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1. INTRODUCTION

Predicting the radioactive contamination of nuclear reactor circuits is a significant challenge
for plant designers and operators. To simulate the transfer of contamination in the primary
system of PWRs, the CEA, in cooperation with EDF and Framatome, has been developing a
simulation code called OSCAR (tOol for Simulating ContAmination in Reactors) since the
1970s. OSCAR is the merging of two previous codes in 2008 [1]: PACTOLE for activated
corrosion products (ACPs) and PROFIP for actinides and fission products [2].

Despite differences in design and operating conditions between the PWR primary system and
the primary heat transport systems (PHTSs) of the tokamak water cooling system (TCWS) of
fusion reactors like ITER and DEMO, the OSCAR code has been applied to fusion reactors,
resulting in OSCAR-Fusion (formerly known as PACTITER, which was an adaptation of
PACTOLE to ITER [3, 4]). This adaptation was made possible due the physical modelling and
modularity of the OSCAR code [5].

This paper describes the modelling of ACPs transfer applicable to different types of nuclear
reactors, with specific details provided for fusion reactors. Finally, further improvements and
needs are discussed.

2. OSCAR CODE MODELLING

2.1. Modelling of nuclear systems

The OSCAR code modelling is based on the arrangement of control volumes (also called
regions). A system is discretized into as many regions as necessary defined according to their
geometric, thermal-hydraulic, neutronic, material and operational characteristics (see an
example of the OSCAR discretization of an ITER PHTS in Fig. 1).
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FIG. 1. OSCAR-Fusion v1.4.a - Discretization of the ITER IBED PHTS (coolant temperatures for
burn phase) [6].
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Several media can be defined in each control volume (see Fig. 2):

— Immobile media:
e Base metal: material composing the system

components (stainless steels, Ni-base alloys, FI“E‘;F
RAFM (reduced activation ferritic-martensic) Particles
steels and Cu-base alloys for fusion reactors...); %00

¢ Inner oxide layer: a non-porous rough Cr-rich S

layer, which completely coats the base metal,
e Deposit / Outer oxide layer: a porous rough Fe-
Ni-rich layer with Cu for fusion reactors, which

ep oxide |-

coats the inner oxide layer.
— Moving media due to the coolant advection: FIG. 2. OSCAR v1.4.a - Media taken
e Particles: assumed to be spherical with a grain into account in the modelling.

size distribution following a log-normal law;
¢ |ons: dissolved species.
— Trapping media for the coolant purification in the CVCS:
e Filter for Particles;
e lon-exchange resins (IER) for lons.

2.2. Chemical elements and isotopes

The main chemical elements and their isotopes taken into account in the OSCAR v1.4.a code
are those composing the materials of the reactor nuclear systems that generate the main ACPs:
Co, Cu (for fusion reactors), Cr, Fe, Mn, Ni, Ag, Sb, Zn and Zr. The radioactive half-lives of
the radioisotopes taken into account in the OSCAR code range from seconds up to millions of
years [7].

2.3. Mass balance and transfer mechanisms

The OSCAR code calculation kernel solves a system of mass balance equations for all isotopes
(stable and radioactive) in all media in all regions at each adaptive time step (from some
seconds to some days) using Eqg. (1) below:

Tt (b =) = Jhransger ~ Zk Jiransser 1)
where m! is the mass of isotope i in a given medium [kg], t the time [s], (1l —m},) the
advection term of isotope i [kg.s] and ],fmnsfer a transfer mass rate of isotope i between 2
media or 2 isotopes [kg.s].

Thus, the OSCAR code calculates the masses of corrosion products and the activities of ACPs
in the solid and liquid phases of nuclear systems as a function of time during normal operation
over several decades and during transients down to a few seconds.

The transfer mechanisms taken into account in OSCAR v1.4.a are indicated in the yellow boxes
in Fig. 3.

The models of the main mechanisms, i.e. corrosion-release, dissolution/precipitation, erosion,
and deposition, are briefly presented below.
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FIG. 3. Mass transfer mechanisms included in the OSCAR v1.4.a code.

2.3.1. Corrosion-release

Corrosion of the base metal causes the formation of an inner oxide, of an outer oxide and a
direct ion release into the coolant. The corrosion and release rates of iSotope i, J¢orrosion @aNd
Jtorease [KQ.S1], are respectively given by:

]éorrosion = frﬁlet Sw Vcor and ]ﬁelease = friel Sw Vrel (2) and (3)

where £, is the mass fraction of isotope i in the metal, £, the mass fraction of isotope i
involved in the release, S, the wet surface [m?], V,,- and V,..; the surface corrosion and release
rates respectively [kg.m2.s!] calculated by an empirical model as a function of the chemistry,
temperature, material (RAFM steels and Cu-base alloys for fusion reactors), manufacturing
process and time (called Moorea law) or calculated by a time power law, time logarithmic law
or constant value per stage.

For fusion reactors, the corrosion and release rates are determined from experimental tests

conducted on stainless steels, RAFM steels and copper alloys under the thermal-hydraulic and
chemical operating conditions envisaged for fusion reactor PHTSs (e.g., [8, 9]).

2.3.2. Dissolution/Precipitation

The dissolution-precipitation mass rate of isotope i of element elt, ]ciiissol/precip [kg.s™], is
expressed as follows [10]:

Sdissol/precip
fluid

lelt Celt _ lelt Celt
ReY +R £ 4
solid—fluid wall-bulk

solid ~eq luid

(4)

i —
]dissol/precip -

Where Sgissor/precip 1S the dissolution or precipitation surface [m?], R;l,ﬁid_ﬂuid the transfer

resistance of element elt at the interface solid-fluid [s.m™], R™:* ' the transfer resistance

of soluble element elt in the fluid between the wall and the bulk [s.m™], fsigll{d and f}f;fid the
isotopic mass fractions of isotope i of element elt in the considered solid medium (Inner oxide,
Deposit / Outer oxide or Particle) and in the fluid respectively, CEf the equilibrium
concentration of elt in the coolant at the considered solid wall [kg.m?], and C¢* the

concentration of soluble elt in the coolant bulk [kg.m™].



The OSCAR chemistry module, PHREEQCEA (a version of the PHREEQC code [11]
extended to the PWR temperature range) and a CEA thermodynamic database gathering
experimental, extrapolated and literature data [12] are used to calculate the thermodynamic
equilibrium concentration of each element in the coolant Ceeét, the molar fraction of each solid
phase (solid speciation), the pH at temperature, and the dihydrogen or dioxygen partial pressure
Pu, OF Do, . For fusion reactors, Cu data were integrated into the PHREEQCEA thermodynamic
database, especially based on an experimental campaign conducted by the CEA to acquire Cu
solubility data for ITER divertor PHTS conditions [3].

2.3.3. Erosion
Erosion of a deposit results from the coolant friction forces. The erosion mass rate of isotope i,
]érosion [kg.S'l], is given by

]érosion = fdlepmeros Eeros/lperos (5)

where fdiep is the mass fraction of isotope i in the deposit / outer oxide layer, m,,.,s the mass
of the deposit that can be eroded [Kg], E.,,s is the erosion coefficient [s™}] based on the Cleaver
and Yates model [13] depending on the shear stress at the wall and the dynamic viscosity of
the coolant, and ¥, the erosion resistance coefficient.

2.3.4. Deposition
The deposition mass rate of particles takes into account:
— Laminar [14] and turbulent [15] diffusion (mass transfer coefficient h [m.s™]),
— Sedimentation for horizontal components [16],
— Thermophoresis for temperature gradients between the coolant and the walls [17],
— Nucleate boiling deposition [18, 19],
— Flow disturbances caused by valves, elbows, etc., through relaxation lengths.

The deposition mass rate of isotope i, ]fieposition [kg.s™], is given by:
]cileposition = fpiart Sw vdepos Cpart (6)

where fpiart is the mass fraction of isotope i in the particles, v4.,,5 the deposition velocity of
particles [m.s*], and Cpare the particle concentration [kg.m?].

2.4. Input and output data

To use OSCAR, it is first necessary to provide a set of input data by using an input graphical
user interface (GUI):

— Geometric and thermal-hydraulic data of each control volume: hydraulic diameter, wet
surface, fluid velocity, flow rate, bulk and wall coolant temperatures, horizontal/vertical
position;

— Material characteristics: initial composition, initial thickness, density, roughness, porosity
and tortuosity. Any possible surface treatment is taken into account via the experimental
corrosion and release rates;

— Neutronic data: nuclear power fraction in each in-flux region, associated with the NUCLEO
database defining neutron reactions and activation rates for OSCAR. For fusion reactors,
NUCLEO comprises all pertinent neutron reactions on all elements, including Cu, like
83Cu(n, y)®*Cu or 83Cu(n, a))®°Co, along with the associated activation rates arising from the
fast neutron flux.



— Operating data: nominal power, boron, lithium, dihydrogen and dioxygen concentrations
as a function of time. A Zn injection rate can also be defined,;

— Reloading of components when necessary (e.g., PWR fuel assemblies, steam generator
replacement);

— Purification: efficiency of the filter and ion exchange resins for the CVCS.

It is possible to simulate transients such as the cold shutdown procedure or plasma pulses for
fusion reactors by adjusting operating parameters like the nominal power, pressure,
temperature, flow rate, boron, lithium and concentrations of dihydrogen and dioxygen.

The OSCAR results are plotted using an output GUI. These results include masses, activities,
dose rates, transfer mass rates, chemistry parameters (equilibrium concentrations, solid
speciation, pHr, partial pressures, dissolution surface reaction rates, dissolution velocities, etc.)
and thermal hydraulic parameters (density, viscosity, Reynolds number, Schmidt number, mass
transfer coefficient, etc.).

2.5. Calibration-Validation

The transfer mechanisms need to be calibrated because some parameters of the physical models
presented above (dissolution surface Kinetic constants, proton reaction orders, erosion
coefficient, and deposition velocity) are scarcely known in primary system conditions. These
parameters are determined by simulating experiments in test loops [10, 20] and operation of a
typical PWR [21].

Global validation of the OSCAR code was ensured by comparing the simulation of the power
operation for several cycles and cold shutdowns of 6 PWR units with contamination
measurements in these 6 PWRs (see one of the units in [7]). The calibration and the validation
of OSCAR was possible thanks to the wealth of operating experience (OPEX) collected from
the EMECC contamination expertise assessments. To date, about 430 EMECC campaigns have
been performed by the CEA in 76 different French and foreign PWRs since 1971 [22, 23]. In
addition to the y surface activities of ACPs (*®Co, ®°Co, **Mn, *°Fe, 51Cr...) measured using the
EMECC device [24], the OSCAR results were compared to other on-site measurements:
volume activities and chemical element concentrations.

3. DISCUSSION

Thanks to the world-unique feedback from the EMECC campaigns, the OSCAR code's
validation domain encompasses both power operation and cold shutdowns of PWRs under
primary and auxiliary circuit conditions. This includes a temperature range from 20 to 350 °C,
covering both reducing and oxidizing environments, basic and acidic conditions, and laminar
or turbulent flow regimes. Considering the similarities between the PHTS conditions in fusion
reactors and PWRs!, the OSCAR-Fusion code can benefit from the validation of OSCAR.

However, because of the distinct characteristics of fusion reactors compared to PWRs, such as
pulsed operation, the use of Cu-base alloys and RAFM steels, the presence of a magnetic field,
higher thermal flux and neutron flux, and distinct thermal-hydraulic conditions, it is essential
to carry out studies and experiments in test loops to obtain data on these factors for the
development and validation of the OSCAR-Fusion code.

! The conditions in the water-cooled lithium-lead breeder blanket (WCLL-BB) PHTS of DEMO are similar to those in the
reactor coolant system of PWRs [25]. For the divertor PHTS of DEMO, the water temperature can reach 250 °C or even
higher [26].



The materials in the water cooling systems of European DEMO (Eurofer-97 for the WCLL-
BB and CuCrZr for the divertor plasma-facing components (PFC)) will be exposed to similar
or even one order of magnitude higher heat fluxes (up to 10-20 MW/m?2 for the divertor [27])
compared to the fuel cladding in PWRs. It is well-known that high-duty core PWRs experience
subcooled nucleate boiling, which intensifies the formation of corrosion product deposits on
the fuel rods (commonly referred to as crud) [28]. This phenomenon can potentially result in
crud-induced localized corrosion (CILC) events that may lead to cladding failure. It is highly
probable that subcooled nucleate boiling will occur in the WCLL-BB and divertor PHTSs of
DEMO [25], resulting in the formation of thicker corrosion product deposits, consequently
ACPs, increasing material temperatures, and thus exacerbating corrosion. Therefore,
experiments to determine the corrosion rates of RAFM steels should be conducted up to a
temperature of 350 °C (Tsat@155mra = 345 °C), which has not been the case so far, possibly even
higher due to the likely presence of a significant deposit thickness caused by subcooled
nucleate boiling. It should be noted that the OSCAR code takes into account the effect of
subcooled nucleate boiling on deposition (see section 2.3.4).

Similarly to PWRs [29], colloidal transport, which can be significant in fusion reactors, will
require measuring the zeta potential of Cu-rich particles and RAFM steel oxide particles under
various thermal and chemical conditions. These data will contribute to the new deposition
model implemented in the version of the OSCAR code under development [29, 30]. Regarding
this matter, particle size distributions in various PHTSs need to be determined since the particle
deposition rate depends on their size.

The effect of chemistry on the deposition of colloids under subcooled nucleate boiling
conditions should also be studied in DEMO conditions, as this effect could be significant, as
suggested by a test conducted under PWR conditions [31].

Due to fast neutron reactions, reaction products have high recoil energy, which can eject
nuclides from oxide particles. This process tends to introduce radioactive nuclides into the fluid
from materials exposed to the high neutron flux of fusion reactors. The consideration of recoil
nuclei was part of the PACTITER modelling, and this model will also be incorporated into a
future version of OSCAR-Fusion.

The high flow velocity of 13-15 m.s in CuCrZr PFCs is likely to result in flow-assisted
corrosion (FAC), especially considering the environment may periodically become slightly
oxidizing (cyclic variation from reducing to oxidizing due to the plasma pulsed mode) [26, 32].
Indeed, despite the addition of hydrogen into the PHTs water, due to the high neutron flux in
the FPCs, it is possible that the oxidizing species formed by radiolysis may not be completely
recombined, thus making the environment slightly oxidizing [26]. The effects of erosion
corrosion can be simulated using the corrosion model of the OSCAR code (see section 2.3).

The intense magnetic field in fusion reactors can have effects on material corrosion and the
deposition of corrosion products [33], especially ferrite particles. A study is currently underway
as part of M. Molinari's thesis (Sapienza University of Rome) to develop models for the
OSCAR-Fusion code that consider the effect of the magnetic field.

The injection of zinc into PWRs can, under certain conditions, have a beneficial effect on
primary circuit contamination (especially reducing the incorporation of Co-60 into chromites
and corrosion) [34]. Particularly due to their low Cr content, it is uncertain whether zinc can
have a beneficial effect on RAFM steels and copper alloys. Experimental tests with zinc
injection should be conducted on these materials under fusion reactor PHTS conditions. Zinc
injection can be simulated using the OSCAR code [10, 35].



Finally, it should be noted that there is a plan to develop a version of OSCAR for the lithium-
lead circuit of DEMO, known as OSCAR-LiPb, following the development of OSCAR-Na for
sodium-cooled fast reactors (SFRS) [5].

4. CONCLUSION

The OSCAR code is a tool for simulating the transfer of ACPs in nuclear reactor circuits. It is
based on a modular approach that allows it to be applied to different types of reactors, including
fusion reactors (e.g., [6, 36-38]). While OSCAR-Fusion benefits from the validation of OSCAR
for PWRs in a wide range of conditions, distinct features require additional validation for fusion
reactors. Challenges related to the interactions between coolants and materials, especially
RAFM steels and Cu-base alloys, in fusion reactors include subcooled nucleate boiling, high
neutron flux, high coolant velocity, plasma pulsed operation, the magnetic field, and colloidal
transport.

REFERENCES

[1] J.B.Genin, H. Marteau, F. Dacquait et al. The OSCAR code package: a unique tool for simulating
PWR contamination. In Int. Conf. on Water Chemistry in Nuclear Reactor Systems (NPC 2010).
3-7 Oct 2010, Quebec (Canada), CNS (2010).

[2] P. Beslu, C. Leuthrot, 1990, PACTOLE-PROFIP: two codes allowing prediction of the
contamination of PWR primary circuits, in Revue Générale Nucléaire. 552-554.

[3] L. DiPace, D. Tarabelli, D. You. Development of the PACTITER code and its application to the
assessment of the ITER Divertor cooling loop corrosion products. Fusion Technol., 34, 733-737
(1998).

[4] L. Di Pace, F. Dacquait, P. Schindler et al. Development of the PACTITER code and its
application to safety analyses of ITER Primary Cooling Water System. Fusion Engineering and
Design, 82(3), 237-247 (2007).

[5] F. Dacquait, J.B. Genin, L. Brissonneau. Modelling of the contamination transfer in nuclear
reactors: The OSCAR code - Applications to SFR and ITER. In Challenges for Coolants in Fast
Neutron Spectrum Systems. 5-7 July 2017, Vienna (Austria), IAEA, IAEA-TECDOC-1912, 77-
83 (2020).

[6] D. Carloni, F. Dacquait, F. Broutin et al. Use of OSCAR-Fusion v1.4 code for a preliminary
assessment of the ACPs contamination within the main ITER water-cooled circuit. In this
Technical Meeting on Compatibility Between Coolants and Materials for Fusion Facilities and
Advanced Fission Reactors. 30 Oct - 3 Nov 2023, Vienna (Austria), IAEA (2023).

[7] F. Dacquait, J.B. Genin, J. Francescatto et al. The OSCAR code: a simulation tool to assess the
PWR contamination for decommissioning. In Int. Conf. on Decommissioning Challenges:
Industrial Reality, Lessons learned and Prospects (DEM 2021). 13-15 Sept 2021, Avignon
(France), SFEN (2021).

[8] V. Belous, G. Kalinin, P. Lorenzetto et al. Assessment of the corrosion behaviour of structural
materials in the water coolant of ITER. Journal of Nuclear Materials, 258-263, 351-356 (1998).

[91 E. Lo Piccolo, R. Torella, N. Terranova et al. Preliminary Assessment of Cooling Water
Chemistry for Fusion Power Plants. Corros. Mater. Degrad., 1, 1-19 (2021).

[10] F. Dacquait, J. Francescatto, E. Tevissen et al. Simulation of Co-60 uptake on stainless steel and
alloy 690 using the OSCAR v1.4 code integrating an advanced dissolution-precipitation model.
Nuclear Engineering and Design, 405, 112190 (2023).

[11] D.L. Parkhurst, C.A.J. Appelo, 2013. Description of Input and Examples for PHREEQC Version
3 - A Computer Program for Speciation, Batch-Reaction, One-Dimensional Transport, and
Inverse Geochemical Calculations. U.G. Survey.



[12]

[13]
[14]
[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]

[30]

[31]

G. Plancque, D. You, E. Blanchard et al. Role of chemistry in the phenomena occurring in
nuclear power plants circuits. In Int. Conf. on Advances in nuclear Power Plants (ICAPP 2011).
2-5 May 2011, Nice (France) (2011).

J.W. Cleaver, B. Yates. Mechanism of Detachment of Colloidal Particles from a Flat Substrate
in a turbulent Flow. Journal of Colloid and Interface Science, 44(3) (1972).

B. Poulson. Electrochemical measurements in flowing solutions. Corrosion Science, 23(4), 391-
430 (1983).

S.K. Beal. Deposition of particles in turbulent flow on channel or pipe walls. Nuclear science
and engineering, 40, 1-11 (1970).

S.J. Michell, 1970. Fluid and particle mechanics. Pergamon press Ltd.

A.C. Ponting, R.S. Rodliffe. Intrinsic filtration and retarded deposition for the control of
colloidal corrosion product deposition on PWR fuel. In Int. Conf. on Water Chemistry in Nuclear
Reactor Systems. Bournemouth (UK), 43-51 (1983).

A. Ferrer. Modélisation des mécanismes de formation sous ébullition locale des dépobts sur les
gaines de combustible des Réacteurs a Eau sous Pression conduisant a des activités volumiques
importantes. PhD thesis, Université de Strasbourg (France), UdS 2024 (2013).

A. Ferrer, F. Dacquait, B. Gall et al. The OSCAR code. Modelling and simulation of the corrosion
product behaviour under nucleate boiling conditions in PWRs. In Int. Conf. on Water Chemistry
in Nuclear Reactor Systems (NPC 2014). 26-31 Oct 2014, Sapporo (Japan) (2014).

M. Girard, F. Dacquait, J.-B. Genin et al. Experimental study of particle deposition kinetics in
the primary circuit of the CIRENE loop and comparison with OSCAR V1.2 code simulations. In
Int. Conf. on Water Chemistry in Nuclear Reactor Systems (NPC 2012). 23-28 Sept 2012, Paris
(France), SFEN (2012).

F. Dacquait, J. Francescatto, G. Galassi et al. The OSCAR V1.4 code: A new dissolution-
precipitation model to better simulate the corrosion product transfer in nuclear cooling systems.
In Int. Conf. on Water Chemistry in Nuclear Reactor Systems (NPC 2018). 9-14 Sept 2018, San
Francisco (USA) (2018).

F. Dacquait, C. Andrieu, L. Guinard et al. Status of primary system contamination in French
PWRs. In Int. Conf. on Water Chemistry in Nuclear Reactor Systems (NPC 2004). 11-14 Oct
2004, San Francisco (USA) (2004).

T. Jobert, S. Raphaél, D. Pombet et al. New Status of the Primary System Contamination of the
French PWRs — An updated analysis of the EMECC data. In Int. Conf. on Water Chemistry in
Nuclear Reactor Systems (NPC 2023). 25-28 Sept 2023, Juan-les-Pins (France) (2023).

R. Eimecke, S. Anthoni. Ensemble de Mesure et d’Etude de la Contamination des Circuits
(EMECC). In 7th Int. Conf. on Radiation Shielding. 12-16 Sept 1988, Bournemouth (UK),
UKAEA, 1 (1988).

C. Harrington, A. Baron-Wiechec, R. Burrows et al. Chemistry and corrosion research and
development for the water cooling circuits of European DEMO. Fusion Engineering and Design,
146, 478-481 (2019).

J. Oijerholm, C. Harrington, P. Gillén et al. Assessment of flow-assisted corrosion rate of copper
alloy cooling tube for application in fusion reactors. Nuclear Materials and Energy, 35, 101433
(2023).

J.H. You, G. Mazzone, E. Viscaet al. Divertor of the European DEMO: Engineering and
technologies for power exhaust. Fusion Engineering and Design, 175, 113010 (2022).

D.H. Lister. Understanding and mitigating corrosion in nuclear reactor systems. in Nuclear
Corrosion Science and Engineering, D. Féron, Editor, Woodhead Publishing (2012).

C. Cherpin. Modeling the behavior of colloidal corrosion products in the primary circuit of
Pressurized Water Reactors. PhD thesis, The University of New Brunswick (Canada), (2022).
C. Cherpin, F. Dacquait. Improving the prediction of activity transfer in nuclear water circuits
by integrating colloidal behaviour: modelling and experimental advances for the OSCAR code.
In this Technical Meeting on Compatibility Between Coolants and Materials for Fusion Facilities
and Advanced Fission Reactors. 30 Oct - 3 Nov 2023, Vienna (Austria), IAEA (2023).

P. Srisukvatananan, D.H. Lister. Nickel Ferrite Deposition onto Heated Zircaloy-4 Surfaces in
High-Temperature Water with Subcooled Boiling; Preliminary Study of the Effects of pH and



[32]
[33]
[34]

[35]

[36]

[37]

[38]

Zinc Addition. In Int. Conf. on Water Chemistry in Nuclear Reactor Systems (NPC 2006). 23-26
Oct 2006, Jeju Island (Korea) (2006).

C. Obitz, J. Oijerholm, S. Wikman et al. Erosion corrosion of CuCrZr specimens exposed for
simulated ITER operational conditions. Nuclear Materials and Energy, 9, 261-266 (2016).

A. Molander. Corrosion and water chemistry aspects concerning the tokamak cooling water
systems of ITER. (2006).

D.H. Lister. Activity transport and corrosion processes in PWRs. Nuclear Energy, 32(2), 103-
114 (1993).

M. Bultot, F. Dacquait, E. Tevissen et al. Zinc effect on the primary circuit contamination of a
Belgian PWR using the OSCAR V1.3 code. In Int. Conf. on Water Chemistry in Nuclear Reactor
Systems (NPC 2016). 2-6 Oct 2016, Brighton (UK), NI (2016).

M. Utili, C. Cavallini, M. D'Onorio et al. Borated water chemistry control for DTT vacuum
vessel. In this Technical Meeting on Compatibility Between Coolants and Materials for Fusion
Facilities and Advanced Fission Reactors. 30 Oct - 3 Nov 2023, Vienna (Austria), IAEA (2023).
C. Gasparrini, J.0O. Douglas, A. Yazdanpanah et al. Corrosion and SCC initiation of unirradiated
and ion irradiated stainless steels in B-Li coordinated water chemistries In this Technical
Meeting on Compatibility Between Coolants and Materials for Fusion Facilities and Advanced
Fission Reactors. 30 Oct - 3 Nov 2023, Vienna (Austria), IAEA (2023).

N. Terranova, P. Chiovaro, F. Dacquait et al. Contamination assessments of DEMO WCLL
breeding blanket primary heat transport system. In International Symposium on Fusion Nuclear
Technology (ISFNT-15). 10-15 Sept 2023, Las Palmas de Gran Canaria (Spain) (2023).



