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1. Background and purpose of the project

2. Iltems of work

3. Schedule of the projectOverview

4. Final outcomes

1. Item #1¢ Dust properties

2. ltem #2¢ Dust collection systems
1. Spray scrubbing development
2. Local collection
3. Dust extraction system

3. Item #3¢ Application on site
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Reasons why this research is needed

Prior to fuel debris retrieval, fuel debris processing is needed. Different fuel debris processing methods will lead
different retrieval strategies

In order to retrieve fuel debris after it has been processed, it is necessary to collect as much data as possible co
the final shape of the fuel debris (blocks, slags, dust, etc.)

A

A

A lItis also mandatory to collect data concerning the airborne particles that are generated during the fuel debris
processing for every processing tools (dust, aerosols)

A

A

Finally, the mechanical behaviour towards the fuel debris and the Fukushima Daiichi situation must be assessec

Following this data collection, it is possible to determine strategies to recover the fuel debris while implementing
solutions in order to mitigate all the risks that have identified (safety management, mitigation of aerosols release
and to improve the operability of the systems (implementation, maintenance, etc.)

Project goal

A The goal of the project is to support the development of dust collection technologies contributing to the
decommissioning of Fukushima Daiichi NPB&foElectric PoweCompany

Duration of the project
A April 2019¢ May 2021 (2 years)
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Development for Dust Collection of Fuel Debris System

Dust collection strategies

Considerations for the development of dust and aerosols collection systems are based on the following statements:
A During fuel debris processing, several mechanisms are involved to propaga
dust generated :
1. Dust deposition
2. Dust transport by air flows
3. Dust resuspension due tr flows

A These mechanisms are dependent of the processing method and the
processed material, most influent parameters being:

- The processingiethod (core boring, laser, grindetc.): each
processing methods will generate different dust and aerosols
characteristics

- The fuel debris typand composition: previous showed that aerosols
characteristics also depend on the characteristics of processed
material

- The air flows generated by th@rocessing method: airflows transport
aerosols. Therefore, this parameter must be considered for the
implementation of systems

Py Fuel debris processing A Development of collection systems must be adapted to these constraints

=== Dust transfer

=> Air Flows
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‘ Development for Dust Collection of Fuel Debris System

Multi spray¢ Global spray: a large area is covered. This system

! / ; allows to collect the aerosols that have not been collected by oth

collection systems and that are not already deposited

Local spray: the area close to the cutting point is the target. This syste
could allow a good efficiency rate while minimizing the water
consumption

»
N
>

Local collection: the collection device is implemented so it can collect the
dust that is generated by the fuel debris processing. Dust and aerosols a
recovered in the different filtering devices in adapted waste cans

The study of applicability on site of these strategies focus on:

1. Numericalsimulations: calculations of deposition and collection of
particles fractions for different scenario cases

2. Implementation of spraying system and evaluation of the operability o
site (implementation of the system, water consumption)

3. Implementation of local dust collection in air and evaluation of the
operability on site (implementation of the system, lifetime,
maintenance)

@ Fuel debris processing 4. Safety analysis
==**> Dust transfer Output data:Assessment of the operability on site

) Air Flows
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‘ Development for Dust Collection of Fuel Debris System

Generalities FY2019/2020 subsidy proje

Following the previous achievements, the objectives of the subsidy project for FY2019/2020 is to focus on dust collestieniaythis frame,
3 main items have been identified:

1.

Data collection on dust and aerosols:

Data collection on dust generated during fuel debris processing operations. Fuel debris processing can either considaeethavitbal
tools (grinder, saw) or with thermal tools (plasma torch, laser cutting).

Data collected will be used as input data for the development of dust and aerosols collection devices (especially fay sceugning
strategies and for the filtration system of local collection in air)

Development of dust and aerosols collection strategies

1.

Development of aerosols and dust collection by spray scrubbing techniques

Spray scrubbing techniques must be adapted to the configurations on site and to the fuel debris processing tool thasedll Déferent strategies are
considered global application or local application of spray scrubbing.

Performances of systems are assessed both with experimentations and with numerical simulations
Development of local extraction devices for dust and aerosols collection

Local collection devices are especially designed to be tested with laser cutting techniques. Also, collection devicasaed tothe dust extraction system:
the goal is to be able to recover the dust that has been collected. Also, the filtration device is meant to be implemsittedhierefore development seeks the
filtration efficiency and the best solutions to make the system able to work entirely remotely insidrithary Containment Vessel (PCV)

Study of application on site and scenario assessment

1.

Implementation of devices

Studies on the implementation of the systems on site and their use. Focus is also made on the operability of the systama(pilein safety analysis,
efficiency, etc.)

Numerical simulations

Starting from data acquired during the tests, numerical simulations are performed with pedestal modelization in ordeute firstcassessment of aerosols
and dust collection efficiency in real case scenario
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Input data from past projects, status reports, publications, etc.

Fuel debris simulant manufacturing

' ' Data collected:

) . ) ) A Aerosols characterization (mass concentration, size
Testswith lasercutting Test fordifferent mechanical distribution) (

anddustcollection in air processingoolsin air - A Characteristics of fuel debris after cutting (assessment of
A amount of dust, blocks, slags, etc.)
{ \ A First approach of mechanical behaviour of the processing
Datacollected ‘
A Aerosolzcollectionefficiency
A Transportation and filtration gparticles ) ) :
efficiency(dustandaerosol3 Spray scrubblng tes?s in Input data for spray scrubbing
A Operabilityof collectiondevices TOSQAN facility with development (local and global strategy)
simulated aerosols

‘ Spray scrubbing tests in '

DELIA facility with laser

: : : Numerical simulations for spray
Ribpasaiine b.eststrateglesfor cutting and with and scrubbing efficiency for various
dustcollection and site without dust collection

. " : S conditions
applicability devices in air




" DEVELOPMENJFDUSTCOLLECTICBY STEMORFUEIDEBRIE, PERFORMAN =NTABUDGEFY2018

N,

i S

il
IRSH - 3. SSHEDULBFTHEPROJEC

DE RADIOPROTECTION
ET DE SORETE NUCLEAIRE

TECHNOLOGIES

Overview of project schedule FY2019

AUG.

APR. MAY JUN. JUL. SEP.

Preparation of R&program

ITEM 1¢ DATA COLLECTION ON DUST EMISSION WITH DIFFERENT FUEL DEBRIS PROCESSING

Choice of FD simulants

Fuel Debris simulants manufacturing (MCCI and/#ssel simulantsy; 6 batches in total

Test program & facility Manufacturing report
preparationg Disc saw
Essential tests + report of the tests
) Improvement of facility (instrumentation) for complete disc saw tests
Test program & preparation
of testsq Core boring
Design of equipment and supply for cofeoring tests

Preparation of DELIA facility for laser cutting
with N,

ITEM 2¢ COLLECTION OF AEROSOLS BY SPRAY SCRUBBING TECHNIC

Test program definition
Design, supply of equipment and modification of TOSQAN facility for the realization of the teSisgle spray and multi nozaespray

CFD calculationg Tests of configurations through numerical simulations

Preparation of tests for spray scrubbing with laser cutting (test

program + supply of equipment) ) )
Testsg Laser cutting with

spray scrubbing
Tests report

ITEM 3¢ LOCAL COLLECTION AND EXTRACTION OF DUST AND AEROSOLS

Definition of local collection
system & essential tests
Improvement of design of collection systems & preparation of tests
Tests & analysis of results
Study & supply of transportation and filtration equipment
Essential tests with and without laser cutting & analysis of results
Study of applicability of solutions on site
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‘ Overview of project schedule FY2020* _

APR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. JAN. FEB. MAR.

Update of
Research
Plan

ITEM 1¢ DATA COLLECTION ON DUST EMISSION WITH DIFFERENT FUEL DEBRIS PROCESSING METHOD

Preparation of coreboring tests
Coreboring tests on FD simulants & analysis of

S . results
Improvement of facility (instrumentation) for

complete disc saw tests
Cutting tests with grinder on FD simulants

Analysis of results

Preparation of DELIA facility for laser cutting withy N
Laser cutting tests with N

ITEM 2¢ COLLECTION OF AEROSOLS BY SPRAY SCRUBBING TECHNIC :

Design, supply of equipment and modification of TOSQAN
facility for the realization of the test; Single spray and multi
nozzles spray

Spray scrubbing tests in TOSQAN facility

Study for the implementation of local spray during laser cutting

Laser cutting tests with spray
scrubbing

Study of the applicability of the system on site & expected performances (tentative)

ITEM 3¢ LOCAL COLLECTION AND EXTRACTION OF DUST AND AEROSOLS

Design and procurements of local collection devices
Laser cutting tests with representative materials

Improvement, design of extraction prototype and expansion of system to mechanical FD processing tools
Tests
Final study of applicability of solutions on site

* Due to Covid19 situation, delays occured on the project. Official termination date of project: 31 May 2021 (final report8/6/2021) ‘
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1. Gather dust properties for several processing methods (thermal / mechanical) to have data for collection systen
development*

2. Basic comparison of dust emission between several processing methods
* Complementary from IR/JAEA CLADS project

Tasks implemented in the frame of item

[1] Fuel debris simulants manufacturing

[2] Data collection on dust and fumes for mechanical tools (and plasma torch)
1: Tests with manual reciprocating saw and grinder in TRANSAT test bench
2: Test with automatized disc saw (grinder) in CAPIMIF test bench
3: Tests with plasma torch on CAPIMIF test bench
4: Tests with core boring tool in DELIA facility
[3] Data collection on dust and fumes for laser cutting (including tests wijth N
1: Tests on stainless steel
2: Tests on Exessel fuel debris simulant
3: Tests on kVessel fuel debris simulant
4: Conclusions

[4] Data collection on dust and fumes for various cutting tools and conditions

11
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‘ [1] ¢ Fuel debris simulants manufacturing _

Two compositions of fuel debris have been considered for the manufacturing of fuel de
simulant.

In-vessel composition has been determined from the average of Fukushima Daiichi un
lower head debris composition

Exvessel composition has been determined in order to simulate a debris from interacti
between the molten core and the concrete in the sump of Fukushima Daiichi unit 1.

Mixed oxidemetal in-vessel (1F2)
fuel debris simulant (based on 1F2 Fuel debris simulants for ivessel and exessel
average BSAF compositions) compositions are provided to support the

= developments of technologies studied in the frame
Oxidic MCCI 1F1 simulant (based on 2F (GKS a5dzad O2fttSOlGAz2Y
1F1 Robb and al. calculations with project
larger concrete content

AP0, % R 7 T T

The fissiomproduct prototypes included (proportions typical of 10 years after accident) except Ru (for health requlatidraigsue

A Raw materials (natural isotopic composition) for Nd, Mo, Cs, Ba, La, Pd, Pm, Sr, Y, Te

A Powders: HfQ Zr, ZrQ, CeQ (FP + Pu surrogate), Sp®@,C for both compositions) and SiGeOx, AD,, CrO, and CaO for the exessel
composition

12
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‘ [1] ¢ Fuel debris simulants manufacturing _
Loads
In-Vessel fuel debris simulant blocks ExVessel fuel debris simulant blocks
W% W%
- - HfO, 20.5% FeO, 7.8%
HfO, 30.2% CSOH.0 0.08% 7t 0.6% NGO,  0.09%
Zr 37.9% BaO 0.05% Zro,  11.7% MoO,  0.09%
c 0.20 P 0,033 SnG  0.2% BaO 0.039%
eQ 2% P -033% BC  0.2% La0, 0.027%
S, 1.0% Pr,O, 0.033% Stainless Steel 304L  5.6% PdO 0.026%
B,C 1.1% SmO; 0.016% Cr0;  0.6% Pr,O;  0.027%
: Fe 2.9% SmO, 0.019%
* 0, 0,
Stainlesssteel 304L 9.3% SrO 0.024% FeO  5.0% SO 0.019%
Nd,O; 012% Y04 0.016% SiQ  30.6% Y,0, 0.011%
MoO, 0.09%  TeQ 0.015% ALO;  7.6% TeQ 0.012%
X Ca0 6.2%
, §
A

Preparing VFO6 in vessel load

Preparing VFLO exvessel load
*304 L steel rods: 0.017 wt% C, 0.44% Si, 1.5 % Mn, 0.039% P, 0.027% S, 18.5% Cr, 8.07%

Ni, 0.5% Cu, 0.08% N, 0.13% Co, 0.37% Mo

13
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‘ [1] ¢ Fuel debris simulants manufacturing _

1. Selection of raw materials

In-Vessel fuel debris simulant blocks

The totalmassof in-vessel fuetebrissimulant blocks produced is 35 kg.
Various shapes have been obtained (4 melting procedures)

2. Set up of melting furnace

ExVessel fuel debris simulant blocks

Crucible is filled with pellets and raw materials
before melting

Metal phase

The totalmassof exvessel fuetebrissimulant blocks i88 kg (including
blocks of denser solidifiethetal) (4 melting procedures)

3. Melting operation

Apparent density for the different fuel debris simulants:
A In-vesseblock: 4.7 g.cn®
A Exvesseloxidic block:~2.6 g.cr®
A Exvesselmetallic layer : 5.8 g.crm?

14
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[2] ¢ Data collection on dust and fumes

1 ¢ Tests with manual reciprocating saw ameé@nual grindei
TRANSAT facility and instrumentation:

Fluoropor Fan TRANSAIE a smallglovebox (250L) Thisfacility is instrumented
membrane with an optical particle counter (GRIMM,sizerange 0,25 pm
HEPA fiter N H —X—#g A7 pticalp ( g Hm ¢
filter 30um)
Rotameter . . . . .
als : Cutting tests with a reciprocating saw and a grinder are
optcal £ performed manually inside the gloveboxin order to obtain
Counter 3 information about aerosols generation due to fuel debris
simulantcutting with thesetwo cuttingtools.
- 800 mm - 598 mm

Test procedure and cutting parameters:

‘ Preparation of the test bench with grinder or saber saw, fuel debris J ) ) ) )
simulant and instrumentation Operationsare realized manually (no automation of devices)
] Therefore, cutting strenght has not been monitored and can

_start OPC-data acquisition | havevariationsdueto the operator.

Cutting

Reciprocating saw

Cutting speed 1

Battery change*

Cutting speed 2 Picture of manual grinder in TRANSATgloebox (left) and example of
reciprocatingsaw

— End of cutting and data acquisition

(S

15
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‘ [2] ¢ Data collection on dust and fumes _

1 ¢ Tests with manual reciprocating samd manualgrinder in TRA

Resultsobtained concernthe numerical concentrationsof particlesemitted for every sizein the range [0,25um;10um] for the two cutting
processeandfor in-vesseland ex-vessekimulants
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T
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‘ [2] ¢ Data collection on dust and fumes _

Relativeparticleconcentrationaccordingo the size

3,0 T 3,0 T T
] Ex-Vesse|
25+ Saw . In-Vessel| 25 Grinder 8
] —— Zircone
201 4 20 4
a o)
£ = ||
e L L1 a e - .
] 15 3 15
P Z
© ©
1,0 1 o0k | 1
05 | E 0,5 %EL i
= . BTN .
10

00—'—' daiaal | 00L——
1 10

01 0,1 1

Optical Diameter (um) Optical Diameter (um)

Main conclusion®f the tests
A Concerninghe numberof emitted particles
T With the samesimulant(in-vessel)the grinderemitsmore particles for everysize
T With the sameprocessindool (reciprocatingsaw),more particlesare emitted with Exvessefuel debrissimulants
A Concerninghe particlesconcentrationaccordingo the sizerange
T Thereciprocatingsawandthe grinderboth producehighconcentrationsof verythin particles

17
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‘ [2] ¢ Data collection on dust and fumes _
2 ¢ Tests with automatized disc saw (grinder) on CAPIMIF test

2.1 ¢ CAPIMIRest benchandinstrumentation

CAPIMIF is an airtight facility. It is composed of a test bench that can be instrumented in order to monitor aerosolerigtiasadtring cutting
operations. Monitoring concerns aerosol concentration in mass and numbers, electrical charges distribution, morpholqgigsiealdand
chemical analysis on some samples.

Also, particles mass concentrations are integrated with HEPA filter and particles morphologies are studied thanks toHESiamlisation

____________________________________________________

Dataacquisitionandinstrumentation

A Particle size distribution: integrated measurement
with DLPI€30nmto 10 pm)

A Particle size distribution: temporal measurement
with ELPI146 nmto 10 um)

A Particleslectricalchargesmeasurementvith ELP+

A Particle mass and number concentrations
measuremenwith PegasoPP $ensor

A Particle morphology is realized with TEM
visualization

A Particle composition is obtained by EDSbased on
TEMimage

Fuel debris simulant

Cuttingstrengthis monitored and constantthrough a cutting test thanksto the automaticgrinder Aerosolsproductionhasbeenmonitored for
variouscutting strengths cutting speedsandfor different materials(fuel debrissimulants)

18
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‘ [2] ¢ Data collection on dust and fumes

2 ¢ Tests with automatized disc saw (grinder) on CAPIMIE t

2.2 ¢ Example of data collection on one specific experiment :
a¢ Calculation of K, cratio:

A Mass concentration is monitored during the 6 consecutivts (numbered from 1 to 6 in the figure below)
A Fuel debris sample has been weighted before and after the cuts: therefore, it is possible to determine the mass it hesdotted
cutting

A Kinome rEpresents the ratio between the mass of aerosols that has been emitted in comparison of the total mass that has been rem
from the fuel debris simulant sample

o ] " -
‘ Measurement of material
massloss during cutting
n° 6 on the Fuel Debris
sample

M aSSnateriaI_Ioss: 3L Zg

100
~ 9%
E 80
E &~ 100 Kairborne
§ 60 E 90 — =
E 50 g 80
z ] dIN 2
g a0 S 60
c £ 50
E 30 E 40
& 20 g 30
2 g 20

10 ‘ l_ 2 10

0 " N b ; ! — cola \Va E 0 P S S B R I .

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3010 3020 3030 3040 3050 3060 3070
Time (s) Time (s)
Mass concentration for a sequence 6fcuts Measurement of mass concentration integrated through

the cutting time with measured airflow
Massairborneipanicle: 73 mg

19
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[2] ¢ Data collection on dust and fumes

2 ¢ Tests with automatized disc saw (grinder) on CAPIMIF

2.2 ¢ Example of data collection on one specific experiment :
b ¢ Particles size distribution in mass and number:

The graph below shows the distribution in mass and numbers according to the aerodynamic diameters of the particles. Datmhave
obtained during the 6 cuts of fuel debris simulant VF12.

The most important for the contribution in mass comes from the big particles. However, small particles are more impowaniien
especially for the particles with an aerodynamical diameter between 0.2 um and 0.3 um: this size is the critical one ¢anmaih@ent point
of view (lowest point of efficiency of HEPA filter)
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2 ¢ Tests with automatized disc saw (grinder) on CAPIMIE

2.2 ¢ Example of data collection on one specific experiment :
c ¢ Electrical charges:

The median aerodynamic diameter for thé&12fuel debris simulant is 11.6 um (top left figure). The cumulated mass shows that 90% of th
total mass comes from particles with an aerodynamic diameter superior to 3 um (bottom left figure).

Distribution of electrical charges is given on the right figure. Electrical charges have been measured tBhRks Results show significant
electrical charges with particles larger than 5 um having positive electrical charge and particles smaller than 0.5 pumedretirnragelectrical
charge.

100%
I
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o | [ SVF2.180.(1 | N —ui
Dy~ 11.6 Um 2,0E+07 | _y —i
] == —— 00970
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‘ [2] ¢ Data collection on dust and fumes _

IRSH

2 ¢ Tests with automatized disc saw (grinder) on CAPIMIF test

2.2 ¢ Example of data collection on one specific experiment :
c ¢ Electrical charges:

A Particles charge are induced by mechanical frictions (No such significant charges observed for particles generatedtbinser c

A More investigations are needed in order to evaluate the consequences of the electrical charge for dust transpdeatisition and
filtration

A Real fuel debris are expected to generate particles with high electrical charges due to radioactive content

100 +
90 +
80 +
70 £
60 +
50 +
40 +
30
20 +
10 £
o R e e —

0,01 01 1 10 100

Figure on the left shows the cumulative mass of observed particles depending t
diameter

Cumulative mass [%)]

Particle Diameter Dp [pm]
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woe AR ITEM#1 - DUSTPROPERTIE
[2] ¢ Data collection on dust and fumes

2 ¢ Tests with automatized disc saw (grinder) on CAPIMIE

2.2 ¢ Example of data collection on one specific experiment :

d ¢ TEM and EDS vizualisations:

Particle visualization by TEM&EDS wvpitysicochemical analysis shows various morphologies and heterogeneous composition by particle
Variousmorphologies including aggregated particles with fractal patterns similar to the ones emitted during laser cutting arecidsesv
result was not expected for particle generation with a mechanical tool. In terms of composition, results unietdiregeneityfor submicronic
particles. This tendency seems different compared to the one observed for laser cutting (a homogenous composition washiebadd).

Aggregates of 100 J
e /EIY fine part|CIeS 6-VF12_180_(1)
‘ . 80% + Chhihd— f
(fractal like for " [D,~ 11.6 pm
laser cutting) gy > 25 |
& 5 60%
| T O o | {
|
I
[ o AN RN IR SRR L
0.1 1 10 100
Aerodynamic diameter (um)

Cu is mainly
coming from TEM
grids and from
stainless steel

P.P keV 23
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‘ [2] ¢ Data collection on dust and fumes

2 ¢ Tests with automatized disc saw (grinder) on CAPIMIE

2.2 ¢ Example of data collection on one specific experiment :

e ¢ Particles size distribution for a different cutting strenght:
Tests have been realized with differanttting strengthsn order to observe the influence of this parameter in the particles emission. The fig
below shows two cutting tests: each cutting test consists in 6 cuts,MifiNas cutting strength. Tests have been realized on fuel debris

simulantVF12

100% T 100% T
oLA ——Fit log normal DLPI ——Fit log normal
0% L | 1-VF12_100_(1) 80% 1| 4-VF12_100_(2)
Dgz 6.9 pPm Dy~ 9.0 pm
E’_A%O% ] Ogsp = 3.1 R—g 60% +|Ogsp > 2.4
3 SIE
K1) @ =
N I 3 3
RS 3| S
S |5 40 | £ g 4o
20% + 20% +
0% - L 0% | N PR S I [
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Aerodynamic diameter (um) Aerodynamic diameter (pm)

Results:
A Tests show a variability of the particles size distribution for the same material. Also, variability in terms of mass

concentration has been observed.
A K,.oneWas calculated and has a 30% variatip; ... is between 0.0023 and 0.0035

v

A This variability both for the particles size distribution and mass concentration can be explained by the heterogeneityabé tiad
Therefore, it is difficult to conclude whether the force applied on the cutting tool has an influence or not. Tests mustiloetex on 24

homogeneous cast fused Zirconia blocks.
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‘ [2] ¢ Data collection on dust and fumes _
3 ¢ Testswith plasma torch on CAPIMIF bent

Experimental setip:

The plasma torch is implemented in front of the instrumented ventilation pipe for particle aspiration and measureme
WP DAy B A ‘ Ly i Plasma torch (Powet80W)

Ventilation pipe fomparticle
suctionand measurement

- Measurements:
£ 4,56+07 + .
; 4,0E+07 - = Particle
‘gs,szm 4 concentration
'E 3,0E407 4 L MET&EDS
‘5‘ 2,5E407 + analysis
£ 2,0E+07 - y
[=]
o 1,5E407 -
e -+
E soewe !!

06 +
35

1,0E+00 4 e " ‘. *“ e ki'—d—.-l—h
0 500 1000 1500 2000
Time (s)

25



~ DEVELOPMENJFDUSTCOLLECTICBY STEMORFUELDEBRIE, PERFORMANGREPORT, SUPPLEME WDGETFY2018 '35

.

IRSH

INSTITUT

4. ENALOUTCOME!
TECHNOLOGIES ED:DEASELZ::?LZ&TL&Z I T E M # 1 = DU STH?O P E RT I E

‘ [2] ¢ Data collection on dust and fumes _
3 ¢ Tests with plasma torch cbAPIMIBench

Tests with Exvessel simulant Particle morphologyand composition by MET &EDS

Particlemorphologies arejuite varied: they can be angulaphericabr fractal. A particle witlpolydispersesize has beenbserved based on
MET analysis, from 50 nm to more than 5 pm.
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‘ [2] ¢ Data collection on dust and fumes _
3 ¢ Tests with plasma torch cbAPIMIBench

Tests with Invessel simulant Particle morphologyand composition by MET &EDS

The same tendency has beehservedfor In-vessel fuel debrisimulant regarding particle morphology and particle siadividual particles of
Cesium and Zirconium have been observed. Particles of Cs and Zr have been identified.
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‘ [2] ¢ Data collection on dust and fumes

4 ¢ Tests with cord®oring tool in DELIA fac

Coreboringtool in DELIAacility:

DELIAacility isanairtight vesselith a chimneyconnectedto aninstrumentedaerosolssamplingne

Pegasor

Measurement of aerosols
release in sampling line

Aerosols
instrumentation at
—. the exhaust

Chimney

DELIA/essel DELIA vessel

Forparticlesizedistribution,integratedmeasurementvith DLPI4€30nmto 10 pum)
Forparticlemassand numberconcentration(PegasoPP $ensor)

Methodologyapplied
A Thecutting parametersare monitored and constantduringall the cutting

A Different parametersthat can have an influence on aerosolsgenerationhave been tested: tests cutting on castfused Zirconiablocks,
cutting on in-vesselndex-vessekimulantblocks,influenceof sprayscrubbing

A Datamonitored: cutting strength,cutting speed water flow for sprayscrubbingair injectionfor air circulationin the vessel

A Dataacquired number and massconcentrations particles size distribution, data for the study of the applicabilityon site of the core
boringtool

28
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‘ [2] ¢ Data collection on dust and fumes

4 ¢ Tests with cord®oring tool in DELIA fac

Core boring test on a cast fused Zirconia

- - block Thecore boring producesa verythin
d. RREL D e powder
Coreboringof in-vesselfuel debriss

imulant Thecore boring produces,amongothers,dustanda
solidblock Thesolidblockis not automaticallyremovedfrom the coreboringtool

Coreboring test of ex-vesselfuel debrissimulant
¥ Bore coring appears to be difficult, even

§ impossible,when the tool cuts into melted and
compactmetal cluster. Also,cutting tool is quickly
damagedandneedsto be changedrequently

Core boring test on ex-
& vessel fuel  debris
# simulant with spraying
[ systemon
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‘ [2] ¢ Data collection on dust and fumes

4 ¢ Tests with cor®oring tool in DELIA fac

Results Evolutionof the concentrationnumber of particles(left) and convertedin mass(right) duringthe core boring of Exvesselfuel debris

simulant11A:
2,50E+05 80 -
_ 70 +
~ £ o0t
£ E
& E’ 50 +
"E <05 g 40 + A L
§ A g 1S / I /‘p’\fd W
§ ocos S| e g N
i I L \ 2 20 £ J \ hY
§ [ W] W g [ A,
= 5,00E+04 I\'I L “Lu"\ 10 i |‘ \%&thw
| S 0 1“‘“"“““"" JISC. DN WON SNV B | P RO S0
h\_}un‘_\ STV, Y U T N”““w.wky_“ 0 100 200 300 400 500 600 700 800 900 1000
pasme o 1.:; - '\ 0 300 500 0 800 0 1 Time [5)
Time (s)
Particlesizedistribution of the particles airborneparticlessampledin the samplingline of DELIAacility (left) vsparticlesfound at the
vicinity of the coreboringafter the test (right):
8 DLPI  ——Fit log normal. 100% =
! | Ex-Vessel (VF114) 7 . VF11A (Ex-Vessel)
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‘ [3] ¢ Data collection on dust and fumes for laser cutting

Objectives of the tests:

The tests aim at establishing comparisons between secondary emissions generated byNgigasnduring lasecutting
tets.

Progress/Methodology of the tests:
A Laser cutting tests in air are realized following the usual laser cutting protocol

A For the laser cutting tests usimgy instead of air:
A DELIA vessel is vented with nitrogen u@itoncentration reaches 1% (which is more accurately representative dffthe
conditions)
A Laser cutting starts withl, as assist gas

A For every laser cutting operation, aerosol generation is monitored and characterized in terms of:
A Mass and number concentratioRPégasosensor)
A Particle size distributiorDLP)
A Particle morphology and composition (MET & EDS)

A Tests are realized with stainless ste214L) plates and irvessel and exessel fuel debris simulants for both
conditions:
A Dry condition
A Humidity conditions (generated thanks to spraying systemdR=100%
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‘ [3] ¢ Data collection on dust and fumes for laser cutting _
1 ¢ Tests on stainless steel

Laser cutting tests have been realized on a stainless steel B, @0 mm thickness) successively in air and Wigin dry conditionsFigures
below show the results of these tests.
Slag shapes depending on the cutting configuration

A N |

Adherent slag are less |

A. . H !
ir cutting spread forN2 cutting !

Nitrogen cutting

A The figurebelow showshe particle size distributions for laser cutting of stainless steel plate (316 L, thickness = 46r th@)cutting inair
dry conditions

Air cutting p= i
Nitrogen cutting |

Air ¢ Dry condition

100% T
7-12_St_Air
8% 1 Dg~ 0.264 MM | | | .
i Coso > 2.3 A Adecrease of particle mass concentration with nitrogendny conditionsfor stainless

max
o
Q
=

steel compared taair condition has been observed
. A Decrease of particle size fot, cutting compared taair cutting has been observed !

__________________________________________________________________________________________

™ 41og (0p)
"™ atog (op)]

B
Q
S
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o% & : :
0.01 0.1 1 10 100 32
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‘ [3] ¢ Data collection on dust and fumes for laser cutting _
1 ¢ Tests orstainless steel

Particle morphology and composition by MEIEDS
AIRc Dry condition N2 ¢ Dry condition N2 + Humidity condition

IRSN

0-TT 4007 Tu ] Cu
300_]
g 350 ]
2500 ]
] ] 250
300] ]
2000 ]
1 2507 2m-]
] 1 cr
1500 1 1o
] 0 150
1 Mn H H ]
] ] 1 " Oxidation o Fe
] 150 b Mn
1000 ]
{|Oxidation Cu w]
1 — u
b 1 e
500, —
11Crcy g Mn
110 ) 1 on
o0 a A i : ‘ Crg Feti Qi § kev n'IJ.Lr . keV/

T
5 10

N2 influence on morphology & composition
A Morphology is still fractal with about the same dimensi@ndlose to 1.8)
A Decrease of primary particle size is observed (which is consistent with the decrease of aerodynamic diameter measuriexthieanks
DLP)
A Oxidation isunderlined for air and\, with humidity tests
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‘ [3] ¢ Data collection on dust and fumes for laser cutting _
2 ¢ Tests on Exessel fuel debris simulant

Laser cutting tests have been performed on the same sample-eéssel fuel
debris simulant in dry conditions with air and then with nitrogen.

A Samplethickness is similar for air and, cuttings

' No significant difference between nitrogen/air for exessel simulant in terms of particle size, particle morphology & compasitand
. particle number & masgoncentrations is observed

______________________________________________________________________________________________________________________________________
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‘ [3] ¢ Data collection on dust and fumes for laser cutting

3 ¢ Tests on ltvessel fuel debris simulan

Laser cutting tests have been performed on the same samplevassel fuel debris simulant in dry conditions with air and thwth nitrogen.
In-vessel S|mulant is expected to prowde more |anuence \Mlﬂgas due to its lessaxidation thanex-vessel simulant
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‘ [3] ¢ Data collection on dust and fumes for laser cutting _
3 ¢ Tests on ltvessel fuel debris simulant

Particle morphology and composition by MET &EDS and patrticle sideli3|
AIRc Dry condition N2 ¢ Dry condition
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‘ [3] ¢ Data collection on dust and fumes for laser cutting _
3 ¢ Tests on ltvessel fuel debris simulant

Particle morphology and composition by MET &EDS and particle sidzeLiri
N2+ Humidity condition

20000
15000—

10000

5000—

keV

No nitriding reactions were characterizaglith EDS. Oxidatioreaction are amplified foN, + humidity cutting
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‘ [3] ¢ Data collection on dust and fumes for laser cutting

4 ¢ Conclusions

Influence ofN2used as assisted and surrounding gas during laser cuttidg site conditions

C Stainless steel:
U Strong reduction of particle generatioméss&numbe) by factors between 6 and 8 depending on dry or wet
conditions
U Wet conditions induce an increase of particle messcentration and a slighihcrease of particle size

C Exvessel simulant:

U No significant effect of, for dry conditions The content in ©in Exvessel simulant is important enough so
oxidation isnot enhancedby the addition of oxygeprovidedby water

U No conclusion fowet conditions

C In-vessel simulant:

U Reduction of particle generatiom@ss&numbeyindry conditions for nitrogen

U For nitrogen and wet conditions, important increase of particle generatimast&numbey comparedo N, dry
condition. No significant evolution of particle size with humidity. The oxygen content of-thesgel simulant
being low, additionaD, due tohumidity leads to strengthenxidation reactionsvhich increaseserosol
generation

U Complementary analysis of particle compositiondmay photo-electronspectroscopyXP$would help us to
improve the understanding of the results obtained with nitrogen for humidity conditions.
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‘ [4] ¢ Data collection on dust and fumes for various cutting tool_

DuringFY201%ndFY2020various testdave been performed with different cutting tools in various
conditions leading to develop a database for airborne particle generation.

Cutting conditions investigated

- Tool (laser, mechanical, thermal)

- Fuel debris simulants (in and-egssel), stainless steel
- 1Fsite conditions (those that can be simulated)

L FY201% FY202Qrials
- Humidity rate
_ Rain/spray Cutting tool Dry Dry N2 | Sprays (local | N2 Humidity | Underwater cutting
& global) (100%)
- Underwater
Laser/Ex-vessel/In- DELIA 0 (1% 0,) * 0 (0.35mto 6m)
- Air atmosphere vessel
- N|trogen atmosphere Laser/stainless steel DELIA (o} 0 (1% 0,) 0] (0] *0 (0.35mto 6m)
Core boring/Ex- DELIA (o] 0
vessel/In-vessel
Wheel grinder/Ex- CAPIMIF (0]
vessel/In-vessel
Plasma torch/ex- CAPIMIF 0
vessel/In-vessel
Reciprocating TRANSAT (o]

saw/Ex-vessel/In-
vessel

*FY2017
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‘ [4] ¢ Data collection on dust and fumes for various cutting tools & conditions ‘

Structure of analytical table for particle generation

Items for operating Operatingconditions Particles data
conditionsof tests

Cutting conditions Test bench name / location
Cuttingtool type
Ambientconditions (dry, air, nitrogen, rain)
Ventilation flow rate
Other

Fueldebris simulant or In-vesselExvessel, zirconia, stainlesteel

materials specifications Dimensions
Composition, density, hardness

Cultting tool Disk diameter

specifications Rotation speed, pressure force
ELC%r NELC**Laser power, wave length, laser beam
diameter

Metrology for particles DLPIELPI

characterization HEPAilter
Pegasor

TEM & EDS

Cutting performances / Cutting speed
cuttingissues Kerf thickness and depth
Toolblocking or damage

* ELC: Emerging Laser Cutting ** NELC: NorEmerging Laser Cutting

Morphology

Main composition

Size

A aerodynamic mass mediatiameter (®))

A Aerodynamic number median diameted,
Geometric standard deviatiom;@

Electrical charges

Mass/ number concentration
Airbornefraction coefficient
Mass emission rate
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‘ [4] ¢ Data collection on dust and fumes for various cutting tools & conditions

A Theobjective is to evaluate radioactive airborne release particles for safety assessment management during fuel

cutting with various tools.
A The complexity of this work is linked to the following points:

A Difficulty of comparison of experimental results obtained with various aerosols metrology measuring variou
LIKeaAOlrt YIFI3IyAddzZRSEa OLI NLGAOES aAl S RAAUNROdzOIAZ2Y

A Experimental uncertainties

A Heterogeneity of fuel debris simulant giving a dispersion of experimental values

A Repeatability of the cutting tool implementation or user effects

A Well knowledge of safety assessment expectations from nuclear safety authorities

Database on radioactive particles release phenomena

IRSNhas developedthe dBADIMIE databaseusedby FrenchNuclear

A total of 65 scientific and technical documents (theses, reports, articles, ...) have been compiled and

Authorltles (ASN Capltal |Z|ngd ust resuspe nSlorresultS for acc|denta| analysed in 75 distinct summary sheets, organized into 6 main categories of mechanisms :

» Aerodynamic entrainment

scenarios(see next slide) (May be used for further data collection >
work.) !
FY2019%.FY2020 resultsregardingparticle generationare synthetized

in analyticaltable.

Thermal phenomena (fire, combustion, pyrolysis, heating)

Dispersal via pressure/explosion

Cutting of materials with different tools (plasma arc torch, band saw, chainsaw, arc-air, arc-saw)
Falling of material(s) or abject(s)

Others (vibrations, boiling, release and transfers caused by an operator walking)

IRSH BIA D l J\l\ I S
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ITEM#2 - DUSTGOLLECTIOBYSTEM:
2. DUST COLLECTION SYSTEMS

A Study, test and design suitable solutions in order to mitigate the aerosols release during fuel debris processing
spraying systems, including mechanical fuel debris processing tools, with local and global spraying strategies

A Design and test a first prototype for local collection of dust and aerosols in air for laser cutting and its expansior
mechanical tools

Tasks implemented in the frame of item

[1] Dust dispersion mitigation by spray scrubbing
1. Numerical simulations

2: Tests in TOSQAN facility with simulated aerosols
3: Assessment of spray efficiency for laser cutting

[2] Advancement of local collection during laser cutting

1. Improvement of local collection device
2. Collection efficiency and operability tests
3. Local collection and spray scrubbing with laser cutting

[3] Numerical simulations (CFD) in PCV geometry
[4] Operability tests
[5] Dust extraction system development
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\ 2. DUST COLLECTION SYSTEMS _

Spray scrubbing strateqy development

Numerical simulations: Preliminary tests Design of dust extraction system
First assessment of collection efficiency with To work on coating and minimize deposition of With definition of elements -
droplets characteristics molten material
Numerical simulations: Preliminary tests
Tests in TOSQAN with simulated aerosols To improve aeraulics of collection heads with laser|{ § Cyclonic filter, flexible hoses, seleaning HEPA

- Simulation of fuel debris processing with
mechanical tools and laser cutting
- Tests with local and global sprays strategies

filter

Efficiency and operability tests
To prove that collection efficiency is high with
representative materials

Spray scrubbing tests with laser cutting
- Laser cutting of fuel debris simulant
- With global and local spray strategies

.

Laser cutting tests with local collection and filtratio

Laser cutting tests with local collection and spray
scrubbing strategies implemented togethe

Operability tests
To assess the feasibility of implementation on site

Extrapolation of results for on site conditions

Numerical simulations in order to assess efficiency [of
both strategies in PCV p.60-64
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‘ [1] ¢ Dust dispersion mitigation by spray scrubbing _

A Obijective Theobjectiveof this taskwasto determinethe most promisinglocal spraycharacteristicso be implemented(dropletssize,mass
flow rate, positionandorientation of the sprayingnozzle)

A Inputdata: Aerosolscharacteristicgatheredthanksto previousexperimentstools characteristicgairflowsfor the lasercutting for instance)

Example of numerical modeling results: view of TOSQAN vessel

droplets concentration in TOSQAN facility for las
cutting

Local spray system .
NELC laser cutting

head

Acrosol (Ex-vessel)
injection

Example of numerical modeling: Laser cultti
NELEA* configuration implemented in TOSQ
facility to forecast the spray scrubbing efficiency

for different spraying characteristic

A Resultsof the study:
A Firstassessmentfor aerosolscollectionefficiencywith alocalspraysystemfor varioustools (grinder,reciprocatingsaw, laser)

‘ Thesecharacteristicgor the sprayshavebeenusedfor the testsin TOSQAN&acility andin DELIAacility

*: NELEA standsfor NonEmergingLaserCuttingin Air 45
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i ITEM#2 - DUSTGOLLECTIOSYSTEM:
‘ [1] ¢ Dust dispersion mitigation by spray scrubbing

2 ¢ Tests in TOSQAN facility with simul

2.1 c Overview of the tests

' TECHNOLOGIES

A Objectives
A Improvementof dust mitigation by spraysystemscouplinglocalandglobalsprays
A Assessmenof collectionefficienciesfor variousparticle generation(mechanicatools andlaser)
A Studyof scenarioof localandglobalspraysactivationfor reducingwater consumption

A Methodology

A Powdersare usedin order to simulate the aerosolsgeneratedduring the fuel debris processing They have been selectedto be
representativeof eachcuttingtool that hasbeenstudied

A Sensibilityof dropletssizefor globalsprayhavebeenstudied

A Time evolution of particle concentrationin the vesselis monitored to evaluatethe collection efficiencyduring various scenariosof
cutting simulation

The tests aimed to assess mitigation efficiency of spray scrubbing strategy for different scenfmiogrious cutting tools
and for various globaspray characteristics

Efficiency of spray scrubbing systems hallevaluatedwithin following physical magnitudes:
A Particle removal ratd ()
A Decontamination factor (DFDF=C,-G_;5009/ G
A Initial and chosen time particle number concentrati@y &nd G.;5009
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[1] ¢ Dust dispersion mitigation by spray scrubbing

2 ¢ Tests inNTOSQANAcility with simulatec

2.2 c Overview of the tests

The picture below describesTOSQANacility. The global spraydeviceis situated at the top. With globalspray,all the surfaceof the vesselis
coveredwith the droplets Between5 and9 spraynozzlesanbe useddependingon the test parameters

Thelocalsprayis situatedcloserto the injection point. Othercharacteristicare givenon the picture.

Water injection
- Mass flow rate
- Temperature

Multi spraynozzles <7
- Type and number of
nozzles

Water injection
- Mass flow rate
- Temperature

Single spraynozzle

- various types

Global spray
= 4
S
Nozzle adjustable position Aerosols
(X,Y,Z, 6) instrumentation
X
(_>A i Local spray
ﬁ /Y
i
&
~ * Simulated
Aerosols and
air Injection '
TOSQAN VESSEL |

‘
5 to 9spray nozzles can be used with different

characteristics in terms of droplet size and in terms c
water flow:

A Largedroplet size

A Small droplet size

One single nozzle is used:
A Largedroplet size

Characteristics of powders injected to simulate the aerosols:i
A For laser cuttingd.4 um (single mode distribution) :
A Forwheel grinder: 0.5 um5 pm (bimodal size dlstrlbutlon)'
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‘ [1] ¢ Dust dispersion mitigation by spray scrubbing
2 ¢ Tests inNfTOSQANacility with simulated

2.3 ¢ Simulation of laser cutting with global spray (big droplets) and local spray

Testscenarioconsistan 3 phasedor the lasercutting operation Largedropletssizeis usedfor the globalspray

A (1) Particleinjection+ Localsprayon (= cutting operationstartswith only localsprayon)

A (2) Particleinjection+ Local/Globasprays(= cutting operationwith both strategiesof sprayscrubbingon)

A (3) Particleinjection stopped+ Local/Globabprays(= cutting operationis stoppedbut spraysare still on to collectthe remainingparticles)
Thegraphicbelowshowsthe evolutionof concentrationin numberof particlesinsideTOSQANessel

' TECHNOLOGIES

Laser cutting simulation

Gas inj. 1 (2)
6,0E+06 LC SLG 2
Es5,0e406
I+
< (3) —LC_SLG_2
=4,0E+06 +
= S | 4 . L —Spray local
T ——Global & Local spray
33,0E4+06 +
c
S
$2,06406 3l
£ Removal rate 2.2.103 s1
é Aerosol inj. Stop
1,0E+06
1,0E403 +———"—"F"T—— e ]
[1] 1000 2000 3000 4000 5000 6000 7000 8000
Time (s) *

dNCLETﬂSﬂ.’.(t)_‘_ dNg ce(t) _ deep ion(t)
DF=G-Ge18009/ G=0.91 e erosat (% % /
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i ITEM#2 - DUSTGOLLECTIOSYSTEM:
‘ [1] ¢ Dust dispersion mitigation by spray scrubbing

2 ¢ Tests inTOSQAN&cility with simulatec

2.4 ¢ Simulation of laser cutting with global spray (small droplets) and local spray
Testscenarioconsistan 3 phasedor the lasercutting operation Smalldroplets sizeis usedfor the global spray.

A (1) Particleinjection+ Localsprayon (= processingperationstartswith only localsprayon)

A (2) Particleinjectiononly (= processingperationwith sprayingsystemsoff) showingan increaseof particle concentration
A (3) Particleinjectionstopped+ Globalsprays(= cutting operationis stoppedandglobalsprayis startedagain)
Thegraphicbelowshowsthe evolutionof concentrationin numberof particlesinside TOSQANessel

Laser simulation

7,0E+06 T

: No spray

—~ 6,0E+06 . MC_SLG_3

P Aerosol inj. |

E 8

< [

* 5,0E+06 + .

= > - Local spray inj.

s e DF=C;-C_,500)/C,=0.93

g 4,0E+06 brmmrmmsmnmm e ~—Local spray =1800

S [ ——Global spray

2 3,0E+06 —Stop inj

S F

S 2,0E406 +

£ [

S [

Z 1,06406 | 3
i L

TOF03 4 e ey
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s)
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‘ [1] ¢ Dust dispersion mitigation by spray scrubbing

2 ¢ Tests inNTOSQAN&cility with simulate

2.5 ¢ Conclusions on local/global spray scrubbing efficiencies

A

A

During particle generation (cutting phase), local spray is very efficient to mitigate aerosol dispersion and to conf
particles in the lower part of the vessel which decrease the mean airborne particle concentration in the vessel

Global spray activation in addition to local spray during the cutting phase does not bring a significant improvem
collection efficiency

Influenceof globalsprays is similar for particles generation representative of laser and mechanical cuttings with |
efficiency obtained for highest water mass flow rates

The mitigation strategy could be based on the activation of the Local spray during cutting phase and on the acti
of the Global spray at the end of the cutting phase to clean the gas volume above the local spray area

Theuse offine dropletsfor globalspray out of the cutting phase (no gas injection inducing airflow in the vessel) al
to save drastically water for mitigation systems by spray

Even if sprays systems do not reach efficiency close to 100%, they reduce strongly the dispersion of aerosols c
to the case of simple sedimentation.
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‘ [1] ¢ Dust dispersion mitigation by spray scrubbing _
3 ¢ Assessment of spray efficiency for laser cutting

A Twosetsof testshavebeenrealizedin DELIAacility: first set of testsin October2019
the secondset of testsin November2020

Aerosols analysis chimney

Aerosols analysis line

A Objectivesof the tests were to assesghe efficiencyof sprayscrubbingstrategywith
lasercutting:

A Firstsetof tests testsof two different sprayingnozzlesanddifferent sprayingconfigurations
in DELIAacility (number of nozzlesfrom 1 to 12 sprayingnozzlesusedin the sametime).
Assessmenbf collection efficiencyon castfused Zirconiablocks,fuel debris simulantsand
stainlesssteel for different laser cutting configurations (in air emerging cut and non-
emergingcut, underwater)

Flow gaz from DELIA vessel

Laser source room

DELIA vessel
Laser cutting

A Secondset of tests tests of local sprayingstrategy on castfused Zirconiablocksand fue
debrissimulants

Twodifferent sprayingnozzleusedduringthe first set of tests The

oneon the picturein the right hasa largersprayingcone Viewof DELIAacility. Thebottom figure showsthe implementationof

the laser cutting head and the 12 sprayingnozzles(4 ramps of 3
nozzles)lt is possibleto uselto 12 sprayingnozzles
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3 ¢ Assessment of spray efficiency for laser cutting

Efficiencyof sprayingsystemsare determined by comparingthe airborne particlesconcentrationsin the aerosolsanalysidine (samecutting is
realizedsuccessivelwith andwithout spray)

Results
100% 1 100% 1 Implementationof devices
[ 1-6_Ex11_NS 1-9_Ex_SL
I | [ —
80% | Dy~ 0.199 pm s0% | Dy~ 0.376 pm
r Ggsp > 2.39 r Ggsp > 1.45
| 5=
E[ 3 60% 5 Se0%
3 % i
3| &3
|3 S |5
S [ 40% l == 40%
20% + 20% L
I T
: SIS : H -
0% . ] sauil PP L .;l; L 0% P S I Lol l. I T.-T E
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Aerodynamic diameter (um) Aerodynamic diameter (pm)
Comparisorof aerodynamicalvithout spray(left) and with spray(right). spraytendsto Global spraying systeffeft) vs local spraying
increasethe meandiameterof generatedparticles system(right)

Foreveryconfigurationtested, resultsshowa decreaseof airborne particlesrelease dependingwhether concentrationsare measuredin mass
or in number, the decreaseis between 25% to 70% Sprayingsystemis more efficient with larger particles Also, it hasan influence on the
aerodynamicaliameter of the particles the mediandiameterincreaseswhich is beneficialfor filtering systems Resultsare similar whatever
the spraystrategy(numberof nozzles|ocalor globalstrategy) 52
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‘ [2] ¢ Advancement of local collection during laser cutting

1 ¢ Improvement of local collection device

Objective:Collect particles as close as possible of the cutting point while lowering the deposition of molten material inside thiercbiéads
in order to improve their lifetime on site and while ensuring that the aerosols collection efficiency is not altered ljeac98®% of collected
airborne particles in the range [0.01um; 1 um]).

Note: The efficiency of local collection devices were already proven in the previous project. The current project aims agdigselopin
operational prototypes

' TECHNOLOGIES

Laser head

Aerosols, dust and molten
material projections

ELGA* collection head

representative material o
geometry optimization maintainability,

- Aeraulic studies operability, safety, etc.

_______________________________________________________________________________________

lllustration for an application on site of laser cutting in air lllustration: cutting an element (with or without fuel debris) creates
not only aerosols but also molten material projections

Progress during the project: - ----------------ccoocoooo g P P
+ Work for the improvement of! ' Tests in DELIA facility in | ' Work on applicability: :

T T  systems: ! . order to assess airborne ! ' - Tests with robotic arm !
| Start wit | o i : ! ' ' : ! . |
| o | - Essential tests for the 1 : pa.rtl.cles collection . ' . studies of remote !
. prototypes of | ' increase of collection ! ' efficiency on : ! fi l
. FY2018 | . heads lifetime and | : | ,  operations, |

*: ELGA standsfor EmergingLaserCuttingin Air 53
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‘ [2] ¢ Advancement of local collection during laser cutting

1 ¢ Improvement of local collection devic

Essential tests to improve lifetime of collection heads:

A Essential tests have been realized on simplified collection devices. Different materials have been tested in order he lowken material
deposition. Results proved to be efficient for the duration of the tests that have been held.

Work on aeraulics

A 1t is important to work on aeraulics in order to ensure that there is no point of retention. Also, it is important to ¢nhauairborne particles
are sucked into the exhaust. Essentials tests helped with the design.

Design and manufacturing of prototypes

A Design is based following essential tests and simulation work

A Design integrates the following functions:
A Capability to be mounted remotely on the same laser cutting head
A Be fitted with mechanical interface for the robotic arm
A Be able to be adapted to different shapes to be cut
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‘ [2] ¢ Advancement of local collection during laser cutting _
2 ¢ Collection efficiency and operability tests

Collection tests in DELIA facility with laser cutting on representative material:

Previous work prove the collection system to be very efficient (over 90% of very thin airborne particles generated lojtiagarotiected).
Therefore, the goal was to measure the collection efficiency with representative material for the two laser cutting caofiguemerging and
non-emerging).

Collection efficiency tests are realized in DELIA facility. The measurements concern the airborne particles concentratobsy end in mass:

more precisely, measurements are realized in the collection line (measurement of particles collected) and in the extrds@onpding line
(measurement of airborne particles that are dispersed).

Example of laser cutting in ELC-A
configuration inside a specificcell in
CEA Marcoule. The test will aim to
be representative of representative
elements that could contain fuel
debris. The operability of the
collection system onto a mechanical
arm will be assessed

Example of laser cutting in NELC-A
configuration inside DELIA vessel.
The test will aim to be
representative of fuel debris
cutting at the bottom of the PCV.
Aerosols collection efficiency (and
dust retrieval) will be assessed
during the tests

Reminder NELEA =Non-EmergingLaserCuttingin Air, ELEA = EmergingLaserCuttingin Air 55
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‘ [2] ¢ Advancement of local collection during laser cutting _
2 ¢ Collection efficiency and operability tests

Methodoloqgy of collection efficiency measurement:

. Means of measurements:
ﬁ @ . A Concentration number: Pegasor in th

Monitoring of
DELIA’s extraction line particles @
Transportation and extracted

Do

filtration line

Monitoring of range [0.01 png 3 um]

) oo A Mass measured on filters in the range
[0.01 pmg 10 pm] |

i < ~| Monitoringof || 77T TTTTTTTTTTTToToooommomomees '
Collection head & / ”ni'u”d”!. “M“ sel

— . Material being cut

Laser head ®

Airborne particles are monitored in 3 locations in order to measure the fractions that are :
1. Collected by the collection head (EA®r NEL@ depending on the configuration tested)gs) Collection
2. {dzO1 SR Ayid2 59[L!Qa SEGNIOGA2Y tAYS o (md BxtrabtBLINEASyda GKS
3. LYaARS 59[L! Qa @SaasSt ouGKIi NSLJN\EééyG:ﬁﬁGMiandl- YOoALl y(é

The collection efficiency is determined by the réd6H™HI “Hi “Hi =

56



- DEVELOPMENJFDUSTCOLLECTICBY STEMORFUEIDEBRIS, PERFO@! PORT, SJPPLEMEN({{AIBUDGE'FYZOlS

IRSH 4. HNALOUTCOME
e e L ITEM#2 - DUSTGOLLECTIOSYSTEM:

ET DE SURETE NUCLEAIRE

PRI Iy T TR

' TECHNOLOGIES

‘ [2] ¢ Advancement of local collection during laser cutting

2 ¢ Collection efficiency and operability te

A ELCA configuration:
Tests have been performed to assess collection efficiencies when cutting a tube, a tube filled with cast fused Zircoaiabéowkth a tube
inside. Tests with collection head alone and collection associated to spraying system have been realized.

\-‘

lff O2yFAIdzNI GA2y & 3IFPS KAIK 02ttt SOGA2y STFFAOASYO& NrhénSa ol
considering mass concentrations). Coating of collection head proved to be efficient during these tests (few deposisaasiiabiremove

L

A NELGA configuration:
Tests have been realized with fuel debris simulants and cast fused Zirconia blocks to be representative of materiattanthef bive

pedestal.
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‘ [2] ¢ Advancement of local collection during laser cutting

3 ¢ Local collection and spray scrubb

Tests have been performed to assess collection efficiencies when cutting a tube, a tube filled with cast fused Zircoaialoakth atube
inside for EL€onfiguration.Tests with collection head alone and collection associated to spraying system haveakzsd

For NEL@i\ cvonfigurat,ion, tests have begn reaIiAze,d on cast fusc::-d Zirconia plocks, cast fused Zifcgnia blocks implementad/ya)stitzit they
FT2NYSR daoglANRE IS2YSUNE YR 2y 0Ug¢g2 adzN¥FOSa 2F | alyYysS of20]
The goal of the tests is to measure the efficiency of the collection system with representative geometries.

Cutu_ng/chaIcoIIecnon ELGA NELGA
configuration

. Zirconia . . . . Zirconiablock Simulant VF1Q Simulant VF1Q
Specimen test block Stainlessteel pipe Zirconia block QAT A NK éPlane surface Uneven surface
Spray scrubbing (local sprayL Spray Spray Spray Spray Spray Spray | Spray | Spray | Spray Spray

Spray off

nozzle) off on off on off on off on off on
Averagenumber concentration 97% 95% | 96.5% | 90.5% | 925% | 85% - 87% | 88% | 735% | -
efficiency of collection line
Average mass concentration 96.5% | 84% | 85% | 81% | 82.5% | 63% - 81% | 83% | 545% | -
efficiency of the collection line

A Efficiency rate is high. Mass concentration efficiency is a bit lower for tests on tubes than for cast fused Zirconia Alatiks to the non
flat surface of the tubes as opposed to zirconia blocks.

A Spraying systems has a positive impact on the aerosols collection: :
A It induces a slight increase of collection efficiency in the collection line

A Both concentration number of aerosols collected and dispersed (extraction) are lowered
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‘ [2] ¢ Advancement of local collection during laser cutting

3 ¢ Local collection and spray scrubbin

Lifetime assessment: NE{ACcollection head
During the collection efficiency tests withe collectionhead NEL@, first assessment of lifetime could have been realized.

m==) 70 cuts have been carried out with the NEA €ollection head on different samples (cast fused zirconia, fuel debviessel or IfVessel)
Tn Odzia £ wmn Y OdzidAy3a fSy3aik

Deposits have beeobserved on thénead duringhe cuttingof fuel debris simulant samples but have been mostly washed out thanks to the
of spray

Conclusions

A Collection efficiency rates due to the collection heads remain high on representative materials

A Collection efficiency in NE4ACconfiguration is dependent on the distance between the collection head and the material tt is

A Collection heads are more efficient on very thin particles, a little less with bigger particles (over a few microns)

A Sprayshave a slight impact on the collection efficiencies rates of the MEA@ EL® collection heads buthey lower the aerosol
concentration in the extractiotine as well as ib 9 [ kes€RId&ambiance. Spray collects about 30% of airborne particles generated
Y Sprayscrubbing system collect aerosols, for one part before the collection headsalsdan the vessel: the fraction of dispersed aeroso

islowered
A Spray system is more efficient on bigger particles compared to the thin ones

_________________________________________________________________________________________________________________________________________

Collection heads and spraying systems are complementary: the association of the two systems improve the collection effrates@nd
lower the total quantity of airborne particles that go to the different systems (collection, extraction)

_________________________________________________________________________________________________________________________________________
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' TECHNOLOGIES

1 ¢ Strategies for aerosols collection and dispersio

Objective:
The main objective of CFD calculationthmPCV*geometry is to evaluate strategies of spray systems implementation

during and between cutting phases. CFD calculations can help for the design and implementation of the best stratec
aerosol removal.

Methodology:

A Different scenarios of spray activation (local and global) allowing to limit and reduce the aerosol dispersion an
accumulation in PCV are simulated as in the experimental approaci @BQANests Input data for the
calculations come from the results of experiments of dust and fume characterization. Output data is the particl
concentration in the PCV.

A Results of the different calculations are compared. Therefore it is possible to assess the efficiency of each stre
optimize the solution to be implemented on site. These scenarios are simulated by CFD code and compared &
them in order to optimize the collection and the contamination release

A Different options are considered for these scenario depending on their collection efficiency primarily, but also ¢
their complementarity:
U Local collection
U Local spray collection
U Global spray collection

Y Each of them may be activatesth demand

* PCV = Primary Vessel Containment 60
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‘ [3] ¢ Extrapolation of resultg Numerical simulations (C_

2 ¢ Modelling description

Thetwo figurespresentthe geometrythat hasbeen modelled (pedestalwith CRDand clutter) and the characteristicof the dust
collection devices this scenarioconsidersfuel debris processingat the bottom of the pedestal with laser cutting in NELEA

configuration

Y 3dustcollectionsystemsareimplemented localextraction(= collectionhead),localsprayand globalspray

A Completegeometryof pedestalwith CRD andlutter
A Depositon thegroundmore representativeof melt fuel debrispile

NELC configuration for
consideratiorin this scenario:
fuel debrisis processedavith laser
cuttingand NEL€ collection

headisimplemented

1 spray bawith 8 nozzlesand large
angle:it representsa global spray
configuration,coveringof large
area at thebottom of the pedestal

A 2 local sprayozzleswith smallangle are implemented close to the
NELEA collection head
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‘ [3] ¢ Extrapolation of results; Numerical simulations (CFED) In _

TITDR

Thescenarioconsistan alterningthe phasesof cuttingandnon-cutting:

A Duringthe first phase lasercutting producesaerosols Partof theseaerosolsare collected(by the local extractionor by the sprays)andthe
non-collectedaerosolswill accumulatein the PCV

A Duringthe secondphase the concentrationof accumulatedaerosolswill decreaseby collection(sprayand extraction)

ICO

For this scenario, a cutting time of 10 min is
considered and the non cutting time has to be
evaluated depending of the concentration time
evolutionor DecontaminatiorFactor(DR

—Theoretical Concentration

Particle mass concentration

The challengeis to optimize the phasesof the
scenarioin order to limit the aerosolaccumulationin
the PCVand to stay always below a threshold to

—_— e > define

Time Non Cutting time

Cutting time (10 min)
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‘ [3] ¢ Extrapolation of results; Numerical simulations (CFD) _
4 ¢ Calculation results & interpretation

Thefigure below showsthe fraction of particlesthat is collectedby the local extraction (=NELEA collectionhead in blue), the fraction that is
collectedby the sprayscrubbingsystems(in green),the fraction of particlesthat are depositedand the fraction of aerosolsthat remainsnon-
collected(thusdispersedin yellow), for two PSCfrom two cutting devicegLaserand CoreBoring

Laserg Exvessel Core boringg Exvessel

2 100% 2 100%
S S
=1 90% =1 0‘__l
E E 90%
S 80% S 80%
o o
£ 70% £ 70%
& s0% & s0%
B ’ B o
£ 50% £ 50%
2 40% 2 40%
§ 30% § 30%
g 20% g 20%
i i
2 0, 0,
2 10% % 10%

0% 0%

004 007 011 0,19 030 046 072 1,16 183 288 4,79 Global 0,06 0,1 095 1,60 23 6,56 9,90 Global
damm (pum) damm
Local Local (um)
® collection ™ Deposition ™ Spray = Non collected ®  collection ™ Deposition ®Spray = Non collected
U Best extractiorefficiencyfor smallestparticles U Best spraefficiencyfor biggestparticles
Local extractions more efficientwith small particles Sprayscrubbingis more efficientwith bigger particles

It maybe noticedthat the non collected fractiors overvaluedbecausehe particle
collection by thevall liquid film is not implementedn the model
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5 ¢ Conclusion & prospects

U The scenaristudiedhere highlightsthe very good efficiencyof the couplingof collectionmeans
(extraction, local and global spraggcordingto the experimentaldata acquiredon DELIA andOSQAN
facilities

Y Whatever the size distributiorof emitted particles by the cutting devices, the collection means are

efficient andonly a few amount of particles are not collectettianks to the addition of the mitigation
means

' TECHNOLOGIES

U This scenaridighlightsalsothe difficulty to collectsmallparticles(0.1 pm)regardless of the cutting
device or the mitigation means used because it is inherent to this particlelsezé their low
collection efficiency by droplets

Y Even with efficient collection devices fraction of small particles will inevitably accumulataside the
PCV and will need to be removettéated

U To improve the removal of small particléscanbe beneficto increasethe extraction volumeflowrate

Y Thiscanbe donewith a local extractiordeviceor by usingthe global extraction and ventilation
system of the PCV
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4. HNALOUTCOME:!
eo¢ st s ITEM#2 - DUSTCOLLECTIOSYSTEM!

‘ [4] ¢ Operability tests of local collection system _

Presentation of the tests

Testshave beenrealizedin a specificcell with a remote controlledarm in order to assesshe operability of the collection
system Cuttingtestshavebeenrealizedon materialsrepresentativeof inner parts of the PC\gratingstubes,beams)

Thesetestsprovethat the prototypesof 