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 Validation: have we build the right simulation
toolkits?

* Verification: Have we build simulation tools
that gives the right answer?

Validation is concerned with checking that the
system will meet the needs, while verification is
concerned with whether the system is well-
engineered, error-free,...

V&V on nuclear data need to be seen as a
toolbox, with a wide range of tools: FISPACT-II
IS one very potent toolbox, with many tools



Nuclear landscape: elemental periodic table
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‘ Periodic Table of the Elements =
1 2
H He
e 2 13 14 15 16 17 ':“(;:;"
— TENDL-2017 113 el t '
0 Covers elements . ; ; : 3 =
Li | Be B|C|NJ|O]|F |Ne
Lehium || Berylliom Soron Carbon Nitregen Oxygen Fluorine Neon
6941 $.012 10,831 12,011 14,007 15.9%9 13,998 0,150
11 12 13 14 . 15 16 17 18
Na | Mg Al [ Si | P | S |Cl|[Ar
Sodium || Magresium Aluminum Slicen  ||Phosphorus||  Sulfur Chlorine Argon
22,950 N.)ﬁ‘% 3 4 5 6 7 8 9 10 1 12 26,982 23,086 0,974 12,066 35,453 | 19,08
19 20 21 22 > 23 24 25 26 27 28 = 29 30 31 32 33 34 35 36
KifC|Sc Tn | V C Mn Fe Co N | Cu Zn|Ga|Ge | As | Se | Br | Kr
Potassium || Caldum | Scandium  Titanium  Vanadiom  Chromium  Manganese ron Cobalt Nickel Copper Zinc Gallium ||Germanium || Arsenic Selenum || Bromee Krypton
39,098 40,008 44,956 47,867 50,942 51,996 54,938 55,845 53,913 54,693 63.516 €533 69,732 72631 74,922 73,91 , 79,00 §4.798
37 38 39 40 41 42 a3 a4 a5 a6 a7 as 49 50 51 52 53 54
Rb|Sr (Y Zr Nb Mo Tc Ru Rh Pd Ag Cd |In |[Sn|Sb | Te | |I | Xe
Rebidiom || Strontiom | Yttrium  Zirconkem  Niobium  Molybdenum Techneti Rutheni Rhodi Palladum Silver Cadmium Indium Tin Antimony || Teluram ledine Xenon
M8 | e | 806 .24 92,906 9595 93,997 10007 | 102906 10642 | 107858 112414 | 134818 || 118711 || 121.760 1276 126,906 | 131294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 s 84 85 86
Cs | Ba Hf Ta W Re Os Ir Pt Au Hg | Tl [ Pb | Bi | Po | At [ Rn
Cesum Barium ||[Lanthanides| Hafmium  Tamtalom  Tungsten  Rhenium  Osmi Indi Pl Geld Mercury Thallum Lead Bismuth || Pelonium || Astatine Radon
132,905 137,28 17649 180, M8 185 84 186,207 19023 19207 195,085 196,967 200,592 204,333 W72 208 930 [208.942] , 200,947 202018
87 88 89-103 | 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr | Ra Rf Db Sg Bh Hs Mt Ds Rg Cn |[Nh | Fl [Mc| Lv | Ts
Francium Radium Actinides |Rutherfordum  Dubeium  Seaborgium  Bohrium Hassium  Meitnerium Dassstadtivmn Roertgeniue Copernicum | Nibosium || Flerovium || Moscovium | Livermorivm|| Tennessine || Oganesson
203020 206,05 [263] [262) [266) [264] [26%) [27%) [281) [269) [285) [266) [26%) [26%] [293) [204) [204])
57 58 59 60 61 62 63 b4 65 b6 67 68 69 70 71
La [Ce | Pr [Nd [Pm|Sm | Eu | Gd [ Tb | Dy [ Ho | Er | Tm | Yb | Lu
Lanthanum || Cerium  |Praiwcdymiued|Neodymium|[Promethium{| Samarium || Eurcpium ||Gadolinium || Terbium ||Oysprosium|| Holmium Erbium Thuliven || Yeterbium || Lutetium
138,905 140,116 140 %08 144,245 144,913 15036 151,964 15725 158.925 162,500 164,930 167,259 168,934 173,055 174,967

92 93 100 101 102 103

89 20 91 94 95 96 97 98 99
Ac [ Th|Pa| U |Np|Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No | Lr

Actinium Thorium |Protactiium| Uranum || Neptunm || Plutenium || Americiom || Curum Berkeliom || Calfomium ||Evstemium|| Fermiom |Mendeleviun]| Nobelium |[Lawrencium
2078 232,038 231.036 238,020 217,08 244,064 243,061 247.000 247,000 251,480 [254) 257.095 561 25910 [262)

Alkal Metal ’Alulineiarth } Tnnsn-onMetall Basic Metal ” Semimetal | Nonmetal Halogen Noble Gas | Lanthanide | Actinide
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framework

 FISPACT-Il is a modern engineered simulation solver for
activation-transmutation, depletion inventories and materials
science at the heart of an enhanced multi-physics, multi-
scale platform that relies on the TALYS collaboration to
provide parts of its nuclear data libraries.

 FISPACT-Il was designed to be a functional replacement for
the earlier code FISPACT-2007 (1987-2007 T ) but now
iIncludes many enhanced, unique and potent capabilities.

 d, p,qa,y, n-Transport Activation Library: TENDL-2015 from

the TENDL collaboration, but also ENDF/B, JENDL, JEFF, CENDL and
GEFY

« All nuclear data processing is handled by NJOY (LANL),
PREPRO (LLNL) and CALENDF (UKAEA)
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3873 isotopes (23 decay modes; 7 single and 16 multi-particle ones)

>

Not all ND is cross-section ! . .

Z, number of protons

N, number of neutrons




60 Years

e | FISPACT-Il advanced simulations

FISPACT-II

Solver
Incident particles
ENDF’s libraries: TENDL-2015 & GEFY-5.3

ENDF/B-VII.1, JEFF-3.2, JENDL-4.0, CENDL-3.1
(~400 targets each)

Dpa, Kerma, Gas production, HE radionuclide yields

PKA, primary recoils and emitted particles spectra

Uncertainty quantification and propagation UQP

Temperature (from reactor to astrophysics, plasma)
1 KeV ~ 12 million Kelvin

Self-shielding with probability tables and/or with
resonance parameters

Energy range
Sensitivity
Pathways analysis, routes of production

Thin, thick targets yields

Numerical - LSODES 2003

a, vy, d, p,n(5)

v XS data (2809 targets)
v/ Decay data (3873 isotopes)
v nFY, sFY, otherFY
v Hazard, clearance indices, A2

v

v

v/ Variance-covariance

v 0, 294, 600, 900 K,...5, 30, 80 KeV

v Resolved and Unresolved
Resonance Range

1.0 10°eV - 30, 200 MeV, ..1GeV
v’ Monte Carlo

v multi steps
v

¢ new or unigue



Processing steps: three codes

« NJOY12-099 -+ PREPRO-2017 -+ CALENDF-2010

o li « calendf
rbecorc;r Ilnear cross-check regroutp
roadr cross-check o recent ~— g.
e unresr , lecritp
* thermr * sigma1
+ heatr . sixpack
« gaspr _ l I
. group[\. aCtlvate
* purr o &
merger /
T acet Q 1 1 /
e dictin

4 Single script

‘ l . groupie “/ for an entire
library

10
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. PREPRO-2017

= 0 Kelvin run

= Single temperature pendf, 294 Kelvin to... 100 KeV

» SIXPACK: unique mf3-mt5/mf6 high energy processing
= ACTIVATE: unigue mf9 processing

* Merge NJOY-12 dpa, kerma, pendf responses

» GROUPIE to: 1102grps @ 1 GeV
1067 grps @ 200 MeV
1025 grps @ 30 MeV
615 grps @ 10 eV
162 gprs @ 200 MeV (for charge particles)

» mf-2 processed, but also kept in for further usage

The resulting pendf/gendf “tape” fully comply to the ENDF-6
format frame and many utilitarian process (display, merge,
concatenate, etc. ) can be performed on such data forms =
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* For all 2809 TENDL target nuclides
* 1102 energy groups for all applications alike

@9 aqua
g U per
~ decade

90 equa

per

90 equa Equa
L U per O |[ethargy

energy

energy

0.025 eV é decade 200 KeV decade
237 grps >&J 378 grps >§ 285 grps > 125 grps > 27 grps > 50 grps
1e5ev  0.55 eV 10 eV 5 MeV 30 MeV 100 MeV 1 GeV
615 groups 1025 groups

« 237 fine groups for proper 1/E < 0.55 eV
« 378 fine groups in the resonance range < 10 eV

* Resonance shielded data available in the RRR (>0.1 eV) up
to the end of the URR for all nuclides IDs

* Fast fine enough structure for accurate threshold reaction 1r2ate
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*/ ident up69

*/18aug2016

*/ - groupr

*/ - the dimension limit of 3 in getmf6 for iyss, izss and jjss means

*/  we're assuming no more than a ground state plus two isomers for
*/ agiven ZA. Recent files may exceed this limit

Before < 3 isomer limit After < 6 isomers
12
10 % HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ T TTTI T TTTT \g
w 10 | °
§ | 7, g e ]
T([) 8 I(D — E
o)
2 105 3 < 108
X E - n
o e E e : _’ -‘-" 3
; K b , .. i
106 I ! le ‘ Hw‘ :': : 1. 106 | \HHHl Ll .". ] i
10° 102 10t 10 100 1% 10 10°
PKA energy (eV) PKA energy (eV)
H1 - Sr88 -- YO1 --- 7r94 - Zr97 - H1 - gfgg - YO1 - %rgg Zro7 -
He4 -- Sr89 --- 7r92 — Zr95 -- Hedoe: 5189 --- Zr92 — Zrdd -
Zr90 — Zr91 —- Zr93 -~ Zr96 - Z'”91 = Zr93 - Zr96 -

13



Verification and Validation V&V

Typically these are divided into differential & integral:

« Differential

= C/E with the latest EXFOR database
= C/C with other ENDF'’s files
» SACS: Statistical Analysis of Cross Section

* Integral

» Activation-transmutation; activity, gamma, decay heat

« FISPACT-II validation suite (~500 reaction rates, thousands
of integral E, time dependent, fast system)

» MACS and RI: Maxwellian-averaged cross sections and
astrophysical reaction rates, resonance integrals

» Decay heat and inventories predictions for fission events
14
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« FISPACT-II and libraries are subject of various validation reports:
— CCFE-R(15) 25 Fusion decay heat
— CCFE-R(15) 27 Integral fusion
— CCFE-R(15) 28 Fission decay heat

#CCFE »CCFE 5 CCFE

Michanl Fleming
Jean-Christophe Sublet

Validation of FISPACT-II
Decay Heat and Inventory
Predictions for Fission Events

458 pages

Integro-Differential Verification and
Validation, FISPACT-Il & TENDL-2014
nuclear data libraries

539 pages

Decay heat validation, FISPACT-II &
TENDL-2014, JEFF-3.2, ENDFB-VIL.1
and JENDL-4.0 nuclear data libraries

315 pages

15
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FISPACT-Il resources

FISPACT-Il and libraries are subject of various validation reports:
— UKAEA-R(15) 29 Astro s-process
— UKAEA-R(15) 30 Rl/therm/systematics
— UKAEA-R(15) 35 Summary report

&

EK Alomic UK Adomic
nergy Energy
Authority Authority
3N
Auges 3905 318

Jean-Christophe Sublet
Michael Fleming

Maxwellian-Averaged
Neutron-Induced Cross Sections for
kT=1 keV to 100 keV, KADoONIS,
TENDL-2014, ENDF/B-VII.1 and
JENDL-4.0u nuclear data libraries

417 pages

Michan! Fleming
Jean-Christophe Sublet
Jiri Kopecky

Disndtrd Rochman
Arjwn Konlog

Probing experimental & systematic
trends of the neutron-induced
TENDL-2014 nuclear data library

99 pages

LY M
Erwagy
Aathoty

Mvas CVaewomier Sddei
Mk nel Ploming

dr qevhy

Mk Gihwn

Ve Bom g

Summary of TENDL-2014 Verification
& Validation outcomes and
recommendations for future libraries

38 pages

16
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« Global checks and new visualisation methods developed to
provide verification over the massive data-set

120 I 1 1 | I 1 1 I 100
: am 10!
Cross section @ 14 MeV i
100 B ..:'.=':.E :-':-— 7] 2
J S o
7=82 P = 3
| -" - 10 ~~
a 80 ~ - . -:zlﬁ B f
g - ()
2 - 4 10* =
& )
B i 1L 1.5 5
g ¥ 107 &
g Z=50 ke
6 @
= = 1 10 @
N 2
40 - o
= s 107 ©
7=28 | ==
SHET 108
20 = N=50 N=82 N=126 -
= 107
= N=28
0 ] ] ] ] ] ] ] ] 10-10
0 20 40 60 80 100 120 140 160 180

N (number of neutrons)
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« Trends (here in total) help find programming glitches after
various effects (shell, high-energy resolved resonances, etc.)
have been taken into account

ol
g |
7t
Z 6}
- 24
- 00y
=
B 4
2 =
w .
2 - ~A-|-I'|'i ......
£ 3r
()
2F T OSKNi TENDL-2014 total cross sections for Z < 8 -
osog. 8<Z<20 ©
. a1 W=7 <28
| - 287 <50 E
. 048, S50<7Z <82 .
82<7 *
0 | 2 4 | I 4 1
0 20 40 60 80 100 120 140 160 180

N (number of neutrons) 18



V&V: Global checks on nuclear data
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« Global checks and new visualisation methods developed to
provide verification over the massive data-set

10°

TENDL-2014 [401 Z > 83 (Bi)]
TENDL-2014 [2621 target nuclides]
TENDL-2014 [806 EAF subset]
el TENDL-2014 [250 stable]
10! F
Asymmetry
%) ol -
o 100F ;
3
i
10! F
120 T T T T T T T T 102
10 .
100 + :
10 10

1 1 1 L > L 2 L
0 0.05 0.1 0.15 02 0.25
IN-ZI/A (asymmetry parameter)

80

._.
oO

Ratio of (n,2p)/(n,p) 14 MeV cross sections

60

—

Z (number of protons)
S

Cross section ratio @ 14 MeV
(n,2p) dominates p-rich, not in
systematics

40

Y
<
)

20

107

0 20 40 60 80 100 120 140 160 180
N (number of neutrons)
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 Integral “effective “cross sections are inferred from post-
iIrradiation measurements such as gamma-decays or
calorimetric data

Beta Heat -
Gamma Heat ——
FNG Beta Heat
. FNG Gamma Heat T T T
LS Beta heat at EOlA-half for raxclide  # TENDL-2014 —_—
- Gamma heat at EOLA«hal f for nuclide + 2y . ENDE-B/VIL.1 - -
i JENDL-40 -~
S JEFF-32
- \Q" FNS 2000 Inconel-600 —_—
é“" value/t-half for nuclide +
=
-
= 1.OE-07 |
g
§ TN =
] =
2 2
N - 62
& 3 %,
~ =
" . 4 IOE-OS s s‘v +
10 100 1000 10000 100000
Time after irradiation (s)
. 100 1000 10000
Spectroscopic heat from ENEA i afier aditon 6

FNG campaign . _
Total heat calorimetric

measurements from JAEA
FNS campaign 20
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« The best approach is to use multiple experiments from
different systems, covering int. and diff. experiments

186\\' (ll.p) I?q;’ra ?U? TENDLI b =
v =
ettt
s | |
L8 F =r I et
K4
Lér cE3 LR A
1.40 < W
1.4 g §
o 1.2 %
CES104 8 ;-
1 azlo.s ml‘m
0.8 CE=070 .
t 0.71 K4
0.6 - > ‘Q‘, - \‘
o W o !scv
R o o o . .
}-w seor 207 23uem 0w e0r
K Energy (eV)
- - i
{ : -
j- i

g o

Spectrum >100 MeV Total heat FNS D-Be gamma exp 21
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1.2 -

CEA1.08 CETLI0
1.1 CES1.05
} 1.03

C/E

CE109 097
} Not all integrals..
0.8 - . .
| % Not all differentials..
BN S Y S are as reliable, so
I A e .
the importance of the

.
§ prTTry— covariances
Andreevl068tat -
~ Andreev1968A001tat =
Bormannl %6240t =
Bormannl %69 tot =
Brolleylrl 052 tat
| Cevolanil 92 tot
& Chatterjecl #6740t =
§’} Chatterjecl %69 b0t =
A Cohenl®56.at -
Crumptonl969.tat  »
Crikail 96500t -
Csikail9%67 0ot =
Cuzzocreal WE tot .
~F DeJurenl 960,00t
b Ercanl991.tat
— Fergusonl960.tot =
=" Forbesl95240t =
Fowlerl930uot =
= Ghanbari 19860t =
c Ghanbari 19864001 tot  +
= Gloverl9%62tot =
o & Gloverl962A001.00t »
v Grimeland1 965 tot
@ Grimeland 19654001 1ot
] .
=1
o
Q
Sl
3
& 7
é‘.} Ly (8
o
i
| L 1 1 L L 1 1 L
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« TENDL has outperformed all
libraries, including EAF,

40

which is funed to these TENDL2014 s
. 3 JENDL-4.0 (340 less than 0.1)
experiments! = | SR SR
g 25
« Legacy libraries miss § *
1/3 of the channels

—_ 1 -
E)=— Log (C/E;) .
Log(C/ n; og (C/E;)

« EAF mean = 0.850 while CIE values
TENDL = 0.993 — asymmetry
Implies underestimations

23
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Random walk uncertainty
FNS-00 5 Min. Irradiation - N1

1E-O1
FNS Experiment x
_ JEFF-3.3
43, JENDL-40
Ik ENDF/B-VII.] ———
_ TENDL-2015 ——
20
= Product Pathways T, Path % E/C
= Co62 Ni62(n,p)Co62 1.5m 99.8 0.90
- \ Co62m Ni62(n,p)Co62m 13.9m 100.0 0.89
5 1E-02 -+ missing path, but also metastable longer lived
3
5
T
1E‘O3 ' I ' I ' I ' I ' I
0 10 20 30 40 50 60

Time after irradiation [minutes]

24
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FNS-00 5 Min. Irradiation - Nb

When you do not account 1E02 FNS Experiment -
for isomer production E JENDLA40
channels £ o ENDF/B-VIL.I ———
A _ 5 TENDE2015—*—
§‘° 1E-03 { *™Nb
=
The responses are missed g
entirely !! 2
E L
FNS-00 5 Min. Irradiation - Ag 1E-05 - . - . - . - . - . -
1E+01 : 0 10 20 30 40 50 60
ENS EXJPEGIEIIIJH gnzt o Time after irradiation [minutes]
JENDL-4.0 -
ENDF/B-VII.1
. TENDL-2015 ———
2 Hunt for the isomers, the
2 1B 4 short lived...
o
Most are lost in seconds,
o minutes...
109m
1E-01 . . . . .
0 10 20 30 40 50 60

25
Time after irradiation [minutes]
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+ AGB stars forge elements above Fe through neutron capture
with kT=1-100keV, precisely in resonance ranges!

» Many experiments give data of use in benchmarking — subject of
report UKAEA-R(15)29

» |Left: microscopic o(E) and RR(E), Right: RR(kT) against exp. (Sn122)

102 T T T T T T T T 100 T T T A ]
TENDL-2014 kT=0 keV ----- TENDL-2014 - inter - - - |
kT=5 keV TENDL-2014 - maxwav -— -~ |
10! F kT=30 keV : E ENDF/B-VIIL.1 - maxwav -~ ]
kT=80 keVY ! | JENDL-4.0 - maxwav — — |
. o - :}E'h=1 I3E+06eV TENDL-2014 - FISPACT-II  x
~ 10° F | P T e —~ . _ KADOoNiS
= b b 2
g ES VR ERH! A (U
S 10 o~ : 1.8 "o — 4
9 ,: ~ X/ = cen ? — ~ . §
2 ) y 3 T -
& 2 'K : - “\“ ~~ T~
5 10 e RN
2 § TN,
f= 3 ) g’o Tl =~ Yo
8 107 & TN
g g 102 - \"'.‘Q,\ =]
--2-' 6 -, i - 1
10" i
107
10'6 -1 I0 ll 12 l3 |4 15 16 |7 10'3 A L 1 1
10 10 10 10 10 10 10 10 10 2 5 10 30 100
Energy (eV) Temperature (keV)
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kT= 30 keV Maxwellian
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New MACS for TENDL15

« Some nice improvements, adoption of data, for example:

Cel36 Erl66

10 " " T 107 " " " T ]
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JEFF-3.2 - maxwav — — — ] =~ JENDL-4.0 - maxwav — - — |
JEFF-3.3T1 - maxwav 1 RITTS JEFF-3.2 - maxwav — — —
A KADoNiS  + A I Y~ g JEFF-3.3T1 - maxwav ]
—~ — —~ ~ = 1
o) kT— 5 KeV ) 100 | ) "\: N o KADoNiS  + |
= X = ; —. "~ ]
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5 ST~ 3 N S
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o e ~< o S
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< Y. T = < : N ]
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New MACS for TENDL15
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« Some outstanding issues, questions to be addressed:

1. How much faith to place in these data?
2. What can be drawn, and how, from TENDL?

/r95

10 ' T - 107

SR N | TENDL-2014 - maxway - — -- [ ' ' ' 'IFEN]')L—2'014'1 - 'mélxwav c— ]
s \.\\\ TENDL-2015 - maxwav - - - H TENDL-2015 - maxwav - - - 1
I N ENDEF/B-VII.1 - maxwav ------ r ENDF/B-VIIL.1 - maxwav ------ 1
NN JENDL-4.0 - maxwav — - — I JENDL-4.0 - maxwav — - — ]
N \‘\\ JEFF-3.2 - maxwav — — — - JEFE-32 - maxwav — — — 1
A AN JEFF-3.3T1 - maxway . JEFF-3.3T1 - maxwav
= o KADONiS ~ + A : :
) NL e o 3 RN KADONiS ~ +
z Tl S < S
8 \\x ‘\ g \> - \Q\
8 I ~ Q ~ \*\~
¢ 1o S T : AR
& C ™. I~ 1% 2 L RN i
S [ ’ I\ ™ ~ g 10 SO
£ RN >~ ] > s\"'\
g w B - ~
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 About 20% of the channels are not in ENDF/B or JENDL or
JEFF although TENDL of course includes all

« TENDL based on intelligent ‘borrowing’ of best resonance
parameter descriptions + HFR so as good as legacy libraries

= TENDL-2014 =
JENDL-4.0 (68 targets missing) 0
ENDF/B-VIL1 (65 targets missing) | ]

0

Number of 30 keV MACS
7]
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<1/10 s "2 1 2 s =10 30
C/E values



(ALY

\N 60 Years New Verification: n-prod matrices PKA spectra

I A E A Atoms for Peace and Development

e PKAs in SiC under PWR conditions:
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* Primary knock-on atom (PKA) evaluations using TENDL and
SPECTRA-PKA’

* Necessary as input into materials modelling of radiation damage
creation and evolution
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e PKAs in different elements under PWR conditions:
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A FISPACT-II

P N

Documentation » Validation » Nuclear data »

Overview
FISPACT-II is an enhanced multiphysics, inventory and source-term code system providing a wide variety of advanced, predictive, Fl S P A CT “
spectral and temporal simulation methods employing the most up-to-date and complete nuclear data forms for both neutron and S P 3
charged-particle interactions. ' @

> P

FISPACT-II has been developed and is maintained by the United Kingdom Atomic Energy Authority at Culham. As a comprehensive,
modern object-oriented Fortran code, FISPACT-II fully processes all ENDF-6 nuclear data including the complete TENDL data with full
covariances files. This extends the physics up to GeV energy with all channels and incident/emitted particles. Code features include
self-shielding factors, broad temperature dependence, thin/thick target yields, robust pathway analysis, Monte-Carlo sensitivity and
uncertainty quantification and propagation using full covariance data.

The latest generation of processing codes PREPRO, NJOY and CALENDF are used to provide the user with the most sophisticated
incident-particle nuclear data from the TENDL-2015, ENDF/B.VII.1, JENDL-4.0, CENDL-3.1 and JEFF-3.2 international libraries, which
are complemented with the |atest decay and fission yield data, including the most recent GEFY-5.2 libraries. The maturity of modern,
technological nuclear data including TENDL and GEF provides truly comprehensive data for all simulation requirements. The result is a
multiphysics platform that can accommodate the needs of all nuclear applications including: activation, transmutation, depletion,
burn-up, decays, source definition, full inventories, dpa, kerma, primary damage (PKA) spectra, gas/radionuclide production and more.
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UK Atomic

ey FISPACT-II

Documentation » Validation » Nuclear data »

Documentation

The primary references for the FISPACT-II code are the user manual and the 2017 Nuclear Data Sheets paper:

The FISPACT-1l User Manual UKAEA-R(11)11 Issue 8 December 2016

FISPACT-II: An Advanced Simulation System for Activation, Transmutation and Material Modelling Nuclear Data Sheets 139 (2017) 77-137

Other publications are divided into the following sections with their own sub-pages:

Reports

These include the official verification and validation reports for FISPACT-Il and the nuclear data libraries it employs. Special attention is given to the general-purpose TENDL
libraries. The materials handbooks for a variety of systems are included with their supplemental reports including PKA spectra and other materials simulation input data.

Articles

A wide range of articles related to and including FISPACT-II are listed, which range from Nuclear Data Sheets to Fusion Engineering and Design and Nuclear Science and
Engineering. These include the various methods papers, studies produced using FISPACT-II and other research into nuclear observables, materials and nuclear data.
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Methods » Documentation » Validation » Nuclear data »

Reports

Verification and Validation Reports

Validation of FISPACT-II decay heat and inventory predictions for fission events CCFE-R(15)28

Probing experimental and systematic trends of the neutron-induced TENDL-2014 nuclear data library UKAEA-R(15)30

Maxwellian-averaged neutron-induced cross sections for kT=1 keV to 100 keV, KADoNIS, TENDL-2014, ENDF/B-VII.1 and JENDL-4.0u nuclear data libraries UKAEA-R(15)29
Integro-differential verification and validation, FISPACT-1I & TENDL-2014 nuclear data libraries CCFE-R(15)27

Decay heat validation, FISPACT-1l & TENDL-2014, JEFF-3.2, ENDF/B-VII.1 and JENDL-4.0 nuclear data libraries CCFE-R(15)25

Decay heat validation, FISPACT-1l & TENDL-2013,-2012 and EAF-2010 nuclear data libraries CCFE-R(14)21
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FISPACT-Il material handbooks

Handbook of activation, transmutation and radiation damage properties of the elements and of ITER materials simulated using FISPACT-1I & TENDL-2015; ITER FW armour
focus CCFE-R(16)37

Handbook of activation, transmutation and radiation damage properties of the elements simulated using FISPACT-1l & TENDL-2015; Magnetic Fusion Plants CCFE-R(16)36

Handbook of activation, transmutation and radiation damage properties of the elements simulated using FISPACT-1| & TENDL-2014; Magnetic Fusion Plants CCFE-R(15)26

Handbook of activation, transmutation and radiation damage properties of the elements simulated using FISPACT-1I & TENDL-2014; Nuclear Fission Plants (PWR focus)
UKAEA-R(15)31

Handbook of activation, transmutation and radiation damage properties of the elements simulated using FISPACT-1I & TENDL-2014; Nuclear Fission Plants (HFR focus)
UKAEA-R(15)32

Handbook of activation, transmutation and radiation damage properties of the elements simulated using FISPACT-1I & TENDL-2014; Nuclear Fission Plants (FBR focus)
UKAEA-R(15)33

Supplements

Decay datacomparisons for decay heat and inventory simulations of fission events CCFE-R(15)28_S1

Fission yield comparisons for decay heat and inventory simulations of fission events CCFE-R(15)28_S2

PKA distributions of the elements simulated using TENDL-2015; Magnetic Fusion Plants CCFE-R(16)36-supplement

PKA distributions of the elements simulated using TENDL-2014; PWR Nuclear Fission plants UKAEA-R(15)31-supplement

PKA distributions of the elements simulated using TENDL-2014; HFR Nuclear Fission plants UKAEA-R(15)32-supplement

PKA distributions of the elements simulated using TENDL-2014; FBR Nuclear Fission plants UKAEA-R(15)33-supplement
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ICTP Trieste Nuclear Data Workshop Oct 2-13 2017

The Joint ICTP-IAEA Workshop on the Evaluation of Nuclear Reaction Data for Applications will be held in Trieste, October 2-13 2017. There is no registration fee. The
deadline for applications ...

5th July 2017 / Michael Fleming / Nuclear Data, Training, Workshops
Workshop on TALYS/TENDL developments, 13-15 November 2017, Prague
FISPACT-II 3-20 available through OECD-NEA Data Bank
FISPACT-II 3-20-00 code release

FISPACT-II 3-00-00 available through ORNL RSICC

&
o UK Atomic = CCFE

Energy
Authority
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« All FISPACT-IlI V&V suites will be deployed again on the
forthcoming TENDL-2017, ENDF/B-VIII.0 and JEFF-3.3

 All integral relevant/pertinent information will also be
embedded, systematically mirrored (when applicable) in the
next generation of the T's codes

* Angular data, recoils, emitted particle spectra pose now the
next challenges

« Multi-faceted, multi-scale validation processes are also
needed

38



Nuclear Atomic Molecular Materi
is@mces NAMMS

Mater'ﬁo . |

P'J o Smence SRR et

Inven %w Y B T SRR T
Actlvatﬁon P:' T \ w g

» BIQE @ﬁ?‘v

Rzl (@ |
| 2 C(M

N __ N1 +h(}@aﬁ521\f (Q G”@)L

Transmutatlon
2 ' ’rﬁ. : ‘1‘_; s & o

dt o ng




