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Definitions (from IAEA SAFETY GLOSSARY, 2018 Edition)

‘Decommissioning’ is the set of administrative and technical actions taken to allow the removal of
some or all of the regulatory controls from a facility to a predetermined end-state.

This does not apply for that part of a final disposal facility in which radioactive waste s
emplaced (repository), or for certain facilities used for the disposal of naturally occurring
radioactive material (NORM) or of residues from the mining and processing of radioactive ores.

For all of these the term closure is used instead of decommissioning.

‘End State’ is a predetermined criterion defining the point at which a specific task or process is 1o
be considered completed.

Used in relation to decommissioning activities as the final state of decommissioning of a facility;
and used in relation to remediation as the final status of a site at the end of activities
for decommissioning and/or remediation, including approval of the radiological and physical
conditions of the site and remaining structures.

‘Regulatory control’ is any form of control or regulation applied to facilities or activities by a
regulatory body for reasons relating to nuclear safety and radiation protection or to nuclear
security.

Then, 'Nuclear decommissioning' is a broad process covers all steps from ceasing the operation of
a nuclear installation to its final total release from regulatory control (or part of it).
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Presenter Notes
Presentation Notes
Base on the definitions reported in the IAEA Safety Glossary: ‘Decommissioning’ is the set of administrative and technical actions taken to allow the removal of some or all of the regulatory controls from a facility to a predetermined end-state. 
This definition does not apply for the disposal facility for radioactive waste or for the facilities used for the disposal of naturally occurring radioactive material (NORM) or of residues from the mining and processing of radioactive ores. 
For all of these facilities the term closure is used instead of decommissioning.
The ‘End State’ is a predetermined criterion defining the point at which a specific task or process is to be considered completed. 
When we use this term in relation to decommissioning activities it indicates the final state of decommissioning of a facility; and if used in relation to remediation it is the final status of a site at the end of activities for decommissioning and/or remediation, including approval of the radiological and physical conditions of the site and remaining structures. 
The term ‘Regulatory control’ is the function or power or (usually as controls) means of directing, regulating or restraining. Then, any form of control or regulation applied to facilities or activities by a regulatory body for reasons relating to radiation protection or to the safety or security of radioactive sources.
Then, 'Nuclear decommissioning' is a broad process covers all steps from ceasing the operation of a nuclear installation to its final total release from regulatory control (or part of it). In some cases for example a facility (or its remaining parts) may also be considered decommissioned if it is incorporated into a new or existing facility, even if the site on which it is located is still under regulatory control or institutional control.


Objectives

Two generally are the main objectives of decommissioning:

Unrestricted use (in technical slang, i.e.: "green field"). The use of an area, building or
material without any radiological restrictions (as if it has never had radioactivity).

There may be other restrictions on the use of the area or material, such as planning
restrictions on the use of an area of land or restrictions related to the chemical properties
of a material. In some situations, these restrictions could, in addifion to their primary
infended effect, have an incidental effect on radiation exposure, but the use is classified
as unrestricted use unless the primary reason for the restrictions is radiological.

Restricted use (in fechnical slang, i.e.: "brown field"). The reuse of the site under restrict
conditions (considering residual radioactivity effects). The use of an area, building or
materials subject to restrictions imposed for reasons of radiation protection and safety.

Restrictions would typically be expressed in the form of prohibition of particular activities
(e.g. house building, growing or harvesting partficular foods) or prescription of particular
procedures (e.g. materials may only be recycled or reused within a facility).
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Presenter Notes
Presentation Notes
Two generally are the main objectives of decommissioning:
Unrestricted use (in technical slang, i.e.: "green field"). The use of an area, building  or material without any radiological restrictions (as if it has never had radioactivity).
There may be other restrictions on the use of the area or material, such as planning restrictions on the use of an area of land or restrictions related to the chemical properties of a material. In some situations, these restrictions could, in addition to their primary intended effect, have an incidental effect on radiation exposure, but the use is classified as unrestricted use unless the primary reason for the restrictions is radiological. 

Restricted use (in technical slang, i.e.: "brown field"). The reuse of the site under restrict conditions (considering residual radioactivity effects). The use of an area, building or materials subject to restrictions imposed for reasons of radiation protection and safety.
Restrictions would typically be expressed in the form of prohibition of particular activities (e.g. house building, growing or harvesting particular foods) or prescription of particular procedures (e.g. materials may only be recycled or reused within a facility).



Political framework

What do we need to develop a safe, effective and efficient decommissioning process?

Policy is a set of ideas, or a plan of what to do in particular situations that have been officially accepted by
a group of people, an entrepreneurial organization, a government or a political party. It represents a
system of pre-arranged guarantees for all stakeholders.

The national policy shall be promulgated as a statement of the government'’s intent.

Legal and Regulatory Framework is a set of laws and regulations for achieving objectives and a high level of
safety during the lifetime of nuclear facilities, from commissioning to end state of decommissioning

Regulatory Authority or a system of authorities designated by the government of a State as having legal
authority for conducting the regulatory process, including issuing authorizations, and thereby regulating
the safety of nuclear installations, radiation safety, the safety of radioactive waste management and
safety in the transport of radioactive material.

Strategy is an action plan designed to achieve a long-term or general goal, taking into account the legal
and regulatory framework, the boundary conditions and uncertainties.

Decommissioning plan is a (or set of) document containing detailed information on the proposed
decommissioning of a plant, including decontamination and/or removal of structures, systems and
components, the development of procedures, processes and work activities to achieve of the
approved end-state.

Boundary condition is the set of conditions and infrastructures necessary to develop the decommissioning
plan.
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Presenter Notes
Presentation Notes
What do we need to develop a safe, effective and efficient decommissioning process?
Policy is a set of ideas, or a plan of what to do in particular situations that have been officially accepted
The national policy shall be promulgated as a statement of the government’s intent. 
Legal and Regulatory Framework is a set of laws and regulations for achieving objectives and a high level of safety during the lifetime of nuclear facilities, from commissioning to end state of decommissioning
Regulatory Authority or a system of authorities designated by the government of a State as having legal authority for conducting the regulatory process, including issuing authorizations, regulating the safety of nuclear installations, radiation safety, the safety of radioactive waste management and safety in the transport of radioactive material. 
Strategy is an action plan designed to achieve a long-term or general goal, taking into account the legal and regulatory framework, the boundary conditions and uncertainties.
Decommissioning plan is a (or set of) document containing detailed information on the proposed decommissioning of a plant, including decontamination and/or removal of structures, systems and components, the development of procedures, processes and work activities to achieve of the approved end-state.
Boundary condition is the set of conditions and infrastructures necessary to develop the decommissioning plan.



Related Parties

Decommissioning, involving all activities undertaken to remove radioactive contamination
from and to dismantle the facility with the aim that it may be released from regulatory
control and the site reused for other purposes, requires timely and effective management.

A proper and effective management of
nuclear decommissioning requires (at least
and overall):

- a clear and robust regulatory system,
- an effective authority,

- a participating social parties, and

- efficient operators
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Presenter Notes
Presentation Notes
Decommissioning, involves all the activities undertaken to remove radioactive contamination from a facility and to dismantle it with the aim to release the facility from regulatory control and reuse the site for other purposes. It requires timely and effective management
In this context a proper and effective management of nuclear decommissioning requires (at least and overall): 
a clear and robust regulatory system, 
an effective authority,
a participating social parties, and
efficient operators



Safety Management System

The set of nafional and international regulators, control authorities and operators are the basis of the
safety management system.

Supranational Bodies

OECD-NEA EC-EURATOM
Study and documentation EC Directives International tfreaties and
Assistance to Member State International freaties conventions on safety and security
Intfernational S&T Cooperation Accounting and confrol . Safety Fundamentals
Economics of nuclear material 4

. . + Safety Requirements
Best practices JRC technical support . safety Guides, TEC-DOCs

National Bodies

Government and Ministries ‘ ‘ Regulatory and Control System
()

Intfernational obligations a Au’rhorizc’rion of: facilities and oc’rivi"ries
National policy and strategy for safety Technical surveillance and Inspection
Establishment of a framework for safety Review and assessments of safety
Provision for licensing process, operation Requirement of corrective action

and decommissioning Regulations and technical guides
Provision for technical services Communication to population

Operators

Safe operation and physical protection | Funding for the operation, decommissioning of
Demonstration of safety | facilities and the management of radioactive
Emergency preparedness and response, ... | waste and spent fuel, ...
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Presentation Notes
The set of national and international regulators, control authorities and operators are the basis of the safety management system.
At international level we have:
European Commission and the Euratom framework that provides  Directives, International treaties, Accounting  and control of nuclear material and technical support with JRC
IAEA that provides International treaties and conventions on safety and security with the Safety Fundamentals, Safety Requirements and Safety Guides, TEC-DOCs
OECD-NEA that provides Study and documentation, Assistance to Member State, International Science and technology Cooperation, Economics and Best practices

At national level we have
Government and Ministries that defines the International obligations, National policy and strategy for safety, Establishment of a framework for safety, Provision for licensing process, operation and decommissioning, Provision for technical services
Regulatory and Control System that provides Authorization of facilities and activities, Technical surveillance and Inspection, Review and assessments of safety, Requirement of corrective action, Regulations and technical guides, Communication to population
Finally we have the Operators who are responsible for Safe operation and physical protection, Demonstration of safety, Emergency preparedness and response, Funding for the operation, decommissioning of facilities and the management of radioactive waste and spent fuel
 


Knowledge and documentation

Internationally, safety standards, information and best practices are available.
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Presenter Notes
Presentation Notes
Internationally, safety standards, information and best practices are available and they are published mainly by IAEA and available on-line



Policy and regulations

Dose limit has to be kept in all circumstances (from the first criticality to the end state of
decommissioning) by appropriate design, efficient means and adequate emergency

systems. - :
Y limit of yearly dose for professionals 4
(Italy: 20 mSv) —l .
limit of yearly dose for people ',/ ..
(Italy: 1 mSv) i A \
i / w0 \
exemption limit of yearly dose //' 8 AN
(taly: 0,01 MSV) ——oi =" | Tl
~ Distance Fence
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Presenter Notes
Presentation Notes
Regarding policies and regulations, dose limit is one of the main factor to be considered for safety and radiation protection. Dose limit has to be kept in all circumstances (from the first criticality to the end state of decommissioning) by appropriate design, efficient means and adequate emergency systems. 
Here are reported the dose limit for workers and population in Italy in a calendar year they are respectively 20 mSv per year for workers and 1 mSv per year for the population
In addition 0,01mSv per year is the dose limit for exemption which is linked with the unrestricted release of radioactive materials from installations 
Whilst dose limits establish a clear regulatory requirement, not exceeding the dose limits is not enough, the residual doses have to be maintained be kept as low as reasonably achievable The so called ALARA principle 


Decommissioning strategy

Planning and implementation of a decommissioning project is a complex and multfi-
disciplinary process involving both technical and non-technical aspects.

Three decommissioning strategies have been defined by international community (source
IAEA), namely:

 immediate dismantling commences shortly after shut down, if necessary following @
short transition period to prepare for implementation of the decommissioning;

« deferred dismantling, as an alternative strategy, dismantling may be deferred for a@
period of up to several decades. Deferred dismantling is a strategy in which a facility or
site is placed in a safe condition for a period of tfime, followed by decontamination and
dismantling. It requires the continuous maintenance of containment systems;

« entombment is a strategy in which the remaining radioactive material is permanently
encapsulated on site. Since it leaves the radioactivity in place with limited containment
guarantees, entombment can not be considered a true practice of dismantling and is
not recommended.
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Presentation Notes
Planning and implementation of a decommissioning project is a complex and multi-disciplinary process involving both technical and non-technical aspects.
Three decommissioning strategies have been defined by international community (source IAEA), namely: 
immediate dismantling commences shortly after shut down, if necessary following a short transition period to prepare for implementation of the decommissioning;
deferred dismantling, as an alternative strategy, dismantling may be deferred for a period of up to several decades. Deferred dismantling is a strategy in which a facility or site is placed in a safe condition for a period of time, followed by decontamination and dismantling. It requires the continuous maintenance of containment systems;
entombment is a strategy in which the remaining radioactive material is permanently encapsulated on site. Since it leaves the radioactivity in place with limited containment guarantees, entombment can not be considered a true practice of dismantling and is not recommended.



Benefit of decay on decommissioning

Deferred dismantling can bring significant benefits in terms of reducing the radioactivity to be
handled, however it requires to keep the plants in safe conditions all the time necessary
before starting the dismantling operation:s.

@& Lo EFFECT OF DECAY ON MASSES AND ACTIVITY OF
STEELS FROM A 1000 MW(e) PWR

Time after reactor shutdown

5 years of decay 25 years of decay 100 years of decay

Sul:f:?ce Avezrs}ge Mass Total activity Mass Totalactivity Mass Totalactivity
activity activity

o) By © 020 ® O G)  © (@

37-370 10 800 R.0x 10° 440 4.4 x 10° 240 2.4 % 10°
3.7-37 1 1600 1.6 x 10° 880 88x 10° 480 4.8 x 10°
0.37-3.7 0.1 3200 3.2 % 10° 1760 1.8 x 10° 960 0.6 x 107

99.9% beta—gamma, 99%beta—gamma,  95%beta—gamma,
0.1% alpha 1% alpha 5% alpha
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Presenter Notes
Presentation Notes
Deferred dismantling can bring significant benefits in terms of reducing the radioactivity to be handled, however it requires to keep the plants in safe conditions all the time necessary before starting the dismantling operations.
Because of the process of radioactive decay, the quantity of radioactivity decreases with time after plant shutdown, particularly for reactor components where 60Co is dominant (half-life of 5 years) like a PWR
As you can see from the table there is a relevant decreasing of beta–gamma emitters in low level radioactive steels that result from the decay of radionuclides, such as 60Co.
When comparing 5 and 25 years after shutdown, the amount of steel contaminated to levels higher than 0.1 Bq/g  decreases by about 50%. After 100 years, this proportion decreases by about 75%. 


Nuclear facilities liable to decommissioning

For which infrastructures is decommissioning necessary?

Fuel open cycle Fuel closed cycle

For all those involved in the nuclear fuel cycles
(although at different times and with different approaches)
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Presenter Notes
Presentation Notes
In this slide you can see the nuclear fuel cycle from the mining to the power plant operation which includes also the reprocessing step in the closed cycle. All the infrastructures included in the nuclear fuel cycle need to be considered for decommissioning, but of course at different times and with different approaches


Waste generation

Many types of waste are produced both during operation and decommissioning, to which it is necessary to
give a safe final destination.

The types and amounts of waste can be different, but the treatment, conditioning and disposal systems are
ultimately the same or very similar, since the parameter to be kept under control is still radioactivity.
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Presenter Notes
Presentation Notes
Many types of waste are produced both during operation and decommissioning, to which it is necessary to give a safe final destination.
The types and amounts of waste can be different considering the different type of facility and history, but the treatment, conditioning and disposal systems are ultimately the same or very similar, since the parameter to be kept under control is still radioactivity.



Material generation in decommissioning

During dismantling a large quantity of other materials are produced with different levels of
radioactivity (agueous and organic liquids used for decontamination or deriving from draining
plants and components, cementitious demolition materials, various metals from reinforced
concrete structures or plant components, glasses, plastics, rubbers, paper, clothes, etc.).

For all these materials it is necessary to establish a system of separate paths that allows them to be
classified as radioactive or non-radioactive material, reusable (at which conditions) or non-
reusable, may be decontaminated or not, recyclable or not, clearable or not, with the aim of
having homogeneous lots of materials or waste that can follow a predetermined route of removal
or treatment.

Effective Radiological Characterisation tools within a robust Quality Assurance system are the keys
for the success of the controlled material removal system.

Segmented Gamma Scanner

Drum monitor Hexagon passive neutron counter Open geometry
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Presenter Notes
Presentation Notes
During dismantling a large quantity of other materials are produced with different levels of radioactivity (aqueous and organic liquids used for decontamination or deriving from draining plants and components, cementitious demolition materials, various metals from reinforced concrete structures or plant components, glasses, plastics, rubbers, paper, clothes, etc.).
For all these materials it is necessary to establish a system of separate paths that allows them to be classified as radioactive or non-radioactive material, reusable (at which conditions) or non-reusable, may be decontaminated or not, recyclable or not, clearable or not, with the aim of having homogeneous lots of materials or waste that can follow a predetermined route of removal or treatment. 
Effective Radiological Characterisation tools within a robust Quality Assurance system are the keys for the success of the controlled material removal system.



Material and waste management

Reuse
Recycle

Near-surface disposal
we W

Conventional disposal

ILW-LLW

Excluded
Exempt
Cleared

Deep geological disposal
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Presenter Notes
Presentation Notes
Different types of materials and waste are produced During the life cycle of a nuclear facility, from operation to the end of its decommissioning, 
Materials that are Excluded , exempt or cleared from regulatory control, can be reused or recycled or sent for conventional disposal
Radioactive waste are classified according to the type and concentration of radionuclides and according to the disposal solutions

LLW and ILW that contain mainly short-lived isotopes c(i.e. T/2 ≤ 30y; typically Sr-90 and Cs-137) an be safely disposed of in surface repositories 
ILW that contain significant amount of longer lived isotopes with half-lives up to several thousands of years and HLW can be safely disposed of only in deep geological repositories


Benefit of decontamination on decommissioning

Effective decontamination process can bring significant benefits in terms of reducing the
radioactivity to be handled and waste production.

Security Class:
Public Use

WASTE ARISINGS FROM THE DECOMMISSIONING OF

THE WAK REPROCESSING PLANT

Material Quantity (m”) Nature Fate
High level liquid waste Radioactive waste Storage
(vitri 130 of 400 L casks
Contaminated plant, C1681) Conditioned Disposal
decontamination, radioactive waste
wastes, etc. (3360 m*)
Cleared Recycling/reuse

Building rubble, Conditioned Disposal
structural materials, radioactive waste
etc. (4560 m?)

110 000 Cleared Recycling/reuse

Radioactive materials less than 3,5 %
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Presenter Notes
Presentation Notes
Effective decontamination process can bring significant benefits in terms of reducing the radioactivity to be handled and waste production.
In the example reported in the table we can see that decontamination process allowed to clear for recycling/reuse around 97% of the materials produced during the decommissioning of the WAK reprocessing plant at Kalsruhe in Germany


Conceptual map of risks in plant life-fime

Commissioning Operational phase Decommissioning
Al“_\ | A | A \
>
© v
= &0 Z
E - z 2
% o T 2
£ ke 2 -
¥ g s 2%
v Refuel Refuel b £
® \ A = 9
do ]l % AR
| AAAAAAARNARRMARARRR. )y py g apAnAMARARARAREE, g:
o 3 b
O
<Q
()]
S Where does decommissioning start? -
..................................................... > =
>
I

10 ZIO 3IO JO 5!0 AO JO 40 40 100
Time (years)

Security Class: Classes: Public Use, Internal Use, Controlled Use, Restricted Use 17
Public Use


Presenter Notes
Presentation Notes
In this slide you can see the conceptual map of risks in the plant life-time starting from the commissioning to the final site release
Normally the operational phase last for 30 years an can be extended up to 60 years
It is clear that the higher risks are present during the first criticality and during the defueling phase
In the operational phase risks are maintained in a certain range and they decrease as the dismantling and radioactive waste treatment proceed
Even if the actual decommissioning phase starts after the final shutdown, it needs to be prepared in advance and in fact the decommissioning has to start even during the last period of the oprerational phase



Permamnent

Decommissioning Phases

Shutdown

Preparatory
phase -
A Physical &
Final Survey & — ch, Rﬂdli::.'ilb?ical
1) Preparatory phase: Decommissioning e o | W chinsceriation
planning needs to start before the control ey |

final shutdown

2) Transition phase: includes Physical and
Radiological Plant Characterisation

. e ere Active phase .
and Site Preparatory Activities |
=5 z Activities
. . . T Implementation of decommissioni

3) Implementation phase: Dismantling s =

and Demolifion, Environmental

Remediation and Radioactive Waste

Management

4) End phase: Final Survey & Release
from Regulatory Control

Radioactive
Waste )
Management @JRC
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Presenter Notes
Presentation Notes
If we look at the 4 main phases of a decommissioning project, it is clear that the Decommissioning planning need to start before the final shutdown during the so called Preparatory phase. This will help the next phases to be performed in a more efficient way saving time and reducing costs
Following the final shutdown we have a transition phase where Physical and Radiological Plant Characterisation and Site Preparatory Activities have to be performed
Then we enter in the Implementation phase with Dismantling and Demolition, Environmental Remediation and Radioactive Waste Management
The final phase includes the Final Survey & Release from Regulatory Control
The approaches and technologies for decommissioning can vary drastically depending on the type of reactor/facility, its history during the operational phase, the regulatory system (including safety requirements) and the boundary conditions. 



Preparatory phase - decommissioning planning

Some elements of national policy are essential to develop an
appropriate decommissioning program.

Before to draw up the decommissioning program it is necessary to
evaluate the availability and the range of adequate:

« decommissioning funds;

+ legislative and regulatory framework;

« fuel and waste management systems;

« suitable technologies and techniques;

« skiled human resources at the outset of the decommissioning
activities;

and it is necessary to evaluate:

« Health, Safety and Environmental
impact;

« Social impacts associated with
decommissioning;

« Specific facility/site reuse demands.
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Presenter Notes
Presentation Notes
Some elements of national policy are essential to develop an appropriate decommissioning program.
First it is necessary to evaluate the availability and the range of adequate:
decommissioning funds;
legislative and regulatory framework;
fuel and waste management systems;
suitable technologies and techniques;
skilled human resources at the outset of the decommissioning activities;
and it is necessary to evaluate:
Health, Safety and Environmental impact;
Social impacts associated with decommissioning;
Specific facility/site reuse demands.



Funding

The availability of funding for the duration of the project is essential to be able to safely
manage the project.

In many countries where there are not enough funds set aside for

governments intervene with alternative support measures.

In Italy an additional cost has been chosen for the electricity bill.

Security Class:
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Delibera ' adecorrere da | Lire/lkWh | "Euro cents/kWh “:
70/97 (*) 01-lug-97 1,5
161/98 (*) 01-mar-99 8
39/00 - 53/00 01-mar-00 0,6
146/01 01-lug-01 1
23/03 01-apr-03|- 0,06
252/04 01-gen-05|- 0,04
133/05 01-lug-05|- 0,03
321/06 01-gen-07|- 0,10
353/07 01-gen-08|- 0,18
ARG/elt 86/08 01-lug-08|- 0,180
ARG/elt 138/08 01-ott-08|- 0,164
ARG/com 44/10 01-apr-10|- 0,130
ARG/com 236/10 01-gen-11|- 0,086
ARG/com 201/11 01-gen-12|- 0,051
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Presenter Notes
Presentation Notes
The availability of funding for the duration of the project is essential to be able to safely manage the project.
In many countries where there are not enough funds set aside for decommissioning, governments intervene with alternative support measures.
In Italy an additional cost has been chosen for the electricity bill.


Characterisation process

The knowledge of radioactivity distribution within the plant is one of the most important
parameters to be known for the definition and execution of the decommissioning programme.

The principal objectives of the characterisation process are:

(1) tfo map radiation and contamination levels to plan for decommissioning activities in a safe and
cost-effective manner and

(2) to develop a quantitative understanding of the nature of the wastes to be generated during
the decommissioning process.

Final Dismantling Site release

shutdown project starts .l-, L
Construction, mantling, =
licensing mediation -
......... - :" o

Background Preliminary Decommissioning Planning of Final survey of i. "
radiclogical decommissioning plans plan specific projects end state
conditions 3
‘ Cost estimations ‘ Safety analysis Validation of Regulator's !"|

Material nuclide vectors confimatory 1

compositions Environmental surey
‘ ‘ ‘ impact assessment Planning of final

sunvey
Reduction of

guanmil
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Presenter Notes
Presentation Notes
The knowledge of radioactivity distribution within the plant is one of the most important parameters to be known for the definition and execution of the decommissioning programme.
The principal objectives of the characterisation process are:
to map radiation and contamination levels to plan for decommissioning activities in a safe and cost-effective manner and 
to develop a quantitative understanding of the nature of the wastes to be generated during the decommissioning process.
As reported in the picture Radiological Characterisation is important not only in the transition period, but in all the previous and next phases 



General documents and programs

The following documents as well as programs have to be addressed at a very early stage of
the project, since most of them are necessary for the application of the decommissioning

authorization:

« Environmental Impact Assessment

« Surveillaonce Program Decommissioning
. Trgining Program of Nuclear Facilities

« Quality Assurance Program

« Emergency Program

« Fire Protection Program

« Documentation Program

« Final Radiological Survey Program

Relense of Radionctive
Matorinls and Buildings
from Regulatory Control
A Siatus Repor

Regulating the Decommissloning
of Nuclear Facililies
Rkl Itk

Stakeholder Involvement |
In Do ol ssioning
Muclear Facilitbes
rrematons Lessons Leamd
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Presenter Notes
Presentation Notes
A set of document are needed at a very early stage of the project, since most of them are necessary for the application of the decommissioning authorization and they include:
Environmental Impact Assessment
Surveillance Program
Training Program
Quality Assurance Program
Emergency Program
Fire Protection Program
Documentation Program
Final Radiological Survey Program



Application for decommissioning authorization

A phase of study and preliminary activities are necessary to acquire the fundamental
elements to draw up a concrete dismantling plan to be submitted to the approval of the
regulatory authority. A robust plan generally contains (at least):

1. Overview 11. Temporary Installations and Equipment
2. Description of the facility and 12. Description of Decommissioning
operational history Activities and associated facilities
3. Legal Framework 13. Methods for radioactive material
4. Decommissioning Strategy removal, decontamination, dismantling
5. Project Organization and Management  14. Safety and Environmental Impact
6.  Organizational structure, a business plan, Assessment
personnel and Compe’[encies 15. Counter measures ogoins’r radioactive
7.  Quality assurance program hazards
8. Physical and Radiological Inventory 16. Description of programs during D&D.
9. Dismantling and Decontamination Work schedule

Techniques 17. Final Radiological Survey

10. Waste Management: Radioactive waste 18- Decommissioning Costs
treatment and disposal
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In the transition phase, before starting the actual decommissioning a set of preliminary activities are needed to acquire the fundamental elements to draw up a concrete dismantling plan to be submitted to the approval of the regulatory authority. A robust plan generally contains (at least):
Overview
Description of the facility and operational history
Legal Framework
Decommissioning Strategy
Project Organization and Management
Organizational structure, a business plan, personnel and competencies
Quality assurance program
Physical and Radiological Inventory
Dismantling and Decontamination Techniques
Waste Management: Radioactive waste treatment and disposal 
Temporary Installations and Equipment
Description of Decommissioning Activities and associated facilities 
Methods for radioactive material removal, decontamination, dismantling
Safety and Environmental Impact Assessment
Counter measures against radioactive hazards
Description of programs during D&D. Work schedule
Final Radiological Survey
Decommissioning Costs 



Final radiological survey

For its completeness, the decommissioning plan must provide the description of the final
radiological control or postpone them to a subsequent phase that can be authorized

separately.

The final radiological survey should include the following main facts:
« Description of the radiological conditions of the site;
« Demonstration of potential dose and risk from any residual contamination;
« Demonstration of compliance with all pre-set radiological parameters.

The final radiological survey includes a map of the plant with all reference areas and their
justification.

It also gives details on the methods of justification, i.e. instruments used. The sampling process
is described as well as the laboratory analysis and data validation and the quality control
process.

The final radiological survey is necessary for the application for the license for unrestricted
use of site and the conventional demolition license.

Security Class: Classes: Public Use, Internal Use, Controlled Use, Restricted Use
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For its completeness, the decommissioning plan must provide the description of the final radiological control or postpone them to a subsequent phase that can be authorized separately.
The final radiological survey should include the following main facts:
Description of the radiological conditions of the site;
Demonstration of potential dose and risk from any residual contamination;
Demonstration of compliance with all pre-set radiological parameters. 
The final radiological survey includes a map of the plant with all reference areas and their justification. 
It also gives details on the methods of justification, i.e. instruments used. The sampling process is described as well as the laboratory analysis and data validation and the quality control process.
The final radiological survey is necessary for the application for the license for unrestricted use of site and the conventional demolition license.



Decommiissioning licensing procedures

The decommissioning authorization process is very complex, proceeds step by step and
involves many stakeholders.

Local authorities can hold public debate sessions.
As an example the Iltalian case
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Presentation Notes
The decommissioning authorization process is very complex, proceeds step by step and involves many stakeholders. 
Local authorities can hold public debate sessions.
As an example the Italian case where you can see how many different stakeholders are involved
- Different ministries and local authorities are involved in the process for nuclear dossier for global decommissioning authorisation wich includes also the environmental impact assessment and the safety and radioation protection assessment. The final check is always in the hand of the national safety authority who can provide advice and proposal of technical specification and prespription before obtaining the final license for decommissioning


Decommissioning programming

A decommissioning time plan has to be implemented, based on the achieved authorization
(or submitted dossier), composed of several levels.
As an example, the Italian case is reported.
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A decommissioning time plan has to be implemented as well and it is based on the achieved authorization (or submitted dossier) and composed of several levels.
As an example, the Italian case is reported.
We have a 4 level plan
Where level 0 is the site decommissioning
Level 1 is the group of activities to be conducted
Level 2 is the detailed activities
Level 3 is the specific task to be completed
In each task we have different contribution by the different functions: project planning and control, engineering, regulatory affairs, procurement and contracting, Human resources and safety



Decommissioning project: execution

The responsibility for project management and implementation is normally the Site Manager,
which can also appoint a reliable Project Manager.

As an example, in SOGIN which is multi-site organization, a Project Team system has been
established.

The Project Team is a dynamic organizational structure that manages decommissioning
projects.

S0GIN Headguarter Units
Proje.c’r. Team is composed by JE— | .
specialized resources, both from the ' I = ie HHIE
local Site and from headquarters’ A _‘| o HEHBE
functions, who  support  Project prevston e prosction )™ Qusbt ad Evironrary ; : |
Manager (PM) in managing and | pee =
coordinating activities. b o
Project Team’s members confinue to — HEE §z is
depend on the Function or Site they A |[Lmeeme | [ EZ]R3)30) 8
are employed for, but at the same (;'::;;:jﬁ;f:;’:;::@ | o
o . "\
fime they work for the Project LT
Manager, within the Project. L PR Team
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The responsibility for project management and implementation is normally the Site Manager, which can also appoint a reliable Project Manager. 
As an example, in SOGIN which is multi-site organization, a Project Team system has been established.
The Project Team is a dynamic organizational structure
Project Team is composed by specialized resources, both from the local Site and from headquarters’ functions, who support Project Manager (PM) in managing and coordinating activities.
Project Team’s members continue to depend on the Function or Site they are employed for, but at the same time they work for the Project Manager, within the Project.


Financial aspects of Decommissioning

There exist three main types of decommissioning cost studies that organizations have to produce in
order to get authorizations to perform decommissioning.

Namely, for the purpose of:
= securing funds;

= preparing a decommissioning plan within the context of
licensing; ) Cost Benchmarking

. . ) L. for Nuclear Power
= detailed budgeting baseline for decommissioning Plant Decommissioning

implementation. / —

These cost studies are updated at different stages of the
decommissioning process. Three observations can be made to this

effect:
. T . . _ C
each decommissioning cost study may be different in its details; J I N ——
= it is desirable to make comparisons between cost estimates over
. o e . @) OECD
time, and it is important to have a stable structure to each cost ’
study;
= consideration should be given to coordinating the updates of |
decommissioning plans and funding schemes in relation to .m
updates in the cost studies.
@) 0ECD £y Nea
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There exist three main types of decommissioning cost studies that organizations have to produce in order to get authorizations to perform decommissioning. 
Namely, for the purpose of:
securing funds;
preparing a decommissioning plan within the context of licensing;
detailed budgeting baseline for decommissioning implementation.
These cost studies are updated at different stages of the decommissioning process. Three observations can be made to this effect:
each decommissioning cost study may be different in its details;
it is desirable to make comparisons between cost estimates over time, and it is important to have a stable structure to each cost study;
consideration should be given to coordinating the updates of decommissioning plans and funding schemes in relation to updates in the cost studies.



ISDC Standard methodology

The International Structure for Decommissioning Costing (ISDC) sets out a standardised
structure of cost items for decommissioning projects and provides general guidance on
developing a decommissioning cost estimate.

The ISDC focuses mainly on using the
cost itemisation structure to ensure that
all costs within the planned scope of a Level2 L Activity Group

Level1 Principal Activity

decommissioning project are reflected ——
. L. . Lo Level3 |l> Typical Activity
by identifying all typical activities of any ; : : f
decommissioning project. ——
Costcategories costgr "sz;':;e"t Expenses Contigency

v

« ISDC is a numbered hierarchical structure of typical decommissioning activities for any
project

« Level 3is the reference level; at this level are the cost data identified and presented

« Levels 2 and 1 are aggregating levels
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The International Structure for Decommissioning Costing (ISDC) sets out a standardised structure of cost items for decommissioning projects and provides general guidance on developing a decommissioning cost estimate.
The ISDC focuses mainly on using the cost itemisation structure to ensure that all costs within the planned scope of a decommissioning project are reflected by identifying all typical activities of any decommissioning project.
ISDC is a numbered hierarchical structure of typical decommissioning activities for any project 
Level 3 is the reference level; at this level are the cost data identified and presented 
Levels 2 and 1 are aggregating levels for the activity group and for the principal activity



Risk Analysis

Analysis of sensitivities and risks has to be performed at early stage of the project.
The following topics, as an example, have to be be analyzed:

« project duration (e.g. reduction of project time /delays); Probabittyand mpct Diagran
* manpower requirements (e.g. tolerances in number off staff); Ll
o dismonﬂing efﬁCiency (le Opﬂmizcﬂon Of Work); Monoz:;hahilﬂy BSeverﬂM 1283ver'rty2 Severtyd  Severyd  Severty S
« price escalation, wages, external services and provisions (i.e. changes M
in wages); Vet
« decontamination and release of building structures (i.e. additional ;Z.Eam

expenditures for building decontamination);
+ spent fuel management (i.e. delay in the post-operational phase);

« waste treatment and packaging cost (i.e. different packaging
strategy);

To this aim, 3D modelling helps in spooling definition, waste route definition
(interferences during handling of large components, etc.), physical
inventory (components masses), cost estimate (definition of spooling, cuts
and man hours, etc.).
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Analysis of sensitivities and risks has to be performed at early stage of the project. 
The following topics, as an example, have to be be analyzed:
project duration (e.g. reduction of project time /delays);
manpower requirements (e.g. tolerances in number off staff);
dismantling efficiency (i.e. optimization of work);
price escalation, wages, external services and provisions (i.e. changes in wages);
decontamination and release of building structures (i.e. additional expenditures for building decontamination);
spent fuel management (i.e. delay in the post-operational phase);
waste treatment and packaging cost (i.e. different packaging strategy);
To this aim, 3D modelling helps in spooling definition, waste route definition (interferences during handling of large components, etc.), physical inventory  (components masses), cost estimate (definition of spooling, cuts and man hours, etc.). 



Periodic updates of plan

Basically, the decommissioning plan needs to be periodically updated, main in relation of
external changing.

As decommissioning proceeds, the initial uncertainties can be reduced and the infroduction
of new technologies can streamline the subsequent stages.

Some topics can change fairly quickly and then create the need ’ro review the prOJec’r as an
example: ’

— Regulations

— Local situations

— Radiological inventory

—  Waste management systems

— Repository waste acceptance criteria
— Technoloaical Innovation

' itiont 4 I:-'<obotics decontamination
Sections 100-200 confined alpha demoI|t|or\Q/§tem A

SiCoMoR modules disposition
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Basically, the decommissioning plan needs to be periodically updated, main in relation of external changing.
As decommissioning proceeds, the initial uncertainties can be reduced and the introduction of new technologies can streamline the subsequent stages.
Some topics can change fairly quickly and then create the need to review the project, as an example:
Regulations
Local situations
Radiological inventory 
Waste management systems
Repository waste acceptance criteria
Technological Innovation



Risk Analysis - outcomes

Sogin has developed a customized IT solution for Project Risk Management based on the
integration between the "Primavera Pé System” and the "Risk Analysis Module".
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Sogin has developed a customized IT solution for Project Risk Management based on the integration between the "Primavera P6 System" and the "Risk Analysis Module".
Results of Montecarlo simulation show the statistic distribution for both end of project dates and total project costs; on such distributions it is possible to identify time and costs variations associated to different confidence levels.




Risk Analysis - Criticality Index

From risk analysis a list of critical path can be established

Security Class:
Public Use

Latina - Smantellamento
Criticality Index: Logical predecessors of "LTSN1321 - Brown fiekd fase 1 {riduzione dellimpianto]”
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From risk analysis a list of critical path can be established



Decommissioning Value
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Italian decommissioning program includes 4 NPPs (connected to the grid):
- 	210 MWe GGR (5/63) –  Latina 
- 	160 MWe BWR (4/64) –  Garigliano
- 	270 MWe PWR (10/64) –  Trino 
870 MWe BWR (12/81) –  Caorso
R&D facilities:
Starting from Ispra-1, several other Research Reactors (by ENEA and Universities) were tested; 
Plutonium fuel fabrication plant and OPEC spent fuel testing facility  – Casaccia
EUREX (U-Pu) fuel reprocessing and IFEC fuel fabrication plants – Saluggia
ITREC (U-Th) reprocessing plant at Trisaia.
A private LEU fuel fabrication plant commissioned at Bosco Marengo.





Italian Policy and Sirategy Overview

Nuclear policy for decommissioning has DECREE FOR NEW NUCLEAR
been defined by a long series of e R TS AUTHORITY (SIN|

governmental provisions, including safety FOR SPENT FUEL REPROCESSING

and security aspects.
FUEL CYCLE PLANTS PASSED

TO SOGIN

SOGIN ESTABLISHMENT AND
DEFERRED DISMANTLING ACCELERATED DISMANTLING

OPTION OPTION
IAEA PEER REVIEW

ON NATIONAL PLAN

SOGIN APPOINTED FOR

NATIONAL REPOSITORY APPROVAL OF CNAPI
FOR NATIOONAL
REPOSITORY

NPPs CLOSURE

TECHNICAL GUIDE FOR NATIONAL

SPENT FUEL DRY REPOSITORY SITING

STORAGE OPTION

POLICY OF MINISTRY OF ECONOMIC DEVELOPMENT
= complete reprocessing of spent fuel
» {reat and condition all radwaste
NATIONAL = contribute for decommissioning of other operators
REFERENDUM = ensure the immediate decommissioning of installations
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In 1987 after the Chernobyl accident, a national referendum leads to the closure of all nuclear power plants and fuel cycle plants in operation. The result of the popular referendum took everyone by surprise :
The national utility (ENEL) was not prepared for this event;
A national waste repository for Low and Intermediate Level Waste was not available;
A centralised interim storage facility for spent fuel and high level waste was not available;
Decommissioning funding schemes were not completed;
Regulations were not covering sufficiently the decommissioning processes.
After few years ENEL decided to proceed with pre-decommissioning activities focused on defueling,  waste management and plant radiological characterization, adopting a deferred dismantling strategy.
All nuclear installations were practically maintained in safe conditions for several years. But soon, based on the following main considerations:
the lack of significant occupational dose benefits in deferring deactivation for decades after initial decay (even considering that the most activated parts could be disassembled last);
the risk of losing the specific skills needed in a country without an active nuclear power generation program;
the possibility of reusing the site for industrial purposes, also claimed by many local Authorities.
…. pushed the whole Country to reconsider the strategy and implement an immediate decommissioning program, although many conditions and services were not yet ready.
1995:Comprehensive regulation was enacted covering also decommissioning.
1999: A new company was established by ENEL, SOGIN S.p.A., subsequently transferred to the Italian State as National Liability created by the referendum.
1999:The Government asked to adopt the DECON strategy (immediate or one step decommissioning).
2001:A law introduced the mechanism to supplement the available funds with a levy on the electricity bill,
2003:Government Decree entrusted SOGIN with research and industrial plants (ENEA and AGIP) on the fuel cycle for decommissioning
2004:The Government statted that the irradiated fuel be completely reprocessed;
2010: The Government orders the construction of the National Repository for the disposal of radioactive waste with an adjoining Technological Park for research and development activities;
2020: The Government approved the National Chart of Potentially Eligible Areas to create the National Repository.




Sogin Approach to decommissioning

« The dismantling activities start from the less contaminated areas of the plant and progress
towards the most contaminated ones. This means that activities start with the dismantling
and demolition of auxiliary buildings and progress towards the nuclear islands;

« Dismantling activities of technological components/systems are anticipated in those
rooms/buildings that shall be reused even if for other purpose, e.g. waste management
facilities (WMF) or buffer storage facilities;

« Demolition activities can be anticipated for those buildings that are no longer necessary
and conventfional, whose demolition allows the gaining of reusable volumes for other
purposes (€.g. the construction of new temporary storages on site);

« Demolition or structural adjustment activities can be anficipated for those buildings that no
longer meet current regulations.

+ Treatment and conditioning of the radioactive waste produced during the past operations
and coming from decommissioning activifies;

« Temporary storage of final waste packages on site till the availability of the National
Repository for final disposal
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The dismantling activities start from the less contaminated areas of the plant and progress towards the most contaminated ones. This means that activities start with the dismantling and demolition of auxiliary buildings and progress towards the nuclear islands;
Dismantling activities of technological components/systems are anticipated in those rooms/buildings that shall be reused even if for other purpose, e.g. waste management facilities (WMF) or buffer storage facilities;
Demolition activities can be anticipated for those buildings that are no longer necessary and conventional, whose demolition allows the gaining of reusable volumes for other purposes (e.g. the construction of new temporary storages on site);
Demolition or structural adjustment activities can be anticipated for those buildings that no longer meet current regulations.
Treatment and conditioning of the radioactive waste produced during the past operations and coming from decommissioning activities;
Temporary storage of final waste packages on site till the availability of the National Repository for final disposal



Knowledge Management

Knowledge transfer to young generation is the key objective to ensuring continuity in
decommissioning activities to be carried out according to the highest level of safety

standards
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The decommissioning of a nuclear facility is a very long term project and, because the transfer of knowledge and education to the next generation is a crucial issue, the integration and implementation of a system for knowledge management is necessary in order to solve it. Sogin has an integrated knowledge management system that includes both the management of information and data and the education and training aspects.
- the management of the data is based on a new information system for radioactive waste and materials management that use the Blockchain technology in order to “certify” all the life cycle of waste and materials
- Education and training are performed within the Radwaste Management School that is the training center of the Sogin Group. It was founded in 2008 and it ensures high-level professional training in the field of decommissioning and radioactive waste management both to the Sogin people and to external professionals.
To achieve the goal of the development of a comprehensive knowledge management and education and training approach Sogin is also involved into national and international related activities.
In Italy Sogin supports Universities students for masters and provides grants for specific Research and development activities
Outside Italy we participate to the ELINDER and NEST initiatives. The first coordinated by the European Commission Joint Research Centre (JRC), and the second by the OECD/NEA
In 2019 Sogin has been designated with the prestigious recognition of the IAEA Collaborating Center for promoting knowledge transfer, education & training and technical innovations and circular economy principles in nuclear decommissioning.



NPPs Status of Decommissioning Activities

¢ ACHIEVEMENTS

*Removal of hazardous waste,
particularly asbestos, and radioactive
waste condifioning.

*Removal of spent nuclear fuel from the
site.

*Chemical decontamination of the
primary circuit (vessel and internals
excluded).

*Dismantling of secondary circuit.
*Removal of non- contaminated
materials.
*WORK IN PROGRESS
eTemporary Storage Adaptation.

*Plant assembly for treatment of high
activity spent resins by wet oxidation.
*Treatment and conditioning of
previous waste

*Removal of equipment from SFP
*Preliminary design for RPV and RVI
dismantling

Security Class:
Public Use

CAORSO

* ACHIEVEMENTS

*Removal of spent nuclear fuel from the
sife and radioactive waste
conditioning.

*Decontamination of thermal cycle
(vessel and internals excluded).

*Dismantling of RHR cooling fower and
systems and components inside of
Turbine Building and Off Gas building
(5,800 ton of metallic scraps
deconfaminated and free released).

*Construction of a waste route
between RB and TB

*WORK IN PROGRESS

* Adaptation of Turbine Building fo
radioactive waste buffer and WMF.

*Treatment and conditioning abroad of
exhausted resins

* Adaptation of onsite temporary
storage for LLW

*Design of temporary storage for LW

*Preliminary design for RPV and RVI
dismantling

: Lt
LATINA

¢ ACHIEVEMENTS
*Conditioning of radioactive waste.

*Removal of spent nuclear fuel from the
site.

*Dismantling of primary circuit pipelines

*Fuel pools remediation.

*Construction of a new temporary
storage facility.

*Dismantling of component and
demolition of turbine building

*Demolition of boilers containment
structures.

e Construction of a new Effluent
Treatment Plant.

*WORK IN PROGRESS

*Construction of “Cutting Facility” for
boilers freatment and metallic
materials

*Execution of activities for boilers
dismantling

Classes: Public Use, Internal Use, Conftrolled Use, Restricted Use

GARIGLIANO

¢ ACHIEVEMENTS

*Removal of hazardous waste,
particularly asbestos, and radioactive
technological waste conditioning.

eRemoval of spent nuclear fuel from the
site.

*Remediation Trenches n. 2 and n. 3.

*Stack dismantling and constfruction of
a new one.

e Construction of a new liquid waste
freatment system.

*Remediation of Trench n. 1.

eRestoration of reactor building auxiliary
systems.

*WORK IN PROGRESS

¢Dismantling of systems and
components of the thermal cycle
turbine building.

*Design activities for Vessel Internals
dismantling.

eRestoration of the flooding circuit
eRedalisation of temporary storage
facility for LLW and ILW

38


Presenter Notes
Presentation Notes
To give you an overview of the work we are performing with 10 different sites in decommissioning, I summarised the achievements we obtained so far and the on-going activities for each site.
This first slide reports the status of the 4 nuclear power plants: Trino, Caorso, Latina and Garigliano.
For all of them we completed the Removal of spent nuclear fuel from the site as well as the removal of the hazardous waste like asbestos. We completed the decontamination of the primary circuit in Trino and of the thermal cycle in Caorso. We completed the Dismantling of primary circuit pipelines in Latina NPP and the dismantling of the contaminated stack in Garigliano.
Now we are mainly working for completing the waste management program (for example treating and conditioning the spent ion exchange resins produced in Caorso and Trino), for the realization of temporary storage facilities on site and for preparing the site for the Reactor pressure vessel and internals dismantling.
Latina NPP is a particular case because it is a Gas Graphite (Magnox) reactor and we are still looking for a specific solution for the management of the graphite from the core. We are now working on the boilers dismantling.



FCFs Status of Decommissioning Activities

Reprocessing , Termination: 1983

SALUGGIA

* ACHIEVEMENTS
* Conditioning of radioactive waste;

*Transfer of liquid waste with higher radioactivity
in the New Park Tanks;

*Removal of spent fuel and nuclear materials
from the site in the US (GTRI Program).

¢ Construction of Temporary storages
*Treatment and condifioning of old radioactive
solid waste arising from fuel fabrication plant —
IFEC.

WORK IN PROGRESS
eRealization of the plant for conditioning by
cementation of radioactive liquids with high
activity - CEMEX.

Security Class:
Public Use

IPU: MOX.(U, Pu) Fabrication
““OPEC: Post Irradiation Examination Lab .*

g o

CASACCIA

* ACHIEVEMENTS
*Removal, packaging and shipping of nuclear
materials fo the USA (GTRI Program).
*Glove Boxes dismantling using alpha-tight tent
technique
*OPEC-2 building adaptation for storage of
plutonium contaminated wastes.
eReftrieval of old underground tank park,
collecting radioactive liquid effluents.
*Dismantling of plutonium contaminated glove
boxes with greater complexity.
*Operation of the OPEC-2 storage building with
unconditioned LLW

*WORK IN PROGRESS
e Conditioning of radioactive waste.
e Commissioning of new glove box for in-drum
cementation of alpha contaminated liquid
waste

Classes: Public Use, Internal Use, Conftrolled Use, Restricted Use

Reprécessing, Termination: 1987

TRISAIA

* ACHIEVEMENTS
* Conditioning of radioactive waste, both liquid
and solids.

eRemoval of nuclear materials from the site to
the USA (GTRI Program).

*Remediation of underground storage.
*WORK IN PROGRESS

*Realization of cementing plant for U-Th
solutions.

¢ Cask realization for the dry storage of Elk River
spent fuel.

*Redlisation of a temporary storage facility for

ILW and Cask

39


Presenter Notes
Presentation Notes
Moving to the fuel cycle facilities, we mainly completed the removal of all the spent fuel and nuclear materials on site and we are dealing with the treatment and conditioning of the high activity liquid waste produced in the past. We will realise two plants (one in Saluggia and the other in Trisaia) for their cementation.
In Casaccia we completed the dismantling of the plutonium contaminated glove boxes and we are working on the radioactive waste conditioning. We are realizing a new glove box for the cementation of alpha contaminated liquid waste that I will present later during the lecture



Fuel-Res Status of Decommissioning Activities

BOSCO MARENGO ISPRA 1
* ACHIEVEMENTS * ACHIEVEMENTS
* Conditioning of radioactive technological waste. *Phase | dismantling application, presented by Sogin on April 2020
*Removal of all nuclear materials from the site. *WORK IN PROGRESS
eFabrication cycle entirely dismantled. * Spent fuel pool emptying, drainage and purging
* Construction of Temporary storage. *Design phase for temporary storage facility and other preliminary
WORK IN PROGRESS activities

Few remaining activities to reach end state
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The last two plants are a fuel fabrication plant in Bosco Marengo and a research reactor in Ispra.
In Bosco Marengo we have almost completed all the decommissioning and waste management activities and few minor activities remains to reach the final end state.
The Ispra 1 research reactor was operated in the past by the Joint Research Centre (JRC) of the European Commission and it passed to Sogin for decommissioning in 2019.
The decommissioning activities will start once the dismantling application – submitted on April 2020 - is approved by the National authority. In the meantime, we are working on Spent fuel pool emptying, drainage and purging and on the realization of a temporary storage facility



Lessons learned

v lLifecycle planning is an important tool to ensure to have the necessary skills, resources,
facilities, technical solutions and funding available on the projected time-frames

v Innovation, both in management approaches and technology development, is a key
challenge aiming at improving performances, safety and waste minimization.

v' Sharing the good practices and lessons learned gained from past activities, is essential to
ensure the future development of robust and optimized decommissioning plans

v Early stakeholder engagement will facilitate development of mutually agreeable
decommissioning solutions

v" Supply Chain engagement, through specific workshops, help to provide a complete overview
on decommissioning plans and fufure investments and to highlight the opportunities for the
Suppliers

v Knowledge ftransfer to young generation is the key objective to ensuring continuity in
decommissioning activities to be carried out according to the highest level of safety standards

Security Class: Classes: Public Use, Internal Use, Controlled Use, Restricted Use
Public Use
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I reported here the lessons we learned in our decommissioning activities:
Lifecycle planning is an important tool to ensure to have the necessary skills, resources, facilities, technical solutions and funding available on the projected time-frames.
Innovation, both in management approaches and technology development, is a key challenge aiming at improving performances, safety and waste minimization.
Sharing the good practices and lessons learned gained from past activities, is essential to ensure the future development of robust and optimized decommissioning plans
Early stakeholder engagement will facilitate development of mutually agreeable decommissioning solutions
Supply Chain engagement, through specific workshops, help to provide a complete overview on decommissioning plans and future investments and to highlight the opportunities for the Suppliers
Knowledge transfer to young generation is the key objective to ensuring continuity in decommissioning activities to be carried out according to the highest level of safety standards



Nuclear decommissioning and Circular
Economy

- . : dismantling and site post-decommissioning
Opportunities exist > operation >> safe store >> demolition >> restoration >> use
3

at different phases K ] 5 4 >
and levels materials and buildings local whole regions
components communities
Circularity principles in current practices Knowledge management
« refurbishing and extending the life of existing plants + Sharing experiences and Lessons learned

+ Giving feedback for the design of new facilities

Strategic view

+  Decommissioning as a sustainable process to support further
development of the site

+ recycling of metals and other materials that are
conventional wastes

* reusing components from closed reactors

* repurposing buildings for processing and storage of waste,
rather than constructing new ones

+ reuse of demolition rubble as fill material

Decommissioning as an opportunity
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Opportunities for Circular Economy exist at many phases of a nuclear facility life cycle (operation, safe store, dismantling and demolition, site restoration and, eventually, post-decommissioning use) and at different levels (materials and components within a nuclear facility, buildings, local communities and whole regions).
Some aspects of current practices are consistent with circularity principles. Refurbishing and extending the life of existing plants is aligned with circularity thinking as well as Recycling of metals and other materials that are conventional wastes. Other examples include reusing components from closed reactors and repurposing buildings for processing and storage of waste, rather than constructing new ones. After demolition, a common practice is to reuse the resulting rubble as fill material which reduces the amount of material that needs to be transported to and from the site. 
Knowledge management would be a fundamental aspect to be taken into account considering sharing of experiences and Lessons learned and the possibility to give feedback for the design of new facilities.
Finally, a new Strategic view should be promoted, considering Decommissioning as a sustainable process to support further development of the site
So even if we can see that a lot should be improved, we can consider decommissioning as an opportunity to promote circular economy and sustainability. 



Sogin Circular Economy Strategy

The 3 drivers underlining the circular economy applied by Sogin to nuclear decommissioning are the

following
GREEN ENGINEERING
1 2 3
Re-use of structures, Material Recycling Environmental Impact
systems and Reduction
components

N & &

o | e |

GREEN PUBLIC PROCUREMENT

The fullimplementation of the actions envisaged in the 3 objectives can be carried out by implementing
green engineering and green public procurement policies.

Security Class: Classes: Public Use, Internal Use, Controlled Use, Restricted Use
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Going in detail in the Sogin strategy for circular economy, it is based on tree pillars:
•	The first is the reuse of building, systems and components 
•	The second one is material recycling
•	The third is environmental impact reduction 
In a transversal way, we can find other two elements, the development of green engineering processes and the public procurement. Both aimed to support the CE strategy.



Destination of decommissioning materials

Conventional Landfill

87.849,004t 7%

COMNVEMTICMAL ~

FATERIAL
1.217.243,134 t
4 y
1129394130 £ METALS AND CONCRETE Q
1141.766,24 t ‘ \
- \ ’z‘
i i 12372005t RADIDACTIVE MATERIAL RELEASED AFTER DECOHTAMIMATICHN
NUCLEAR POWER 89%
PLANTS AND FACILITIES 4| [P
1.277.029,04 t RADIOACTIVE SEUEE Bl
MATEZIAL \_ ELERES SPERT FLEL Recycling
59.785,909 t

4743804t 4%

National Repository and Technology Park
Sustainability Objectives

v" minimizing the v recycling metal v reusing existing v reducing energy v improving
amount of and concrete premises, areas and sources and using environmental
radioactive waste materials technological high-efficiency performance and green
produced components components procurement
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In this slide we can see how Sogin approach can contribute to reduce the amount of waste that needs to be disposed as radioactive waste implemening circular economy principles.
In fact, most of materials that Sogin manages are intended to recovery.
This is the result of the application of sustainable processes and innovative technologies.
In terms of numbers, the materials that Sogin is able to reuse or recycle are more less ninety percent. They are mostly metal, copper, iron, concrete. 



Security Class:
Public Use

Innovation in D&D and RWM
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Innovation in D&D and RWM

Innovation, both in management approaches and technology development is a key point for
making decommissioning and waste management more cost effective, faster and safer.

In SOGIN, the state-of-the-art technology for decommissioning of nuclear installations has been
considered adequate to cope with most difficulties associated with the dismantling of such

facilities.

Nevertheless, it has also been recognized the need to improve, adapt or optimise technologies
for the specific needs.

VL ep

Cost/benefit of new

F'"?TQ cl‘i;peclf;_-.:: Compliance with e
:;; '.G:S rﬁug | safety standard and it
skl regulatory system
programs .
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As the decommissioning is a long-lasting process, technological transformation should be considered too.
Innovation, both in management approaches and technology development is a key point for making decommissioning and waste management more cost effective, faster and safer.
In SOGIN, the state-of-the-art technology for decommissioning of nuclear installations has been considered adequate to cope with most difficulties associated with the dismantling of such facilities.
Nevertheless, it has also been recognized the need to improve, adapt or optimise technologies for the specific needs.
The development of specific solution includes the Research and Demonstration of the technology that can be implemented towards specific national or international programs, the verification of the compliance with safety standards and regulatory system and the analysis of the cost/benefit for the new technology.
In the following slides I will show you some specific innovative solutions we developed to solve some specific issues.



Innovation in SOGIN

BUSINESS DEVELOPMENT AND TECHNOLOGICAL
INNOVATION DEPARTMENT

|

TECHNOLOGICAL DIGITAL
INNOVATION INNOVATION

DEVELOPMENT/OPTIMISATION OF i

TECHNOLOGIES FOR DED 3D MODELLING AND 3D SURVEY

. INTERNAL PROJECTS -
DEVELOPMENT OF TREATMENT
SOLUTIONS FOR CHALLENGING DIGITAL TOOL FOR RWM
WASTE
R&D ACTIVITIES TO FACE WITH D&D INTERNATIONAL TECHhT(I;‘:.vOAé":IIE)S?OD\gﬁEF?;I?T D&D
AND RWM CHALLENGES COOPERATION PROJECTS AND RWM
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Internal Projects - SICoOMoR

O Sogin Modular System for Waste Cementation

O Able to process different types of radioactive waste (liquid, sludge, resins, powder,
etc.), containing beta/gamma and/or alfa emitters

Ik\)AQlccjjllplor system, fransportable and easy dismountable, without any permanent
vilding

Due to modular concept, the plant
can be assembled for different
productivity

It can be used for waste conditioning
campaigns in different sites to
optimize the re-use of resources

Final waste package: cylindrical 440 |
drum

Security Class: Classes: Public Use, Internal Use, Controlled Use, Restricted Use
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Internal Projects - AIGOR

O Sogin IT Tool for RWM

O AIGOR (IT Radioactive Objects Management System), to optimise RWM by a multi
criteria analysis to select the most appropriate Waste Process Route for defined Waste
Streams. Based on blockchain, it will ensure the integrity of data and processes, and
the safety of information.

« Set up a center (at a national level) for collecting and
archiving all the quantitative and qualitative data of
the radioactive objects managed by Sogin

« Guarantee a homogeneous application of
terminologies, classifications, treatment processes, etc.
for similar types of radioactive objects in all
decommissioning sites

« Ensure the connection with the historical data of @
radioactive object for the purpose of reconstructing the
processes to which it has been subjected over time
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Internal Projects = NUCLECO 3D Survey

Digital Twin

Plant’s Metadata

Physical data

|
| Badiological data
|
|

o -‘1; )

3D Parametric mndels D30T mage: Cin ;E-"-l:?;m_l:u:q_w_m 1#': ¥

Reactor Building: Optical image of the pipe Gamma imaging on the pipe

3D Model

Tratal actraty
Co-blr 3.4 MBg

Reconstruction ol
the assayed pipe Final output

« Data Input: Historical Information (Plant Metadata) + Laser Scanning (Point Cloud) + Gamma Imaging
(Radiological data)

 Data Output: 3D model of systems and components (all the technical, physical and radiological
information are included) to proper feed the BIM Common Data Environment (CDE)
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International Cooperation

O Soginis actively taking part in the EU Research and Innovation Framework Programme to:

(o
(o
(o

Benefit from the exchange of information and sharing of
knowledge with other countries

Maintain expertise and development of specific solutions on - European
complex issues related to D&D and RWM Commission

Acquire a partial financing from the EC on some specific activities
already included in the Sogin General Time-life Plans

O  Sogin is acfively taking part in the working groups of the most important International
Organizations in the nuclear sector with two primary goals:

O  Play a pro-active role in draffing guidance / standard that will
have an impact on Sogin activities __IAEA
o iBr]e‘I'erCnoor}?g]#(;%?gné(p]?dosTed TO The beST prOCTlceS' knOW_hOW Ond Socleta Gestione Implant Nuclearl (SOGIN)
IAEA Collaborating Centre
. . for
Soglﬂ hGS been deSIgﬂOTed IAEA Knowledge Transfer and Training
CO”abora f[ng Cenfer for Nuclear Decommissioning
2018-2023
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EU Research and Innovation Programme
What is it?

Research and Training (R&T) programmes implemented by
the European Commission (EC), under the provisions of the
European Atomic Energy Community (Euratom) Treaty, in
which all European Union (EU) Members States participate.

European
Commission

What is its role?

To supplement and coordinate MS' programmes to perform joint and/or coordinated cutting edge
research, to support knowledge creation and knowledge preservation. To avoid duplication and
achieve critical mass if needed.

How is it implemented?

By Multi annual Framework Programmes (FP), 5 years +2 since FP7 and annual / biannual Work
Programmes

Projects of up to five-years duration are funded after calls for proposals evaluated by independent
experts

Latest programmes: HORIZON-2020 (2014-2020) - HORIZON EUROPE (2021-2027)
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HORIZON-EURATOM Projects - Completed
SHAREl = [ &3 StakeHolderS-based Analysis of

il Research for Decommissioning
e https://share-h2020.eu/

The main objectives:

« to increase coordination between the various stakeholders involved in research activities
related to decommissioning and who have an interest in ensuring that decommissioning
can be implemented in a safe, effective and sustainable manner.

« SHARE consortium provided an inclusive roadmap for stakeholders in Europe and beyond.
The aim of this roadmap is to jointly improve safety, reduce costs and minimize
environmental impact in the decommissioning of nuclear facilities for the next 10 to 15

yedars.

2 Migrant Integration Cockpits and
e June 2019 : 9 Partners

@ micado * &

https://www.micado-project.eu/

The goal of the project is to propose a cost-effective solution for non-destructing
characterization of nuclear waste, implementing a digitization process that could become a
referenced standard facilitating and harmonizing the methodology used for the in-field Waste
Management and Dismantling & Decommissioning operations.
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HORIZON-EURATOM Projects - Ongoing

. INNOvative tools FOR dismantling

INNOAGRARH IFE September 2020 @i‘. 13 Partners of GRAPHite moderated nuclear
\Ll/ 3 year project 5 Countries reactors

https://www.inno4graph.eu/

The project will develop a set of tools and methods for graphite reactor dismantling operations,
both before the actual dismantling operations (for decision-making and characterization of the
graphite) and during the dismantling (for optimal extraction of the graphite).

Final workshop scheduled in Oct 2023 at the EDF demonstrator
Cyber physical Equipment for

3 year project 4 Countries e e e
DEcommissioning Measurements

CLEAMDE https://cleandem.wordpress.com/

Development of an Unmanned Ground Vehicle (UGV) Platform equipped with innovative
radiological sensing probes which will support the D&D operations. The system will be able to
provide also a 3D and fully detailed digital twin of the surveyed area augmented with
radiological information provided by the sensors, thus enabling an efficient and effective
planning of the dismanftling actions.

The Final Demo will be carried out in the Sogin Eurex Plant (first quarter of 2024)
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HORIZON-EURATOM Projects - Ongoing
©rrenis FEEEEl

The PREDIS project develops and improves safer freatment and conditioning methodologies
and processes for wastes, for which no adequate or industrially mature solutions are currently
available. It focuses on treatment of metallic materials, liquid organic waste and solid organic
waste which can result from nuclear power plant operation, decommissioning and other
industrial processes. The project also addresses digitalization solutions for improved safety and
efficiency in handling and assessing cemented-waste packages in extended interim surface
storage.

EDARPERS = R S EET—
3 year project 13 Countries

AARMOMSED FRACTICES, REGULATIONS ARE STAMDARDE
HWASTE MARNAZEMENT AMD DECOMMISSIDHIE

Predisposal Management of
Radioactive Waste
https://predis-h2020.eu/

HARmonised PracticEs,
Regulations and Standards in
waste management and
decommissioning
https://www.harpers-h2020.eu/

Eestablish and clarify the benefits and added value of a more aligned practices,
methodologies and approaches in decommissioning and radioactive waste management,
including possibilities for shared processing, storage and disposal facilities between Member
States (MS).
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HORIZON-EURATOM Projects - To Come

Euratom Work Programme 2023-2025
Open for proposal: March 2023 — Selected projects start: Spring 2024

Co-funded European partnership on radioactive waste management RWM
EURAD-2 project - 5 years (2024-29)
Total Budget: EUR 20 million over the 3 years (2023-2025)! - 60% financed by EC

- Promotes knowledge fransfer and the sharing of best practices between the advanced Member States and those at

an early stage.
- Improve, innovate and develop science and technology for the management and disposal of radioactive waste
- Consolidate the knowledge for a safe start to operating the first geological disposal facilities
- Provide input to the next set of Member States with mature site selection programmes, in order to promote broadly

accepted industrialisation of nuclear waste disposal in the EU.
I Additional budget is subject to the adoption of the Euratom Work Programme 2026-2027

Call HORIZON-EURATOM-2023-NRT-01-07: Innovative technologies for safety and excellence in
decommissioning, including robotics and artificial intelligence D&D
Total Budget: EUR 4 million — (Innovation Action) - 70% financed by EC

- improve safety in the decommissioning of nuclear systems, minimising operational waste, dismantling waste and
improving the environmental remediation of nuclear facilities;

- contribute to excellence in decommissioning, while developing cutting-edge technological innovation, competitive
and resilient industry initiatives, future-proof jobs and skills for a fair transition.
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