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Scope of the Project - Background

@ Currently generating

Expected shutdown

BaCkground @ Under construction
Development of a contaminated concrete removal technique it A9
using heat-induced spalling to decommission nuclear power e

stations

e Current annual cost of decommissioning: £ 3 billion [2]

* Most currently operational nuclear power stations to shut
down by 2030

17 nuclear power stations already in the process of
decommissioning [3]

[1]
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Scope of the Project - Research Aims

Project Aim

Improve understanding on the mechanisms of heat-induced concrete spalling by developing accurate
numerical models and evaluating their uncertainty

What is heat-induced spalling?

Spalling is the phenomenon where concrete pieces detach from its surface, accompanied with an energy
release due to exposure to rapid heating conditions.

Channel tunnel fire 1996 Mont-Blanc tunnel fire 1999 Great belt tunnel fire 1994
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Scope of the Project - Problem Statement

Why can we not predict spalling?

e Variability of concrete

Hygral
Phenomena

Mechanical
/: E Phenomena i ;

* Increased modelling uncertainty due to model complexity

Thermal
Phenomena

*  Multiphysics phenomena occurring simultaneously
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Phenomena in Heated Concrete

Hygral Mechanical

Heat Transfer \(EERE L dedge | Mechanical Aspect

Energy Balance Mass Balance Momentum
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Experimental Work - Overview of Test Setup
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Experimental Work - Overview of Testing Matrix

Specimen ID Test Method
A_1l Maximum Output Case
A_2 Maximum Output Case
B_1 Maximum Output Case
B_2 Maximum Output Case
A_3 ISO Curve Case
A_4 ISO Curve Case
B_3 ISO Curve Case

B 4 ISO Curve Case
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Experimental Work - Instrumentation Layout
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Experimental Work - Overview of Spalling Test Results

Specimen ID Test Method Spalling First Spalling Time Spalling Mode

A_3 ISO Curve Case - _ _
A_4 ISO Curve Case X 14' Single
B_4 ISO Curve Case - _ _

B_3 ISO Curve Case X 7’ Single
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Spalling Profiles - Maximum Output Case
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Spalling Profiles - ISO Curve Case

A_4
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Numerical Work - Modelled Phenomena

Heat Transfer Mass Transport

Energy Balance Mass Balance

! !

Temperature Pressure
Profiles Profiles
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Numerical Work - Model Structure

Model

Parameters
Po, K(), Cps()r Ad

Constitutive Equations

S; = ((Esc)b_fl + 1) Pa =
Conservation Equations

- a(m..) C aT+( C +m,C ) VT
. 2 m v m v .
ata+|7-(la)=0 aw+|7'(’w):_mdeh ppat -lpll 91.099
+ V. q = mdehAHdeh - mvapAHvaP
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Comparison of Temperature Curves - Maximum Output Case
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Comparison of Pressure Curves - Maximum Output Case
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Comparison of Temperature Curves - ISO Curve Case
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Comparison of Pressure Curves - ISO Curve Case



Thank you!
Any Questions?
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