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LD-SAFE presentation...........ccucsrvnrssnsnsssassasssnsnsnsnes 1  Four-year European research and innovation project focused on the use of laser cutting
Project organization......mn, ¢ technology for the dismantling of nuclear power plants (NPPs). It will demonstrate that
WP Progress (WP1 to WP4)......iininnisinn, 304 |aser cutting capabilities meet key technical challenges in dismantling, assessing its

Questionnaires synthesis

Challenges Main objectives

Focus on removing the last technical, financial and psychological barriers to propose the

laser cutting technology as an alternative to conventional cutting techniques used for
RPV and RVI dismantling.

It IS essential to decommission NPPs safely, and
time/cost effective. In this regard, dismantling of the
reactor pressure vessel (RVI) and internals (RVI) is
known to be the most challenging part:

« Technically: complex shapes and access, some
components to be dismantled underwater due to
radiation protection requirements

Objective 1: Demonstration of the capabilities of a versatile laser cutting
solution to address key technical challenges in large NPPs decommissioning.

Objective 2: Environmental and safety assessment of the implementation of

* Mechanically: radiation hardening of the metal laser cutting for nuclear reactor decommissioning.
and combinations of materials
* |n terms of safety: highly radioactive, activated, Objective 3: Technical validation of the laser cutting prototype in operational
components located closer to the surface. environment.
This task requires long periods of planning and at —_— . . . .
least a year to execute (often on the critical path). | Objective 4: Demonstration of the economic advantage of using laser cutting

technology for the forthcoming reactor decommissioning market.

Main technical activities and Work Packages (WP)

WP1: Analysis of the reactor dismantling with

- laser cuttin
Laser Cutting Eré\aléo&?rigtral Safety : ,
Development srotection Assessment WP2: Laboratory tests and calculations
3 WP3: Protection of workers and environment

, —— WP4: Safety assessment
Analysis of the reactor dismantling -Risk analysis Demonstrators in two phases: in
With laser cutting -Generlc Safety Rssessment oir and underwater WPS5: Case studies and demonstrator

Validation of the implantation

m—ﬁ.r FPEWOUANS -Technology qualification 5Tecnat0m and the use of the laser cutting WP6: Dissemination and eprOithion activities

technology in operational

-Guidelines for the industry environment WP7. PijECt management

For the use of laser cutting

Laboratory tests and calculations:

-Laser beam residual power '
-Hydrogen gas generation -independent review
during underwater cutting V' Vysus Group f
IRSHN 7 EQUANS
-Aerosols I R S N E1 D SURETE WUCLEAIRE - —
£10F SORETE NUGLEAIRE | + End-users |
Work Package 1 and 2 Work Package 3 Work Package 4 Work Package 5
Upcoming events Follow us

- Spanish Nuclear Society (Oct. 4-6, 2021) - Granada, Spain
« |ICOND conference - ICOND 2021 (Oct. 19-21, 2021) - Aachen, Germany

- BASE symposium - SafeND (Nov. 10-12, 2021) - Berlin, Germany & Virtual Linked[fl] LD-SAFE Project
« WNE 2021 - LD-SAFE workshop public session (Dec. 1, 2021) - Paris, France
y @Id_safe

https.//ldsafe.eu/
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Advisory
Board

EG/EUG/SG

6 partners

Consortium

Strong partnership of leading industrial companies and European research
centers with extensive track-records in nuclear dismantling, protection of
people and the environment, safety assessment, and associated domains.

Advices at
ONET TECHNOLOGIES - France W B O tiate
EQUANS - Belgium i e
CEA - France 0B \ Vysus Group
VYSUS GROUP - Sweden —1—
IRSN - France BB —
TECNATOM - Spain - IRS“ @ Tecnatom

Advisory Board

The Advisory Board is divided in 3 groups (Expert Group, End

LD-SAFE CONSORTIUM

Expert Group End User Group

4 or 5 Experts chosen As many companies / Questionnaires

Guidance during the entities as possible
Feedbacks and

suggestions
from the TW

Few entities with a role

of observers such as
NEA, IAEA, EC, ...

Support Group

User Group and Support Group). Expert Group

It creates an ecosystem for providing inputs for running the
project and for ensuring the match between project results
and market, societal, and environmental needs.

End User Group RS

Dismantling Operators and Contractors, Research & Technology

The EG will monitor and redirect when needed the scientific
developments, project management and the strategy for the
dissemination of results.

One nuclear safety expert

-

Organizations and Technical Safety Organizations interested in py(_A- Al PhA NOV One laser safety expert

the results of the project.

The EUG ensures project activities adequately address the ‘5‘“EDF
conditions and restrictions of nuclear Ffacilities during RN
decommissioning, and to increase the visibility of the project.

e oL Lasery

One expert of conventional cutting techniques
used for RPV and RVI dismantling

EUG answers to the questionnaire of the Technical Workshop are C_)‘ Jounreay  One dismantling project management expert
synthetized in page 5.
— =  BELGZ KIE
CNGIC E: PROCESS Crsonpng Kb support Group
. Groups with activities whose inputs or outputs are connected to LD-
IEI:I SCli cen * ~eDF &_ SAFE objectives. The members act primarily as observers, although
% GRAPHITECH they can share their views and participate in technical workshops.

@ BEL I/ \)SSG!H
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:;D‘_SHEE presgnl:tqtion -------------------------------------------------------------- % »  WP1 - Milestone completed.
r0JecCt OrganiZaAtioN. .., o
WP Progress (WP1 to WP4)............................ 3to4 WP¢ - Laboratory tests definition,
Questionnaires SYUNLNESIS. ..o, 5to6

Deliverables submitted

: | ID Deliverable Title Lead Dissemination
=S Level
. D11 Hnolgsis of the different reactor Fomponerjts N combination ENGIE bublic
i . with the selection of conventional cutting techniques
— g .
' D1.2 Specifications for the laser cutting system ENGIE Confidential
WP1 Progress (leader. EQUANS) WP2 Progress (leader: CEA)
D1.1 - Analysis of the different reactor components In Task 2.1 (CER) - Laser beam residual power (For in air cutting):
combination with the selection of conventional cutting » Design of an experimental set-up and implementation in CELENA
techniques: Facility of specific instrumentation to characterize laser beam
 Advantages and drawbacks of main conventional cutting residual power.
techniques  (thermal, mechanical and hydraulic) in regards of » Purchase of specific instrumentation (thermal cameras and
safety,  secondary  waste  minimization,  reliability  and pyrometer) and qualification using background materials like
maintainability, and cutting performances. graphite and stainless steel without cutting operation.

 RPV/RVI structure of metal assemblies, which vary considerably
based on the type, size and design of reactors (i.e., BWR vs. PWR).

Task 2.2 (IRSN) - Secondary emissions: aerosols (For in air and
underwater cutting):

 Definition of measurement needs and identification of aerosol

Conventional Techniques

Plasma Arc cutting Band Saw cutting Abrasive Water Jet metrology.
arge dimensions Cut large thicknesses Complicated shape + . Feosibili.tg of in ple 1 e.ntati.on pf qerosol san pling close to partilcle
~ast All materials All materials generation (particle size distribution, concentration and sampling
_Less maintenance on site Limited contamination Few air pollution For TEM analysis).
High degree of filtration >low (cutting speed) Jater treatment - First feedback on aerosol generation during laser cutting using
Slower underwater Maintenance Hish cost _ . : :
Electrically conductive material Wear part replacement Required space nitrogen vs. compressed air assist gas.

¥y . . CEA
5 CEA, DELIA Facility, aerosol sampling line

SSSSSS

\ Task 2.3 (CERA) - Hydrogen gas generation during underwater
N/ - emerging laser cutting:
D1.2 - Specifications for the laser cutting system: « Qualification and implementation in DELIA facility of specific

instrumentation Ffor real time hydrogen and oxygen gas
monitoring.

« Modification of DELIA Facility for laser cutting operation using
nitrogen assist gas - implementation of control safety measures.

Laser technology description, highlighting the cutting performance
criteria. Preliminary safety rules and principles to be considered.

D1.3 - Specifications for the safety tests of WP2:

« Summary of safety related challenges raised by laser in a matrix of
safety requirements to ensure that are covered by WP3 and WPA4.

« Details of tests to be implemented in WPZ, to support the safety
demonstration.

D1.4 - Specifications for the demonstrator, including a
conventional technique for comparison:

ldentifying the most challenging piece to be cut into the reactor and
describing the specifications for the mock-up in relation with the »
COnventional technique b(]nd Saul. CEA, DELIA facility (1.38 m diameter & 2 m long ssel)
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LD-SAFE Presentalion. ... mssissssssssssssse L . WP3-Appraisal of laser cutting technology and definition of qualification activities.
Project organiZation....... s, Vi P4 - Prelimi <k s ot
WP Progress (WP1 to WP4)............................ 3to4 - PIElmInary risk anaiygsis compietion.
Questionnaires SYUNLNESIS. ..., 5tob : :
Deliverables submitted
| Q 4 ID Deliverable Title Lead Dissemination
== Level
— 0 B | W i D3.1 Technology Appraisal Report (\;/gcs)tdé Confidential
| D4.1 Risk analysis (summary: main aspects and results) TECNATOM Confidential

WP3 Progress (leader: VYSUS GROUP) WP4 Progress (leader: TECNATOM)

T3.1 - Technology appraisal: T4.1 - Risk analysis with regards to safety:
« Establish the Goals for the Technology to which the Technology « Benchmarking of risks identified for other RPV/RVI dismantling
Qualification will be assessed against. projects.
« Complete a Technology Qualification Workshop with all partners. « Boundary conditions definition based on WP1 deliverables and
- Redaction of the Technology Appraisal Report ‘TAR' (D3.1) which international references.
defines: « Submittal of D4.1, Risk Analysis:
o Full system decomposition (main components/subcomponents). o ldentification of risks using IAEA checklists and HAZOP studu.
o Their TML (Technology Maturity Levels) and IML (Integration o Consequences evaluated in a deterministic manner, qualitatively
Maturity Levels). and quantitatively (predefined radiological inventory).
o Components experience in Nuclear Decommissioning Environment. o Recommendation of design options (for normal conditions) and
safety measures (for abnormal/accidental conditions).

o Risk Matrix to be used for TO Plan.

T3.2 - Technology Qualification Plan: o Risk Matrix.

- Defines the tasks to be completed to reduce the technology T4.2 - Compilation of results from WP2 and WP3:
uncertainties identified in the Technology Appraisal Report. « Start of compilation of information from WPZ2/WP3 to develop

» Rssist in developing the Technology Qualification Plan (D3.2). D4.2, Summary of risks identified during WPZ and WP3.
- Redaction of the Technology Qualification Plan (D3.2) which: T4.3 - Generic Safety Assessment:

> Summary of technology appraisal stage (Stage 1 of TQ process). » Development of Generic Safety Assessment Structure, as per |IAEA
e . SRS 77, Safety Assessment for Decommissioning.
» Qualification activities.

» Planning and management of TO Plan.

Stage 2: TO Plan
(D3.2 and D3.3)

decommissioning activities

Stage 3: Execute, Safety Reports Series

Stage 1: Technology

azard analysis

d-‘m : v
-— - - Engineering analysis |~‘-
" ,
' a y Ev nd
i

Review, Certificate

Appraisal (D3.1)

Goal Setting Propose TO Plan based off TAR =
System Decomposition TO Statement of Endorsement |
Technology Maturity Safety Assessment
Assessment SR
o Cutting Speeds and max cutting thickness : TR | e
e Reducing Secondary Waste
e [mproved reliability/robustness/Versatility
Q > e 30% Reduced total Cost and Time
— R @uea__ L J—
e Both In air and underwater '.Generi:: ﬁ:?:r
e Reduced maintenance Safety
* Reduce hands-on human activities Assessment
.Eﬂmpilatinn of  (WP4)
results
 (Manage the generation of radioactive aerosols and gases ~
* [ncrease visibility in underwater cutting Risk + WP2, Laboratory Tests: H2 Generation, Residual
e Reduce/Mitigate impact of the laser beam residual power Analysis \—_:) Beam Power, Aerosols Generation
e Compliance to Regulatory Requirements + WP3, Protection of Workers and the Environment
e Safety Assessment Approval by Requlator
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Information

- | + Questionnaires analyzed: 13.
—_ - Global questions: 13.
= Py« Scope: Reactor Pressure Vessel and its Internals.
' B, =2 < Resultsindicated: from most to least replied.

Results

01: Do you think dismantling RPV/RVI represents a cutting challenge in decommissioning
programs?

 Yes: every response indicated that the RPV and RVI represent a cutting challenge during the
decommissioning phase.

02: Have you ever considered using laser technology for dismantling RPV/RVI?

 Yes and No (evenly split: 50%): responses are split evenly in the consideration of laser technology for
dismantling. Analysis of the comments shows that even though there are considerations, there is no
actual use of the technology. Problems noted are the problematic use on thick plates and the Fact that
the technology is still not commercially available.

03: Based on your experience and/or knowledge (or your perception if you have no experience)
what is the most widely used cutting technique for dismantling RPV/RVI?

« 1. Mechanical Cutting
« 2. Thermal Cutting
« 3. Water Jet Cutting

The majority of responses indicate that Mechanical Cutting is the most commonly used technology in the
industry fFollowed by Thermal Cutting. Analysis of the comments shows that Sawing, Plasma Arc Cutting
and Abrasive Water Injection Jet are the most widely used techniques.

04: What is your preferred cutting environment to dismantlie RPV/RVI?
« 1. InAir

« 2.Both in Air and Underwater

« 3. Underwater

4 Not yet Decided

Responses are mixed showing that the industry dismantles the equipment both in air and underwater and
therefore both environments need to be considered. Analysis of the comments shows additional
consideration for worker dose rate can be a driving Factor in this decision.

05: How many cutting tools and handling systems do you use (or intend to use) for dismantling
RPV/RVI (in average)?

« [umber of cutting tools (if you intend to use 2 different tools from a same technology, please count
each of them): responses ranged from 2 tools up to a maximum of 10 cutting tools to be used. The
common tools listed were band saws, disc saws and drilling tools. No distinction of tools used for RVI
and RPV is clearly defined.

« [umber of handling systems (crane, manipulator, pole, bespoke mechanical systems, etc.): responses
ranged from 1-6 handling systems being used with the most common systems being the polar crane or
conventional lifting platforms (various poles and cranes). Bespoke lifting platforms can be used: waste
elevator or other mechanical systems including manipulators or robots.

« [lumber of back-up systems: back-up systems were not foreseen in the majority of responses. However,
there are some responses indicating the use of either one or two back-up systems.

06: According to your experience or knowledge, what are the key technical criteria For Safety
Authorities to allow the use of any cutting technology in a given decommissioning project?

« 1. Limitation of radiation exposure

« Z2.Minimization of generated waste and discharges

« 3. Reliability and safe maintainability

4, Ability to be remotely operated

5, Compliance of generated waste with packaging, transport and storage

The majority of responses indicated that the predominant criteria for safety authorities are the
considerations for radiation exposure and generation of wastes and discharges. This is further emphasized
In the additional comments which indicated that Contamination Control and Risk to Workers are also
important criteria.
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07: What are your main constraints / difficulties in your dismantling activities?
« 1. Radioprotection and safety of the workers

2. Accessibility of tools (available area to access the cutting location) and/or handling systems (for
cutting)

« 3.Space needed to implement the tools and their utilities in controlled area
« 4. Maintenance and replacement of spare and wear parts

« 5, Filtration of particles / dust and fume collection

« b. Cutting environment (in air or underwater)

« /. Control and monitoring of the operations (e.g. moving the system remotely, visualizing the operation,
etc.)

The responses showed that there is a large set of constraints to be considered at the same time. The only
constraint/difficulty not considered in the answers is the co-activity of workers (considered as low issue
during RPV/RVI cutting operations). The most replied answer is that of Radioprotection and Safety of the
workers. This feedback further supports the previous information relating to the safety considerations in
06. Therefore, all of these options selected in Q7 will need to be considered in the future aspects of this
project.

08: What are the most impactful steps about cost and time?
1. Waste management

« 2.Manufacturing/Testing/Operators Training

« 3. Studies/Design/segmentation plan

4, Installation/Commissioning

« 5.Maintenance (preventive and corrective)

« 6. Protection of workers / safety aspects

Responses concentrated on Waste Management and the Manufacturing/Testing/Operators Training. The
results indicate a spread of costs across all of the listed activities. Analysis of the additional comments
shows that the link with stakeholders, especially reqgulators, is another impactful cost (and time) not
previously considered in the questionnaire.

09: According to your experience or knowledge, what is the most complex component to cut (for
PWR / BWR)?

The responses to this question were extremely diverse with no repetition in the complex components. This
shows that there are many different scenarios which will need to be explored in the future stages of the
project. A more detailed study of this question will be required to find commonalities in the various cutting
tasks.

Unfortunately almost all responses indicated that there are no example data sheets available.

Results:

« Upper reactor internals (generally due to complexity: thick plates, several different tubes, accessibility)
e  (uide tubes / Control rods

« Thermal shield

- Barrel

 Lower core plate and plenum

 Lower Core Support Assembly (LCSA)

« Vessel wall

B e | awennewas  This project has received funding from the Euratom research and training programme 2019-2020 under grant agreement No 945255
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- o . Questionnaires analyzed: 13.
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o » Scope: Reactor Pressure Vessel and its Internals.
%, w24 -+ Results indicated: from most to least replied.

Results

010: According to your experience or knowledge, which steps represent a challenge for reducing
dismantling cost?

« 1. Waste characterization and packaging

« 2. Waste logistics (handling, interim storage, transport)

« 3. Operation and Maintenance costs (including consumables)

« 4, Cutting duration

« 5, Corrective maintenance costs (troubleshooting, repairs)

« 6. Implementation of the cutting system (as a whole) / space available
« /.Human resources

« 8.Drying (of the segmented components)

The most problematic area for reducing the cost of decommissioning activities is the management of waste
In its various stages. This further highlights the previous responses to 08 in which it is stated that waste
management is the most impactful cost. The combined result presents an opportunity for laser cutting if it
IS able to reduce the amount of waste produced and therefore reduce the overall cost of these tasks.

011: How do you carry out the secondary waste collection for each cutting technology used (in air
and underwater)?

Responses to this question focused on the use of vacuuming for larger waste elements, followed by both
air and water Ffiltration systems for the finer pieces of debris.

Results:

« Scraps, Chips/Swarfs, Slags:
o Underwater pumping + filtration (and shovel-like tool if needed),
o In-air vacuuming + filtration (and shovel-like tool if needed),

o The remaining metal swarf is collected by vacuum cleaner and remote handled brush. During cutting
local collection is realized by mobile vacuum system,

o A secondary vacuum system could be considered to remove beforehand (if large particles).
« Aerosols (dust and fumes in air):

o Local collection by vacuum system + filtration / Containment with general HVAC.
« Sludge (underwater):

o Local collection by suction system + filtration / global water treatment system.

012: According to your experience or knowledge, what is the duration (ratio) of cutting operation
compared to other operations (handling, cleaning and decontamination)?

There is a large range in the replies to this question with an outlier of 1:20 ratio of cutting activities to
other activities. There are however a group of responses which indicate that this value could be nearer to @
1:1 or 1:3 ratio. A possible reason for the large spread in results could be due to the lack of definition of
“Other Activities” and what this actually includes. A more detailed study on this question may be required to
fFind a more complete dataset.

Results (approximately):
« When using band saw:
a. 10% of the time went to the preparation and clean-up of the yard,
b. 90% of the time was spent to the cutting operations.
« 1:20 where decontamination, characterization, confirmation and final packaging is taken in to account.
« 40:60.
* Around 50%.

 The cutting phase has an average duration equal or lower than the handling and ILW packages
management (characterization, drying, storage, etc.).
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013: In addition to the radiological spectrum, total activity and dose rate, are you auware about
other limitations for the transportation of nuclear waste coming from RVI/RPV decommissioning
(Type B Packages for ILWJ waste)?

« 1.ARAbsence of liquid (drying needed)

« 2.MNo mobile piece/dust

« 3. Each single item must be characterized separately
« 4. No filtering media (other than metal)

The vast majority of the answers show that the requirements for drying are the most common additional
limitation which needs to be considered.

Expected improvement with Laser Technology

According to the answers provided to the questionnaire, the following issues are pointed out concerning
the expectations of the EUG regarding the use of the Laser Technologuy:

Versatility and efficiency of the technology:
o Different thicknesses easier to cut,
o Fastening the cutting process / Cutting performances improved.

Maintenance:

o No issues with consumables breaking during cuts,

Flexibility:
o Only one tool to perform every cut,

Working environment:
o Less space required (available area sufficient to access the cutting location).

Difficulties for using laser cutting technology

According to the answers provided to the questionnaire, the following issues are pointed out concerning
the difficulties of the EUG regarding the use of the Laser Technologuy:

« Deployment and management of laser cutting at distances of up to 30m below the equipment location,
management of the fiber and air, electrical requirements to the head through a number of mechanical
systems.

« Licensing process: innovative technology will make it challenging to get permission from safety
authorities. A reference case with the use of laser cutting technology or a former experience will help
safety authorities in giving permission.
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