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Cracks found at reactor at Hunterston B
nuclear power station

By David Miller
' BBC Scotland environment correspondent
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Source: http://www.bbc.com/news/uk-scotland-glasgow-west-29502329 on 6 October 2014



http://www.bbc.com/news/uk-scotland-glasgow-west-29502329







Periodic Inspection

" Periodic inspections require
the shut down of the reactor
" Purpose is to detect cracking

" |n the keyways, change in
brick diameter

" |n the bore, change in ovality

" Some degree of cracking can
be tolerated until loss of
structural integrity

= Difficulty in moving fuel rods
= Safety cannot be ensured




Predictive Modeling
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As simulation capability improves there are fewer shut downs for
inspection and life-time predictions become more accurate.



Simulated Bricks All Crack Together

the simulations

aren’t quite right. And if they were correct, they would predict that

Vi

But despite very complicated constitutive models

all the bricks would crack at the same time, which they don’t!



Monte Carlo Stochastic
Finite Element Method



Complex Physics, but Mean E, CTE, etc

g >

g N
"

——h o e

Number of individuals

Height in inches

Historically, due to limitations in computer power, engineers have
tended to use mean properties for finite element analysis, ignoring
the standard deviation of test data. All finite elements in a
component, made of steel say, will have identical stiffness, Poisson’s
ratio, CTE and density, to 64 bit machine precision.



Stochastic Modelling Workflow

(1) Measurements
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statistical information

- Standard
- Average G - Stan
" g deviation
Correlation .
function Correlation

length

drH >
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(4) FEM solver
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Arregui et al. “Practical application of the stochastic finite element method”,

Archives of Computational Methods in Engineering, 2016



hhttps://www.researchgate.net/publication/269332552_Practical_Application_of_the_Stochastic_Finite_Element_Method?ev=prf_pub

Temperature Profiles
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Arregui et al. “Random spatial variability in the coefficient of thermal expansion induces pre-service
stresses in computer models of virgin gilsocarbon bricks”, Journal of Nuclear Materials, 2015



https://www.researchgate.net/publication/276352921_Spatial_variability_in_the_coefficient_of_thermal_expansion_induces_pre-service_stresses_in_computer_models_of_virgin_Gilsocarbon_bricks
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Same Geometry, Different Properties

Vertical cross section Von Mises
Stress (MPa)

Stochastic

Horizontal cross section

Three typical “realisations” of a Monte Carlo Finite Element Analysis.



Predicted Stress With Uniform dT
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Predicted Stress With Uniform dT
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Predicted Radial Displacement (Real T)
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Final Thoughts



Multiple Experimental
measurements error

Systematic
errors
U Mean Random
Standard errors __
0] .
deviation Real
fluctuations )

Standard deviation in measured quantities is due to real material variability
(as well as the usual classes of error). In-service measurement may differ
from predicted thermal expansion if latter based on mean properties.
Thermo-mechanical drift may be variable!
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[ phys.org/news/2016-04-tailored-magnetic-materials.html
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Generation of tailored magnetic materials

April 15, 2016

‘ Artist view of the manipulation of the magnetic properties achieved in the

vare nf sarh material are nronam nne nn tnn nf the nther airceccivalu In

Traditional engineering focus on design and machining (external shape).
Could re-designing the (internal) microstructure of materials
improve the precision of scientific instruments?



Acknowledgements

This work was supported by grants from the
National Nuclear Laboratory (UK) and CONACYT
(Mexico), as well as an STFC funded research visit
to the Colorado School of Mines (USA). Computer

access was provided by the UK regional
supercomputer service N8HPC.

‘e
NATIONAL NUCLEAR ’.
LABORATORY @
[




