_a
BT
B E
{ s 228 2-Het 2004.880 | C02MR004
BRI
BT
BT
[o a] emea | wonmofcoisuces
BT
B - oosm_ons
(2 | ees [ e e a0sc_uoa :
+ DEHEKm,CS. Gil md Y-0. L
Conter of KAERT', ISORD-&: Smltharnm:u Symposim oo
¢ DHEKmHIEmMC
Evaluations for J ks
Tiseiogs, Pat, Faace, My 16
- Eim, C.-S. Gl and Y.-O. Lee, "szwmn of New KAER] Evaluations of Actinides for
feasirement hmarking Working Group, Paris, France,
November 2

Wuclear Dato Center. x.mnn..‘sm,,m_--nzmm 0 G e Y e T

Tl

, Emait i

Atomic Data
(http://pearl.kaeri.re.kr/pearl/)

Photonic Electronic
Atomic Reaction Laboratory
Atomic Data Center in KAERI

Access the Atomic Databases

Database on Photoionization/Electron Impact Ionization/Dielectronic
Recombination Cross Sections and Rate Coefficient (periodic.jsp)

Go =

Database on CR-Model for Helium

Electron Impact Rate Coefficient (crmodel/atomicdata2.jsp)

Go =+

Line Ratio

(crmodel/lineratio2.jsp)

Go =

‘a; Nuclear Data Center
\_) at KAERI

(http://atom.kaeri.re.kr/)
’al

b Korea Atomic Energy
/KAERI Research Institute

(http://www.kaeri.re.ke/)

(,IJI(A E_:il
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5 Processing/Validation
Bl Nuclear/Radiation R&D Support

LHKNF S):
d/s=4hEOIH Xe|/d3

ACE

sh(kAIST, $HFCH, 4o #CH, S ACH, S CH, KINGS T):
B

MATXs, TsL 2f0| 22{2] M2|/AS, s4ErS 8l =4~ G| Of E
%£/0| 8, E'IAE-Il/o"E/OI-E—E— 2

Hu
0
i
iz
o
>0
i
o
m
~
o
o
IL]
=
H
[n

°=I(|Bs KINS S):

STl

O|Ef Z&/0|8, 7t&7|

A==,
KAFAX 20| E 2|2, =Xl Damage xs, A =2 E =
1=

ENDF-7 ACE & TSL 2 & 2}0| 2 2[(R 2
2to|E22|(7|ER), AEEIAxs &

Ch), ENDF-8 ACE & TSL 2=

VHTR:

ENDF-7.1 ACE & TSL 2 =2(0| =2{Z|

Z|E}:

ST, dge, T2, EEFT|, oyster 5 HH X &

O =5
g

(NEA, IAEA, ZSHA H17|0f)):

iL
U-238 SHO|O|E MA/ZAS, ierF YA M5 HAS S
O] = (LLNL, LANL, GA):

s

Ol &IA 95 45, ol A S ~2HEH S




