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ISESs, AR and VR as training-tools

Emily-Marie Zube!, Tobias Weissenborn, Hanne Schmitz!, Elena Macerata2, Charlotte Fischer?, Janne Hillberg?,
Milo Albrecht?

linstitute of Radioecology and Radiation Protection (IRS), Leibniz University Hannover, Germany

2 Department of Energy — Nuclear Engineering Division, Politecnico di Milano, Italy

x |

' 65,4 nsvih



Hannover

/lh& Tomorrow: Practical Hands-On Training 0| Wit

Al generated pictures
|
Train the Trainer ,



Leibniz

IRS._ Materials for schools 'z | iversia

Hannover

Fachverband fiir . .
Strahlenschutz e.V. Methodically sorted material
Fir Deutschland und die Schweiz
q\ m:ilgig:?f;::::g:::‘r;x:ﬁﬁmmn Hier finden Sie methodisch sortiert Materialien, die fur den Unterricht verwendet werden konnen.

Verfliighare Materialien

Augemented Reality (AR) >
Interaktive Bildschirmexperimente (IBEs) >
Escape-Room-Spiele >
Einfache (reale) Experimente mit nattrlicher Radioaktivitat >
Virtual Reality Experimente (VRE) >
Schulwettbewerbe >
Software >
Strahlenschutzkompakte des Fachverbandes fur Strahlenschutz >

Train the Trainer 3



IRg_ More Materials 12 unierstt

Hannover

RadLab Augmented Reality Experimente Escape Rooms

Mobile Experimente fiir Schulen App fiir Andriod und i0S EXIT Spiele fiir den Unterricht

SNERE 00 EYBOLD'  memm—

Interaktive virtuelle Experimente Interakt. Bildschirmexperimente IBE Sammlung FU Berlin &
Virtuelle Experimente zum Download IBEs des IRS Interaktive Bildschirmexperimente
zkurse.de/de/behoerden-schulen/angebote-fuer-schulen/radlab

Train the Trainer 4
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Advantages of Interactive Screen Experiments LI e
/IRs. ° P ik

Hannover

Supplementing real experiments

Low logistical effort

Perfect for simulating complex procedures
Interactive learning

Flexibility and accessibility

Reliability

More motivation

Improved learning outcomes and rapid
knowledge acquisition

Train the Trainer 5



Interactive Screen Experiments 12 unierstt

Hannover

l TNO08 (EV0LD  p—

X-Ray Shielding

Effect of different
shielding materials
und material
thickness

— different measuring

........

........ .. Measuring Devices

. Getting to know

devices

Differences between
the individual Angle-dependent

Reflection

measuring devices

Visualization of the
Bragg condition
Relationship between
the orientation of the
rotating crystal and
the detector

- Tipp

Train the Trainer
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GammaLab i; Universitat

Hannover

JATM Interactive Screen Experiments RoboLabs

Sample 1 into Open/Close
detector Shielding

Sample 2 into Start
detector Measurement

Sample 3 into Measurement time

detector
O 300s
Sample 4 into ® 1h
detector '
O 6h

Sample 5 into
detector

Sample from position "4"

Sample 6 into
detector

“ Investigation and identification of
different samples using gamma

spectrometry
Wm N |

Contact us: robolab@irs.uni-hannover.de Energy [keV]

Counts

Train the Trainer 7
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Addltlona”y IL_Jlniversitéit

Camera

Camera Operation’ [ Measuement | Log
Measurement jection PLEIp
Injection volume: 60 pl
Meas::orem‘ent time (s) Injections allowed 1 i
| Injections done: 1
. 10 Solvent Pump
Start/stop solvent pum
e £ 31 o ﬁp's‘) :
OFF
Logfile
Add
Comment to
Log
Control Area [15:11.09 Experiment Started Dataplot
15 11:39 The ifon sample was measured with 1 minutes in solution for o
Get copper sa Get iron samy 10 seconds. 10 counts were measured
T S 0001M | O o &
o o
e : am o =
Time in Solution (min) L1V e g &
Noewton [ || 5
I Put sample in solution " Clean sample | == &5
g
8 10 o L
Bring sample to the detector | | Bring sample 1o the waste bin Download Log )
E a5
20] UD L] & o 2
o 200 400 600 800 1000
Measurement Time [s]

PAula lonLab

(Programmable Autodeposition Lab) ,
Introduction to chromatography

Autodeposition of Tc on different Sr-90/Y-90 separation via ion
metal strips exchange resin

Train the Trainer 8
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I ; Universitat

Determination of the Half-Life of Ba-137m

* Bundesministerium
o fiir Blldung Wil "' /g\
und Forschun i
S g WIRKUNG k)

HOCH 100® STIFTERVERBAND

J G|U Fachverband fiir
Strahlenschutz e.V.
sjonannes GUTENBERG F" ;:?:’S‘i{%"‘ﬂ“:git'ﬁ:?d
UNIVERSITAT MAINZ

Kaiserslautern » Mainz

GILK @& 2%,

A j
‘

= pe

03.07.2025 Braih Hegriimamer Seite 9



A\ﬁ The Decay of Cs-137

03.07.2025

il Leibniz
{ 0; Z§ Universitdt
tog: 4 § Hannover

94.6% of the Cs-137
decays to Ba-137m with 55
a half-life of 30.17a

Ba-137m decays to Ba-

2,55m
137 with a half-life of
2.55m v (662 keV)
\ 4 stabil

137
56Ba

Biafh Heariimamer Seite 10
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Gerate Schnellzugriff

o

Isotopen-Generator V‘

Stoppuhr &

= 00:05.1 >|m|9

-+ Digitalzahler o
2

> | - Imp |ID

fEmm:c0® |

\

Cs-Ba-Generator

oo ml?

03.07.2025
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/lh& Our AR-App Ei‘ﬂl}iitat

= Experiments on the range and penetrating power of alpha, beta and gamma

radiation

Train the Trainer 13
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/lh& VR-App for the Chart of Nuclides Uriversi

= Experience the chart of nuclides
from a new perspective

= Several possibllities:
= Pointing at it with the controller
= Touching it with your hand

= Walking over it when displayed
on the ground

Train the Trainer 14
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VR-App for the Chart of Nuclides 02| Universiti
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Virtual radiochemical lab developed within the A-CINCH Project

Shortcuts
[Hjand:

Leibniz
Universitat
Hannover

rrrrrrr

65 UNIVERSITAT .:. Jozef Stefan Institute :-‘"-\"- POLITECNICO
'"‘ MAGDEBURG ... Ljubljana, Slovenia LN MILANG 1863

Several scenarios simulating the daily work in a radiochemistry laboratory.
Initially programmed as Virtual Reality/more immersive, desktop version available

AUGMENTED

CINCH@)

POLITECNICO MILANO 1863



[Hlands On Trainings | [Q]uests & Tasks

Free exploration

Airlock entering

Determine half-life from the mass of long-lived radionuclide

Determination of Po-210 and Pb-210 in water samples

Superficial decontamination, contamination conditioning and release
of radioactive metallic waste

Airlock leaving

[1nstructions

A-CINCH VR-Labs

[PJersonal Journal

o
Al ——r

a 0
i | >
i e | >
a 0

“You are here: NucWik » VR-Lab

» Calculation Exercises
b Exercises
» Laboratory Exercises
» Lecture Recordings
» Lecture Siides
» nucwik_welcome
» RoboLab Remote Controlled
Experiments
» Simulation Exercises
» Textbooks
¥ VRLab
+ Superficial
decontamination of
radioactive metallic waste
» Airlock entering
+ Halflife determination
» Airlock leaving
» Determination of Pb-210
and Po-210 in water
samples
= About NucWik
= Case Studies
= Guidelines for formatting

AUGMENTED
NCH®)

I 11

Search

Q

Recent Changes Media Manager

vrhub:start

VR-Lab

Welcome in the virtual Hands-on Training!

The CINCH consertium have prepared several scenarios simulating the daily work in a radiochermistry
Iaboratory. Students, professionals and interested public alike can try to succeed in defined procedures, from
Entering the airlock area, over selected scenario up to the final Leaving

You can browse thru the Scenarios and required actions before or during the training. Here we have sorted the
Scenarios by difficulty, Halfife determination being the simplest and Superficial decontamination the most
demanding one.

We have prepared following scenarios:

1. Airlock entering

2. Halflife determination

3. Determination of Pb-210 and Po-210 in water samples

4. Superficial decontamination of radioactive metallic waste

>S50

Exercise pages for Nucwik 5. Alrlock leaving

= Nucwik 2
& CINCH project
@/NRG Network
@/ CINCH Hub

vrhubistart bt - Last modified: 2023-08-28 22:17 (external edit)

https://nucwik.cinch-project.eu/vrhub/start

A-GINCH Gonsortium

email: mst@evalion.cz | tel: +420 224 358 331 | Copyright ® 2021 A-CINCH
This project has received funding from the Euratom research and training pregramme 2019-2020 under grant agreement No. 945301

POLITECNICO MILANO 1863



A-CINCH VR-Labs

Airlock Entering

Airlock Leaving

Familiarize with safety requirements for entering/exit
the lab.

i (] Leibniz
{ 0j Z Universitat
tog:4 | Hannover

Determination of Po-210 and Pb-210 in Water
Samples

Conduct analysis involving filtration, acidification,
preconcentration, and separation techniques; analyze
with proportional counter and spectrometer.

Q0 Joief
Stefan
® .. Institute

Determine Half-Life from the Mass of Long-Lived
Radionuclide

Establish relationship between half-life and
radionuclide quantity; determine sample activity.

Superficial Decontamination of Radioactive

Metallic Waste
Decontaminate metal scraps in four steps: dissolution,
oxidation, precipitation, vitrification.

POLITECNICO
MILANO 1863

POLITECNICO MILANO 1863
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CINCHQ) The Hus

HOME CINCH Project EuChemS

This CINCH Hub platform was developed to wrap up outcomes of the series of "CINCH projects” into a user friendly and easy-to-navigate single page interface and to facilitate access-’t";

|
developed education and training tools. It also Implements the highly innovative Virtual Laboratory developed in the most recent A-CINCH project

Courses EUROMASTER [QURINEE Teaching Aids | CINCH Videos [

CINCH®) The HUB

The Virtual laboratory is an attempt to recreate a real radiolab in a virtual environment. The user can choose from several different scenarios - or Quests - of various difficulty.

Overview of CINCH Fundamental NRC
courses education
requirements

ClNC H It is our belief that including a sophisticated VR radiochemistry lab and integrating it with traditional teaching, training, and advanced distance-learning methods available among the CINCH Tools
course _ ) i ) . L :
b k will make the NRC field more attractive for younger generations and enhance the learning outcome of the very expensive, but indispensable, hands-on training
roker

Below is a direct link to the Virtual laboratory, followed by descriptions of the available scenarios.

Airlock Halflife Determination | Superficial

entering determination | of Pb-210 and | decontaminatio
Po-210 in of radioactive
water samples | metallic waste

https://hub.cinch-project.eu/

Airlock leaving

POLITECNICO MILANO 1863



A new course @Politecnico

Analytical Methods and Processes for >

Waste Characterization and Valorization

Target: Master students in Nuclear Engineering and
Chemical Engineering

SELF-PACED

Educational LEARNING

Model

Learning purpose
and objectives

Engaging with the
VR lab

Collaboratively
performing
experimental
activities

A- CINCH VR Iab

CLASSROOM
DISCUSSION

Presenting and
discussing results
with teachers and
peers

POLITECNICO MILANO 1863



/Fﬁ Preliminary Survey




Leibniz
Universitat

Hannover

T
W s &
9. g
i ""&, ;
e A
- S

T [Interactive Screen Experiments RoboLabs

Sample 1 into Open/Close
detector Shielding

Sample 2 into Start
detector | iy I i 207 Measurement

sample 3into | Measurement time

detector .

© 300s

Sample 4into ® 1h
detector

O 6h

Sample 5 into
detector

Sample 6 into
detector

Thank you for your attention!

Train the Trainer

Let’s try it tomorrow!

Have fun at the workshops!




/i\& Final Survey
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