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Motivations: How to produce consistent (and reproductible) \23:05:21

evaluations ? N ?\G

Usual procedures in evaluations imply

First, there were measurements,

Then nuclear reaction codes (TALYS, GNASH, EMPIRE...),
Format the output semi-manually to ENDF file,

Compare with experimental cross sections,

Modify manually the ENDF file,

Compare with integral tests,

Modify manually the ENDF file, ENDF file ready,

I I I e N R N A O B

At last, "Industry can use evaluations”, but...

[1 How include propagation of nuclear data uncertainties with a
minimum number of approximation ?




Concept: No more delocalization

23:05:21
N\

Experiments

(integral, differential)

Benchmarks

> Evaluation 1

=
==

N3G

Evaluation 2

. . . ) . .
(basic quantities) g‘f (uncertainties) i;g

(MCNP, Perturbation)

< Processing

A

Formatting

Checking

(NJOY)

o

A

Library




Concept: No more delocalization

23:05:21
N\

Experiments

> Evaluation 1

(integral, differengial)

&

Evaluation

N3G

=
==

Evaluation 2

. . . ) . .
(basic quantities) gg‘! (uncertainties) i;ggg

(basic quantities + uncertainties)

Benchmarks

(MCNP, Perturbation)

< Processing

A

Formatting

Checking

(NJOY)

o

A

Library




Concept: No more delocalization /,.—"" - "'~.\ \Z30521
5
: xal ~[\I G
Experiments |— «%, :
it C ; y Evaluation 1 > Evaluation 2 s
integral, differengial ' o D . X
) (ba:S'C quantities) @" (uncertainties) {;g‘\
i '
1 ( '
" 1
i% I Formatting '
' 1
Evaluation (.(' I|
(basic quantities + uncertaint\mas) / 7 :
| : T
: Checking ,'
; 1
I [
; [
b [}
Benchmarks | < % Processing | < Librar l'
(MCNP, P bati ' g !
, Perturbation) s (NJOY) !
’
¢




Concept: No more delocalization ’,—"'_ TTsL \BeA
5
N3G
Experiments —'é Evaluation 1 > Evaluation ZT\‘
(integral, differengial) (be:'sic quantities) &} (uncertainties) i;g“
1 \
1 / '
Feedback ! iz% p Formatting \
K i
: i
Evaluation | g ¢ 0
(basic quantities + uncertaint\l‘las) Chec;king ':
i I
I '
I [
I !
] / J
Benchmarks | <L Processing | < Library N
(MCNP, Perturbation) ', (NJOY) J




Concept: TALYS + Monte Carlo \2305:21

N3G

— Total
Monte Carlo

Possible answer to this problem: Maximization of automation

5000 random
ENDF files

Experimental
data (i.e. XS)

Compilations TALYS+tMC Average
(EXFOR) Package ENDF file

TENDL-2009
library

Covariance
files

Adjusted

parameters




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

(n,2n) n=1 1071
2.0
5 =
atarget g .g 10-2
—e— £ 15} =
3 2
2 2 03
= 10} = 10
Acompound  © o
—e—
0.5 ! ! 10—4 ! ! ! !
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV)
—e—
Ly TALYS MCNP
—eo— -
| F’I’L |
| . 1
} ]?;f)/ { T T T
2.4
(n,el) n=1 — 106t (n,xn) n=1
2.0 L
— -
= O 10—7_
} Py | 2107 =
S 12f = 10¢
S =
< s} <
—eo— = 1077 9, =61 de
04l B n = g
T [Ey =500 keV_, . Lol Pn =52 MV
0 50 100 150 1 2 3 4 5

Angle (deg)

Number of counts/bins

Energy (MeV)

N3G

0.99 1.00

1.01 1.02 1.03 1.04

keg value

6/ 14




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

(n,2n n=2 107 (n7)
2.0
= =
Atarget g g 1072
——e— £ 1.5 =
Q Q
2 g
2 2 03
= ]_0 L = 10
Acompound  © o
-o——
0.5 ! ! 10—4 ! ! ! !
10 15 2 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV)
——e—
Ly TALYS MCNP
—o— -
Iy
o———
| ny' | .
! o24F ]
(n,el) n= 1070 (n,xn)
2.0+ Z
| e 1.6 z 107
I —@ 1 = )
S 12f = 10¢
~—
3 =
0.8} S 10
—e— o By 0, = 61 deg
T [Ey =500 keV_, . Lol Pr =52 MV
0 50 100 150 1 2 3 4 5

Angle (deg)

Number of counts/bins

Energy (MeV)

N3G

0.99 1.00

1.01 1.02 1.03 1.04
keg value

6/ 14




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

N3G

(n,2n) n=3 10~
2.0
5 =
Atarget é sl é 1072
. 3 3
S 1ol 1073
Acompound  © 10 o
F—e—
0.5 : - 10-4— ' ' '
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
—e— 4
=
z
Iy TALYS MCNP = 6f
—o— - 8
s 4l
g
s
Fn E 2 L
—o—— z
O 1 || 1 | 1 | 1 1
099 1.00 1.01 1.02 1.03 1.04
ny keg value
—— ———
(n,el) n=3 1075 (n,xn) n=3
2.0 z
— -
= o 1077f -
} o {é 1.6 é /
2 12} z 1078
S =
<08t = 1o
—e—] " a 10 0, = 61 deg
. ETL - 500 kev ! ! 10—10 Eni - 5|2 M|ev | !
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




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

N3G

(n,2n) n=4 101
2.0
= =
Atarget 3 sl g 1072
S 1ol € 109
Acompound  © 10 o
o——
0.5 : : 10-1— : : :
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
e | 4
3 8t
=z
Iy TALYS MCNP = 6
)
*— - %
— 4 i
£
Fn % 2 B
o———
Z.
O ! || | ! | ! | ! !
0.99 1.00 1.01 1.02 1.03 1.04
| ny‘ | keg value
' 1 24f ' ' ' T
(n,el) n=4 | — 10°% (nxn) n =4
2.0k 8
= Z 10Tk
| ‘® {é 1.6 % 10
>
5 1.2} S 1078
< s} <
—e—| ol = 107 g — 61 deg
. ETL - 500 kev ! ! 10—10 Eni - 5|2 M|ev | !
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




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

N3G

(n,2n) n=>5 101}
2.0
5 2
Atarget 3 sl g 1072
F——(}——H<g~ E
S 1ol € 109
Acompound  © 10 ©
—eo——/A1
0.5 : - 10— : : :
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
e 4
Re) 8t
=z
Ly TALYS MCNP = 6|
S)
o— - %
— 4 i
£
Fn % 2 B
—eo——
Z.
O ! || | || | ! || !
0.99 1.00 1.01 1.02 1.03 1.04
| ny' | keg value
' 1 o4F ' ' ' —
(n,el) n=5 | — 10° (nxn) n=>5
2.0k 8
= Z 10Tk
| P {\}‘3 1.6 § 10
>
§§],27 §§ 1078}
< s} <
—eo— ol = 107 9 — 61 deg
. ETL - 500 kev ! | 10—10 Eni - 5|2 Mnev | !
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




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

N3G

(n,2n) n==~6 10
2.0
5 2
atarget 5 sl .g 10-2
F——ﬂt——%g ~ E
S 1ol 1073
Acompound  © 10 ©
—eo——
0.5 : : 10~ 10— : : :
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
—e— 4
<2 8
z
Ly TALYS MCNP = 6
S)
——e+ - %
8 4
a!
I, E 2
| Py | =
| 1 Z
O 1 || | || | 1 ||| 1
0.99 1.00 1.01 1.02 1.03 1.04
| I;;y. | keg value
' 1 24f ' ' ' T
(n,el) n—=6 | — 10° (nxn) n=6
2.0 k 8
— >
% [} 1077 -
} o =§ 1.6 é
S 12f T 10}
% 0.8 %
. B ~
F—e&— ol Cﬂg 1079 6, = 61 deg
. ETL - 500 kev ! | 10—10 Eni - 5|2 Mnev | !
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




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

N3G

(n,2n) n="7T 10
2.0
5 2
atarget 5 sl .g 10-2
F——%w——1§~ E
S 1ol 1073
Acompound  © 10 ©
F—eo—
0.5 : - 10~ 10— : : :
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
—e— 4
3 8t
=z
Ly TALYS MCNP = 6|
S)
*— - %
=
a!
L Fn | g 27
| = | 2
O ! || | | || | ! ||| !
0.99 1.00 1.01 1.02 1.03 1.04
| ny' | keg value
' 1 o4F ' ' —
(n,el) n=7 | — 10° (nxn) n="7
2.0k 8
= Z 10Tk
—e {§1.6 § 1077
% 1.2¢ 3 10—8 [
g 3
0.8 S 109
F——e— o pl 6, = 61 deg
. ETL - 500 kev ! | 10—10 Eni - 5|2 Mnev | !
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




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

N3G

(n,2n) n=3~§ 10
2.0
5 2
Atarget 3 sl g 1072
F——%»——%g ~ E
S 1ol 1073
Acompound  © 10 ©
F—eo—
0.5 : : 10~ 10— : : :
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
o | 4
3 8t
z
Ly TALYS MCNP = 6
S)
*— - %
=
a!
| Fn | E 2+
| L= | Z:
O 1 || | | || | 1 | ||| 1
0.99 1.00 1.01 1.02 1.03 1.04
| 1;7. | keg value
[ 1 24 F
(n,el) n=g8 | — 107 (n,xn) n=2,
2.0 k 8
= Z 10Tk
e 16 é]ﬂ e~
S 12f = 1078f
% 0.8 %
. B ~
———eo—] ol = 107 g — 61 deg
. ETL - 500 kev ! | 10—10 Eni - 5:2 Mnev | !
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




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

N3G

(n,2n) n=9 1071t
2.0
5 2
Atarget g g 102
——e— <€ L5} e
S 1ol 1073
Acompound  © 10 o
——o—]
0.5 . : 104 ' ' ' '
10 15 20 200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
e 4
< 8y
Z
Iy TALYS MCNP = 6
—eo— - 8
5l
g
a!
Fn E 2 L
| PS | =
| 1 Z
O ! || | | || | | ! | || ! !
0.99 1.00 1.01 1.02 1.03 1.04
ny keg value
2.4 '
(n,el) n=29 —~
2.0k L
= e
| o {é 1.6 é
T 127 &l
S =
< 08¢ =
04 =
|E, =500 keV | ,
0 50 100 150
Angle (deg) Energy (MeV)

6/ 14




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

N3G

107t
20
5 5
Atarget = = -
F——%f&—%815’ g w0
o 2
S 1ol S 1073
Acompound  © 10 ©
—eo—
0.5 10— : : :
200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV) 10
—e— 4
3 8t
~
z
Iy TALYS MCNP Z 6l
Heo— . 3
(-
S g4t
2
0
l Fn | z 2r
| L= | g
O ! || | | ll | | ! | ||| !
0.99 1.00 1.01 1.02 1.03 1.04
| 27 | keg value
! 24 '
(n,el) n=10 | -
2.0k Z
= >
| ® {\}‘S 1.6 é
312 &l
N =
= 0.8 %
0.4 0
“IE, = 500 keV ool En=52MV ]
0 50 100 150 0 1 2 3 4 5 6
Angle (deg) Energy (MeV)

6/ 14




Hands on

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

10
2.0
5 5
atarget 5 sl .g 10-2
F——%»——%g ~ E
2 2 s
= 10} = 10
Acompound  © ©
—eo—
0.5 10—4 1 1 1 1
200 400 600 800 1000
ay Incident Energy (MeV) Incident Energy (eV)
F——e—
Ly TALYS MCNP
o— -
L Fn |
I —
LA
2.4+
(n,el) n=15| — 106 (n,xn) n=15
2.0k z A
— >
= o 1077
} ® {g 1.6 é
< = _
T 12} < 1078
3 =
0.8 S 10-9
—o—— ol S 0, = 61 deg
. ETL - 500 kev 1 1 10—10 Eni - 5|2 M|ev 1 1 1
0 50 100 150 0 1 2 3 4 5 6

Angle (deg)

Energy (MeV)

Number of counts/bins

N3G

LI 1L

0.99 1.00 1.01 1.02 1.03 1.04

keg value

6/ 14




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

N3G

atarget
F————
Acompound B
——e— n =20
Ay 10 : : : :
—e— 2 keg = 1.01451 £ 703 pcm
2 s
=
Iy TALYS MCNP = 6
. e > (<]
3 g4l
2
l o Fn | % 2r
[ 1 Z h
IS 11 17 W T )
0.99 1.00 1.01 1.02 1.03 1.04
F’Y keg value
} ® {




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

N3G

atarget
F———e—]
Acompound _
&—— n =25
Ay 10 : : : :
H——— 2 ke = 1.01403 + 696 pcm
2 s
£
Iy TALYS MCNP = 6
' - &}
3 g4l
2
Fn % 2 B
- e
Z.
NN TN S TR
0.99 1.00 1.01 1.02 1.03 1.04
F’Y keg value
F————e—]




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

N3G

atarget
F————
Acompound _
-o—] n =30
Ay 10 : : : :
—eo—— 2 ke = 1.01395 + 678 pcm
2 s
£
Iy TALYS MCNP = 6
E. - &}
3 g4l
2
mﬂ i
Z.
S| TE BT
0.99 1.00 1.01 1.02 1.03 1.04
| Fv‘ | keg value
[ 1




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

N3G

atarget
F———0—
Acompound _
o——| n = 40
Ay 10 : : : :
—eo— & keg = 1.01337 £ 712 pcm
2 st
ks
Iy TALYS MCNP = 6!
E. - &}
3 g4l
i
-— 5 2f | “
I 2 _ \
I TS 1T
0.99 1.00 1.01 1.02 1.03 1.04
F*y ke value
} ——]




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

N3G

atarget
H———
Acompound
-o—] n = 60
Ay 10 : : : :
—&— 2 ke = 1.01429 + 676 pcm
2 s
=
Iy TALYS MCNP = 6
g - &}
3 g4l
r z
g L
e S b
ol L1t ML
T 0.99 1.00 1.01 1.02 1.03 1.04
@ 7 | keg value
[ 1




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

N3G

atarget
—o———]
Acompound _ 1
—eo——— n = 100
Ay 10 : : : :
—e— 2 ke = 1.01358 + 693 pcm
2 s
=
Ty TALYS MCNP = 6
Q > (<]
3 g4l
2
L lzg | % 2
[ 1 Z
O P Pt B
0.99 1.00 1.01 1.02 1.03 1.04
F’Y keg value
} L Z {




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

N3G

atarget
F———e—
dcompound
}—0—@p—| n = 200
Ay 10 : : : :
F——0— 2 keg = 1.01306 4 766 pcm
=
£
Ty TALYS MCNP = 6
O > (<)
kS 4k
g
Fn % 2t
Fe———
Z .|
O P i B .
0.99 1.00 1.01 1.02 1.03 1.04
F’Y keg value
| . |
| 1




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

N3G

atarget
—e—
dcompound
l—é).—i n = 300
Ay 10 : : : :
H—eo— 2 ke = 1.01304 4 743 pcm
=
b=
Iy TALYS MCNP = 6
6 > (<)
kS 4k
g
Fn % 2t
He—
Z
O o | i B
099 1.00 1.01 1.02 1.03 1.04
F’Y keg value
| @ {




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

N3G

atarget
—eo——
Acompound
o——
n = 400
Ay 25 - . : :
——o—| % ke = 1.01355 4+ 769 pcm
£ 20
=
Ty TALYS MCNP = 15
‘ o I (<]
- LS 10_ o
2
Fn % 5 B N )
H————
Z.
O -
0.99 1.00 1.01 1.02 1.03 1.04
F*y ke value
| . |
[ 1




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

N3G

atarget
——e—
Acompound
—o——
n = 600
Ay 25 - . : :
—eo—| % ke = 1.01372 4 745 pecm
£ 20
=
Iy TALYS MCNP S 13}
- kS 10+
2
! an | = 50
| 1 . 1. .
O - G N
0.99 1.00 1.01 1.02 1.03 1.04
F’Y keg value
} ——]




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

N3G

atarget
F————
Acompound
F—e—
n = 800
Ay 25 - . . :
lo——| % ke = 1.01363 £ 744 pcm
£ 20
=
Iy TALYS MCNP S 13}
. o I &}
- kS 10+
2
L E{L | % 51
[ 1 Z '
O -H-- C1--
0.99 1.00 1.01 1.02 1.03 1.04
F’Y keg value
} ——]




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

N3G

n = 800
I/\

25 - . :
ke = 1.01363 {744 pcm

TALYS MCNP

Number of counts/bins

0 Lt- Al -
0.99 1.00 1.01 1.02 1.03 1.04
keg value

Statistical uncertainty ~ 68 pcm

— uncertainty due to nuclear data ~ 740 pcm




23:05:21
N\

N3G

Example with 23>U: Monte Carlo calculations
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Example with 23>U: Monte Carlo calculations
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Benchmark results using differential data only A
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- SMF-1, -2 and -4: dedicated to minor actinides (>*%?**Pu and ***Cm)
- SMF-1 and -2: Replacement measurements using Jezebel

\ - SMF-4: Plates of >**Pu




Impact on **Cm(n,f) and >**Cm(n,inl) uncertainties
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Impact on **Cm(n,f) and >**Cm(n,inl) uncertainties

Cross Section Uncertainty (%)

Cross Section Uncertainty (%)

oo
-

60

40

20

40
35

20
15
10

e Differential Data only
Differential 4+ integral Data -----------
Target accuracy for Gen-IV (Aliberti) .

Incident Neutron Energy (MeV)

" From Differential Data oﬁly
Differential + integral Data ---------- i

244Cm(n,inl) 1

1 2 4
Incident Neutron Energy (MeV)

23:05:21
N\

N3G

10/ 14




Impact on 234Pu(n,f) and 23%Pu(n,inl) uncertainties
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Impact on 234Pu(n,f) and 23%Pu(n,inl) uncertainties
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Impact on #**Pu(n,f) and #**Pu(n,inl) uncertainties \Z0e:2t
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Summary of the impact \23:05:21
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Conclusions and future improvements \23:05:21

X New methodology to propagate nuclear data uncertainty to integral

quantities (kesr benchmarks, shielding benchmarks, reactivity swing,
neutron flux for commercial reactor) via Monte Carlo

X Blending differential measurements, evaluations, and validation in one
approach

X Proof of principle with minor actinides (and other isotopes)

X Mass production tested (new library TENDL-2008 and TENDL-2009 (see
JEFF meeting in June))
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X New methodology to propagate nuclear data uncertainty to integral

quantities (kesr benchmarks, shielding benchmarks, reactivity swing,
neutron flux for commercial reactor) via Monte Carlo

X Blending differential measurements, evaluations, and validation in one
approach

X Proof of principle with minor actinides (and other isotopes)

X Mass production tested (new library TENDL-2008 and TENDL-2009 (see
JEFF meeting in June))

0 Needs to develop best central-value evaluations (non-fissile and fissile) ?
0 Compare with more benchmarks and more reaction channels (e.g. (n,y))

0 Need more clever sampling,

0 At the end, experimentalists can tell about the feasibility of reaching
smaller uncertainties.
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