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Introduction

TU Delft Reactor Institute

Higher Education Reactor 
In Dutch Hoger Onderwijs Reactor = HOR:

▪ 2,3 MWth open pool reactor

▪ to produce neutrons and positrons for research purposes

▪ in operation since 1963 (> 60 yrs)

▪ cold neutron source (CNS) in operation since 2024
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The HOR has 7 beam tubes:

▪ All made of aluminum

▪ 2 recently replaced (R1, R2) to install the CNS

▪ Typical diameter ~25 cm, wall thickness of 5 mm

▪ 5 originals (L1, L2, L3, DL-DR and R3)
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Beam tube inspection
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Quantifying corrosion spots of beam tube L3. 

Performed by NRG Arnhem, in 2021 and 2024.

In 2021 my colleague Alex coordinated this.

In 2024 I did, while Alex shared his lessons learned.

Beam tube inspection
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Quantifying corrosion spots of beam tube L3. 

Performed by NRG Arnhem, in 2021 and 2024.

In 2021 my colleague Alex coordinated this.

In 2024 I did, while Alex shared his lessons learned.

Technique: Ultrasonic Thickness (UT) measurements

Beam tube inspection
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Still safe regarding structural integrity?

Question 1
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Still safe regarding structural integrity?

This we let NRG Petten decide.

They performed a FEM analysis to evaluate L3 on:

▪ strength (tensile and combined stresses)

▪ stiffness (buckling stability)

Question 1
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Still safe regarding structural integrity?

This we let NRG Petten decide.

They performed a FEM analysis to evaluate L3 on:

▪ strength (tensile and combined stresses)

▪ stiffness (buckling stability)

Yes, L3 with some corrosion spots is strong and stiff enough.

Question 1
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Effect of increasing corrosion on strength and stiffness?

Question 2
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Effect of increasing corrosion on strength and stiffness?

NRG Petten also included a sensitivity analysis:

▪ by increasing corrosion surface area and pit depth

▪ evaluating again strength and stiffness

▪ and determining the safety margin

Question 2

Case A

Case B

Case C



Tekst

13

Effect of increasing corrosion on strength and stiffness?

NRG Petten also included a sensitivity analysis:

▪ by increasing corrosion surface area and pit depth

▪ evaluating again strength and stiffness

▪ and determining the safety margin

A combined increase of corrosion surface area (x 4) and the 
pit depth (x 1,7) results in a safety margin of 1,5.

Question 2

Case A

Case B

Case C
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How to evaluate future thickness measurements?

Question 3
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How to evaluate future thickness measurements?

The safety margins (z) expressed in terms of

▪ corrosion surface area multiplier (x)

▪ corrosion pit depth multiplier (y)

▪ were set equal to 1,5, relating x and y. 

In the y(x) plane this results in a region bounded by the 
safety margins z = 1,5.

Question 3
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Past measurements

Corrosion spots 

Quantification 
with UT measurements

Modelling and evaluation 
with FEM model

Extending evaluation 
with safety margin plot

Conclusion
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Past measurements

Corrosion spots

Quantification 
with UT measurements

Modelling and evaluation
with FEM model

Extending evaluation
with safety margin plot

Conclusion
Future measurements

Corrosion spots

Quantification 
with UT measurements

Evaluation
with safety margin plot



UT measurements



19UT measurement results



FEM model of L3



FEM model of L3

Real corrosion spot

Model of corrosion spot



FEM model of L3

Real corrosion spot

Model of corrosion spot
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What’s the importance of connecting in ageing 
management?

For proper ageing management, to know your 
assets and become familiar with them, is important. 

Practical direct experience is essential. 

By learning from colleagues in the field, the chain 
of transferring direct experience is continuous.

Whenever I am going to perform something 
practical, I always ask colleagues to join me. 

Either it’s my colleagues helping me or it’s me 
offering them an opportunity for obtaining direct 
experience. 

Connecting nuclear
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Connecting nuclear

For innovation, what’s the importance of connecting?

Innovation is about the actual realization of something new.

Connecting theory to practice is important in the realization 
phase.

Often it also requires the help of colleagues,
or external experts. 

Involving others to collaborate to achieve your goals.
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When was the last 
time you connected 
theory to practice?
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Thank you for listening
Questions?



Extra slides
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Water quality management:

▪ 4,5 < pH < 7,5
Typical: 5,5 – 6 

▪ Conductivity < 300 μS/m 
Typical: 30 – 40 μS/m

▪ Chlorine levels < 5 g/m³ ≈ 5 ppm
Typical: < 1 ppm

Limitations for in-pool use of materials:

▪ Chlorine-containing

▪ Copper, mercury, silver

Preventing corrosion
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Water quality management:

Preventing corrosion
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Beam tubes R1 and R2 have been replaced as part 
of the installation of the cold neutron source. 

Due to significant amounts of radiation, distance is 
required to limit radiation doses. This adds up to 
the complexity of the task.

Replacing beam tubes
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Lack of data results in the need to use statistics for 
probabilistic extrapolation. This leads to uncertainty 
and to accept this a certain confidence interval is 
chosen.

Extrapolation and evaluation of corrosion surface 
area and number of spots is done by using the 
Erlang distribution.

What about inaccessible
beam tubes ?
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The acceptance criteria for strength, ASME III: 

▪ tensile = membrane (Pm)

▪ combined = tensile (Pm) + bending (Pb)

‘Acceptance criteria’ for stiffness:

▪ increasing load until buckling instability

▪ safety factor based on critical buckling load

Acceptance criteria


