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Generation IV and Uncertainties

Category Class Family Type

Salt cooled reactor
with pebble bed
fuel

Relevance B o
« Worldwide interest in different Generation IV o
realizations s
« Some Gen-lV reactors are under construction = | Hﬂmj%s,l“ e
* |Interest in Best Estimate Plus Uncertainty (BEPU) I o

0g

PLHIGIGERESEM . Chioride fast

Mglt|en | MSRs B&gnre?;c?osr
alt /
Reactors ||

(MSRs) i\ n.s. __ Solid moderator

[N RTETICH ~ heterogeneous MSR

Challenges:

moderated Liquid moderator

| Het MSRs heterogeneous MSR
eterogeneous §
i i M 111.6.
« Accurately predict the core behavior L% N cerogoneous RTINS
chloride fast M Heterogeneous
MSRs lead cooled fast MSR

« Different from LWRs physics (materials, geometry,
temperatures, fuel, spectra, etc.)

Directly cooled MSRS
Subritical MSRs

|

‘ V2 / Hybrid moderator MSRs
Other (' Chloride salt cooled fast reactors
MSRs N\ Frozen salt reactors

Hybrid spectrum MSRs
" Heterogeneous gas cooled MSRs

« Limited nuclear data (basis for every neutron transport

I 1 111
simulation!!!) Example of an MSR classification [1]

 Limited material property data [1] IAEA, 2023. Status of molten salt reactor
.. . . . technology (No. STI/DOC/010/489). International
 Limited experimental (validation) base Atormic Energy Agency, vienna, AUstra,




Uncertainties in Generation IV

Uncertainty Sources

Uncertainty Types: _ _ _
Eigenvalue of MOX3600 with different

« Modeling nuclear data via OpenMC

* Numerical Library | kK | Aplpem]
« Nuclear data 1,01198(6) (ref)
1,00844(6) -347(8)

EETEXE 101559(5) 351(8)

1,01131(5) -65(8)

: ; 1,01451(6) 246(8)

Nuclear data are considered as a main 1,00914(5) -278(8)
uncertainty source 1,02583(6) 1334(8)

1,01508(5) 302(8)

‘ Lo03s(e)  1667(e)

1,01167(6) -30(8)

1,01780(6) 565(8)

Sensitivity and uncertainty analysis with
respect to nuclear data




Effect of different libraries in simulation for k

Eigenvalue deviation with different libraries from ENDF/B-VILI.1
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Effect of different tools in simulation for k

Eigenvalue deviation for Serpent and SCALE/KENO-VI from OpenMC
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The influence of difference in stochastic transport codes is < 0,05% — significantly lower than one of ND




Sensitivity and uncertainty analysis

Perturbation-based Approach

« provides the uncertainties of chosen
responses (eigenvalues, reactivity
coefficients, etc.) to ensure appropriate
safety margins are set

« provides the sources of the uncertainties

« allows assessing nuclear data
performance

« allows identifying data requiring the
attention

« allows finding the current nuclear data

gaps

Sensitivity Analysis

adR
S(R,a) = =

¥

Perturbation Theory*

. (0A_10F
T T

S(k,a) =

*An example for the eigenvalue k

¥

Uncertainty Analysis

SR(a) = +/SCST

C — the covariance matrix




Covariance Matrices

An example of covariance matrix for 238U (n,n") from ENDF/B-VII.1

107°
Diagonal=Variances
1073
Var(0U238(n,f),g)
107!
60
<€ 10! 28U(n, n')
£ 50 — _
z
TG 40
100 Uncertainty By
0 < Jvar(aUZSS(n,nr),g) -
107 10 107! 10! 10° 10° 107
238U(n,n’) 10 -
Covariance between g=28 and T R i B i T T T T
, 10~° 073 071 1 1 3 5 107
g:-l for 238U(n7 n ) Energy [eV]



Tools for Computing Sensitivities

SCALE

« SCALE has a set of modules/sequences for
sensitivity and uncertainty analyses (see
TSUNAMI-3D example

 Pre-prepared covariance data

Serpent

« Serpentis only capable of computing
sensitivity (though it is able to use AMPX
covariance data)

 No openly available covariance data
(including SCALE's)

« One must prepare covariance data from
ENDF-6 files

- e

Forward Criticality and
Sensitivity Calculations

Uncertainty Calculation

Sensitivity and uncertainty analysis sequence
of SCALE/TSUNAMI-3D (CE) [1]

[11 SCALE Code System, ORNL/TM-2005/39, Version 6.2.4, Oak Ridge National Laboratory, Oak Ridge, TN, US. Available from Radiation Safety Information Computational

Center as CCC-834.
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SAUNA (Sensitivity And UNcertainty Analysis)

SAUNA: A Python package for Systematic Sensitivity and Uncertainty Analysis

ENDF Data
. N

ENDF file 2

Covariances from
ABBN, COMMARA,
COVERX

Simulation
Results (Serpent,
SCALE/ KENO-VI,

MCNP)

| )
ICovarlance module

Covariance 1

Covariance 2

— N —
C— ]

Covariance 3

L

2

Bridge

3

v

|
Sensitivity module

Sensitivity 1
Sensitivity 2

Sensitivity 3

_—_—__L_

Analysis module

Similarity Assessment ¢, £, G

Uncertainty Propagation for

Uncertainty Propagation for
Ap, ORossis Befp Aegpr Lefpy ey BR

Nuclear Data Requirements




Advanced Nuclear Reactors (16 models)

The models were developed for SCALE (KENO-VI), Serpent, and OpenMC
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Uncertainty Propagation for &

Nuclear data uncertainty for advanced nuclear reactor systems
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Target Accuracy Requirements for k ~0,3% (Nikolaev, 2013, Andrianov et al., 2023, Cabellos et al., 2024)
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Nuclear Data Uncertainty Sources for k

An example of uncertainty breakdown for the MOX3600 model

1.4
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The target accuracy requirement (TAR) problem

The optimization problem Parameter costs fromm WPEC/SG26
min A; 233y, 238y, 23%y my), (), V) 1
2

60"& i—1 6(}5@ (n, y)! (Tl, f)' (V) 2

OR; () < OR, Tap (n,y) 1

All (n,n) 1

(00;) nin < da; < (0av;)g

The others The others 3

A; — the cost parameter
da;, — the uncertainty of parameter i (cross sections,...)

6R;,p — the target uncertainty of output j . .

’ H . hievabl . ¢ _ The problem is solved in the
(0a)),.m — the minimum achievable uncertainty of parameter i 7-group approximation of
(6a), — the initial uncertainty of parameter i WPEC/SG46

WPEC - Working Party on International Nuclear Data Evaluation Co-operation (NEA/OECD) 14




Generalize the Nuclear Data Needs
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Target Accuracy Requirements

The solution of the optimization problem

Target Accuracy Requirements for MOX3600 as an example

Reaction Uncertainty, Ak/k [%]
INitial Target
238U (n, n’) 1,04 0,07
238U(n, ") 0,24 0,12
239Pu(n7 v) 0,21 0,05
239Pu(x) 0,21 0,05
239Pu(n, f) 0,20 0,20
Total 1,20 0,31*

*Only top 20 matrices were tweaked 16




Target Accuracy Requirements

TARs for Fast Reactors with UPu TARs for Thermal Reactors with U
Fuel Fuel

INnitial Target

INnitial Target

Reaction

/ 238

238 (n,n) 2 16,9 0,8 U(n,~) 7 1,8 0,5

: L 19.3 e 7 0,7 0.2

Uln,y) 16 0.5 25U (n,7) I 16 0,4

“"Pu(n, ) 4 8,2 1,3 1H(n,~) 7 2,6 0,8
"Fe(n,n’ 2 11,6 1,6
"N(n, a) 1 23,6 1,4
14’N<n, p) 1 31,5 2,3
2 24,8 1,6

This reduces the contribution from the The TARs for thermal systems are rather
238 (n,n’) uncertainties in groups 1and 2 by too optimistic and can be further reduced
38 and 34 pa3 times: from 0,58% to 0,02% via integral experiments

17



Summary

1.

2.

3.

4,

5.

Countries develop Gen-IV systems

Uncertainty quantification is crucial for designing new generation system in the
frame of lack in experience

A series of models has been developed to systematically assess the influence of
nuclear data in Gen-IV nuclear reactors

Nuclear data uncertainties were propagated; it is shown that they introduce
uncertainties larger than ones from tools

Uncertainty propagation results provided the base for nuclear data needs for Gen
IV reactors via SAUNA

18



Thank you for your attention!
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