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Introduction to nuclear data uncertainties AN

General comments:

it |
uudl

uncertainties are not errors (and vice versa),
uncertainties should now be given with all data (seems al®/4),

they are related to risks, quality of work, money, percaptfear, safety...

Uncertainty= safety= professionalism

True uncertainties do not exist ! They are the reflection eofkmowledge and
methods.

All the above for covariances
The importance of nuclear data uncertainties should bekelaedf believed
negligible, please prove it!
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Backbone of our methodology: REPRODUCIBILITY \

TALYS
nuclear code

T6 software
package

Uncertainty
propagation
(fast) TMC

Optimum
Search and find
(Petten Method)
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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
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; ( B 7
n Fission n TALYS n Resonance n v-bar

Parameters
output files

Neutron Spect.
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ENDF
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covariances

1 ENDF file
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TMC for nuclear data uncertainty propagation, what else ?

N3G
+ No covariance matrices (no 2 Gb filés)t every possible cross correlation \
Included,

+ No approximatiorbut true probability distribution,

+ Only essential info for an evaluation is stored,

+ No perturbation code necessamyy “essential’ codes,

+ Feedback to model parameters,

+ Full reactor core calculation and transient,

+ Also applicable to fission yields, thermal scatteringyakefission products, all
Isotopes (.just everything,

+ Other variants: AREVA (NUDUNA), GRS (XSUSA), CIEMAT (ACABPSI
(NUSS), CNRS Grenoble..., based on covariance files,

+ Many spin-offs (TENDL covariances, sensitivity, adjusim..)

+ QA.

- Needs discipline to reproduce,
- Memory and computer time (not human time),
- Need mentality change.

oD 00 © 000000 O
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2008: Total Monte Carlo (TMC) \

Control of nuclear data (TALYS system)
+ 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. values are obtained.

2

2 _ 2
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Example with 2°%U: Monte Carlo calculations \
10° | TALYS —— - Sl e ' | \
z - 2380 (n,y) | 3 U(n,y) at 100 keV
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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
= =
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“ o2} “ 02t
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%Cu(n,el) (n=100) Cu(nel) E, =8 MeV
151 cos(f) = —0.41
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w0 k= .
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Nuclear data: examples in the resonance region
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TMC versus Perturbation method AN

[1 Obtain uncertainties on large-scale models due to nucktaruhcertainties \
[1 Systematic approach, reliable and reproducable

Control of nuclear data (TALYS) 1000
+ simple processing (NJOY)
+ system simulation (MCNP/ERANOS/CASMO.. )

Solution (1): Total Monte Carlo

times

Solution (2): Perturbation method
—>MCNP-+ Perturbation cardscovariance files
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TMC versus Perturbation: Results

\

Comparison TMC-Perturbation methods for a few kenchmarks. The ratio ir!\t!g\
last column is "TMC over Perturbation”.

Total Monte Carlo| Perturbation Ratio

Benchmark Isotopes Uncertainty Uncertainty

due to nuclear due to nuclear

data (pcm) data (pcm)
hst39-6 '9F 330 290 1.16
hmf7-34 19F 350 290 1.21
ict3-132 99zr 190 150 1.29
hmf57-1 298ph 500 410 1.22
Omf2 239y 840 720 1.16
mf2 240py 790 650 1.21
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Results: Details of the TMC-Perturbation methods for#32<4%Pu ker
benchmarks
pmf2 23%Py pmf2 24%Py N\G
Akett (PCM) Akett (PCM)
TMC | Perturbation TMC | Perturbation
Total | 840 720 790 650
MF1 | 400 - 370 -
(n,inl) | 170 140 70 50
(n,el) | 250 240 30 40
(ny) 100 100 30 30
(n,f) 720 660 730 640
MF 20 - 20 -
MF 50 - 30 -
MF 50 - 30 -
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Considered data in TMC (or fast TMC) \

Several hundreds of random ENDF files for transport + depieti \

3 Major actinides?3°U, 238U, %39y,

Light elements: lighter than oxygen,

2 Thermal scattering data: H ino®, D in DO

All Fission yields (e.q234235236238 239240241p; 237N 2412437 243244C),
All Minor actinides (e.g234236237y, 23/Np, 238240241242py  Am, Cm),

All fission products (e.g. from Ge to Er), and decay data,

(fast) TMC can be applied tanyinput data, propagating uncertaintiesaioy outputs
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Several hundreds of random ENDF files for transport + depieti \

3 Major actinides?3°U, 238U, %39y,

Light elements: lighter than oxygen,

2 Thermal scattering data: H ino®, D in DO

All Fission yields (e.q234235236238 239240241p; 237N 2412437 243244C),
All Minor actinides (e.g234236237y, 23/Np, 238240241242py  Am, Cm),

All fission products (e.g. from Ge to Er), and decay data,

(fast) TMC can be applied tanyinput data, propagating uncertaintiesstoy outputs

TMC was already applied to

e criticality-safety, shielding, pincell/assembly burp;@activation,

e PWR, BWR, Gen-1V systems,

\ UO,, MOX fuels,

MCNP, SERPENT, FISPACT, DRAGON, PANTHER, RELAP-5
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Comparison of Ak for assemblies and full core (SERPENT)

1.2

0.4

0.2

0.0

ko, uncertainty for different assemblies

\
N3G
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10 20 30 40 50

Burn-up (GWd/tHM)

0.4

0.2

0.0

D. Rochman — 15/ 26




TMC applied to PWR assembly burn-up calculations with DRAGON ﬁ G
1.0 | | | . | \
o due to transport data
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Example of TMC for the impact of the matrix fuel

keff

Reactivity Swing

1.4 . l .

LWR Inert Matrix Fuel
1.3k Westinghouse 3 loops type reactor

12 % Pu, 88 % Mo (volume)
1.2¢
1.1F lo Mo data uncertainty
e
0.9r
03 | | & 01" ~ 35 efpd
0 500 1000 1500 2000

Time (efpd)
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PWR MOX assembly uncertainties

N3G
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Effect of H in H >0 for a full core PWR (courtesy of O. Cabellos, UPI\/\

Spain) N \G

Method: TMC applied to COBAYA (3D multigroup core calculatis) + SIMULA
(coupled neutronic-thermohydraulics 3D core calculat)on

- :
AN . 3G
ik AT
AR\ ~ousirines .2 PWR problem description
WOTIN TSI | UPM feil
>l
PWR (WESTINGHOUSE), 3 loops , 157 FA, power 2775. MWth FUEL TYPE w/o(%) WABAS
1 OFR  2.10 0
% CORE 2 OFA 3.10 0
et .2 3 4 5 6 1 8., 3 OFA  3.24 0
17 1 13 4 21 6 21 16 14 P e L= 2
2113 11 15 2 16 6 20 7 S Gk aaE @
3/ 4 15 3 21 8 22 19 = @, a3 §
ai21 2 20 9 18 20 5 © omn see o
5/ 6 16 8 18 12 17 < w84 &
& i 21 6 22 20 17 s oFi 5. a
7 : 16 20 19 10 10 O©OFa 3.21 g
8 i 14 ? 11 OFA 3.24 o
W 12  BEF 3.60 g
AVE. BURNUP PER FUEL ASSEMBLY 13. AEF 9.0 e
1 2 3 4 5 & 7 =] 14 AEF 3.60 0
1 18.137 11.662 27.357 0.000 30.867 0.000 14.984 11.662 15 arF  3.e0 5
2 11.662 16.188 13.130 28.902 12.155 28.866 0.000 30.191
2 27.397 13.130 27.572 0.000 22.778 0.000 0.000 e REF - 3.80 0
4 0.000 28.902 0.000 30.755 15.236 0.000 30.124 17 AEF  3.60 0
5 30.867 12.155 22.778 15.236 13.123 14.882 12 nEF  s.e0 0
6 0.000 28.866 0.000 0.000 14.882 o arr s.e0 ;
7 14.%84 0.000 0.000 30.503 ’
8 11.662 30.191 20 REF  3.60 4
21 REF  3.60 8
22 AEF  3.60 12
UAMT - Paris (France), April 10-12, 2013
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Effect of H in H >0 for a full core PWR (courtesy of O. Cabellos, UPI\/\

Spain)
& H in H5O effect for a PWR full core
— Boron concentration ——
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Drawbacks of the TMC method \

6 In TMC:

| we can do a calculation once, we can also do
It a 1000 times, each time with a varying data library.
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Well, then uncertainty propagation with TMC take300x longer than a single
calculation...
(Each Ogtatisticsneeds to be small)
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Drawbacks of the TMC method \

6 In TMC:

~If we can do a calculation once, we can also do
It a 1000 times, each time with a varying data library.

Well, then uncertainty propagation with TMC take300x longer than a single

calculation...
(Each Ogtatisticsneeds to be small)

There Is a solution with Monte Carlo codes.
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2013: fast TMC method...

\
NRG
" If a single calculation takes histories fsiarsmall enough))

then repeat ibh times withm/n histories,

random nuclear data and random seeds.

2 2 2 :
Gtotal o cystatistics_|_ cynuclear data?tIII holds.
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2013: fast TMC method...
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2013: fast TMC method...
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2013: fast TMC method...

\
NRG
" If a single calculation takes histories fsiarsmall enough))
then repeat i times withm/n histories,
random nuclear data and random seeds.

2 2 2 :
Ototal o cystatistics_I_ cynuclear dataS“” holds.

run0 ENDF/B-VII.1 seedg mhistories T sec. K- Ostat

runl nucleardatal seedsm/nhist.  T/n sec. K+ 01 ~ Ogtan/N
run2 nucleardata2 seeglsm/nhist.  T/n sec. K+ 0o

runn nucleardatm seedg m/nhist. T/n sec. K+ 0op

n runs T sec.

y

n
o = 1§ (ki—K)*
total n—1 |ZI( | )
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2013: fast TMC method...

\
NRG
" If a single calculation takes histories fsiarsmall enough))
then repeat i times withm/n histories,
random nuclear data and random seeds.

2 2 2 :
Ototal o cystatistics_|_ cynuclear dataS“” holds.

run0 ENDF/B-VII.1 seedg mhistories T sec. K- Ostat
runl nucleardatal seedsm/nhist.  T/n sec. K+ 01 ~ Ogtan/N
run2 nucleardata2 seeglsm/nhist.  T/n sec. K+ 0o
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The fast TMC method AN

N3G

© as fast as S/U methods (1x2longer than 1 single calculatiomthout
uncertainties),
© tested on criticality & shielding benchmarks, burn-upg(nd inventory),
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The fast TMC method AN

N3G

© as fast as S/U methods (1x2longer than 1 single calculatiomthout
uncertainties),

© tested on criticality & shielding benchmarks, burn-upg(nd inventory),
©  Example: the Martin-Hoogenboom benchmark (= the Kord Si@hhllenge)

MCNP model: 241 fuel assemblies, with 264 fuel pins each
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— 357x 357x 100 regions (26 x 1.26 x 3.66 cnt): 12.7 million cells
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The fast TMC method AN

N3G

© as fast as S/U methods (1x2longer than 1 single calculatiomthout
uncertainties),

© tested on criticality & shielding benchmarks, burn-upg(nd inventory),
©  Example: the Martin-Hoogenboom benchmark (= the Kord Si@hhllenge)

MCNP model: 241 fuel assemblies, with 264 fuel pins each

A
A
A
n
|
|
u/
N
¥

Ir

/ A "'.

— 357x 357x 100 regions (26 x 1.26 x 3.66 cnt): 12.7 million cells

Uncertainty on generated local pin power (tally f7) dué¥dJ, 238U, %°°Pu
and H in HO thermal scattering irach celf?
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Fast TMC method AN

G

1 normal calculation without nuclear data uncertainty sake: 2 x 10t historie!\I
(Ostatisiics= 0.25 % at the centeE00 weekn 1 cpu)

— TMC: 500 random runs afi = 2 x 10" histories 600 weekdor each)

— fast TMC: 500 random runs @f/500= 4 x 10° histories (. weekfor each)
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Fast TMC method

N3G
1 normal calculation without nuclear data uncertainty sake: 2 x 10** histories \
(Ostatisiics= 0.25 % at the centeE00 weekn 1 cpu)

— TMC: 500 random runs afi = 2 x 10" histories 600 weekdor each)

— fast TMC: 500 random runs @f/500= 4 x 10° histories (. weekfor each)
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Nuclear data Uncertainties (%)
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Other outcomes of the NRG approach (not detailed here) ﬁ G
[1 Sensitivity, \
1 Nuclear data adjustment, 01 f Corelation pmi2 kFe(n.y)
[ Include fast TMC in Serpent i, hﬁ“h o A
- IR
< 01} :
S 02|
-0.3
-0.4 "ENDF/B-VILO
This work
Exp. data
oL b
2 |
o L1007} |
8 _ ,
S L1072t i
n :
RS 50Fe(n,y) U !
11075 |

2-107° 2-107° 2. 10~ 2- 1073 2- 1072 2- 1071 2-10° 2. 10"
Incident neutron energy (MeV)
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Conclusions \

N3G

(fast) TMC is a powerful tool for uncertainty propagation,
All types of nuclear data impact can be assessed,

Most direct way to propagate uncertainties,

Better QA, better modern use of computers,

(fast) TMC is part of global approach to improve transpayeatd safety of
nuclear simulation

N I O I O R
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TMC: If we can do a calculation once, we can also do
It a 1000 times, each time with a varying data library.
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Conclusions \

N3G

(fast) TMC is a powerful tool for uncertainty propagation,
All types of nuclear data impact can be assessed,

Most direct way to propagate uncertainties,

Better QA, better modern use of computers,

(fast) TMC is part of global approach to improve transpayeatd safety of
nuclear simulation

N I O I O R

~ .
TMC: If we can do a calculation once, we can also do

( fast TMC:
If we can do a calculation once, we can also get
nuclear data uncertainties at the same time
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