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What are nuclear data ? AN

The term "nuclear data” can have different meaning,

» dusty books, constants, mature field, code inputs,
» list, Schrodinger equation, unexciting...
» butthisis not! (I'm going to prove that)
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Are nuclear data important ? \

N3G

Better nuclear data can help for:

» safety margins, fuel storage,
» life-time extension,
> COSt I’edUCtion in deS|gn Of new SyStel”F Leistungszuwachs Augmentation de la puissance
. . it 1955 d is 1955
> ISOtOpe prOd UCtlon ] ;Zl(tr'sche Nettoleistung Puissance électrique nettee:elilcsentrales
. . der Kernkraftwerke weltweit nucléaires dans le monde
> Santy Of people (Shleldlng), von 1955 bis 2011 in Megawatt [MW) de 19553 2011 en mégawaltts[M':ij]
» waste transmutation,
400000 MW 373500 372000375500 374 100 374200,378000 371500
» development of future systems. S
Better nuclear data have a limited effect of oo
. 250000 MW
4 current reactor operatlon,
200000 MW
« current reactor safety,... —
« accident simulation, T
« proliferation, 50000 MW
. suw 1150 5260 [
| ChemObyl, TM I, Fu kUShIma. 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2006 2007 2008 2009 2010 2011
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What are nuclear data in this presentation ?

from 1H to 280Ds,

£VVVVV

and uncertainties.

foundherg.

from O to 20(0) MeV neutron induced,
Cross sections, particle emission,
angular and energy distributions,
decay data (half-lifesj-ray...), fission yields, neutron yields,

All these data are nicely condensed in files in ENDF-6 forrtteg (nanual can be

o [b]
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How to produce nuclear data ? \

N3G

Independently of the quality of the data, there are 2 waysddyrce them:
I = First solution: manual production

widely used for decades and up to 2100,

concerns all major libraries,

guestionable QA practices/(than the nuclear industry standards)
has produced very good data in the past and present,

we know less and less why.

N I O I N I

I’= Second solution: "computer-assisted” production

one word: "reproducibility”,

concerns only one library: TENDL,

much better QA,

spend your time on evaluation, and not on formatting, aseqb

N I O B

The world perception is changing and the second solutiomhsigread around. But
this is not the case yet.
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How to use nuclear data ?

\tle
In general, nuclear data are used by simulation codes: \

Transport Monte Carlo: MCNP, SERPENT, TRIPOLI ... (segefor details),
Transport deterministic: PARTSN, DRAGON, ATTILA ... (seerefor detalils),
High energy transport: GEANT4, FLUKA, MCNPX ...

Depletion: FISPACT, ORIGEN, DARWIN ...

Full core: PANTHER, SIMULATE...

Transient: SIMULATE, RELAP (sekerefor details),

and other...

s s s g

using some processing codes:

NJOY (USA LANL),
CALENDF (France CEA),
PREPRO (USA LLNL),
AMPX, PUFF (USA ORNL),
WIMS (UK), and many other.

\ 4

vVvyyvyy
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www.nrc.gov/about-nrc/regulatory/research/safetycodes.html

How to process nuclear data ? \

One of the most complicated job in nuclear data:

BASIC EVALUATED DATA FILE
(ENDF/B-1I¥, JENDL-2 etc.)

LINEAR
AMUL4 {Linearize ENDF/B data)
(if no &
in File 3)
b
RECENT

(Resonance reconstructiom)

L
FIXUF
(Correct ineconsistencies in point data)

SIGHAL
(Boppler broadening)

- L

REX1 REX2 REX3
(Multigrouping, (s.s.f in resolved ( s.e.f in unresolved
tansfer matrices resonance region) resondnce region) 1
etc.)

MULTIGRODP SET FROM 4 GIVEN BASIC DATA FILE l

r
LCAT
(Format conversion for compatibility with neutronle codes)

r
TOXIC
{Testing internal consistencies)

MULTICROUP
ne yas SET FOR

CORRECTIVE STEPS AT | HEUTEONIC
AFPROPRIATE LEVEL ANAYSISE AND
VALIDATION
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How to process nuclear data ? \

One of the most complicated job in nuclear data: \

BASIC EVALUATED DATA FILE
(ENDF/B-1I¥, JENDL-2 etc.)

==

NJOY

NSLINK

§ AMPX
J‘ CSAS4 MASTER ; SAS2H

BONAMI-S 1 NITAWL-II

KENO -Va
: SCALE

_.-1 XSDRNPM-S
Bold Venture 4™~
) ORIGEN-$
ANISN "“”’,'f:*‘
DORT .| coupLE
CITATION | | ORIGEN-S
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How to process nuclear data ? \

One of the most complicated job in nuclear data:

Group-wise
Evalnated Nuclear Evaluated Nuclear
Data Files Data File
GECCO Library
d ﬁlﬂ group
[ ‘E‘ Bt?ﬂ Eroups

GECCO-1.2

in ﬁl?ﬁﬁgnups

~:‘r ﬁ-x refersnce » file :

J : physical
: constanis
_CadTui
" SCALE W ;

.-+4 XSDRNPM-S

Bold Venture|4~~

_ ORIGEN-$
ANISN [+

somT b~ [ COUPLE

CITATION | [ ORIGEN-S
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How to process nuclear data ? \

One of the most complicated job in nuclear data:

Group-wise
Evalnated Nuclear Evaluated Nuclear
Data Files Diata File
B RTINS AT RITVE ﬂﬂ:m LII
| LAHET/HETC o i
i II 4 group
[ E l l ] IS groups
5 Genermtad heat in sngular, spatiel
spallation region and energetic
and their preducts dietribution of the neutron
and pheton sources ]19‘63 gronps

‘ !

P TE

refersnce » fle |
1

ENDFBMVI | MOY ischisie
spalistion TRANSM

l region
eross sections & MCNPLAC

and energy
deposition KERMA

IS¢
: poarer,

posrer distribution,
Ky

energy deposition,

Figure 2. Methodology employed for the simulations.
| [T A TS B R | " ’

; ¥
CITATION | [ ORIGEN-S
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How to process nuclear data ?

\
One of the most complicated job in nuclear data: ?\
Group-wise
Evalnated Nuclear Evsilusted Nuclear

Data Files Daita File

- m—— TECCO Library

LAHET/HETC

Hegoes: |

[ J. l Jips e

4 = CM“T“"‘Q"ZZ‘,F,,

RECONR ACER |

 S¢s T
: v

I HEATR | PURR |
- I. QASFR —* THERMR |
LT | 1 |
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How to process nuclear data ? \

One of the most complicated-iob-innucleardata
VITIPNIINJRARLNLS A I\URN T 1T T TAWINS AL WA A LA
Sources of basic nuclear data:
Neutron sources for various energies,
Evaluated Nu Measurements of naclear data
I}‘:t:m:‘............. Systematics |
) : Nuclear modeling HLCO Library
: Theory dalasannnnn
]ﬂ. /4 groups |
[ ] IS groups
BASIC
: EVALUATED Processing of &
A NUCLEAR DATA ENDF/B Files | groupe
£ : FILES: To Create
= - . - v i =1 |
N ENDF/B-VLS WIMS-D library e
JENDL-3.2 ai- i
JEF-2.2 E

| FEEDB&CK ............................. i. ot
+ D
;3*31 XnWlup
: H WIMS-D libraries
For thermal =
reactors
697172 proups
HANDBOOK OF WIMS-D
CROSS SECTIONS
P ~1t: | ANALYSES OF SELECTED EXPERIMENTAL AND [
<41 CALCULATIONAL BENCHMARKS
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How to process nuclear data ? \

One of the most complicated iob-inh nucleardata
VITIPNIINJRARLNLS A I\URN T 1T T TAWINS AL WA A LA
Sources of basic nuclear data:
= Neutron sources for various energies.
Evaluated MNu Measurements of nuclear data
Dain l‘.. Systematics |
e Nuclear modeling "MECO Libravy
H Theory Y e P e Y
i ]ﬂ. 14 groupe ;
[ E ]t?ﬂ Eroups i
== ~ |
i Pl | MICBURN-3 CASMO-3 i
V. Pin Cell Code Fuel Assembly Code J:g;;.:.-.q:.t:
B = | Two-group cross seciion ohbace w file ;
( ; TABLES-3 1N
= | Processing Code
J : i Bimary files cross section
TABLES-3
: Linkage Interface :I
1 ,
: : SIMULATE-3
Core Simulation code
3-[2 eross section
N
SLICK
_ Frocessing Code
A hed '* 1-D cross section library —
. L
Meutronic cross

sectin data D. Rochman — 8 / 34




How to process nuclear data ? \

One of the most complicated-iob-in nhuclear data:

Sources of basic nuclear data:
Neutron sources for various energies,
Elfﬂllilttili! Measurements of naclear data
D‘:t:w:* . Systematics 1.
v Nuclear modeling BECO Library
H Theory Y e P e Y

]ﬂ: /4 groups

[ E ] IS groups

: MICBURN-3 CASMO-3
Pi-CeH-Code Eael-AssemblrCode 3 s

Processing steps

[ * NJOY-99.364+ > PREPRO-2010+ + CALENDF-2010

| I g — moder e linear « calendf
J . - recont - recent * regroutp
— broadr . * lecritp
: « sigma’
: — unresr _ . ...
1 — heatr * sixpack
: — gaspr activate

* groupr * dictin
* acer groupie

=T | sccre ] a

R e

section data
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How to process nuclear data ? \

One of the most complicated-iob-in nhuclear data:

Sources of basic nuclear data:
Neutron sources for various energies,
Evaluated Measurements of naclear data
n:i:w ‘.. Systematics -
: Nuclear modeling BECO Library
e : Theory loseiiiininigy
[ | JENDL- i
i 52 |
| : -
! MI('EI,.
zr-’ E NIOY-AJAX
L =
e
|: : . ViCroup X5 Liboau '_n.'l
= : AMPX Master furm
b' e AR
I sy
J SCALE-4 dof g
—T—-l : . . ) .
_'_-_-LE-_"'-\...,_.- ; "\-.LuLmu. J “aterink CHFUEL
| Effective Tiliroup "-'|"|"':'-|:ﬂ-"rfI Conp,
- S¢ : XS (ISOTXS form) -
- : e - =
— Barnug nixl 5
BURNER Decay Choin Dakn
T t’rn-,-. section, ‘Spm,hnm
- ATRAS Unlity
e ]

CINDE HIT

e, - gCCFE

1 P R e 1 1

section data
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How to process nuclear data ?

One of the most complicated-iob-in nhuclear data:

T Uncertainty analysis

- madified CASMO-4
Y added

Sources of basic nuclear data:
= Neutron sources for various energies.
Evaluated MNu Measurements of nuclear data
D‘:t:wﬂl*............ Systemafics |
) : Nuclear modeling ‘E%C‘D Library
= : Theary =
[ Resonance calculation
i = ] = 70 groups
E Macroscopic cross-sections | . nuclide-specific cross-sections
: r = stored for sensitivity analysis
| ML E,
" / : i HI’_ | Micro group calculation
é-é PR Ju----‘u----l.l -
H ! ]
"_ : 5.' Condense to macro groups |
: R STy SRR, i :
L[] | o] [y [ i -2010
j‘ % Macro group calculation !
5 i TR :
= 40 groups
: Condense to 2D groups | . including nuclide-specific
: cross-Ssections
2 =
st I 2D transport calculation | ° adjoint calculation
5 I - =
| Sensitivity analysis B stondard casmo-4
| = # =

ATRAS Unhty

CINUT IS

1 P R e 1 1

section data
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How to process nuclear data ? \

One of the most complicated job-inhuclear data:
Sources of basic nuclear data:
Neutron sources for various energies,

Evaluated Nu Measurements of nuclear data
Dt [‘.. S}'E'IEITIItifS
e

—Mctear-mrodeting

Ma
| e
‘ MICE
P "r_ | M
F ey
SR ‘ i__;ﬂ;G;L ATTERING LAW DATA
i }
J CI‘HIN'I'WIHI— DATA )
I
GROUPR
50 I l i
:_ »( 69.GROUP WIMS I.IRR.—'\R‘D
L i Iysi .
j neertainty analysis B odded
N ATRAS Utility
-------- 4 | =CCFE - &

section data
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How to process nuclear data ? \

Sources of basic :lul:]ear data
E Never overlook the processing step(s),
[ same data can lead to different results
T = RECONR
£ pir Hr{” BROADR
4 i =] |
"‘ ;IECG ¥ UNRESR .
— # * _\E_—;ﬂ;GFL'KFJ'HRING]..-";'ﬂn-'l‘.l.-*il'.-'n THERMR 10
: Lt
J |_c (I‘HINTW'IHI- 12 TA )
ésm I l i
| + »( 69-GROUP WIMS I.IRR.—'\R‘D
j Uncertainty analysis B added

section data

D. Rochman -8/ 34




Nuclear data libraries of today ﬁ\c

Evaluation Quality

P
) —6i—=
235238\ )_239241p

other important actinides, H, O
Structure materials

) Important fission products, minor actinides

) Long lived fission products (FP)

.
.
.
.
.
.
I I o o o ° I

101 10° 10t 10° 104

Evaluation Time (days)
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|

Nuclear data libraries of today

NDL-2011
TENDL-2010

ENDF/B-VII.O ENDF/B-VIl.1
4001 V TENDL-2008 AT
ENDF/B-VI (. /
300 — JEF-2.2
E)
o |
2 200 JENDL-3
100 ENDF/B-|
ENDF/B1
0 | N
1960 1975 1990 2005 2020
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Quality of nuclear data libraries

How to judge the quality of nuclear data ?

07 compare with microscopic measurements,
CJ compare with integral measurements,

clean integral experiments, \ \
depends on the processing, simulation codes, o e
are adjustments allowed ? &0y gl ]
IS that consistent with microscopic measurements : '

» » » »
e P by 0y

consistency of the library,
processability,

completeness, _
and covariances. 20

BEER

Cross Section (barns)

° m—-11/34



TMC: Total Monte Carlo AN

Uncertainty
propagation

TMC

® Started in 2008

® Many publications

® Applied to crit-saf and shielding benchmarks, react@g(Bes, void, Doppler),
burn-up inventory, radiotoxicity

® Still a controversial method

D. Rochman—-12/34



Backbone of our methodology: REPRODUCIBILITY \

NG
Our mission: Improve nuclear simulatiops

TALYS
nuclear code

T6 software
package

Library Original nuclear data
cloning and — library TENDL
complement + covariances

Uncertainty
propagation
(fast) TMC

Optimum
Search and find
(Petten Method)
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TMC: Motivations for a change \

N3G

Usual procedures in uncertainty propagation imply:

(1 rigid format, fixed libraries of cross sections, simplifioatof covariances,
[1 need for processing, sensitivity and perturbation codesimscheme,
[1 necessity of linearizing inherently nonlinear relatiopshand so on. ..
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N3G

Usual procedures in uncertainty propagation imply:

(1 rigid format, fixed libraries of cross sections, simplifioatof covariances,
[1 need for processing, sensitivity and perturbation codesimscheme,
[1 necessity of linearizing inherently nonlinear relatiopshand so on. ..

" “Researchers should cease trying to be clever in devisifigeeents to old
methods that were developed when computational resoueesiimited.
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TMC: Motivations for a change \

N3G

Usual procedures in uncertainty propagation imply:

(1 rigid format, fixed libraries of cross sections, simplifioatof covariances,
[1 need for processing, sensitivity and perturbation codesimscheme,
[1 necessity of linearizing inherently nonlinear relatiopshand so on. ..

" “Researchers should cease trying to be clever in devisifigeeents to old
methods that were developed when computational resoueesiimited.
Instead, their creative instincts should be redirectedniteashing the full

potential of computers fasrute force analysis”

D. Smith, Santa Fe 2004

—> Most straightforward way: Total Monte Carlo Approach !
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Total Monte Carlo Approach \

[1 Stable Nuclear reaction cod&LYS
[1 Talys input parameters + uncertainties
[1 Resonance parameters + uncertainties

-

Produce .WOO ]random,

complete ENDF-6 files per isotope

D. Rochman —-15/34



We are proposing a conceptual revolution

Experiments
integral, differential)

> Evaluation 1

\
N3G

Benchmarks
(MCNP, Perturbation)

A

>
>

(uncertaintiggjgg>

Evaluation 2

Y

Formatting

Processing
(NJOY)

A

Library
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We are proposing a conceptual revolution

Experiments
integral, Hifferential)

Y;% Evaluation

(basic quantities + uncertainties)

Benchmarks

> Evaluation 1

\
N3G

(MCNP, Perturbation)

A

>
=

(uncertaintiggg>

Evaluation 2

Y

Formatting

Processing
(NJOY)

A

Library
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=" ~5
We are proposing a conceptual revol-ufon e
“ \ N\G
% Experime’nt?r -~ Evaluation 1 > Evaluat‘lon 2
integral ifferential): ities (uncertaintig@é- \‘
1 '
1 '
l Y
I Formattin?g]
|
: 4 |
Y;% Evaluation (.(\ :
(basic quantities + uncertaintigs) Py
1
: Chec :
] I
| I
I !
I [
i - ¥
Benchma‘lrk:< Processing< Libra;ﬁll—‘
(MCNP, Perturbation)® (NJOY) 'I'
~\~ ,l
~
S ’¢'
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New (and most simple) path \

5000 random Talys parameter sets 5000
random resonance parameter sets

Y Y
Average to get full 5000 random ENDF-6 files
covariance matrix NJOY — 5000 ACE files
MF-32,33,34 5000 MCNP calcs for the same cas

Other groups have developed variants: AREVA (NUDUNA), GRSIUSA),
CIEMAT (ACAB) and PSI, based on covariance files.

_ No covariances for fission yields, thermal scattering, geefission products,
" branching ratios, DDXy-production ...
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TMC: procedure for the random file production \

AutoTalys
l TASMAN l
n TANES n TALYS n TARES n TAFIS
input files input files input files input files
\
TANES TALYS TARES TAFIS
; ( B 7
n Fission n TALYS n Resonance n v-bar

Parameters
output files

Neutron Spect.
output files

| N, 7

TEFAL

output files output files

ENDF
random files

_|_

covariances

1 ENDF file
nx




TMC: Total Monte Carlo AN

Control of nuclear data (TALYS)
+ simple processing (NJOY)
+ system simulation (MCNP/ERANOS/CASMO..))

For each random ENDF file, the benchmark calculation is peréa with MCNP. At
the end of than calculationsn different k.t values are obtained. In the obtained

probability distribution of kg, the standard deviatianmtq reflects two different

2 2 2
effects 'Gtotal — O-statistics"l_ O-nuclear data

40 F hst1-1 (*3°U)

30 r

20 r

10 |

-4 ~q
——————

0.993 0996  0.999  1.002
keg value D. Rochman — 19/ 34
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Hands on

*1000 % (Talys + ENDF + NJOY + MCNP) calculations”

\

1000

Number of counts/bins

(n,2n) n=1 101
201
5 5
dtarget g g 10-2
l o | 2 157} =
: 'y 3
: -
= 1.0r = 10
Acompound  © o
—eo—
05 ! ! 10—4 ! ! ! !
10 15 20 200 400 600 800
Ay Incident Energy (MeV) Incident Energy (eV)
F—e—
Ly TALYS MCNP
—o— >
L Fn |
I ® 1
S - - -
2.4 ¢
(n,el) n=1 —~ 106 (n,xn) n=1
2.0t <
<
<
ey
<
~
=
<)
~
o
I =
|E, =500 keV |

N3G

0.I99 1.I00 1.61 1.02 1.03 1.04

kg value
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\
(n,l2n) n=2 10! I(n,'y)l =2 \
2.0r
5 5
dtarget g 2 ol
I arg‘e I % L5l % 102
¢ ol £ 1
Acompound  © L0 o
o——
0.5 - ' 10— ' ' '
10 15 20 200 400 600 800 1000
Ay Incident Energy (MeV) Incident Energy (eV) 10
2 8t
o
r, £
TALYS MCNP _ :
3 g4l
r £
n 2 2t
N I N B
0.99 1.00 1.01 1.02 1.03 1.04
F’Y kg value
| ‘ | i i i i
: bo24F
(n,el) n =2 ~ 106t (n,xn) n =2
2.0t <
%
£
2
=
D
i o)
T E, = 500 keV |
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\
(n,l2n) | n=3 107! I <n77> \
2.0r
5 5
Atarget g g 1072
F—e—— £ 9] g
£ ol t 1
Acompound  © L0 o
—e—
0.5 - ' 10— ' ' '
10 15 20 200 400 600 800 1000
Ay Incident Energy (MeV) Incident Energy (eV) 10
—o— E
S sy
rv é 6 L
TALYS MCNP _ :
3l
r £
n 2 2t
N IR N R
0.99 1.00 1.01 1.02 1.03 1.04
F’Y kg value
i =@ I 2.4 ' ' ' '
(n,el) n=3 ~ 106t (n,xn) n=3
2.0 <
%
£
2
2
0
=
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\
(H,IQH) =4 107! I(n,v)l =4 \
2.0r
5 5
I a:arget }'4%1.5' g 10-2
¢ ol £ 1
Acompound  © L0 o
o——
0.5 - ' 10— ' ' '
10 15 20 200 400 600 800 1000
Ay Incident Energy (MeV) Incident Energy (eV) 10
2 8t
o
r, ER|
TALYS MCNP _ :
3l
r £
n 2 21
N IR N
0.99 1.00 1.01 1.02 1.03 1.04
F’Y kg value
| . | i i i i i
! bo24f
(m,el) n—d | _ 100t (nxm) n =4
2.0 Z
%
£
2
=
D
i o)
|E, =500 keV |
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Hands on

*1000 % (Talys + ENDF + NJOY + MCNP) calculations”

\

1000

Number of counts/bins

(Il,211) n=>= 101
201
5 5
dtarget g g 10-2
| - | § 1.5F s
: -
= 1.0r = 10
Acompound  © o
—o——
05 ! ! 10—4 ! ! ! !
10 15 20 200 400 600 800
Ay Incident Energy (MeV) Incident Energy (eV)
F——e—
Lo TALYS MCNP
— >
I
—o— I
I ny |
I - ' 1 24 C T T T
(n,el) n=>5| - 10° (n,xn) n=>5
2.0 k <
>
<
<
ey
<
~
=
<)
~
o
I =
|E, =500 keV |

N3G
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kg value
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Hands on

*1000 % (Talys + ENDF + NJOY + MCNP) calculations”

\

1000

Number of counts/bins

(n,2n) n==6 101
2.0r
5 5
Atarget g g 1072
| ‘® | § 1.5F §
: 2 s
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10 15 20 200 400 600 800
Ay Incident Energy (MeV) Incident Energy (eV)
—e&——1
Lo TALYS MCNP
——e- -
I Fn |
I L= 1
I ny |
! =@ o24F ' ' '
(n,el) n==6 | —~ 10° (n,xn) n==6
2.0k <
o)
<
ey
<
~
=
<
~
N
I =
|E, =500 keV |

N3G

0.99 1.00 1.01 1.02 1.03 1.04
kg value

D. Rochman —20/34



Hands on

*1000 % (Talys + ENDF + NJOY + MCNP) calculations”

\

1000

Number of counts/bins

(Il,211) n="1 101
201
5 5
dtarget g g 10-2
I @ I = 151 =
) o o
Z 2 s
= 10} = 10
Acompound  © o
—eo—
05 ! ! 10—4 ! ! ! !
10 15 20 200 400 600 800
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—&—
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‘_@‘_| >
I Fn |
I o 1
I ny |
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=
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\
(n.2n) n=8 10! \
2.0}
5 5
Acompound S 07 S v
—e—
0.5 - : 10-1— ' ' '
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
< 8r
Iy TALYS MCNP ‘ Kl
} 5 4l
&
S U £ 2
R I 1 |
O 0.99 1.00 1.01 1.02 1.03 1.04
F’Y kg value
I “O—1 1 ' ' ' R '
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations”

\

1000

(n,2n) n=9 101
201
5 5
dtarget g g 10-2
l | 2 157} =
=z :
: -
= 1.0r = 10
Acompound  © o
05 ! ! 10—4 ! ! ! !
10 15 20 200 400 600 800
Ay Incident Energy (MeV) Incident Energy (eV)
Ly TALYS MCNP
H—| =
I ITU |
I 0 1
F’Y
I_._@—| T T
2.4
(n,el) n=9 | —~ 10° (n,xn) n=09
2.0 & & A
> \
2
<
ey
<
~
=
<)
f ©
o K 6, — 61 deg
0.4

E, =500 keV |

E”. = 5;2 M«;V

Number of counts/bins

v 0.99 1.00 1.01 1.02 1.03 1.04

kg value

N3G
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations”

\

(n,2n) n =10 10!
201
5 5
dtarget g g 10-2
I @ I = 151 =
_/ 8 8
: -
= 1.0r = 10
Acompound  © o
—eo—
05 ! ! 10—4 ! ! ! !
10 15 20 200 400 600 800 1000
Ay Incident Energy (MeV) Incident Energy (eV)
Lo TALYS MCNP
|—.5‘—| >
I FTL |
I ®- 1
I ny |
: o bo24 ' '
(n,el) n=101| — 107 (n,xn) n =10
2.0 k Z A
;{ N
<
ey
-
~
=
o
f ©
F——e— % 0, = 61 deg
0.4

E, =500 keV |

E”. = 5;2 M«;V

Number of counts/bins

L 1

v 0.99 1.00 1.01 1.02 1.03 1.04

kg value

N3G
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\
107t \
2.0r
5 5
} ata?%et }'4%1-5' g 10-2
¢ ol t 1
Acompound  © L0 o
0.5 10— ' ' '
200 400 600 800 1000
Ay Incident Energy (MeV) Incident Energy (eV) 10
£ 8y
rv g 6 L
5 TALYS MCNP _ :
3 g4l
r £
: | > 2
ol LI e
0.99 1.00 1.01 1.02 1.03 1.04
F’Y kg value
' —@ ' . . . . .
! i bo24F
(n,el) n=15| —~ 107 (n,xn) n =15
2.0 k <
%
5
2
=
D
o)

0, = 61 deg
E, =52MeV

“IE, =500 keV .
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I *—
Acompound _ 9
F——e— n =
Ay 10 : : : :
—e— 2 keg = 1.01451 4= 703 pcm
=i
=
Iy TALYS MCNP = 6
lo— - )
5 4l
E
| ® Fn | g 2t
I | Z h
R ATTTTE TR
0.99 1.00 1.01 1.02 1.03 1.04
FV kg value
I ® I
I *—
H———
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
F———0—

Acompound

n =25

Ay 10 : ; : :
keg = 1.01403 £ 696 pcm

Ly TALYS MCNP

Y
Number of counts/bins

| kb

099 1.00 1.01 1.02 1.03 1.04
FV kg value
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I 00—
Acompound _ a9
Ho—— n =
Ay 10 : ; : :
H—o—— z keg = 1.01395 + 678 pcm
£ s
=
Iy TALYS MCNP = 6
——e > )
5l
z
— = 2 \
| - Y
RN (T8 BT
0.99 1.00 1.01 1.02 1.03 1.04
Fv keg value
| . |
| 1
I @ I
—e&—1
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I *—
Acompound A0
Ho—— n =
Ay 10 . ; : :
F—eo—— a keg = 1.01337 £ 712 pcm
£ s
=
Iy TALYS MCNP = 6
——o > )
S g4t
z
» b = 2f |
' N
RN BT
0.99 100 101 1.02 1.03 1.04
Fv keg value
I ——]
I = I
F—e&—
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
—eo—
Acompound 60
—eo—— n =
Ay 10 . : : :
—eo— 2 ke = 1.01429 4 676 pcm
=i
g
Iy TALYS MCNP = 6
H—o— > o
T4t
z
—— =Ltk
I ® 1 Z.
RIEY! L
0.99 1.00 101 1.02 1.03 1.04
FV kg value
e I
I ‘@ I
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
e I
Acompound _ 100
H—eo—— n =
Ay 10 : ; : :
—e&— g keg = 1.01358 £ 693 pcm
£ 8y
=
Ty TALYS MCNP S 6
F—o— _ S
5 4l
z
I Fn | g 2L
I = | Z.
0 - e B
0.99 1.00 1.01 1.02 1.03 1.04
FV kg value
I o I
I ® I
H———
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I o—
dcompound
P n = 200
Ay 10 : : : :
F———— z ke = 1.01306 £ 766 pcm
2 sf
=
Iy TALYS MCNP = 6
—eo— - )
5 4l
g
Fn g 2'
H————]
Z .|
0 b e
099 1.00 1.01 1.02 1.03 1.04
FV kg value
I o—
I —@ I
H—eo—

D. Rochman —20/34



Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I @ I
dcompound
— e n = 300
Ay 10 : : : :
—e— a ke = 1.01304 4 743 pcm
2 sf
=
Iy TALYS MCNP = 6
—o— - o
5 4l
g
Fn g 2 B
He——
. .
O e N b T
099 1.00 1.01 1.02 1.03 1.04
FV kg value
I @ I
I *—
—eo—
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

atarget
—e I

Acompound

TALYS

MCNP

\

25

Number of counts/bins

N3G

n = 400

20r

15r

10r

O - -
0.99 1.00 1.01 1.02 1.03 1.04

ket = 1.01355 + 769 pem

keg value
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I @ I
Acompound
—o—
n = 600
Ay 25 . : : :
—e&— z ke = 1.01372 £ 745 pcm
£ 20r
=
Ty TALYS MCNP S 15}
F—e+ 8
. 2 o)
£
L Fn | g ot
| . 1 Z ‘
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FV kg value
I ——]
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I —0—|
Acompound
F—e—
n = 800
Ay 25 . : : :
FH@——— E keg = 1.01363 + 744 pcm
£ 20r
=
Ty TALYS MCNP S 15}
*— 8
. 2 o)
£
L Fn | g ot
| .:> 1 Z
0.99 1.00 1.01 1.02 1.03 1.04
FV keg value
I ——]
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F——e—
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Hands on “1000 x (Talys + ENDF + NJOY + MCNP) calculations” N\

N3G

atarget
I —0—
Acompound
F—e—
n = 800
Ay 25 —
o—— | E ke = 1.01363(% 744 pym
2 20t
Iy E 15t
TALYS MCNP ] =
S 10
T 2
n g L
—e— z >
0 -0 14
0.99 1.00 1.01 1.02 1.03 1.04
FV kg value
I ——|
I *—|
Statistical uncertainty ~ 68 pcm
——0— —> uncertainty due to nuclear data ~ 740 pcm
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Examples with ®3Cu(n,2n) and °>Cu(n,el) \
1.0 — . . . 1.0 — . . . \
%3Cu(n,2n) n=1 %3Cu(n,2n) n = 100
0.8 o 0.8} A
= =
306} 306}
w 0.4 w 0.4r
“ o2} “ 02t
00 < 1 1 1 1 OO < 1 1 1 1
12 14 16 18 20 12 14 16 18 20
Incident Energy (MeV) Incident Energy (MeV)
101 T T T T T T 20 T T T
%Cu(n,el) (n=100) Cu(nel) E, =8 MeV
151 cos(f) = —0.41
= 10 E, =8 MeV Mean = 22 mb/Sr
w0 k= .
= 2 Sigma = 4 mb/Sr
g é 10 Skewness = 0.33
< 10t 3
S O
3
5 L
107 HM )
1 1 1 1 1 1 O HM 1 |H H MMH ” 1
-1.0 -0.7 -04 -0.1 0.2 0.5 0.8 0.01 0.02 0.03 0.04 0.05
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Nuclear data: examples on (n,2n) cross sections

“n
= 600
<
o)
B
— 400
o
-4:1
O
«b)
2 900
7
@)
—
O
0
3
)
S
—
oo}
2 9
S
@)
04:1
(&)
(<D}
% 1
7
o
—
O
0

100 random #**Pu(n,2n)
This work ——
ENDF/B-VIL0
o Exp. s

15
Incident neutron energy (MeV)

20

100 randolm,Q?’QTh(ri,Qn)

— N

ENDF /B-VILO

1 EXp 1
5 10 15
Incident neutron energy (MeV)

20

Cross section (mbarns)

Cross section (mbarns)

1200

800

400

600

400

200

100 random 235U (n,2n)

This work ——
ENDF/B-VII.O
Y Exp. =

) 10 15
Incident neutron energy (MeV)

20

100 random **'Am(n,2n)
__ This work ——

o 10 15
Incident neutron energy (MeV)

20
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Nuclear data: examples in the resonance region

B 50 random 235U(n,f)
=
2 10
|
S
.4,3
Q
D]
wn
% This wor
8 101 + ENDF/B-VIIL.0O
@) EFF-3.1 ----
0.1 0.4 1.0 5.0
Incident neutron energy (eV)
v | 241
o 50 random “*Pu(n,f)
=
= "
£ 10° f : |
e
@]
%
S 102 Fx )
m .
N This work -
3 ENDF /B-VILQ -
= EFF-3.1 ---.
© 10!t
102 101 100

Incident neutron energy (eV)
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TMC Where can we apply it and examples with Pb isotopes \

Monte Carlo codes (MCNP, Tripoli), Deterministic codes RO, WIMSN\
Quantities: criticality, flux ( + all from SG-26), shieldirand fusion
Virtually all quantities due to cross sections, fissiongsldecay data, thermal

scattering...

I I
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TMC Where can we apply it and examples with Pb isotopes \

Monte Carlo codes (MCNP, Tripoli), Deterministic codes RO, WIMS!\I\

[]

[1 Quantities: criticality, flux ( + all from SG-26), shieldiraqnd fusion

(1 Virtually all quantities due to cross sections, fissiongssldecay data, thermal
scattering...

O 204-208pp evaluations (NIM A589 (2008) 85)3000 random ENDF files

[1 Applied onkef andess for criticality benchmarks (LCT-10 and HMF-64) and to
ADS and LFR
’ a 208Ph(n

= 204ph(n,inl) =, ()

5 ° g

é § 1073

S ST / -

1072 '

0 5 10 15 20 65 70 80 90
Incident Energy (MeV) Incident Energy (keV)
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TMC Examples with Pb isotopes

240
o)
>y
= 30
-
3
- 20
)
o)
= 10
z

0

i Thlermal cm’ticclzlity benchmiark i
LCT10-1
1.00 1.01 1.02
ke value

1.019r

Updated keg

1.011F

1.017F &
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< ke >
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200 400

e
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W
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—_ MO
(>} (@}

)

1400

’
.l

Lead Fas;f Reactor

1

Kett = 1.01028+(60 pcm and 212 pcm) k = 1.00894+

1.00

1.01 1.02

ko value

(60 pcm and 240 pcm)

% 1300F < o>
B )
£ 1200
5 ¥
+ -
T 1100k -
O 3
o i%‘ﬁf MW«M
P i \%ﬁ S N 'w
"8 1000 \\%@\vf T
f@ X
= 900 f
-
500 0 260 460 S 0 '00 12'
1) Rochman =25 / 34




TMC Examples with Pb isotopes \

(é 50 | Fast criticality benchmark ] E 50 L Accelerator Driven System -

2 10 HMF64-1 =2

ER| | ER '

s 30 . S 30t .

- 20} : - 20 | ]

2 2

= 10 . = 10 t .

z z

O | | O |
099 1.01 1.02 1.04 1.05 0.96 0.97 0.98
keg value keg value
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TMC Examples with Pb isotopes \

(é 50 | Fast criticality benchmark i E 50 L Accelerator Driven System .
=2 HMF64-1 =2
w40 - i )
E il |
3 30} 1 S 30 | .
- 20 ¢ — - 20 | -
() O
Q Q
= 10 . g 10 -
z z

0 0

0.99 1.01 1.02 1.04 1.05 0.96 0.97 0.98
keg value keg value
Better fit with the ‘Extreme Value Theotyor EVT:
.. _ /

F(2) =e 2 ¢ withz= XT“ Meanp' = p+yo

o, n
Standard Deviation’ = o 75

D. Rochman — 26 /34




TMC Examples with Pb isotopes

c 50 Fast crlz'tz'calz'tglj benchmark | 2 0
< 40 HMF64-1 ]
g i i § 40
s Uy 1 S 30
g 20 | ] 3; -
= 10 | = 10
2 2

0 0

009 101 1.02 104 1.05
k.g value
Better fit with the ‘Extreme Value Theotyor EVT:

7z ez . _ X—p
F(2) =e%° withz= =7~

I Accelerator Driven System .

0.96 0.97 0.98

ko value

Meany = pu+yo
Standard Deviatiog’ = 0%

HMF-64.1 ADS
Keff 1.00848 0.96648
1'=1.01394 /=0.96785
Ok x 10° 855 291
0’'=1097 0'=345
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Fast Total Monte Carlo methods AN

6 In TMC:

~If we can do a calculatiomnceg we can also do
it a 1000times, each time with a varying data library.
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Well, then uncertainty propagation with TMC take300longer than a single
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Fast Total Monte Carlo methods AN

6 In TMC:

~If we can do a calculatiomnceg we can also do
it a 1000times, each time with a varying data library.

Well, then uncertainty propagation with TMC take300longer than a single
calculation...
There is a solution with Monte Carlo codes (in fact 2 solugon

[1 GRS method,
[1 and fast TMC.
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Fast Total Monte Carlo: GRS method

\
N3G

TMC GRS method
neutron run seed Nuclear Observed neutron run seed Nuclear Observed
histories time data histories time data

run 1 m T S ND; Ky m/n T/n S ND; k3
run 2 m T ) ND» ko m/n T/n S ND> k3
run n m T 0 ND,, Kn m/n T/n 0 ND, k?
subTotal ke + o}
runn+1 m/n T/n ] ND1 k3
runn+-2 m/n T/n ] ND» K3
run 2n m/n T/n S1 ND, Ko
subTotal m T k° +05
Total m nT k+op 2xm 2T 0},0%
Method 0% — cygtatistics—i_ Gﬁucl.data Gﬁucl.data — COV(kO, k.) — COI‘I‘(kO, k.) * Oi * 03

GRS methodif two output variables® andk® are identically distributed and

conditionally independent given the vector of epistemjauirND, then their
. covariance co\,k*) is equal to the variance of the conditional expectation.
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Fast Total Monte Carlo: GRS method

106 T T T T T
imf1-1 Criticality benchmarks (random #*U)
imfl-1 GRS method

1.04 b - 7

1.02 | ) T L] X
— ;) =
$= ==
% Lk
5
~4 7 =

0.98 |- e S

f ; i i ﬁ‘
‘ ‘ i ‘.ﬂﬂ - 1
0.96 | H% :
2 x 500 short runs
094 1 1 1 1 1
0.94 0.96 0.98 1.00 1.02 1.04 1.06
ko seed 2

Onucl.data = 1/ COV(k1, k2) = \/ corr(ky, k) X 010

= /0.48 x 0.0110 x 0.0112
=770 pcm

keff

AN
NG

1.06 . . . .
imf1-1 Criticality benchmarks (random ?*U)
imfl-1 TMC method
1.04 |
1.02 | . .
‘1 .! . . " . iy . x . )
E‘ii . i;i-.!i . :i L _— i;:' . -lhl: ll: : !iiill i‘i III!‘ x i[{i il! l!i
1 = .%fi;: 'ii". - i}“_r_ L l-iil- . x I:.ii_ ’i'i'-i:-'.!‘ . i;“n‘i'!?
. =L.i ¥ .lf i 'z - ; H : n §m {' i"r !‘ llihl'l! : L ﬁ.ll li‘
I!ii: i.liii - 'fé'ﬂili B i‘; l‘jl, ™ !;'1‘{‘! - l! il -:‘-! o
. % . F ¥ - x " Il LI
0.98 +°F v * '
0.96 - 1 x 500 long runs
094 1 1 1 1
1000 1100 1200 1300 1400 1500
run number
_ 2 5
Onucl.data = 01 — Ogtat

= /0.0805% — 0.000672
= 802 pcm
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Fast Total Monte Carlo: NRG method

\
N3G

TMC NRG fast TMC
neutron run seed Nuclear Observed neutron run seed Nuclear Observed
histories time data histories time data

run 1 m T S ND; Ky m/n T/n S1 ND; ki

run 2 m T ) ND» ko m/n T/n S ND> K>

run n m T 0 ND,, Kn m/n T/n Sh ND, K
subTotal k* + 01
runn—+1 m/n T/n S'1 NDg K1
runn-+2 m/n T/n S’y NDg K5

run 2n m/n T/n S’y NDg K’
subTotal m T k' + o5

Total m nT k+ 01 2xm 2T 01,02
Method O% — ogtatistics"' 0%ucl.data 0% — 0% + 0%ucl.data

NRG methodSeparate the effect of the nuclear data from the effect tb8ts
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fast Total Monte Carlo: NRG method AN

N3G

(1)

nuclear data

In TMC with MCNP, a single run takes long so tha:tgt)aﬂstics<< o
What if we perform:

[1 a 1000 short runs (equivalent in time to one long run) withthdane different

nuclear data and different seedé't)gtistics>> Gg'adear datd

[1 and 1000 short runs with each time different seeds ?

50 ¢ imf1-1 (*%U)

Owithout — 830 pcm

407 Owith = 1115 pcm

30

20

Number of counts/bins

10

0.96 0.97 0.98 0.99
kg value
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fast Total Monte Carlo: NRG method AN

N3G

(1)

nuclear data

In TMC with MCNP, a single run takes long so tha:tgtgﬂstics<< o
What if we perform:

[1 a 1000 short runs (equivalent in time to one long run) withthdane different

nuclear data and different seedé't)gtistics>> Gg'adear datd

[1 and 1000 short runs with each time different seeds ?

50 ¢ imfl-1 (**U)

40 + Jvithont > . Or21uclear data — O-\?vith o O-gvithout ~ 740 peil
Owith = 1115 pcm

30

1 Theoretically:
2x longer than a normal run

(compared to 1009 longer for TMC)

20 +

Number of counts/bins

10

0.96 0.97 0.98 0.99
kg value
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fast TMC: test on ke criticality benchmarks \

Comparison between TMC (considered as reference), fast aildhe GRS mle\tLo%A
with 44 benchmarks, changing®%38u, 23%240py and®Fe.

CRS Method | | | | |

1800 L Fast TMC = |
g 1500 ]
= )
0 3
i 1200 - - g i
= =a
qé 900 |- ]
n
S 600 i
G~ .
%1 b Uncertainties for
I 300 |- S 3 Criticality benchmarks i

0L A |

0 300 600 900 1200 1500 1800
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fast TMC: test on burn-up quantities \

Comparison between TMC (considered as reference), fast aildhe GRS mle\tLo%A
with UAM pin cell model of a PWR, changing>28U transport data antf>24°Pu
fission yields.

4 r keg and grouped cross sections -
(PWR pin cell burn-up)
3.5 - random **U transport data T

R
> -,
Zh

2.5 +

Ng|
75
Quantity

Uncertainty fast methods (%)

Preliminary .
1.5 . ! i
|
1t - .
g B Zabs
0.5 | ]
]
it | GRS Method =
0o %" Fast TMC o 4
| | | | | | | | | keﬁ-
0 0.5 1 1.5 2 2.5 3 3.5 4

Uncertainty TMC (%)
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fast TMC: test on burn-up quantities

T T T 120

—~ 21 Number densities uncertainties . . GRS Method =
SN for a PWR pin cell burn-up X 1o Fast TMC o
— 235 = DT

2 U transport 8 100 Number densities uncertainties g
< 47l o i qu for a PWR pin cell burn- up i

Q : 3 239py fi 1d G
) < H = u fission yle S i
*g @ 80 = % 25l

— ~
sl . IFl ¢
= -

z Preliminary = %
Y £ 60 U S

. id.:‘. s . 0.5 +

209 L =y & 1 B a8

D =] #i' mE o == 40 5 %
= S - & A

. |l = .
I I | 58 o01f ;
g ¢ ERETr ol L L, R E -
= B0 20 =
Z, L .
< L . GRS Method = 4

0.1 LB Fast TMC o | . 0.02 | 1
0.1 0.5 0.9 1.3 1.7 2.1 0.02 0.1 0.5 2.5 12.5
ANumb. Dens. TMC (%) ANumb. Dens. TMC (%)

The results of the depletion module are relatively not ssesio the seed of the Monte
Carlo transport code, partially due to the normalizatioa twnstant power value. This
tends to cancel any existing correlation between two cavditly independent
vectors, as used in the GRS method.

, as a deterministic depletion module is nats@ve to the original

seed of the Monte Carlo.
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