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Nuclear decommissioning: end of lifecycle -
cradle of new technology
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IFE, three organisations in one

Research & Development

Material and Prosess Technology

Flow Technology and
Environmental Analysis

Digital Systems

Nuclear
Technology

Two research reactors

Research within physics,
materials, nuclides for medicines,
nuclear safety, denuclearization,
nuclear waste and
decommissioning

Radio-pharmacy

Development of
radiopharmaceuticals
Production of Xofigo for Bayer
Production of other
radiopharmaceuticals
Pharmacy and distribution of
radiopharmaceuticals




60 years history of nuclear research

1939
1942

1948

1951

1954

1958
1959

Nuclear fission demonstrated

First nuclear reactor in the world started at Stagg
football stadium, Chicago USA

ABWR

IFA (Institutt for Atomenergi) started

Jeep 1 reactor at Kjeller started. One of the first
experimental heavy water research reactors in
the world

Halden Boiling Water Reactor (HBWR) decision
made to build the reactor in Halden

OECD Halden Reactor Project established
HBWR critical June 29th
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Official opening 10. Oct 1959
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A key asset to international nuclear R&D ?

HBWR Research program

Key-factor: Making In-pile fuel
measurements

* Fuel performance
« Cladding performance
« Safety Criteria (fuel behavior under

LOCA conditions)
« Material test (IASCC)
N, + Loop systems for simulating BWR/
_— PWR/ CANDU conditions
E” o HBWR Technical Data
|||H||H - Thermal power:. 20 MW
N _A  Operating temp.: 235°C
—— - Operating press.: 31 bar
- . - Moderator: Heavy water
| - Heavy water vol.: 14 m3
« Type of fuel: UoO,
o o - Power control: 30 Control rods
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20+ years history of research into digital support T

£ Dose History Graph IR =13 & Navigation 3d
Engineer: dose-rate / distance
Highest external doserate: 4.094 uSu/h

Length of walking route: 95.0 m

Mechanic: dose-rate / distance
Highest external doserate: 2.305 msv/h

Length of walking route: 54.3 m

Inspector: dose-rate / distance
Highest external doserate: 4.741 mSv/h
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The OECD Halden Reactor Project (HRP)

>100 nuclear organizations from 20 countries
utilities, vendors, licensing authorities and R&D centres:

CEA, CIEMAT, CNPRI, CRIEPI, FRAMATOM, DTU, EDF, E.ON, ENSI, EPRI, EU JRC, FANR, GE/GNF,
GRS, IRSN, JAEA, KAERI, Kazatomprom, MEE, Mitsubishi, MTA EK, NNL, NRA, NRG, PSI, SCK/CEN,
SNERDI, SSM, TVEL, UJV, US DOE, US NRC, VUIJE, Westinghouse ...

i\ Safety management for
- decommissioning

Training for normal work and
emergencies in decom.




20+ years history in digital support for decommissioning

FUgen NPR(SAEA) Fenimgorad NPE: Andreeva bay, NW. CHEMOLYINNPE
(L9951=)) (19995) RUSSTa (2044-) (20065=1)




Industrial support systems and services

User(s)  PlantInfo.

Sensors

System(s)

Plant information
*3D models,
*Radiological data,

VRdose™
tool family

*Structure/component properties, ...

Work plan

Visualize
e The environment (digital model),

* Radiation emission/exposure, and
e Work scenarios (3D technology

Optimize

e Modify (with interactive real-time
3D visualisation)

e Compare alternative scenarios

Demonstrate & document

e Playback with interactive navigation
and visualisation

e Output printer-friendly reports

* Optimal work procedure

* Worker dose/risks
==l - Comparison of alternatives

3D models &
manikins ’ ‘-; .{1.‘

*Documentation

. Object parameters
Personal dose charts - - {» _

*Demonstrations

*Training material

“ADIRIE N

| Train/support

e Desktop and immersive material
e Classroom type and interactive

e Augmented Reality in-situ support

Customization, application, data import, ....
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Now histories meet |

winn

world nuclear news

Energy & Environment | New Nuclear | Regulation & Safety | Nuclear Policies [ | Uranium &

Research

Halden Reactor to be decommissioned
28 June 2018

< Share

The board of directors of Norway's Institute for Energy Technology (IFE) has decided to
close the Halden Reactor permanently and to start its decommissioning. The board will

not apply to extend its operating licence, which expires in 2020, and the reactor, which

is currently shut down due to a safety valve failure, will not be restarted.

AN

Decommissioning
at IFE

g o
The Halden reactor (Image: IFE)




Decommissioning sites at IFE
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Focus on systemic (MTO) approach Technology
echnology
\ 4
\’1' Radiological modelling / X
* Real time radiation transport paal Processes
* Geostatistical analyses {(human)} [(organization)J

* Monte Carlo radiation transport
* Source deconvolution
* Internal dosimetry

* Sematic web technology * 3D modelling
* Robotics * Virtual and Augmented reality
* 3D gamma mapping * Advanced user interfaces

* Mobile and wearable devices
Human and organisational factors
* Gap analyses (key capabilities, maturity)
* Capability development - road map for minimising H&O issues
* Staffing — optimisation / Trening / Change management

IFe
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.40

Holistic (digital) support

Plant information management (PIM)

Rad. characterization

Informed decision making

Job planning (optimization: risk/hazards - costs)
Regulatory interaction

Team collaboration & coordination

Training & Briefing

Knowledge Management (KM)

Emergency preparedness

Robotic & autonomous systems

People wm%  Processes
(human) (organization)

Technology

O Scheduling and
resource
allocation

O Detailed job
planning

-4 Strategic planning

(decision making) Q Training

\

5

Work cycle support
concepts

Q Characterization O Briefing (also f
(CSM) post job)

O HSA (historical

P O Job execution
site assessment) ;

(and walk-downs)
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IAEA PRESS RELEASE (2018) P

General Conference Day 2 Highlights
IAEA and Norway

The IAEA and Norway’s Institute for
Energy Technology will work together on
the use of digital technologies in
decommissioning and nuclear knowledge |
management under an agreement
signed by the two parties on the side-

lines of the 62nd General Conference.

(Left to right) President of the Institute for Energy Technology Nils Morten Huseby signs the Practical Arrangement with IAEA Deputy Director
General and Head of the Department of Nuclear Energy Mikhail Chudakov. (Photo: IAEA)

www.laea.org/newscenter/news/general-conference-day-2-highlights-18-september-2018
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Machine learning - Al

Visual inspection of
the quality of produced
radiopharmaceuticals

Espresso machine and cRIO IFE Enterprise Network Azure Cloud Outside Clients /
Guest Network
ml_-—
=~ J o4 ——
=
N1 PTC ThingWorks KAIST Students
—
Wega Espresso
SAP IFE Private Cloud
DIG IFE Lab VPN
. st r.
v SAP HANA




Initiative: Digitalization + sensors + robotics

® Integrate standard / emerging
equipment in a modular
design

® |Integrate digital, sensor and
robotic tech

® Enable high autonomy
® Prove safety/security

® Validate in the field and prove
efficiency

® Full scope support: design,
training, control, ...

® Guidance for application to
specific needs

Decom.
market
needs

=

UVs with

autonomy/remote

control
UAV

Ground vehicle
(with arm)

Localisation
(sensors, LIDAR)

Digital platform
(remote control,

autonomy)

Data analyses /
visualisation

h;./;!

Detectors/

Sensors

Solutions

*Site exploration

*Radiological
mapping

*Emergency
management

IF2



Initiative: Holistic digital support

Safety argumentation

@ en semantic information
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ANALYSIS CODES

EE strategicpians

Job planning
system

WORK PLANS '| ‘\\ waste
1 \\
hazards P .
. : scenarios
protection risks -

H kS
H 1

Modelling

time -

D oyl
equipment

cost

Structured argumentation

Project specific training material,

__5 Safety reports (SAR),

Semantically structured
documentation, ...

Project

_____________ }
planning system Project
) cost, time,
o resource needs,
of jobs .
P skill need,

”,
rd

waste

Training tool —— ICJI’QJEiCt/jc-;b Speqﬂc
tralnlng simulations
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Piloting comprehensive digital support

2. HAZOP and
work planning
3D interactive

1. Building info
system (BIM)
A 3D interactive

information system, ; e = simulation of

b

R
-
i L

based on Nl work plan - : | operations (with
integration of 3D I — J !} S| real-time radiation
CAD data with risk visualization)

characterization i for finalization of
and other HAZOP results and
iInformation (e.g. £ [ ==—:= | step-by-step work
activities) for plan

supporting "

decisions (planning

meetings)
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Piloting comprehensive digital supprot (cont’d)

3. Immersive 4. In the field
presence Information
Virtual Reality Augmented

based support:

* Visualization of
Information and
radiation

* Interaction with
objects (sketching
scenarios)

* Visualization of
work process

Reality based
Interactive in-situ
visualization
could support
Inspections and
field workers

IF2
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. Special situations

. Holistic application

. Don’t underestimate the impact on motivation
. Leverage knowledge across projects/domains

Business case — digitalization, robotics in decom

1. Accident sites — e.g. Fukushima, Chernobyl

2. Unique work — e.g. graphite reactors

1. Application for multiple types of tasks
2. Use across the whole stakeholder team

3. Start early, use through the whole process

1. Big organisations, National strategy
2. Other domains — e.g. radiopharmaceutical production

IF2



Demos — Monday and Tuesday

St t d f t b InStrucT for SAE - Information Structuring Tool applied for Safety Argument Extraction
ructuredad sarety Fle Edit Help

Load PDF file | @l Load arg. model

argumentation
A

® Analyse reports from a
safety/regulatory
compliance perspective

* Update reports efficiently
in case of deviation

® Create argumentation as a
“back-bone” for new
reports

® Support communication
before development of full
report <

<& 100% Page 131 of 219

Non-Proprietary

Safety I&C System APR1400-Z-J-NR-14001-NP, Rev.0

Clause 5.6.2: Between Safety Systems and Effects of Design Basis Event

“Safety system equipment required to mitigate the consequences of a specific DBE shall be independent
of, and physically separated from, the effects of the DBE to the degree necessary to refain the capability
to meet the requirements of this standard. Equipment qualification in accordance with 5.4 is one method
that can be used to meet this requirement.”

Analysis:

Independence of the components in the safety 1&C system to the effects of a design-basis eventis
provided by qualifying the equipment in accordance with the requirements in Section 8 of this report

Clause 5.6.3: Between Safety Systems and Other Systems
“The safety system design shall be such that credible failures in and consequential actions by other

systems, 3 documented in 4.8 of the design basis, shall not prevent the safety systems from meeting the
QUi of tff standard.
L}

n

6.3.1 Interconnected Equipment

Analysis:

The

which consist of two divisions. The protection division is physically separated and electrically isolated from
the other three protection divisions. Al connections to non-safety equipment are through isolation devices
and are one way during plant operation As an exception, the IFPD communicated to the ESCM to send
identification data, which does not adversely affect safety functions and systems, through communication
isolation to meet the guidance DI&C-SG-04. The details for communication independence are described

in Anmandiv M £ Ac a reailt failirae nf nan_eafsts cuctame rannnt nravant anu eafaty IRC auctam fram
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[# Export to Excel | ] Import from Excel < Open graph | @ Save graph ® Save graph to .png
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Demos — Monday and Tuesday

. Simulation Editor - I:\Projects\0-40524-Decom-workshops\Decom Workshop 2018\demos\URA\102a_fakedata.world - (] X

Radiological characterisation - o pemer e =

digital support , i
i e Categorization
® Historical site assessment — ||l
combination of docs, D -
interviews, ... | o
. . . . v _ ci o lsosriaria categonize o
® Visualisation and analysis for R T s
strategic decisions =
(L“!E.\ 17 7108.0] ' m; MP23399.51‘56.5 320. 481.7)
* Documentation and iy
traceability Lo e s
® In-situ information — AR tech s = &
* Compatible with holistic " o
digitalisation e
Eg:’:r:::s.:faoe(:omamaﬁon B] v
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Demos — Monday and Tuesday

Laser/3D scanning/imaging

* Virtual tours for familiarisation &%

® Regular updating of 3D CAD
models and engineering
drawings (design info

verification)

)

® Strategic planning —
verification of feasibility, e.g.
space req.

* Enabling other digital support
concepts e.g. PIM




Demos — Monday and Tuesday

VR based interactive presence

® Virtual work planning —e.g.
shielding design

® Access plan information in VR
e.g. see systems

® Training for normal work and
emergency situations

® Collaborative planning —
telepresence from multiple

physical locations

° Briefing —immersive display of
work plans and risks




Demos — Monday and Tuesday

3D gamma mapping based work
planning — Fukushima demo

® 3D gamma scanning based
source mapping

® Interacting 3D gamma
mapping with decom support
systems

®* Work planning based on
actual radiological mapping

* Shielding design based on
radiation transport and work
simulation tech

Do

.....

Dose-Rats I
B B M ¥ ¥ %5 2 4 8 8 88 8

LI

......
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Demos — Monday and Tuesday

ﬂ HVRC VRdose Planner Pro DEBUG Version: /HBWR Measurements/Scenario2 = a X

VRdose and geostatistical
analyses — Halden Reactor demo | -

® Geostatistical analyses
(KRIGING) based dose
mapping from measurements

* Dose planning based on dose
maps

®* Combination of dose map and

radiation transport il
. L j=r N gy
® Planning/Optimisation of 8 2 DN 10t i, S P |
sampling/measurements | E v | ER T

IF2




Demos — Monday and Tuesday

Digital support for robotics
bases procedures — concrete
grinding process

SKIT

Karlsruher Institut fir Technologie

® Visualisation of the
environment strategy planning

®* Geostatistics for surface and
subsurface contamination
mapping

° BIM based process planning

® Grinder programming based
on contamination map

°* BIM based process control

IF2



Demos — Monday and Tuesday

3D simulation based work/dose
planning — Chernobyl demo

® 3D simulation based planning
of work procedures

* Dose estimation with real-
time radiation transport

® Training and briefing of field
workers

°* Demonstration, regularity
process and documentation

® Preserving experience

* Publicinformation }

IF2



http://www.ispnpp.kiev.ua/en/

Workshops and
training
courses in 2019

Focus on knowledge
management and
training/education

°* Immersive and
interactive presence

° Serious gaming

° Mixed reality — AR
based in-situ info

* Trainee performance
measures

* Story telling

* Simulation based
knowledge exchange

IFQ (A 4) NEA | :‘:g‘: =Pl

Digitalisation for nuclear decommlssmmng (2019)
Workshop on

Advanced methods for knowledge management, training and
education for nuclear decommissioning

Tentative date/venue :
2019 June 18-20
Halden, Norway

Photo: Joachim Bratteli /JFE

Based on feedback from the participants of our first event under the umbrella of
digitalisation for nuclear decommissioning (www.ife.no/hrpdecom2017), we are organising
this third event for 2019 www.ife.no/digidecom2019. (see also: www.ife.no/digidecom2018).

A growing shortage of skilled nuclear decommissioning specialists is foreseen in the upcoming
decades, due to the rapidly increasing demand and low supply (resulting from social and
political trends). The workshop will bring together a multidisciplinary group representing the
professional community working on implementation and oversight of decommissioning for
discussing opportunities and lessons learned from innovative digital methods for knowledge
management, training and education in nuclear decommissioning.

The workshop aims at taking advantage of technologies like
storytelling, serious games, 3D simulation, digital twin,
and virtual/augmented reality allowing the participants to:

* Demonstrate technology, tools and methods
Software and tech support will be provided by IFE
Best demos will be rewarded!
* Share interesting technical solutions
Input will be provided for IFE beforehand
Technical demos will be prepared in groups
Selected demos will be rewarded!
* Experience
* Become immersed in 3D interactive virtual
decommissioning sites: explore site, control equipment
e.g. robotic/remote equipment, ... L
* Be engaged in entertaining stories from our experience
through serious gaming
* Participate in virtual/augmented tour of our facilities

Rewards may include a gift pack, 2 year license for the VRdose®
tool (www.ife.no/vrdose_overview), exemption from registration fee...

Organising committee: digidecom@ife.no

Intemational advisors: G Kwong (OECD NEA), PJ O'Sullivan (IAEA), V Michal (IAEA), A Ganesan (IAEA), O Glockler (IAEA), V Ljubenov
(IAEA), R Reid (EPRI), J. de Grosbois (indep. consultant)

Chairman: | Széke, Institute for Energy Technology, Norway

Digitalisation for Decommissioning S?

This course focuses on digitalisation of the nuclear
decommissioning process from early planning (during
operation) ur  “he final site release, with special focus
on inte” . ‘gital concepts enabling holistic
mana" <«fp.  tand safety.

T Py incluy 3D modelling and simulation,
s, atic i watio. ~technology, physics modelling,

dig.  ‘twins, _ocess ~ ‘mulation and Vvisualisation,

imme 3 presence 8~ _nced user interfaces.

Applica ares” «de: information management

(BIM/PIN1), si* .<lling, strategy and work planning,

safety asu Nt and demonstration, emergency

preparedness,  ‘ning and briefing~ ‘workers, robotics, as

well as team co,  “ation and » _nNg. Norway

Trainees will so.  xamr’

«~"in_ji”teractive group
\ Next courses:

sessions using digital te~” v,

The course will also t. avanta"j Jtelling, serious| |2019 November

games, and mixed reahty for” .  /highly engaging

deep learning experlen' €d real-” project

experience. Y -

Expected audience: All professior _olved ir R

or overseeing decommissioning, ax _«€ll as» _ohaly

starting a career in decommissioning \“]

Education level: EQF Level 6 or 7 ¢

Learning outcomes from the course: o

v' Overview of the international landscape forresearch (,ph\ ‘n of digital
technologies for nuclear decommissioning N N

v' International overview of available technologiy (4ell a eds a, _.ends for future
development and application \

v" Understanding of the regulatory aspects of dlgItIZ.. “for de.ommis<” 3

v Overview of digital technologies applied in the Oil&  “adustry -

v' Lessons learned from application of digitalization for &._comp’ €ana_ te
management in Norway A ‘)

v’ International experience from application of digitalization, . decor} i
hazardous legacy nuclear sites (including Chernobyl NPP) /o

v' Skills in application of digital technology for different aspects of d imissionin,

v' Learnings from experiencing examples and solving problems thr¢ immersive
(gaming) experiences based on international real-life projects “]

Price: ! \\ g
200 EUR \

I Fh Institute for Energy Technology
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