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Observations: Sources of Uncertainty

Observation: Hierarchy of Uncertainties

Bayesian Hierarchical Procedures

Criticality Analysis Validation

Criticality Analysis Application Case

BUC: Depletion Calculation Validation = Cordoba meeting
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Observations: Sources of Uncertainty

Application case

Uncertainties
in Nuclear
Data

- - »

BUC:
Uncertainties
from Depletion
Calculation
Validation

y

Uncertainties
in Isotopic
Concentrations

(Evaluation of N Experiments)

Criticality Analysis Validation

Uncertainties
in Design
Parameters

A

\ 4

Uncertainty

»)
<

N Kege

A 4

Uncertainty

in (Ker + Akg) |

Uncertainties
in Experimental Parameters

\ 4

Uncertainties
in Biases (Akg), j=1,...,N

\ 4

Akg and its uncertainty
for application case

\ 4

Confidence Statement

on (Kerr + AKg)

Purpose:

Consideration of the bias Akg
at given nuclear data and for
the calculation code used
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Observations: Sources of Uncertainty

Application case BUC: Depletion Calculation Validation
— (Evaluation of M Chemical Assays)
Uncertainties F oo A
in Nuclear Uncertainties Uncertainty | Uncertainties
Data in Analysis Data in Assay’s Burnup i in Assay’s :
| | . Irradiation History i
i '

: Uncertainties :
Depletion in Measured Isotopic Depletion
Calculation for Concentrations (E) Calculation for

Application Case Assay
\4
Uncertainties
in Calculated Isotopic
Concentrations (C)

A

Y
Uncertainties

in the Bias-Corrected

Isotopic Concentrations of |

the Application Case

\ A 4
Uncertainties
in Isotopic Correction
Factors (ICF =E/C) Purpose:
Correction of the isotopic biases at
given nuclear data and for the
depletion calculation code used

A
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Observation: Hierarchy of Uncertainties

oo, 5o,

Uncertainty Uncertainty
in Parameter set a in Parameter set b

v v

Uncertainty in p(x @X)

Parameter Set x = x(a,b)

A 4 v

Uncertainty in ( )
Parameter Set y = y(x) Py ®y ‘

A\ 4 v

Uncertainty
inz=2z(y) p(z ®Z)

Example

Uncertainties

in Measured Isotopic in Calculated Isotopic
Concentrations (E) Concentrations (C)

Uncertainties

\4

v

Uncertainties
in Isotopic Correction
Factors (ICF = E/C)

A 4

Uncertainties
in the Bias-Corrected
Isotopic Concentrations of
the Application Case

Y

Uncertainty

IN Kege

Most powerful tool of bearing the uncertainties
from one level to the next one:

-> Use of Bayesian hierarchical procedures

< NCSD 2009 Topical Meeting, Sept. 13-17, 2009

Paper #33 (Neuber, Hoefer)
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Monte Carlo Sampling at given level

X3 Monte Carlo (MC) sampling on the Sets of MC sampled parameter values
parameter region (Xs)i = (Xs1s Xs2s X3, -+ )iy 151,k

!

Set of MC sampled parameter values
(Ye)i = Y((Xs)i), 1=1,....x

y

X

distribution
ofy

= MC sampling on a parameter region requires a joint probability density
function (pdf) p(x|®) of the parameters X

= Problem: pdf usually unknown
= Necessary: pdf model derived from empirical data
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Monte Carlo Sampling at given level

>Generate MC samples x, under the condition of empirical data X:

Pl )= [pl[0)p(lx)de

predictive

n x m data matrix of ® -> probability parameter ® unknown
n independent distribution model .
identically distributed distribution: >MC sampling on @ under the
(iid) m-variate data gg_. norzma distribution: condition of the data X
X (K120 Xim) - 1) p(©X)o p(X|©)p(®)
X1 X12 o Xyma Xim — R
X2 X2 o Xyma Xom 1 1 1
Xn—l,l Xn—1,2 Xn—l,m—l Xn—l,m
Xna Xo2 0 Xyma Xom
posterior know- Likelihood of X prior knowledge
ledge about ® under ® about ®

A
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Simple example for Monte Carlo Sampling at given level

Empirical data x;, X, Xs, ... p(x|p,0°%) = (2nc®)™'* exp[-(x —p)* / 26°] = N(u, %)
n _ MC
X=Y x;/n > L~ N(X,6°/n)
i fmc
\4 ¢ I
- L A MC
&% =3"(x, —X)?/(n-1) » - ~Inv—y°(n-167) —l
i=1 A
2\ _ 2
next MC p(x|p,07) = N(w,67)
sample I MC
(sampling XmMe
loop)
Yme = y(XMC)
distribution ) _ ]

ofy
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Criticality Analysis Validation

A T (1 r_nutual!,y Monte Carlo sampling on entire x space <
dependent experiments T

Sfaﬁetﬁf exPe”_me”tta' parameters x For each sampled vector Xy calculation of the k. values
ora e experiments .
= P (ky, Ko, ..., ky) for all the N experiments

A\ 4

Bias vector (AKg;, AKgy, ...,AKg,) for all the N experiments

y

Bayesian linear regression with this bias vector
using adequate explanatory variables

A 4

MC sample of the bias Akg for the application case

\ 4

Add to k., of application case: K.;+AKg

MOCADATA code package ‘
g;f[)lgf)f? ggg;cal Meeting, Monte Carlo sampling for Empirical distribution of
Paper #33 (’Neuber, Hoefer) application case 2 Ky (KeaictAkg)

A
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Critical itx Analxsis AEEI ication Case

Monte Carlo sampling on system parameter x and involved nuclear data & <

v

Calculation of the kg value for the sampled vector (X,&) 2 Kgac

Add sampled Akg of application case to K.y : Keaict AKg

|
Monte Carlo sampling Empirical distribution of
on bias Akg (KeaietAKg)
MOCADATA code package
NCSD 2009 Topical Meeting,
Sept. 13-17, 2009
Paper #33 (Neuber, Hoefer) !
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Criticalitx Analxsis AEEI ication Case

Uncertainty of nuclear data: Monte Carlo sampling on involved nuclear data §

i+1

v

p(O(E,)|M)= p(M|O(E,)) p(O(E, )

v

I-th MC sample
on ®

p(eS (E,) O(E,))

\ 4

th MC sample on r;BD‘/

A\ 4

\ A\

Matrix of empirically Neutron
based basic nuclear data energy
Basic data

Basic data evaluation codes

\ 4

Point data (continuous x-sections)

\

Application case

12 OECD NEA Workshop 2009 on Future Criticality Safety Research Needs, Idaho State University, Pocatello, 09/21-22/2009 AREVA



J.C. Neuber, A. Hoefer, AREVA NP GmbH, NEEA-G

Criticality Analysis Application Case

Uncertainty of Nuclear Data: Use of TSUNAMI

Perform n TSUNAMI calculations using different starting random numbers

'

Results (onp)1, - (On):

A

A\ 4

O\p =

e
n

i(GND)i T° :ii((GND)i _END)Z

\ 4

\ 4

Inv—y%*(n-1377) = 15,c

A

\ 4

N(END1T§AC/n) — Elonp lve

\4

X

y

N(E[o o Imc Tﬁ/lc) — (O\p)me

A

y

N(O, (50)iuc )= AKNS

\ 4

Add

to kM* and Ak~ — [k

calc

calc

+AK  + Ak M
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BUC: DeEIetion Calculation Validation
Several steps required:
Measured concentrations
Calculated concentrations
Isotopic Correction Factors (ICF) PHYSOR 2008, Paper #525
Reduction to BUC isotopes € application case (Neuber, Hoefer)
Incomplete data sets of BUC-ICFs - Solution of missing data problem
Sampling on BUC-ICFs

Y

Upcoming CSN/IAEA BUC Workshop, Cordoba 2009
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