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Background

The MIGRATION conferences provide an international forum for the timely
exchange of scientific information on chemical processes controlling the
migration behaviour of actinides and fission products in natural aquifer systems.
Experimental investigations and predictive modelling of these processes are the
main topics of the conferences. The information generated from the MIGRATION
conferences is the basis for the mechanistic understanding of the migration
behaviour of long-lived radionuclides in the geosphere, which is essential for the
long-term performance assessment of nuclear waste disposal.

The first MIGRATION conference was held in 1987 in Munich, Germany. It was
followed by MIGRATION ‘89 in Monterey, California, USA; MIGRATION ‘91
in Jerez de la Frontera, Spain; MIGRATION ‘93 in Charleston, South Carolina,
USA; MIGRATION ‘95 in Saint-Malo, France; MIGRATION ‘97 in Sendai,
Japan, MIGRATION ‘99 at Lake Tahoe, Nevada, USA, MIGRATION ‘01 in
Bregenz, Austria, MIGRATION ‘03 in Gyeongju, Korea, MIGRATION ‘05 in
Avignon, France, MIGRATION ‘07 in Munich, MIGRATION ’09 in Kennewick,
Washington, USA, MIGRATION 2011 in Beijing, China, MIGRATION 2013 in
Brighton, UK, MIGRATION 2015 in Santa Fe, New Mexico, USA,
MIGRATION 2017 in Barcelona, Spain and MIGRATION 2019 in Kyoto, Japan.
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Scope

The MIGRATION conferences focus on recent developments in the fundamental
chemistry of actinides, fission and activation products in natural aquifer systems, their
interactions and migration in the geosphere, and the processes involved in modelling
their geochemical behaviour.

The sessions in MIGRATION’23 cover the following areas:
A Aquatic chemistry of actinides and fission products

1) Solubility and dissolution

2) Solid solution and secondary phase formation

3) Complexation with inorganic and organic ligands
4) Redox reactions and radiolysis effects

5) Solid-water interface reactions

0) Colloid formation

7) Experimental methods

8) Computational chemistry

B Migration behaviour of radionuclides

1) Sorption/desorption phenomena in dynamic systems
2) Diffusion and other migration processes

3) Colloid migration

4) Effects of biological and organic materials

5) Field and large-scale experiments

6) Natural analogues

C Geochemical and transport modelling

1) Data selection and evaluation

2) Coupling chemistry and transport

3) Development and application of models
4) Model validation

5) Safety assessment and repository concepts

D Application to Case Studies

E  Special sessions:
CIGEO and NORM
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SUNDAY
SUNDAY (24. SEPTEMBER)
15:00 REGISTRATION
17:.00 WELCOME
B. Grambow, G. Montavon (France)
H. Geckeis (Germany)
OPENING SESSION:
EVOLUTION OF WASTE PROGRAMS AND IMPACT ON RESEARCH
Chair: B. Grambow and G. Montavon (France)
ID PAGE
17:10  DEEP GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE: E-1

WHERE ARE WE AND WHERE ARE WE GOING TO?
F. Plas (INVITED) (France)

17:50  MIGRATION OF ACTINIDES AND FISSION PRODUCTS — AN E-2 51
OVERVIEW TO PUT THE DIFFERENT ISSUES OF IMPORTANCE
FOR THE POST-CLOSURE SAFETY OF GEOLOGICAL
REPOSITORIES IN CONTEXT
P. Zuidema (INVITED) (Switzerland)

18:30 MIGRATION SCIENCE, A KEY ASSET FOR THE ENERGY E-3
TRANSITION
C. Poinssot (INVITED) (France)

19:10 RECEPTION
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8:25

MONDAY (25. SEPTEMBER)
CONFERENCE ANNOUNCEMENTS

SESSION1 A8: COMPUTATIONAL CHEMISTRY

Chair:

8:30

9:15

9:40

10:05

10:30

10:55

V. Vallet (France) and D. Clark (USA)

COMPUTATIONAL CHEMISTRY APPROACHES

TO PREDICTIVE MULTISCALE MODELLING OF MIGRATION
PROCESSES: CURRENT CHALLENGES AND OPPORTUNITIES
A. G. Kalinichev (INVITED) (France)

ENABLING LONG TIME-SCALE QUANTUM MOLECULAR DYNAMICS
SIMULATION FOR 5F-ELEMENTS
P. Yang, E. R. Batista, M. Cawkwell, C. Liu, R. Carlson, S. Wu, D. Perez (USA)

DENSITY FUNCTIONAL MODELING OF AM(IITI) HYDROXO
COMPLEXES WITH Ca OR Mg COUNTER IONS. DO Mg STABILIZED
SPECIES EXIST?

L Chiorescu, S. Kriiger (Germany)

COORDINATION AND THERMODYNAMIC PROPERTIES OF AQUEOUS
PROTACTINIUM(V) BY COMPUTATIONAL CHEMISTRY TECHNIQUES
H. Oher, J. Delafoulhouze, E. Renault, V. Vallet, R. Maurice (France)

SORPTION OF Eu(III) ON C-S-H PHASES IN THE PRESENCE OF
GLUCONATE: A MOLECULAR DYNAMICS STUDY
L Androniuk, R. E. Guidone, M. Altmaier, X. Gaona (Germany)

BREAK

SESSION 2 AS: SOLID-WATER INTERFACE REACTIONS

Chair:

11:15

11:40

12:05

12:30

12:55

M. Marques Fernandes (Switzerland) and B. Powell (USA)

IMPACT OF FORMATE, CITRATE AND GLUCONATE ON THE UPTAKE
OF An(IIT)/Ln(III) AND An(IV) BY CEMENT

R. E. Guidone, A. Tasi, I. Androniuk, X. Gaona, B. Lothenbach, M. Altmaier, H.
Geckeis (Germany, Switzerland)

INTERFACIAL CHEMISTRY OF GIBBSITE UNDER CONDITIONS
RELEVANT TO NUCLEAR WASTE

Z. Wang, H. Zhang, Y. Zhao, W. Cui, X. Zhang, S. Wang, E. D. Walter, M. J.
Sassi, C. I. Pearce, S. B. Clark, K M. Rosso (USA)

RETENTION OF *RA BY ILLITE AND MONTMORILLONITE: AN
ADSORPTION STUDY

F. Brandt, M. Klinkenberg, B. Baeyens, D. Bosbach, M. Marques Fernandes
(Germany, Switzerland)

U(VI) RETENTION ON BENTONITE AND CEMENTITIOUS MATERIALS:
EFFECT OF INCREASED IONIC STRENGTHS AND PRESENCE OF
ORGANICS

K. Schmeide, T. Philipp, N. Huittinen, S. Shams, A. Azzam, J. Kretzschmar
(Germany)

BREAK
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SESSION 3 B4: EFFECTS OF BIOLOGICAL AND ORGANIC MATERIALS

Chair:

14:30

15:15

15:40

16:05

16:30

16:55

T. Ohnuki (Japan) and K. Morris (UK)

MECHANISM OF URANIUM REDUCTION: THE ROLE OF
PENTAVALENT SPECIES

R. Bernier-Latmani, M. Molinas, Z. Pan, B. Bartova, T. LaGrange
(INVITED) (Switzerland, China)

IN SITU BIOMINERALISATION FOR GROUNDWATER RADIONUCLIDE
REMEDIATION

C. Robinson, S. Shaw, J. R. Lloyd, J. Graham, J. Rothe, K. Dardenne, K.
Morris (UK, Germany) (Uni Manchester)

PHYTOREMEDIATION OF SOIL FROM GERMAN NUCLEAR
FACILITIES
T. Blenke, S. Dubchak, K. Grossmann, C. Geisler, C. Walther (Germany)

DISSOLVED ORGANIC MATTER IN BOOM CLAY AND ITS ROLE ON
RADIONUCLIDE MIGRATION: WE HAVE COME A LONG WAY

D. Durce, J. Govaerts, N. Maes, S. Salah, L. Van Laer, S. Brassinnes
(Belgium)

POTENTIAL IMPACT OF BIOGENIC CHELATORS ON THE
MIGRATION OF ACTINIDES

G. J.-P. Deblonde, N. Wasserman, A. B. Kersting, K. Morrison, M.
Zavarin (USA)

BREAK

Nantes (France)
MONDAY

ID
B4-1

B4-2

B4-3

B4-4

B4-5

PAGE
68

70

72

74

76

SESSION 4 C3: DEVELOPMENT AND APPLICATION OF MODELS: MACHINE

LEARNING
Chair: V. Brendler (Germany) and D. Kulik (Switzerland)
17:15 NEXT GENERATION ENVIRONMENTAL MONITORING FRAMEWORK

17:40

18:05

18:30

FOR NUCLEAR WASTE AND RADIOLOGICALLY CONTAMINATED
SITES
H. Wainwright, C. Eddy-Dilek (USA)

DETERMINING 3D POROSITY MAP OF BUKOV CALCITE WITH A
MULTIMODAL DEEP LEARNING APPROACH

J. Kuva, M. Jooshaki, E. Jolis, J. Sammaljdrvi, M. Siitari-Kauppi, F.
Jankovsky, L. Mareda, P. Sardini (Finland, Czech Republic, France)

A CHEMISTRY-INFORMED HYBRID MACHINE LEARNING APPROACH
TO PREDICT RADIONUCLIDE SORPTION TO MINERAL SURFACES
E. CHANG, M. ZAVARIN, L. BEVERLY, H. WAINWRIGHT (USA)

END OF ORAL SESSIONS OF MONDAY

11

ID
C3-1

C3-2

C3-3

PAGE
77

79

81



MIGRATION 2023 September 24-29, 2023

SESSION 5 POSTER SESSION I (19:00 — 22:00)

PA1 SOLUBILITY AND DISSOLUTION

SEQUENTIAL EXTRACTION OF SIMULATED FUEL DEBRIS FOR
EVALUATION OF THE CHEMICAL STABILITY

A. Kirishima, H. Nakazumi, D. Akiyama (Japan)

SOLUBILITY BEHAVIOR AND CHARACTERIZATION OF NEODYMIUM(III)

TRIHYDROXIDE SOLID PHASE
R. Choi, J.-Y. Lee (Korea)

CHARACTERIZATION OF SYNTHETIC MAGNESIUM/CALCIUM URANYL
SILICATE MINERALS AND THEIR SOLUBILITIES IN GROUNDWATER

ENVIRONMENTS

W. Cha, J. Park, H. R. Noh, E. C. Jung, S. H. Lim, H.-R. Cho, H.-K. Kim (Korea)

(U,Ce)0O1: A SUITABLE ANALOGUE TO STUDY THE ALTERATION OF
(U,Pu)O, MOX FUEL IN ENVIRONMENTAL CONDITIONS
T. Montaigne, S. Szenknect, V. Broudic, F. Miserque, F. Tocino, C. Martin, C. Jégou,

N. Dacheux (France)

SOLUBILITY BEHAVIOR OF NEPTUNIUM(V) IN EXPECTED WIPP

CONDITIONS

U. Kaplan, C. Kutahyali Aslani, J. L. Knox, A. E. Navarrette, J. Beam, J.-F.

Lucchini, D. T. Reed (USA)

ID
PA1-1

PA1-2

PA1-3

PA1-4

PA1-5

PA2 SOLID SOLUTION AND SECONDARY PHASE FORMATION

DECIPHERING THE DYNAMIC PROCESSES OF MINERAL PRECIPITATION
INDUCED POROSITY CLOGGING. COMBINING MICROFLUIDIC
EXPERIMENTS AND SOLUTE TRANSPORT MODELLING

M. I Lénartz, Y. Yang, G. Deissmann, D. Bosbach, J. Poonoosamy (Germany)

KINETICS OF *RA INCORPORATION INTO (Ba,Ra)SO4 SOLID SOLUTIONS
S. Rudin, P. M. Kowalski, M. Klinkenberg, T. Bornhake, D. Bosbach, F. Brandt

(Germany)

FREEZING AND DEFROSTING OF IONIC AND MAGNETIC
CONFIGURATIONS IN ZIRCONIUM MOLYBDATE FORMED IN NUCLEAR

FUEL WASTE GLASSES
M. Morishita, T. Miyatake, H. Yamamoto (Japan)

12
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PA3 COMPLEXATION WITH INORGANIC AND ORGANIC LIGANDS

NEW SPECIATION DIAGRAM OF THE PU(IV)-ACETATE SYSTEM TAKING

INTO ACCOUNT POLYNUCLEAR SPECIES
G. Chupin, C. Tamain, T. Dumas, P. Lorenzo Solari, P. Moisy, D. Guillaumont
(France)

SOLUBILITY OF FERROUS IRON HYDROXIDE IN THE PRESENCE OF
CITRATE: EFFECT OF IONIC STRENGTH
T. Platte, J. Je-Hun Jang (USA)

THERMODYNAMIC AND STRUCTURAL STUDIES OF Am(III)-
ISOSACCHARINATE COMPLEXATION UNDER ACIDIC TO ALKALINE
CONDITIONS: AQUEOUS COMPLEXES TO COLLOIDAL PARTICLES
H.-K. Kim, H. Cho, K. Jeong, U. H. Yoon, H.-R. Cho (Korea)

TRIBUTYL PHOSPHATE: COMPETITIVE ADSORPTION AND EFFECT ON
RADIONUCLIDES RETENTION
M. Assaf, E. Thory, P. Henocq, R. V. H. Dagnelie (France)

THERMODYNAMIC STUDY OF COMPLEXATION OF
LANTHANIDE/ACTINIDE WITH CEMENT ADDITIVES BY ISOTHERMAL
MICRO-TITRATION CALORYMETRY

M. Acker, A. Wollenberg, S. Taut, T. Stumpf (Germany)

PA4 REDOX REACTIONS AND RADIOLYSIS EFFECTS

PERRHENATE (ReOs) REMOVAL FROM AQUEOUS SOLUTIONS BY MONO-

, BI-, AND TRI-METALLIC IRON NANOPARTICLES: A COMPARATIVE
STUDY
I Maamoun, K. Tokunaga, O. Falyouna, O. Eljamal, K. Tanaka (Japan)

REDOX-ACTIVE DONOR-ACCEPTOR CONJUGATED MICROPOROUS
POLYMER FOR PHOTOCATALYTIC REDUCTION OF URANIUM(VI)
F. Yu, Z. Zhang, Y. Liu (China)

CHLORIDE GREEN RUST AS SCAVENGER OF TECHNETIUM:
IMMOBILIZATION AND SPECTROSCOPIC STUDIES

N. Mayordomo, A. Rossberg, D. M. Rodriguez, D. Schild, A. C. Scheinost, V.
Brendler, K. Miiller (Germany, France)

Tc(VII) REDUCTIVE IMMOBILIZATION BY S(-1I) PRE-SORBED ON
ALUMINA

S. Garcia-Gomez, C. Borner, J. Gimenez, 1. Casas, J. Llorca, J. de Pablo, K. Miiller,

N. Mayordomo (Spain, Germany)

PORPHYRIN-BASED HYDROGEN-BONDED ORGANIC FRAMEWORK FOR

VISIBLE LIGHT DRIVEN PHOTOCATALYTIC REMOVAL OF U(VI) FROM
AQUEOUS SOLUTIONS
P. Wu, X. Yin, Y. Zhao, F. Li, J. Liao, Y. Yang, N. Liu, T. Lan (China)

13
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MONDAY - POSTER

EXCITON DISSOCIATION AND TRANSFER BEHAVIOR AND SURFACE PA4-6 118
REACTION MECHANISM IN DONOR-ACCEPTOR ORGANIC

SEMICONDUCTOR PHOTOCATALYTIC SEPARATION OF URANIUM

Z. Dong, Z. Li, C. Meng, Z. Zhang, Y. Liu (China)

SELENIUM REACTIONS IN FERROUS AND SULFIDE-RICH PA4-7 120
ENVIRONMENTS: EFFECTS OF SULFIDE SPECIATION
P. Clarence Francisco, T. Ishidera, H. Shiwaku, R. Kikuchi, D. Matsumura, Y. Tachi

(Japan)

INSIGHTS INTO THE URANIUM ENRICHMENT MECHANISM ON PA4-8 122
MINERALS CONTAINING Fe(II) IN DEEP GEOLOGICAL REPOSITORIES
X. Zhao, D. Pan, W. Wu (China)

PAS SOLID-WATER INTERFACE REACTIONS
D PAGE

SORPTION BEHAVIOR OF SELENITE ON CLAY MINERAL SURFACES IN PA5-1 124
THE PRESENCE OF AQUATIC FULVIC ACID
H. Eun, S. Choi, J.-I. Yun (Korea)

APPLICATION OF METAL IONS DOPED HYDROXYAPATITE IN URANIUM PAS-2 126
ADSORPTION
Y. Wang, L. Chen, Y. Liu (China)

SORPTION OF Eu(Ill) AND Cm(IIl) ON C-S-H PHASES IN PRESENCE OF PA5-3 128
EDTA AT INTERMEDIATE IONIC STRENGTH CONDITIONS
A. K. Thumm, A. Skerencak-Frech, X. Gaona, M. Altmaier, H. Geckeis (Germany)

CONSTRUCTION AND APPLICATION OF AN ULTRAHIGHLY SELECTIVE PA5-4 130
PHOTOISOMERIC METAL-ORGANIC FRAMEWORKS MATERIAL FOR

URANIUM EXTRACTION FROM SEAWATER

P. Zhang, D. Pan, W. Wu (China)

TRIVALENT LANTHANIDES SORPTION ONTO ILLITE IN THE PRESENCE  PA5-5 132
OF CARBONATE
Y. Sugiura, T. Ishidera, N. Aoyagi, H. Mei, T. Saito, Y. Tachi (Japan)

URANIUM SORPTION ON OXYHYDROXIDE MINERALS BY SURFACE PA5-6 135
COMPLEXATION AND PRECIPITATION
J. Wang, C. Liu (China)

Eu(1ll) AND Cm(I1I) COMPLEXATION BY NITRILOTRIACETIC ACID TO PA5-7 136
FURTHER EVALUATE ITS IMPACT ON THE RADIONUCLIDE RETENTION

BY CEMENTITIOUS PHASES

C. Sieber, J. Kretzschmar, B. Drobot, S. Tsushima, K. Schmeide, T. Stumpf

(Germany)

MINERAL SPECIFIC SORPTION OF RADIUM ON CRYSTALLINE ROCK PA5-8 138
O. Fabritius, T. Sorokina, R. Dehganzada, J. Sammaljdrvi, A.-M. Jakobsson, T.
Sojakka, M. Siitari-Kauppi (Finland, Sweden)

ANCHORING SELF-ASSEMBLY ANTIBACTERIAL AG NANOSHEETS ONTO PA5-9 140
THE MAGNETIC MICROSPHERES ENHANCED URANIUM

IMMOBILIZATION

M. Zhao, D. Pan, W. Wu (China)

14
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FUNCTIONALIZED DIOXIN-LINKED COVALENT ORGANIC
FRAMEWORKS FOR RAPID AND SELECTIVE EXTRACTION OF URANIUM
Y. Xu, D. Pan, W. Wu (China)

Cs(I) AND Ba(II) SORPTION ON BIOTITE AT pH 5-9 AND 25, 40 AND 60°C
P. Kumar, S. Holgersson (Sweden)

MICROMECHANISM OF ADSORPTION OF STRONTIUM AND CESIUM ON
DIFFERENT EXPANSIVE CLAY MINERALS
J. Hou, D. Pan, W. Wu (China)

ADSORPTION OF CESIUM ON MICACEOUS MINERALS WITH
STRUCTURAL TRANSFORMATION AND THE IMPLICATION FOR
DIFFUSION

H. Wu, W. Wang, M. Kang, Y. Takahashi, Q. Fan (China, Japan)

ILLITIZATION UNDER HIGH TEMPERATURES AND ITS EFFECT
ON CESIUM SORPTION
S. Chang, M. Kong, D.H. Lee, J.S. Kim (Korea)

ANTI-BIOLOGICAL CONTAMINATION URANIUM ADSORBING
CELLULOSE GEL
Y. Jiang, Y. Zhang, Z. Li, G. He, Z. Zhang, Y. Liu (China)

RETENTION MECHANISMS OF SELENIUM IN DEEP SUBSURFACE
SEDIMENTARY FORMATIONS IN HORONOBE AREA, HOKKAIDO, JAPAN
S. Dei, Y. Tachi, Y. Amano, P. C. M. Francisco, Y. Sugiura, Y. Takahashi (Japan)

PA6 COLLOID FORMATION

FORMATION OF STABLE U(VI) COLLOIDAL PARTICLES IN RELEVANT
ENVIRONMENTAL CONDITIONS
H. Barbier, S. Szenknect, D. Rebiscoul (France)

STABILITY OF EUROPIUM(II)/THORIUM(IV)-SILICATE COLLOIDS:
EFFECT OF SI CONTENT, pH, ELECTROLYTE AND FULVIC ACID
D. Zhang, Q. Jin, Z. Chen, Z. Guo (China)

THE STABILITY AND INTERACTION OF COLLOIDS AND THEIR EFFECTS
ON RADIONUCLIDE TRANSPORT REGARDING TO HLW DISPOSAL IN
GRANITIC FORMATION

Z. Guo, P. Gao, Z. Chen, Q. Jin, W. Wu (China)

PA7 EXPERIMENTAL METHODS

AN “ON-OFF” RATIOMETRIC FLUORESCENT SENSOR FOR UO»** BASED
ON Ag"-MODIFIED GOLD NANOCLUSTERS HYBRID
X. Cao, Z. Zhang, Y. Liu (China)

TRACING AND QUANTIFICATION OF ***Ra IN TAILINGS BY
SPECTROSCOPIC AUTORADIOGRAPHY
H. Lefeuvre, S. Billon, M. Descostes, J. Donnard, S. Duval, P. Sardini (France)

15
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DEVELOPMENT OF ANALYTICAL PROTOCOL FOR DIFFICULT TO PA7-3 165
MEASURE RADIONUCLIDES IN METALLIC MATRIX; EXAMPLE OF ZR-93

IN STAINLESS STEEL AND INCONEL METALS

T. Suzuki-Muresan, M. Mokili, A. Abdelouas, N. Bessaguet, P. Cassette, S. Happel,

G. Montavon (France, Bulgaria)

A RAPID DETERMINATION OF SELENIUM IN TEA SAMPLES USING PA7-4 167
ANION CHROMATOGRAPHIC COLUMN COMBINED WITH AUTOMATIC

SYSTEM SEPARATION AND HR-ICP-MS MEASUREMENT

Y. Chen, N. Guo, K. Shi (China)

PAS COMPUTATIONAL CHEMISTRY
ID PAGE

AN ATOMIC SCALE COMPUTATIONAL APPROACH TO UNDERSTANDING PAS8-1 168
REDOX SPECIATION OF KEY ACTINIDES ON IRON BEARING MINERALS
C. Hatton, N. Kaltsoyannis, L. Natrajan, S. Shaw (UK)

DENSITY FUNCTIONAL THEORY STUDY OF THE CRYSTAL STRUCTURE PAS8-2 170
AND INFRARED SPECTRUM OF ETTRINGITE
F. Colmenero, O. Almendros, A. M. Fernandez, T. Missana (France, Spain)

ACTINIDE(IV) INTERACTIONS WITH CALCIUM SILICATE HYDRATE: PA8-3 172
SORBED SPECIES AND COMPARISON OF SORPTION MODES BY MEANS

OF DENSITY FUNCTIONAL CALCULATIONS

L Chiorescu, A. Kremleva, S. Kriige (Germany)

EXPLORING THE COMPLEXATION OF CURIUM(II) AND EUROPIUM(III) PAS8-4 174
WITH AQUEOUS PHOSPHATES: A COMBINED EXPERIMENTAL AND AB

INITIO STUDY

F. Réal, N. Huittinen, 1. Jessat, V. Vallet, N. Jordan (France, Germany)

PB2 DIFFUSION AND OTHER MIGRATION PROCESSES

ID PAGE
IONIC DIFFUSIVE TRANSPORT THROUGH PARTIALLY-WATER PB2-1 176
SATURATED CEMENT-BASED MATERIALS
S. Savoye, S. Lefevre, N. Maceé, J.-C. Robinet (France)
EFFECTS OF BIOTITE ON DIFFUSION AND SORPTION OF CATIONS IN PB2-2 178
CRYSTALLINE ROCKS BY THROUGH-DIFFUSION AND LASER-ABLATION
ICP-MS EXPERIMENTS
Y. Fukatsu, Q. Hu, Y. Tachi (Japan, USA)
DIFFUSION AND RETENTION OF DIVALENT TRANSITION METAL PB2-3 180

TRACERS IN COMPACTED ILLITE CONVERTED TO DIFFERENT CATIONIC
FORMS
D. Zerva, M. A. Glaus, S. Churakov (Switzerland)

RELEVANCE OF UPWARDS MIGRATION OF RADIONUCLIDES IN SOIL IN  PB2-4 182
THE CONTEXT OF NUCLEAR WASTE MANAGEMENT
A. Kogiomtzidis, V. Hormann, C. Walther (Germany)
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ZINC(I) TRANSPORT IN COMPACT ILLITE IN THE PRESENCE OF PB2-5 184
ORGANIC LIGANDS

X Wei, M. A. Glaus, L. R. Van Loon, M. Marques Fernandes, B. Ma (Switzerland,

China)

DIFFUSION AND SORPTION OF HTO AND Eu-152 IN CRYSTALLINE ROCK PB2-6 186
WITH AND WITHOUT BENTONITE COLLOIDS

N. Pakkanen, L. Biez, J. Arkko, E. Jolis, J. Kuva, P. Sardini, A. Mazurier, J.

Sammaljdrvi, M. Siitari-Kauppi (Finland, France)

METAL ION DIFFUSION THROUGH METAKAOLIN-BASED GEOPOLYMER PB2-7 188
A. C. Yildirim, K. Toda, T. Saito (Japan)

A SENSITIVE METHOD TO MEASURE GEOMETRY FACTORS FOR PB2-8 190
DIFFUSION ON SMALL SAMPLES OF CLAY ROCK
M. A. Glaus, D. Zerva, L. R. Van Loon, R. A. J. Wiist (Switzerland)

EFFECTS OF ALTERATION BY LEACHING ON MIGRATION OF CESIUM IN PB2-9 192
HARDENED CEMENT PASTE

N. Watanabe, K. Watanabe, K. Matsumoto, S. Uematsu, T. Kozaki, Y. Morinaga, D.

Minato, T. Nagaoka (Japan)

PB3 COLLOID MIGRATION

ID PAGE
BENTONITE COLLOIDS MEDIATED Eu(III) MIGRATION IN PB3-1 194
HOMOGENEOUS AND HETEROGENEOUS MEDIA OF BEISHAN GRANITE
AND FRACTURE-FILLING MATERIALS
Y. Chen, C. Liu, N. Guo (China)
COUPLING MECHANISM OF Eu(Ill) TRANSPORT IMPACTED BY PB3-2 195
COMPOSITE COLLOIDS OF BENTONITE AND ORGANIC MATTER
Z. Xu, D. Pan, W. Wu (China)
PB4 EFFECTS OF BIOLOGICAL AND ORGANIC MATERIALS

ID PAGE
INTERACTION OF TECHNETIUM WITH METABOLITES, PB4-1 197

MICROORGANISMS AND AT THE MINERAL-WATER INTERFACE:
RADIOECOLOGICAL CONSIDERATIONS
N. Mayordomo, 1. Cardaio, A. Bureika, C. Bérner, K. Miiller (Germany)

ACCUMULATION OF ACTINIDES(III, VI) IN THE FILAMENTOUS FUNGUS PB4-2 199
PODOSPORA ANSERINA

M. Maloubier, C. Le Naour, Y. Pei, G. Creff, A. Jeanson, C.Den Auwer, F.

Chapeland-Leclerc, G. Ruprich-Robert, E. Cabet (France)

RIGIDITY AND FLEXIBILITY: UNRAVELING THE ROLE OF FULVIC ACID PB4-3 201
IN URANYL SORPTION ON GRAPHENE OXIDE USING MOLECULAR

DYNAMICS SIMULATIONS

T. Lan, P. Wu, X. Yin, Y. Zhao, J. Liao, D. Wang, N. Liu (China)

THE MECHANISM OF URANIUM(VI) BIOMINERALIZATION IN THE PB4-4 203
GROWTH OF BACILLUS SP. DWC-2
Y. Guo, H. Tu, F. Li, Y. Yang, J. Yang, T. Lan, N. Liu, J. Liao (China)
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THE BEHAVIOR AND MECHANISM OF URANIUM BIOREDUCTION PB4-5 205
INDUCED BY A NATURAL BACILLUS THURINGIENSIS
S. Chen, J. Gong, Y. Guo, H. Li, F. Li, T. Lan, Y. Yang, J. Liao, N. Liu (China)

BIOMIMETIC PHOTOCATALYTIC SYSTEMS DESIGNED BY SPATIALLY PB4-6 206
SEPARATED COCATALYSTS ON Z-SCHEME HETEROJUNCTION WITH

IDENTIFIED CHARGE-TRANSFER PROCESSES FOR BOOSTING REMOVAL

OF U(VI)

Y. Liu, Z. Dong, Z. Li, X. Cao, Z. Zhang (China)

ORGANICALLY BOUND TRITIUM SPECIATION IN ENVIRONMENTAL PB4-7 208
MATRICES BY ISOTOPIC EXCHANGE
A.-L. Nivesse, N. Baglan Nicolas, G. Montavon, O. Péron (France)

PBS FIELD AND LARGE-SCALE EXPERIMENTS
ID PAGE

MIGRATION OF %°Co, '**Ba, '*’Cs, AND '?Eu FROM CEMENTITIOUS PB5-1 210
WASTEFORMS IN FIELD LYSIMETER EXPERIMENTS
R. Williams, D. I. Kaplan, T. A. DeVol, B. J. Erdmann, B. A. Powell (USA)

MODELING A RADIONUCLIDE TRANSPORT EXPERIMENT IN GRANITIC PB5-2 212
ROCK MATRIX AT GRIMSEL. THE ROLE OF ADVECTION

J. M. Soler, D. Jurado, M. W. Saaltink, L. Martinez, J. J. Hidalgo,

G. W. Lanyon, A. J. Martin (Spain, UK, Switzerland)

CHARACTERISTICS OF GRANITIC AQUIFER COLLOIDS IN THE KURT PB5-3 214
GROUNDWATER SYSTEM
J. Ha, J.-Y. Lee (Korea)

THE HETEROGENEITY OF THE SANDY FACIES OF OPALINUS CLAY PB5-4 216
ACROSS SCALES, FROM SEISMIC SURVEYS TO RADIONUCLIDE

DIFFUSION - AN IN-SITU TEST IN THE SWISS ROCK LABORATORY MONT

TERRI

F. Heberling, H. Albers, T. Beilecke, G. Deissmann, C. Fischer, M. Furche, H.

Geckeis, E.-M. Hoyer, C. Joseph, A. Liebscher, L. Van Loon, S. Liith, B. Ma, V. Metz,

K. Miiller, U. Nowak, F. Quinto, D. Rebscher, W. Riihaak, F. Schulte, F. Steegborn,

T. Tietz (Germany, Switzerland)

STRONTIUM BEHAVIOUR IN RADIOACTIVELY CONTAMINATED LAND - PB5-5 217
UNDERPINNING OPTIONS FOR IN-SITU DISPOSAL
J. Blagden, S. Shaw, V. Coker, J. Graham, K. Morris (UK)

PB6 NATURAL ANALOGUES
ID PAGE
IDENTIFICATION ON THE ORIGIN AND FATE OF DISSOLVED U IN BOEUN PB6-1 219

AQUIFER, BASED ON C, O, Fe, S, Sr AND U-SERIES ISOTOPIC SIGNATURES
Y. Ju, M. H. Baik, S. Y. Lee, D. Kaown, K.-K. Lee, D. Shin, J. H. Ryu (Korea)

GEOCHEMICAL BEHAVIORS OF URANIUM IN A URANIUM DEPOSIT OF PB6-2 220
THE OGCHEON METAMORPHIC BELT, KOREA
M. H. Baik, Y. Ju, J. H. Ryu, J. O. Jeong (Korea)
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PC1 DATA SELECTION AND EVALUATION
ID PAGE

THE NEA THERMOCHEMICAL DATABASE (TDB) PROJECT: PC1-1 222
HIGH QUALITY DATA, ACCESSIBILITY AND CAPACITY BUILDING
J. S. Martinez, A. Mercier (France)

DEVELOPMENT OF A DATABASE FOR RADIONUCLIDE SORPTION ON PC1-2 224
CLAY AND CEMENT SYSTEMS IN SUPPORT TO RADIOACTIVE WASTE

MANAGEMENT

D. Garcia, M. Lopez-Garcia, D. Pérez, I. Canals, A. Nardi, L. Duro, S. Brassinnes

(Spain, Belgium)

THERMODYNAMIC MODELS DATABASE: A TOOL FOR UNDERSTANDING PC1-3 226
RADIONUCLIDE SORPTION MECHANISMS ON CLAY AND CEMENT

SYSTEMS

1 Canals, M. Lopez-Garcia, D. Pérez, A. Nardi, L. Duro, D. Garcia, S. Brassinnes

(Spain, Belgium)

A THERMODYNAMIC DATABASE FOR THE SOLUTION CHEMISTRY AND PC1-4 228
SOLUBILITY OF EUROPIUM(IIT) INORGANIC SPECIES: RECENT

DEVELOPMENTS

N. Jordan, T. Thoenen, S. Starke, K. Spahiu, V. Brendler (Germany, Switzerland,

Sweden)

THERMOCHIMIE: A THERMODYNAMIC DATABASE USED IN PC1-5 230
RADIOACTIVE WASTE DISPOSAL EVALUATION
B. Madé, W. Bower, S. Brassinnes (France, UK, Belgium)

PC2 COUPLING CHEMISTRY AND TRANSPORT
ID PAGE

INTERPRETATION OF DIFFUSION EXPERIMENTS WITH A NUMERICAL PC2-1 231
REACTIVE TRANSPORT APPROACH
C. Tournassat, C. 1. Steefel, P. M. Fox, R. M. Tinnacher (USA, France)

MODEL INTERPRETATION OF INTERACTION BETWEEN GLASS AND PC2-2 232
ORDINARY PORTLAND CEMENT IN AN INTEGRATED GLASS

DISSOLUTION EXPERIMENT

S. Liu, K. Ferrand, J. Goethals, D. Jacques, K. Lemmens (Belgium, France)

REACTIVE TRANSPORT MODELLING OF TCO4- DIFFUSION IN OPALINUS PC2-3 234
CLAY WITH PFLOTRAN

P. Chen, L. R. Van Loon, S. Koch, P. Alt-Epping, T. Reich, S. Churakov (Switzerland,

Germany)

PC3 DEVELOPMENT AND APPLICATION OF MODELS

ID PAGE
COMPARISON OF THE CAPACITY OF TWO ADSORPTION MODELS TO PC3-1 234
DESCRIBE Sr** AND Cs” BEHAVIOR ON SOILS SURROUNDING NUCLEAR

FACILITIES
S. Savoye, C. Latrille, M. Krimissa, M. Lorthioy (France)
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PORE-SCALE MODELLING OF SOLUTE TRANSPORT IN PARTIALLY AND PC3-2 236
FULLY SATURATED POROUS MEDIA
Y. Yang, R. A. Patel, G. Deissmann, J. Poonoosamy, D. Bosbach (Germany)

PC4 MODEL VALIDATION
ID PAGE

GEOCHEMISTRY AND MACHINE LEARNING BENCHMARK WITHIN PC4-1 238
EURAD JOINT PROJECT

N.I Prasianakis, E. Laloy, D. Jacques, J.C.L. Meeussen, C. Tournassat, G.D. Miron,

D. A. Kulik, A. Idiart, E. Demirer, B. Cochepin, M. Leconte, M. Savino, M. Marques

Fernandes, J. Samper II, M. De Lucia, C. Yang, S. V. Churakov, V. Montoya, J.

Samper, O. Kolditz, F. Claret (Switzerland, Belgium, The Netherlands, France,

Spain, Germany, USA)

PD APPLICATION TO CASE STUDIES
ID PAGE

A CRITICAL ANALYSIS OF THE RADIOECOLOGICAL MODEL USED IN PD-1 240
THE GERMAN CALCULATION BASIS FOR THE ESTIMATION OF

RADIATION DOSES DUE TO THE STORAGE OF HIGHLY ACTIVE

NUCLEAR WASTE

V. Hormann, C. Walther (Germany)

TRANSPORT OF RADIOACTIVE WASTE ALONG THE SELLAFIELD PD-2 242
SHORELINE: CLIMATE CHANGE IMPACT AND MITIGATION STRATEGIES

THROUGH NATURE-BASED SOLUTIONS

L. Bacon-Hall, N. Leonardi, A. Plater, L. Abrahamsen-Mills, S. Kwong (UK)

PRELIMINARY LONG-TERM HYDROGEOCHEMICAL EVOLUTION STUDY PD-3 244
CASE IN TAIWAN
Y.-H. Huang, P.-H. Kuo, P.-Y. Chuang, C.-C. Ke, P. Trinchero (Taiwan, Spain)

MICROBIAL IMPACT ON MINERALOGICAL TRAPPING OF URANIUM IN PD-4 246
DEEP ANOXIC AQUIFERS: CASE STUDIES FOR ASPO HARD ROCK

LABORATORY AND FORSMARK SITE, SWEDEN

1. Pidchenko, J. Christensen, M. Kutzschbach, K. Ignatyev, I. Puigdomenech, L.

Krall, T. Rasbury, H. Drake (Sweden, USA, Germany, UK) (245)

PE CIGEO AND NORM
D PAGE

EFFECT OF CITRIC ACID AND MALIC ACID ON THE URANIUM UPTAKE PE-1 248
INTO BRASSICA NAPUS PLANTS IN HYDROPONIC CULTURE
W. A. John, J. Jessat, R. Steudtner, R. Hiibner, S. Sachs (Germany)

GEOCHEMICAL BEHAVIOR OF RADIUM IN A URANIUM MILL TAILINGS PE-2 250
POND OF THE NINGYO-TOGE MINE AREA

K. Tanaka, Y. Kurihara, J. Tomita, 1. Maamoun, S. Yamasaki, K. Tokunaga, K.

Fukuyama, N. Kozai (Japan)
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CONFERENCE ANNOUNCEMENT

9TH CLAY CONFERENCE, HANNOVER, GERMANY, 25 — 28 NOVEMBER
2024, SAVE THE DATE
A. Gébel (BGE) and J. Lippmann-Pipke (BGR)

21



MIGRATION 2023 September 24-29, 2023

8:25

TUESDAY (26. SEPTEMBER)

CONFERENCE ANNOUNCEMENTS

SESSION 6 C2: COUPLING CHEMISTRY AND TRANSPORT

Chair:

8:30

9:15

9:50

10:10

10:35

P. De Canniere (Belgium) and J. Soler (Spain)

TOWARDS A PROCESS-BASED MODEL DESCRIBING
TRANSPORT-INDUCED CO-PRECIPITATION AND
RADIONUCLIDE RETENTION. LAB ON CHIP EXPERIMENTS
AND REACTIVE TRANSPORT MODELLING DIAGNOSTICS

J. Poonoosamy, E. Curti, A. Obaeid, N. I. Prasianakis, G. Deissmann, S.
Churakov, D. Bosbach (INVITED) (Germany, Switzerland)

CLAYSORDIF: A NEW MODEL FOR RADIONUCLIDE SORPTION
AND DIFFUSION IN ARGILLACEOUS MEDIA (GEMS
IMPLEMENTATION AND VERIFICATION AGAINST PHREEQC
RESULTS AND EXPERIMENTAL DATA)

D. A. Kulik, M. A. Glaus, T. Gimmi, L. R. Van Loon, R. Wiist
(Switzerland)

GLASS ALTERATION MODELISATION USING GRAAL2 MODEL
M. Delcroix, P. Frugier, C. Noiriel (France)

REACTIVE TRANSPORT MODELS OF LABORATORY
CORROSION TESTS AT THE IRON/BENTONITE INTERFACE:
FB4, FB5 AND FEMO TESTS

J. Samper, A. Mon, L. Montenegro, E. Torres, M. J. Turrero, J. Cuevas

(Spain)
BREAK

SESSION 7 A7: EXPERIMENTAL METHODS

Chair:

10:55

11:20

J.- 1. Yun (Korea) and M. Schmidt (Germany)

RADIONUCLIDE DISTRIBUTIONS IN (TIME-RESOLVED)
NATURAL ARCHIVES DETERMINED BY AMS

K. Hain, S. Adler, A. Cundy, T. Faestermann, K. Fenclova, K. Fifield, F.
Giilce, G. Korschinek, M. Martschini, S. Pavetich, J. Pitters, G. Rugel,
P. Steier, S. Tims, S. Turner, J. Wolf, J. Zinke (Austria, UK, Germany,
Czech Republic, Australia)

ON THE TRACE (LEVEL) OF A HIGH-LEVEL NUCLEAR WASTE
DISPOSAL - METHOD DEVELOPMENT FOR MIGRATION
EXPERIMENTS USING HPLC, ICP-MS

AND LA-ICP-MS

A. Haben, K. Brix, R. Kautenburger (Germany)
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11:45  MULTI-TECHNIQUE ANALYSIS OF THE BEHAVIOR OF A7-3 266
URANIUM IN NATURAL SOIL
S. Bayle, P. Crancon, P.-L. Solari, C. Den Auwer (France)

12:10  INVESTIGATING GEOCHEMICAL INTERACTIONS OF A7-4 268
PLUTONIUM WITH OPALINUS CLAY AND HARDENED
CEMENT PASTE VIA TOF-SIMS AND RL-SNMS
F. Berg, M. Breckheimer, T. Reich (Germany)

12:35 BREAK

SESSION 8 A1l: SOLUBILITY AND DISSOLUTION
Chair: S. Szenknect (France) and D. Garcia (Spain)

ID PAGE

14:00  SAFETY AND SCIENCE: THE FRAGILE CONNECTION — PART II Al-1 270
R. C. Ewing, B. Grambow (INVITED) (USA, France)

14:45 SPENT NUCLEAR FUEL IN CLOSED GLASS AMPOULES: Al-2 272
RADIOLYSIS AND RADIONUCLIDE RELEASE AFTER ONE AND
FIVE YEARS
L. Z. Evins, C. Askeljung, K. Johnson, A. Puranen, A. Barreiro Fidalgo, O.
Roth, K. Spahiu (Sweden)

15:10 EFFECT OF TEMPERATURE ON THE OXIDATIVE DISSOLUTION Al-3 274
OF UO; DOPED WITH A RADIOACTIVE ALPHA EMITTER IN
SYNTHETIC CALLOVIAN-OXFORDIAN GROUNDWATER IN THE
PRESENCE OF IRON
V. Broudic, C. Marques, G. Jouan, M. Autillo, S. Miro, S. Peuget, F.
Tocino, C. Martin, L. De Windt, C. Jegou (France)

15:35  SOLUBILITY AND STRUCTURAL CHARACTERIZATION OF Zr(1V) Al-4 276
HYDROUS OXIDES
C. Kiefer, T. Suzuki-Muresan, X. Gaona, D. Schild, O. Dieste Blanco, T.
Kobayashi, D. Grekov, M. Calatayud, B. Grambow, H. Geckeis (France,
Germany, Japan)

16:00 GEOLOGICAL DISPOSAL OF CARBON-14: FROM SOURCE TO SINK A1-5 278
W. Bower, A. Yorkshire, D. Lever, A. Hoch, S. Swanton, B. Swift, L. Payne,
A. Cooke, S. Vines, S. Norris (UK)

16:25 BREAK

SESSION 9 D: APPLICATION TO CASE STUDIES
Chair: B. Grambow (France) and T. Sasaki (Japan)

ID PAGE
16:45  RADIOCAESIUM MIGRATION WITHIN A FUKUSHIMA FOREST D-1 280

ECOSYSTEM AND THE ROLE OF BIOMONITORING
T. Dohi, T. Niizato, Y. Sasaki, K. lijima (Japan)
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17:10  APPLICATION OF ACCELERATOR MASS SPECTROMETRY TO

Nantes (France)
TUESDAY - POSTER

D-2

MEASURE RATIOS OF PLUTONIUM ISOTOPES AND EVALUATE
AMERICIUM DISTRIBUTIONS AT THE LITTLE FOREST LEGACY

SITE, AUSTRALIA
T. E. Payne, D. P. Child, T. Cunynghame, J. J. Harrison, M. A.C.

Hotchkis, M. P. Johansen, L. Mokhber Shahin, A Silitonga, S. Thiruvoth

(Australia)

17:35 RENEWED LEAKAGE FROM SELLAFIELD’S MAGNOX SWARF

STORAGE SILOS: OBSERVATIONS & OPPORTUNITIES FOR

D-3

IMPROVED UNDERSTANDING OF RADIONUCLIDE MIGRATION

J. Graham, J. Heneghan (UK)

18:00 APPROACH OF HANDLING THE SORPTION AND DIFFUSION
HETEROGENEITY ACROSS THE OPALINUS CLAY AND

D-4

ADJACENT CONFINING UNITS IN THE SAFETY CASE FOR THE

SWISS DEEP GEOLOGICAL REPOSITORY
R. A.J Wiist, L. R. Van Loon, M. A. Glaus, D. A. Kulik, M. Marques
Fernandes, X. Li (Switzerland)

18:25  END OF ORAL SESSIONS OF TUESDAY

SESSION 10 POSTER SESSION II (19:00 — 22:00)

PA1 SOLUBILITY AND DISSOLUTION

TECHNETIUM DIOXIDE SOLUBILITY AT ELEVATED TEMPERATURES
M. Riss, S. L. Estes, B. A. Powell (USA)

ID
PA1-6

EVALUATING THE CHEMICAL DURABILITY OF IODINE BEARING GLASS PA1-7
SYNTHESIZED AT HIGH PRESSURE: VAPOR HYDRATION AND AQUEOUS

ALTERATION STUDY
K. Roy, T. Suzuki-Muresan, V. Bosse, L. Campayo, Y. Morizet, A. Abdelouas
(France)

SOLUTION AND SOLID-LIQUID-EQUILIBRIUM PROPERTIES OF

PA1-8

RADIONUCLIDE-NITRATE AQUEOUS SYSTEMS: EXPERIMENTS AND SIT

PARAMETERIZATION
A. Lassin, P. F. dos Santos, X. Gaona, M. Altmaier, B. Madé (France, Germany)

DISSOLUTION AND AGING OF METAL MONOURANATES:
SIMULATED DEBRIS OF FUKUSHIMA DAIICHI NUCLEAR POWER
STATION

T. Sasaki, Y. Kato, R. Tonna, T. Kobayashi, Y. Okamoto (Japan)

STABILITY & PHYSICO-CHEMICAL CHARACTERISATION OF A

PA1-9

PA1-10

RECONDITIONED WASTE FORM RELECANT TO RADIOACTIVE WASTES

G. F. Vettese, T. Vierinen, T. Oey, S. Lanninmaki, T. Vehmas, M. Nieminen, J.
Laatikainen-Luntama, M. Leivo, E. Myllykyld, G. T. W. Law (Finland)
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PA2 SOLID SOLUTION AND SECONDARY PHASE FORMATION
ID PAGE

SOLUBILITY EVALUATION OF THE COPRECIPITATE URANIUM AND PA2-4 296
PLUTONIUM OXIDE UNDER HYPERALKALINE AND REDUCING

CONDITIONS IN THE CONTEXT OF DEEP DISPOSAL OF ILW

RADIOACTIVE WASTES

M. Le Meur, T. Suzuki-Muresan, S. Ribet, C. Landesman, T. Verron, A. Piscitelli, B.

Grambow (France)

SOLUBILITY AND SOLID PHASE FORMATION IN THE Nd,Os3-EuCl;-NdCl;- PA2-5 298
NaCl-H,O(L) SYSTEM

R. M. Rao Dumpala, F. Heberling, X. Gaona, K. Garbev, D. Schild, M. Altmaier, H.

Geckeis (Germany)

STRUCTURE AND PROPERTIES OF CRYSTALLINE CERAMIC PHASES PA2-6 300
CONTAINING ACTINIDES — FROM BULK TO THE MOLECULAR LEVEL

N. Huittinen, L. Braga Ferreira dos Santos, S. E. Gilson, G. L. Murphy, S. Richter,

K. Popa, O. Valu, V. Svitlyk, C. Hennig (Germany)

PA3 COMPLEXATION WITH INORGANIC AND ORGANIC LIGANDS
ID PAGE

INVESTIGATION OF ACTINIDE SPECIATION AND COMPLEXATION WITH PA3-6 302
SMALL ORGANIC LIGANDS USING CE-ICP-MS
T. Reich, T. Kutyma, J. Lohmann, J. Stietz (Germany)

INVESTIGATION OF THE CARBONATE COMPLEXATION OF ACTINIDES PA3-7 304
AND THE INFLUENCE OF ALKALI CATIONS USING CE-ICP-MS
J. Lohmann, T. Reich (Germany)

COMPLEXATION OF Ni(Il) WITH CITRATE IN CEMENTITIOUS SYSTEMS: PA3-8 306
THERMODYNAMIC DESCRIPTION

O. Almendros-Ginesta, S. Duckworth, T. Missana, M. Altmaier, X. Gaona (Spain,

Germany)

COMPLEXATION OF NEPTUNIUM(V) WITH AQUEOUS PHOSPHATE USING PA3-9 308
A DUAL EXPERIMENTAL AND QUANTUM CHEMICAL APPROACH
E. Miladi, F. Real, V. Vallet, N. Jordan, N. Huittinen (France, Germany)

LUMINESCENE SPECTROSCOPIC INVESTIGATIONS OF U(VI) PA3-10 310
COMPLEXATION WITH AQUEOUS SILICATES AT (HYPER)ALKALINE

CONDITIONS

C. Shang, H. Oher, S. Duckworth, R. Polly, A. Skerencak-Frech, M. Altmaier, X.

Gaona (Germany, France)

SOLUBILITY OF Tc(IV) IN THE PRESENCE OF ISOSACCHARINIC ACID: PA3-11 312
THERMODYNAMIC DESCRIPTION
K. Kim, S. Duckworth, W. Um, M. Altmaier, X. Gaona (Korea, Germany)
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PA4 REDOX REACTIONS AND RADIOLYSIS EFFECTS

DESIGN AND SYNTHESIS OF NOVEL D/A BULK HETEROJUNCTION
ORGANIC CONJUGATED FILM MATERIALS AND PHOTOCATALYTIC
REDUCTION FOR REMOVAL OF IONS

Z. Li (China)

ROLE OF Fe-PHASES ON SELENITE MIGRATION IN BENTONITE: UP-
SCALING FROM DISPERSED TO COMPACTED SYSTEM
U. Alonso, M. Garcia-Gutiérrez, T. Missana (Spain)

INFLUENCE OF IRON OXIDE NANOPARTICLE CRYSTALLITE SIZE ON
THE SORPTION AND REDUCTION OF PLUTONIUM
F. E. Zengotita, M. R. Vejar, A. E. Hixon (USA)

PLUTONIUM REDOX CHEMISTRY IN THE PRESENCE OF CITRATE
M. B. Comins, A. E. Hixon, J. Beam, J.-F. Lucchini (USA)

REDOX BEHAVIOUR AND SPECIATION OF PLUTONIUM IN THE
PRESENCE OF ALUMINIUM-DOPED IRON OXIDE MINERAL SURFACES

M. R. Vejar, F. E. Zengotita, S. E. Bone, D. Sokaras, S. Weif3, S. Shams Aldin Azzam,
N. M. Huittinen, E. F. Bazarkina, K. O. Kvashnina, A. E. Hixon (USA, Germany,
France)

THE REDOX BEHAVIOR OF URANIUM AND SELENIUM UNDER
RADWASTE REPOSITORY CONDITION
M. Kang, Y. Kang, W. Jin, J. She, Q. Lin, J. Wang (China)

SELENITE SORPTION STUDIES ONTO Fe(II) - AND Fe(III) - NONTRONITES
F. J. Leon Vicente, A. M. Fernandez, T. Missana (Spain)

IS THERE A ROLE FOR Pu(III) IN PREDICTING THE SUBSURFACE
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R. V. H. Dagnelie, S. Wechner, M. Labat, S. Daumas, C. Le Milbeau, Y.

Lettry, M. Lundy (France, Germany, Switzerland)

EVALUATING RADIONUCLIDES MOBILITY /N SITU IN THE E-3
CALLOVIAN-OXFORDIAN ARGILLACEOUS ROCK

M. 1. Agnel, R. V. H. Dagnelie, E. Thory, B. Hautefeuille, Y. Lettry, M.

Parisi, A. Vinsot (France, Switzerland)
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12:05 QUANTITATIVE ANALYSIS OF RADIONUCLIDE
CONTAINMENT AS PART OF THE SAFETY ASSESSMENTS IN
THE GERMAN SITE SELECTION PROCEDURE
C. Behrens, M. Gelleszun, S. Miro, A. Renz, P. Kreye, W. Riihaak
(Germany)

12:30 BREAK

SESSION 15 E: NORM
Chair: G. Montavon (France) and T. Schdfer (Germany)

14:00 WHAT RESEARCH CHALLENGES FOR NORM AND TE-NORM
MANAGEMENT WORLDWIDE?
L. Fevrier (INVITED) (France)

14:45 MODELLING OF RADIONUCLIDES MOBILITY AFTER LEGACY
SITE RESTORATION: THE CASE OF FLUORITE SLUDGE NORM
M. Plachciak, F. Grandia (Spain)

15:10 UNDERSTANDING URANIUM FATE IN WETLAND SOILS: A
SPECIATION AND LABILE BEHAVIOR STUDY IN THE FORMER
EXTRACTION MINE OF ROPHIN (FRANCE)

A.-L. Nivesse, C. Landesman, T. Arnold, S. Sachs, T. Stumpf, A.
Scheinost, F. Coppin, L. Fevrier, C. Den Auwer, A. Gourgiotis, M. Del
Nero, G. Montavon (France, Germany)

15:35 MODELLING WATER CIRCULATION AND SOLUTE TRANSPORT
AT A FORMER FRENCH URANIUM MINING SITE
A. Katz, E. Veilly, L. Fevrier, D. Pérez-Sanchez, T. Arnold, F. Bok, G.
Montavon, C. Bertin, P. Chardon, D. Sarramia, P. Vaudelet, C. Mallet,
L. Urso (France, Germany)

16:00 BREAK

Nantes (France)

THURSDAY
E-4 484
ID PAGE
E-5 486
E-6 486
E-7 489
E-8§ 491

SESSION 16 A3: COMPLEXATION WITH INORGANIC AND ORGANIC LIGANDS

Chair: M. Altmaier (Germany) and W. Cha (Korea)

16:20 THE AQUATIC CHEMISTRY OF PENTAVALENT ACTINIDES (Np,
Pu): DETERMINATION OF THE FIRST TWO HYDROLYSIS
CONSTANTS
J. Aupiais, C. Chistin, M. Levier (France)

16:45  SPECTROSCOPIC STUDY ON FORMATION OF AQUEOUS
URANIUM(VD)-SILICATE COMPLEXES AT ALKALINE pH
T.-H. Kim, E. C. Jung, Y. Jo, H.-K. Kim, H.-R. Cho, W. Cha, J.-I. Yun
(Korea)
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17:10

17:35

18:00

THURSDAY
STRUCTURAL IDENTIFICATION OF AQUATIC U(VI)-PBTC A3-3 497
COMPLEXES BY SPECTROSCOPIC INVESTIGATIONS
A. Wollenberg, J. Kretzschmar, S. Tsushima, R. Kraft, M. Kumke, M.
Acker, S. Taut, T. Stumpf (Germany)
CHEMICAL EQUILIBRIUM OF PLUTONIUM(VI) IN WEAKLY A3-4 499

ALKALINE SYSTEMS CONTAINING ALKALINE EARTH METAL
IONS AND CARBONATE

Y. Jo, H-R. Cho, X. Gaona, D. Fellhauer, K. Dardenne, J. Rothe, M.
Altmaier, J.-1. Yun (Korea, Germany)

END OF ORAL SESSIONS OF THURSDAY.
MOVE TO BANQUET
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8:25
8:30

FRIDAY (29. SEPTEMBER)

CONFERENCE ANNOUNCEMENTS

EURAD, A EUROPEAN PROGRAMME ON RADIOACTIVE WASTE
MANAGEMENT, SCIENTIFIC OUTCOMES AND CHALLENGES AS
SEEN BY THE EXTERNAL ADVISORY BOARD

P Toulhoat, S. Engstroem Laarouchi, P. Lalieux, H. Wanner (INVITED)
(France, Sweden, Belgium, Switzerland)

SESSION 17 A6: COLLOIDS

Chair:

9:05

9:30

9:55

10:20

10:45

11:10

U. Alonso (Spain) and M. Bouby (Germany)

FORMATION, REACTIVITY AND COLLOIDAL BEHAVIORS OF
TETRAVALENT URANIUM NANOPARTICLES UNDER
GROUNDWATER CONDITIONS

W. Cha, I. H. Yoon, H. Cho, H.-R. Cho, E. C. Jung (Korea)

EVIDENCES ABOUT THE CONTRIBUTION OF PU(IV) OXO-
HYDROXO CLUSTER [PUs(OH)404]'** DURING THE FORMATION
OF Pu(IV) INTRINSIC COLLOIDS

M. Virot, M. Cot-Auriol, T. Dumas, D. Menut, O. Diat, S. Dourdain, P.
Moisy, S. I. Nikitenko (France)

ROLE OF NITRATE ON THE FORMATION AND RETENTION OF
Th"Y NANOPARTICLES AT THE MUSCOVITE (001)-WATER
INTERFACE

J. Neumann, J. Lessing, A. J. Carr, S. S. Lee, M. Patzschke, C. Taylor, P.
J. Eng, J. E. Stubbs, P. Fenter, M. Schmidt (USA, Germany)

NEW CFM RADIONUCLIDE TRACER TEST DEDICATED TO
KINETIC PROCESSES UNDER IN-SITU CONDITIONS AT THE
GRIMSEL TEST SITE

F. Quinto, I. Blechschmidt, M. Bouby, Z. Chen, H. Geckeis, B. Lanyon,
C. Marquardt, U. Noseck, M. Plaschke, R. Schneeberger, T. Schdfer
(Germany, Switzerland, UK)

REVEALING THE ORIGIN AND ION-BINDING PROPERTIES OF
DISSOLVED ORGANIC MATTTERS IN DEEP SEDIMENTARY
GROUNDWATER

T. Saito, S. Nishi, H. Sato, K. Toda, K. Miyakawa (Japan)
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Chair:

11:30

11:55

12:20

12:45

13:10

B. Madé (France) and T. Missana (Spain)

RETENTION AND TRANSPORT BEHAVIOUR OF SELENIUM(IV)
IN HARDENED CEMENT PASTE: EFFECT OF HIGH SULPHATE
CONCENTRATIONS

C. Landesman, S. Ribet, K. David, N. Bessaguet, P. Henocq (France)

RETENTION OF STRONGLY HYDROLYZING METAL IONS IN
CEMENT SYSTEMS: QUANTITATIVE DESCRIPTION AND
MECHANISTIC UNDERSTADING

X. Gaona, N. Cevirim-Papaioannou, Y. Jo, N. Huber, A. Tasi, R. E.
Guidone, I. Androniuk, K. Dardenne, J. Rothe, M. Altmaier, H. Geckeis
(Germany, Korea)

THE OPTIMIZED GEMS CLAYSOR MODEL AND DATA BASES
TO SUPPORT NAGRA SAFETY ASSESSMENTS FOR DEEP
GEOLOGICAL REPOSITORY

G. D. Miron, O. Marinich, M. Marques Fernandes, D. A. Kulik, B.
Baeyens, Raphael Wiist (Switzerland)

BENCHMARKING THE THERMOCHIMIE DATABASE:
SOLUBILITY AND SPECIATION CALCULATIONS

E. Colas, J. Rodriguez-Mestres, R. Mas, D. Garcia, L. Duro, W. Bower,
S. Brassinnes, B. Madé (Spain, England, Belgium, France)

END OF THE CONFERENCE

40

Nantes (France)

FRIDAY

SESSION 18 AS: SOLID-WATER INTERFACE REACTIONS: EXPERIMENTS AND
MODELLING

ID
A5-10

AS5-11

A5-12

A5-13

PAGE
513

515

517

519



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS

41



MIGRATION 2023 September 24-29, 2023 Nantes (France)
ABSTRACTS

E-2 MIGRATION OF ACTINIDES AND FISSION PRODUCTS — AN OVERVIEW TO PUT THE DIFFERENT ISSUES OF IMPORTANCE

FOR THE POST-CLOSURE SAFETY OF GEOLOGICAL REPOSITORIES IN CONTEXT ....ooiiiiiiiiiiiiiiiciicciin e 51
A8-1 COMPUTATIONAL CHEMISTRY APPROACHES TO PREDICTIVE MULTISCALE MODELLING OF MIGRATION PROCESSES:
CURRENT CHALLENGES AND OPPORTUNITIES ...couiiiiiiiiiiiiiiiiciicciiei ettt e san s 52
A8-2 ENABLING LONG TIME-SCALE QUANTUM MOLECULAR DYNAMICS SIMULATION FOR 5F-ELEMENTS..........cccceueeneee 54
A8-3  DENSITY FUNCTIONAL MODELING OF AM(lll) HYDROXO COMPLEXES WITH CA OR MG COUNTER IONS. DO MG
STABILIZED SPECIES EXIST? ..ottt b e sa bbb bbb e bbb bbb n 55
A8-4 COORDINATION AND THERMODYNAMIC PROPERTIES OF AQUEOUS PROTACTINIUM(V) BY COMPUTATIONAL
CHEMISTRY TECHNIQUES ......uoiiiiiiiiiiiiiii i bbb bbb e s b b e saa e s be s sbb e e b e e snneenns 57
A8-5 SORPTION OF EU(lIl) ON C-S-H PHASES IN THE PRESENCE OF GLUCONATE: A MOLECULAR DYNAMICS STUDY.......... 58

A5-1 IMPACT OF FORMATE, CITRATE AND GLUCONATE ON THE UPTAKE OF AN(II)/LN(l11) AND AN(IV) BY CEMENT ........ 60

A5-2  INTERFACIAL CHEMISTRY OF GIBBSITE UNDER CONDITIONS RELEVANT TO NUCLEAR WASTE.......c.cccovvviviiniiiiininnnn 62
A5-3  RETENTION OF 226RA BY ILLITE AND MONTMORILLONITE: AN ADSORPTION STUDY ....coeueuiiririririeieneieerereresieiereeenens 64
A5-4  U(VI) RETENTION ON BENTONITE AND CEMENTITIOUS MATERIALS: EFFECT OF INCREASED IONIC STRENGTHS AND
PRESENCE OF ORGANICS ......iiiiiiiiiitee ittt s s bbb e s a b e e s be s st e e be s eab s e be s e be s e b e e sabeeabeesanas 66
B4-1 MECHANISM OF URANIUM REDUCTION: THE ROLE OF PENTAVALENT SPECIES......c.cooiiviiiiiiiniiiiiicicnecicciee 68
B4-2  INSITU BIOMINERALISATION FOR GROUNDWATER RADIONUCLIDE REMEDIATION .....ccvoviiiiniiiiiiiiieniciecicciienine 70
B4-3  PHYTOREMEDIATION OF SOIL FROM GERMAN NUCLEAR FACILITIES.....cooiiiiiiiiiiiiiiiiiiicniciccnic s 72
B4-4  DISSOLVED ORGANIC MATTER IN BOOM CLAY AND ITS ROLE ON RADIONUCLIDE MIGRATION: WE HAVE COME A LONG
R OO 74
B4-5 POTENTIAL IMPACT OF BIOGENIC CHELATORS ON THE MIGRATION OF ACTINIDES........ccccoviiiiiiiiiiiniiiiciciicie 76
C3-1 NEXT GENERATION ENVIRONMENTAL MONITORING FRAMEWORK FOR NUCLEAR WASTE AND RADIOLOGICALLY
CONTAMINATED SITES ..ttt bbb s b e e b e s b e e b e s hb e e b e s s ab e s b e s sae s s be s sbe s et e s enesenes 77
C3-2 DETERMINING 3D POROSITY MAP OF BUKOV CALCITE WITH A MULTIMODAL DEEP LEARNING APPROACH............. 79
C3-3 A CHEMISTRY-INFORMED HYBRID MACHINE LEARNING APPROACH TO PREDICT RADIONUCLIDE SORPTION TO
MINERAL SURFACES ..ottt bbb bbb e e b e e b e e s ab e b e saa e e b e e s ba s et s e s aa s e b e e san s 81
PA-1  SEQUENTIAL EXTRACTION OF SIMULATED FUEL DEBRIS FOR EVALUATION OF THE CHEMICALSTABILITY....cccccvuvenee. 83
PA1-2 SOLUBILITY BEHAVIOR AND CHARACTERIZATION OF NEODYMIUM(IIl) TRIHYDROXIDE SOLID PHASE .........c.ccceuenuee. 85
PA1-3 CHARACTERIZATION OF SYNTHETIC MAGNESIUM/CALCIUM URANYL SILICATE MINERALS AND THEIR SOLUBILITIES IN
GROUNDWATER ENVIRONMENTS ..ottt s bbb st sb e aa e be s b ene 87
PA1-4 (U,CE)O,: A SUITABLE ANALOGUE TO STUDY THE ALTERATION OF (U,PU)O, MOX FUEL IN ENVIRONMENTAL
L0101 I 10 RO 89
PA1-5 SOLUBILITY BEHAVIOR OF NEPTUNIUM (V) IN EXPECTED WIPP CONDITIONS .....ccociiiiiiiiiiiiiiinenicccenc e 91
PA2-1 DECIPHERING THE DYNAMIC PROCESSES OF MINERAL PRECIPITATION INDUCED POROSITY CLOGGING. COMBINING
MICROFLUIDIC EXPERIMENTS AND SOLUTE TRANSPORT MODELLING........cccovuiiiiiiiiiiiiiiiiiniccicci e s 93
PA2-2 KINETICS OF 226RA INCORPORATION INTO (BA,RA)SO4 SOLID SOLUTIONS .....vvvieniriiireeieteienetreseseseeiesenenesesesessenens 95

PA2-3 FREEZING AND DEFROSTING OF IONIC AND MAGNETIC CONFIGURATIONS IN ZIRCONIUM MOLYBDATE FORMED IN
NUCLEAR FUEL WASTE GLASSES ...ttt et st b s et ae s st e b e sab s ebe e sans 97

PA3-1 NEW SPECIATION DIAGRAM OF THE PU(IV)-ACETATE SYSTEM TAKING INTO ACCOUNT POLYNUCLEAR SPECIES. ...... 99

PA3-2 SOLUBILITY OF FERROUS IRON HYDROXIDE IN THE PRESENCE OF CITRATE: EFFECT OF IONIC STRENGTH ............... 101
PA3-3 THERMODYNAMIC AND STRUCTURAL STUDIES OF AM(II)-ISOSACCHARINATE COMPLEXATION UNDER ACIDIC TO
ALKALINE CONDITIONS: AQUEOUS COMPLEXES TO COLLOIDAL PARTICLES......ccuiiiiiiiiiiiiiiinciecien et 103
PA3-4 TRIBUTYL PHOSPHATE: COMPETITIVE ADSORPTION AND EFFECT ON RADIONUCLIDES RETENTION......c.ccvevvenennenn 105

PA3-5 THERMODYNAMIC STUDY OF COMPLEXATION OF LANTHANIDE/ACTINIDE WITH CEMENT ADDITIVES BY ISOTHERMAL
MICRO-TITRATION CALORYMETRY ...uutiitiiitiiiiiitic sttt s s e s b e sb s saa e s b st e b s saa s 106

42



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS
PA4-1 PERRHENATE (REO,) REMOVAL FROM AQUEOUS SOLUTIONS BY MONO-, Bl-, AND TRI-METALLIC IRON
NANOPARTICLES: A COMPARATIVE STUDY ..ottt st sae s st e saa s st sae e sans e 108

PA4-2 REDOX-ACTIVE DONOR-ACCEPTOR CONJUGATED MICROPOROUS POLYMER FOR PHOTOCATALYTIC REDUCTION OF
URANIUM(VI «oeeeeeeeee e e s s se s ee e s e ees s eseeeee s eesseee e eesesees s ees e eeseeseeseseseesesseessseseeseeseeee 110

PA4-3 CHLORIDE GREEN RUST AS SCAVENGER OF TECHNETIUM: IMMOBILIZATION AND SPECTROSCOPIC STUDIES......... 112

PA4-4 TC(VIl) REDUCTIVE IMMOBILIZATION BY S(-1I) PRE-SORBED ON ALUMINA........cccoiiiiiiiiiiiinieeeee e 114
PA4-5 PORPHYRIN-BASED HYDROGEN-BONDED ORGANIC FRAMEWORK FOR VISIBLE LIGHT DRIVEN PHOTOCATALYTIC
REMOVAL OF U(VI) FROM AQUEOUS SOLUTIONS .....cuiiiiiiiiiiniiiireineeeinie ettt sh s 116
PA4-6 EXCITON DISSOCIATION AND TRANSFER BEHAVIOR AND SURFACE REACTION MECHANISM IN DONOR-ACCEPTOR
ORGANIC SEMICONDUCTOR PHOTOCATALYTIC SEPARATION OF URANIUM .....ooiiiiiiiiiiiiiiiicii e 118
PA4-7 SELENIUM REACTIONS IN FERROUS AND SULFIDE-RICH ENVIRONMENTS: EFFECTS OF SULFIDE SPECIATION ......... 120

PA4-8 INSIGHTS INTO THE URANIUM ENRICHMENT MECHANISM ON MINERALS CONTAINING FE(Il) IN DEEP GEOLOGICAL
LR O I IO 2 TP 122

PA5-1 SORPTION BEHAVIOR OF SELENITE ON CLAY MINERAL SURFACES IN THE PRESENCE OF AQUATIC FULVIC ACID..... 124

PA5-2 APPLICATION OF METAL IONS DOPED HYDROXYAPATITE IN URANIUM ADSORPTION .....cccuivviiiiiiiiiiiiciieciiciieae 126
PA5-3 SORPTION OF EU(llI) AND CM(lIl) ON C-S-H PHASES IN PRESENCE OF EDTA AT INTERMEDIATE IONIC STRENGTH
CONDITIONS ..ot e e b e b b e b b e ab e s b e e be e b s he e b e s b s e aa e s b e e Rt e b e eas e b s ebeenbeebeeaaesaeebeents 128
PA5-4 CONSTRUCTION AND APPLICATION OF AN ULTRAHIGHLY SELECTIVE PHOTOISOMERIC METAL-ORGANIC
FRAMEWORKS MATERIAL FOR URANIUM EXTRACTION FROM SEAWATER........coviiiiiiiiiiiin s 130
PA5-5 TRIVALENT LANTHANIDES SORPTION ONTO ILLITE IN THE PRESENCE OF CARBONATE .....ccvivviiiiiiiiiiniiniieciecniicne 132

RADIONUCLIDE RETENTION BY CEMENTITIOUS PHASES.......cciiiitiiiiiiiiicictc st 136
PA5-8 MINERAL SPECIFIC SORPTION OF RADIUM ON CRYSTALLINE ROCK ......coiiiiiiiiiiiiiticicicciccicc e 138
PA5-9 ANCHORING SELF-ASSEMBLY ANTIBACTERIAL AG NANOSHEETS ONTO THE MAGNETIC MICROSPHERES ENHANCED
URANIUM IMMOBILIZATION ..ottt bbb s b s a e s b b e sab e s b e sbe s et e s aasenes 140
PA5-10 FUNCTIONALIZED DIOXIN-LINKED COVALENT ORGANIC FRAMEWORKS FOR RAPID AND SELECTIVE EXTRACTION OF
URANIUM .ottt bbb bbb b e e be e e b e e be e e ab e ea shb e e abe e be s eab e e be e e be s e baeebbeeabeenbaeeabsenbeenans 142
PAS5-11 CS(1) AND BA (I1) SORPTION ON BIOTITE AT PH 5-9 AND 25, 40 AND 60°C.....ccocoueiriireriinreneereeneneseeeeeeeseesreseenes 144

PA5-12 MICROMECHANISM OF ADSORPTION OF STRONTIUM AND CESIUM ON DIFFERENT EXPANSIVE CLAY MINERALS.. 145
PA5-13 ADSORPTION OF CESIUM ON MICACEOUS MINERALS WITH STRUCTURAL TRANSFORMATION AND THE IMPLICATION

FOR DIFFUSION .ottt sttt s s b s et e b st b e s ab e e be s e ab e e be s eaa s ebe e s bb s et e e saassabeesbeeeabsebeeeaes 147
PA5-14 ILLITIZATION UNDER HIGH TEMPERATURES AND ITS EFFECT ON CESIUM SORPTION ......cccooviiiiniiiiiniiiniiicnicciens 149
PA5-15 ANTI-BIOLOGICAL CONTAMINATION URANIUM ADSORBING CELLULOSE GEL .......cooviiiiiiiiiiniiiiiiniciiciiciicciens 151
PA5-16 RETENTION MECHANISMS OF SELENIUM IN DEEP SUBSURFACE SEDIMENTARY FORMATIONS IN HORONOBE AREA,
HOKKAIDO, JAPANX ...ttt e b e e b e s a b e s bbb bbb ae b b e b a e sa b 153
PA6-1 FORMATION OF STABLE U(VI) COLLOIDAL PARTICLES IN RELEVANT ENVIRONMENTAL CONDITIONS.......cccovveuennen. 155
PAG6-2 STABILITY OF EUROPIUM(III)/THORIUM(IV)-SILICATE COLLOIDS: EFFECT OF SI CONTENT, PH, ELECTROLYTE AND
FULVIC ACID ..ottt h e s b e st e b e R b e e b s he e e s sh e e s ab e e b e s eh e e s R b e s s b e e e Rt e s s b e s s Rt e e b e s sae e sabessnes 157
PA6-3 THE STABILITY AND INTERACTION OF COLLOIDS AND THEIR EFFECTS ON RADIONUCLIDE TRANSPORT REGARDING TO
HLW DISPOSAL IN GRANITIC FORMATION ....oouiiiiiiiiiiiitiiiciiein ettt eas bbb sae b srsesaeeae s 159
PA7-1 AN “ON-OFF” RATIOMETRIC FLUORESCENT SENSOR FOR UO,* BASED ON AG*-MODIFIED GOLD NANOCLUSTERS
L =1 RN 161
PA7-2 TRACING AND QUANTIFICATION OF 226-RA IN TAILINGS BY SPECTROSCOPIC AUTORADIOGRAPHY ......covuviiiininns 163

PA7-3 DEVELOPMENT OF ANALYTICAL PROTOCOL FOR DIFFICULT TO MEASURE RADIONUCLIDES IN METALLIC MATRIX;
EXEMPLE OF ZR-93 IN STAINLESS STEEL AND INCONEL METALS......cociiiiiiiiiiiicicititc e 165

43



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS
PA7-4 A RAPID DETERMINATION OF SELENIUM IN TEA SAMPLES USING ANION CHROMATOGRAPHIC COLUMN COMBINED
WITH AUTOMATIC SYSTEM SEPARATION AND HR-ICP-MS MEASUREMENT "......oovuiiiiieiieeiisiieess s 167

PA8-1 AN ATOMIC SCALE COMPUTATIONALAPPROACH TO UNDERSTANDING REDOX SPECIATION OF KEY ACTINIDES ON IRON
BEARING IMINERALS. ..ottt st b e s ab e b s b e s b e e b e s bbb e e sba e e b e e s ba e sna e e sbe e sabeenns 168

PA8-2 DENSITY FUNCTIONAL THEORY STUDY OF THE CRYSTAL STRUCTURE AND INFRARED SPECTRUM OF ETTRINGITE.. 170
PA8-3 ACTINIDE(IV) INTERACTIONS WITH CALCIUM SILICATE HYDRATE: SORBED SPECIES AND COMPARISON OF SORPTION

MODES BY MEANS OF DENSITY FUNCTIONAL CALCULATIONS ....ccviiiiiiitiiiiiticictcici ettt 172
PA8-4 EXPLORING THE COMPLEXATION OF CURIUM(III) AND EUROPIUM(IIl) WITH AQUEOUS PHOSPHATES: A COMBINED
EXPERIMENTALAND AB INITIO STUDY ..ottt s s s saa s b s 174
PB2-1 IONIC DIFFUSIVE TRANSPORT THROUGH PARTIALLY-WATER SATURATED CEMENT-BASED MATERIALS.................. 176
PB2-2 EFFECTS OF BIOTITE ON DIFFUSION AND SORPTION OF CATIONS IN CRYSTALLINE ROCKS BY THROUGH-DIFFUSION
AND LASER-ABLATION ICP-MS EXPERIMENTS ....ociiiiiiiiiiiiiiii it s sae s s 178
PB2-3 DIFFUSION AND RETENTION OF DIVALENT TRANSITION METAL TRACERS IN COMPACTED ILLITE CONVERTED TO
DIFFERENT CATIONIC FORMS ...ttt s bbb st e s be e s b b e s sab e s b e s saa s e b e s basenes 180
PB2-4 RELEVANCE OF UPWARDS MIGRATION OF RADIONUCLIDES IN SOIL IN THE CONTEXT OF NUCLEAR WASTE
MANAGEMENT ..ottt bbb bbb e b e b e e b e et e s b s eae e b e be et e sheeaa e s beeat et e ebn e e 182
PB2-5 ZINC(Il) TRANSPORT IN COMPACT ILLITE IN THE PRESENCE OF ORGANIC LIGANDS .....ceoverveieiriinrerneeeeeeneesreneeees 184
PB2-6 DIFFUSION AND SORPTION OF HTO AND EU-152 IN CRYSTALLINE ROCK WITH AND WITHOUT BENTONITE COLLOIDS.

................................................................................................................................................................................... 186
PB2-7 METALION DIFFUSION THROUGH METAKAOLIN-BASED GEOPOLYMER .......ccooiiiiiiiiiiiiciciiicicciccnc e 188

PB2-8 A SENSITIVE METHOD TO MEASURE GEOMETRY FACTORS FOR DIFFUSION ON SMALL SAMPLES OF CLAY ROCK ... 190

PB2-9 EFFECTS OF ALTERATION BY LEACHING ON MIGRATION OF CESIUM IN HARDENED CEMENT PASTE........c.cccceevuine 192
PB3-1 BENTONITE COLLOIDS MEDIATED EU(IlIl) MIGRATION IN HOMOGENEOUS AND HETEROGENEOUS MEDIA OF BEISHAN
GRANITE AND FRACTURE-FILLING MATERIALS......otiittiitiiniiici ettt s a e ae s 194
PB3-2 COUPLING MECHANISM OF EU(Ill) TRANSPORT IMPACTED BY COMPOSITE COLLOIDS OF BENTONITE AND ORGANIC
Y I I Y 195
PB4-1 INTERACTION OF TECHNETIUM WITH METABOLITES, MICROORGANISMS AND AT THE MINERAL-WATER INTERFACE:
RADIOECOLOGICAL CONSIDERATIONS. ...ttt st be s e b sba s ebe e sbe s st e sbe e sabeenee 197
PB4-2 ACCUMULATION OF ACTINIDES (lII, VI) IN THE FILAMENTOUS FUNGUS PODOSPORA ANSERINA.........ccoeivirreirnen. 199
PB4-3 RIGIDITY AND FLEXIBILITY: UNRAVELING THE ROLE OF FULVIC ACID IN URANYL SORPTION ON GRAPHERE OXIDE USING
MOLECULAR DYNAMICS SIMULATIONS ..ottt s s bbb s b s aa s b 201
PB4-4 THE MECHANISM OF URANIUM(VI) BIOMINERALIZATION IN THE GROWTH OF BACILLUS SP. DWC-2............cc..... 203
PB4-5 THE BEHAVIOR AND MECHANISM OF URANIUM BIOREDUCTION INDUCED BY A NATURAL BACILLUS THURINGIENSIS
................................................................................................................................................................................... 205
PB4-6 BIOMIMETIC PHOTOCATALYTIC SYSTEMS DESIGNED BY SPATIALLY SEPARATED COCATALYSTS ON Z-SCHEME
HETEROJUNCTION WITH IDENTIFIED CHARGE-TRANSFER PROCESSES FOR BOOSTING REMOVAL OF U(V1) ....coevveveriirnneee 206
PB4-7 ORGANICALLY BOUND TRITIUM SPECIATION IN ENVIRONMENTAL MATRICES BY ISOTOPIC EXCHANGE ................. 208
PB5-1 MIGRATION OF °CO, 133BA, 137CS, AND !2EU FROM CEMENTITIOUS WASTEFORMS IN FIELD LYSIMETER EXPERIMENTS
................................................................................................................................................................................... 210
PB5-2 MODELING A RADIONUCLIDE TRANSPORT EXPERIMENT IN GRANITIC ROCK MATRIX AT GRIMSEL. THE ROLE OF
ADVECTION. 1ttt et b e e be s e b e e b e e e e b e e b e s she e e b e e e be e e be s eaa e e b e e e bb e et e e sab e eab e s be s et e e be e e aeeeate s 212
PB5-3 CHARACTERISTICS OF GRANITIC AQUIFER COLLOIDS IN THE KURT GROUNDWATER SYSTEM .......coovviiiiiiiiiiinninns 214

PB5-4 THE HETEROGENEITY OF THE SANDY FACIES OF OPALINUS CLAY ACROSS SCALES, FROM SEISMIC SURVEYS TO
RADIONUCLIDE DIFFUSION - AN /N-SITU TEST IN THE SWISS ROCK LABORATORY MONT TERRI.......cooviiviiiniiiniiiiiiiieiiins 216

PB5-5 STRONTIUM BEHAVIOUR IN RADIOACTIVELY CONTAMINATED LAND — UNDERPINNING OPTIONS FOR IN-SITU
DISPOSAL. ...ttt e bbb e e eh e e b b e e b e e e b e e ae e et e b e sae s e beeeaes 217

PB6-1 IDENTIFICATION ON THE ORIGIN AND FATE OF DISSOLVED U IN BOEUN AQUIFER, BASED ON C, O, FE, S, SR AND U-
SERIES ISOTOPIC SIGNATURES ..ottt e ba e s ab e be s aa e b e sab s s b e e sbaeeateea 219

44



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS

PB6-2 GEOCHEMICAL BEHAVIORS OF URANIUM IN A URANIUM DEPOSIT OF THE OGCHEON METAMORPHIC BELT, KOREA..

................................................................................................................................................................................... 220
PC1-1 THE NEA THERMOCHEMICAL DATABASE (TDB) PROJECT: HIGH QUALITY DATA, ACCESSIBILITY AND CAPACITY
BUILDING . ...ttt et bbb bbb s b b e b e s hb e £ e s he e s ab e e b e s s hb e e b e e s be e e ab e e R b e s Rt e b e e st s e bt aes 222
PC1-2 DEVELOPMENT OF A DATABASE FOR RADIONUCLIDE SORPTION ON CLAY AND CEMENT SYSTEMS IN SUPPORT TO
RADIOACTIVE WASTE MANAGEMENT ..ottt st bbb st b e sabeeaee 224
PC1-3 THERMODYNAMIC MODELS DATABASE: A TOOL FOR UNDERSTANDING RADIONUCLIDE SORPTION MECHANISMS ON
CLAY AND CEMENT SYSTEMS ..ottt b e bbb e sb e e ae b ean e sae et ais 226
PC1-4 A THERMODYNAMIC DATABASE FOR THE SOLUTION CHEMISTRY AND SOLUBILITY OF EUROPIUM(II) INORGANIC
SPECIES: RECENT DEVELOPIMENTS ...utiitiiitiiic ettt s e a s s b s s s b s saa s et 228
PC1-5 THERMOCHIMIE: A THERMODYNAMIC DATABASE USED IN RADIOACTIVE WASTE DISPOSAL EVALUATION............. 230
PC2-1 INTERPRETATION OF DIFFUSION EXPERIMENTS WITH A NUMERICAL REACTIVE TRANSPORT APPROACH............... 231
PC2-2 MODEL INTERPRETATION OF INTERACTION BETWEEN GLASS AND ORDINARY PORTLAND CEMENT IN AN INTEGRATED
GLASS DISSOLUTION EXPERIMENT ...ttt sttt b s s b s saa s eaae e 232
PC2-3 REACTIVE TRANSPORT MODELLING OF TCO4- DIFFUSION IN OPALINUS CLAY WITH PFLOTRAN........cocviviiiiiiiiinns 234
PC3-1 COMPARISON OF THE CAPACITY OF TWO ADSORPTION MODELS TO DESCRIBE SR** AND CS* BEHAVIOR ON SOILS
SURROUNDING NUCLEAR FACILITIES ...cviiiiiitiiieiticretcte et et sb ettt 235
PC3-2 PORE-SCALE MODELLING OF SOLUTE TRANSPORT IN PARTIALLY AND FULLY SATURATED POROUS MEDIA ............ 236
PC4-1 GEOCHEMISTRY AND MACHINE LEARNING BENCHMARK WITHIN EURAD JOINT PROJECT ...ccuvvviiiiiiiiiiiiiiniiciiens 238
PD-1 A CRITICAL ANALYSIS OF THE RADIOECOLOGICAL MODEL USED IN THE GERMAN CALCULATION BASIS FOR THE
ESTIMATION OF RADIATION DOSES DUE TO THE STORAGE OF HIGHLY ACTIVE NUCLEAR WASTE........cccooivininiiniiiiciens 240
PD-2  TRANSPORT OF RADIOACTIVE WASTE ALONG THE SELLAFIELD SHORELINE: CLIMATE CHANGE IMPACT AND
MITIGATION STRATEGIES THROUGH NATURE-BASED SOLUTIONS ....uviiiiiiiiiiiiiiic ettt 242
PD-3  PRELIMINARY LONG-TERM HYDROGEOCHEMICAL EVOLUTION STUDY CASE IN TAIWAN .....cccoovviiiniiniiiieiniieiiene 244

PD-4 MICROBIAL IMPACT ON MINERALOGICAL TRAPPING OF URANIUM IN DEEP ANOXIC AQUIFERS: CASE STUDIES FOR
ASPO HARD ROCK LABORATORY AND FORSMARK SITE, SWEDEN ......cceviietirrieisiensnisneessssiesssssssssseessssssessssssessssesesessssesssnes 246

PE-1  EFFECT OF CITRIC ACID AND MALIC ACID ON THE URANIUM UPTAKE INTO BRASSICA NAPUS PLANTS IN HYDROPONIC
L1011 N 248

PE-2  GEOCHEMICAL BEHAVIOR OF RADIUM IN A URANIUM MILL TAILINGS POND OF THE NINGYO-TOGE MINE AREA.. 250
C2-1 TOWARDS A PROCESS-BASED MODEL DESCRIBING TRANSPORT-INDUCED CO-PRECIPITATION AND RADIONUCLIDE

LR I =1 TN 252
LAB ON CHIP EXPERIMENTS AND REACTIVE TRANSPORT MODELLING DIAGNOSTICS......cccooiiiiiiiiiniiicniieniiecec s 252
C2-2  VERIFICATION OF NEW CLAYSORDIF MODEL FOR SORPTION AND DIFFUSION IN ARGILLACEOUS MEDIA AGAINST
PHREEQC RESULTS AND EXPERIMENTAL DATA ..ottt sttt bbb san e ene s 254
C2-2 GEMS IMPLEMENTATION OF AN INTEGRATED CLAYSORDIF MODEL FOR RADIONUCLIDE SORPTION AND DIFFUSION
IN ARGILLACEOUS MEDIA.....oiiiiiiiiiitii ittt b e e bbb s aa e b e s et s e be e s ab e e b e s sab e s b e e sba e st s e baeenes 256
C2-3  GLASS ALTERATION MODELISATION USING GRAAL2 MODEL.....cceiiiiiiiiiiiiiiciiiciicin et 258
C2-4  REACTIVE TRANSPORT MODELS OF LABORATORY CORROSION TESTS AT THE IRON/BENTONITE INTERFACE: FB4, FB5
AND FEMO TESTS ottt et e b e e b s e bbb e ab e s b e ae e s b e e be e b e e bs e st e sb e e aa e besab e b s ebe et e easenne e 260
A7-1 RADIONUCLIDE DISTRIBUTIONS IN (TIME-RESOLVED) NATURAL ARCHIVES DETERMINED BY AMS.....c.cccoevveuvruennne 262
A7-2  ON THE TRACE (LEVEL) OF A HIGH LEVEL NUCLEAR WASTE DISPOSAL - METHOD DEVELOPMENT FOR MIGRATION
EXPERIMENTS USING HPLC, ICP-MS AND LA-ICP-IMIS .....ootiiiiiiiiiiiiciecie ittt e 264
A7-3  MULTI-TECHNIQUE ANALYSIS OF THE BEHAVIOR OF URANIUM IN NATURAL SOIL .....ooviviiiiiiiiiiiiiicnicciciccnicie 266
A7-4  INVESTIGATING GEOCHEMICAL INTERACTIONS OF PLUTONIUM WITH OPALINUS CLAY AND HARDENED CEMENT
PASTE VIATOF-SIMS AND RL-SNIMS ... s s b s s saa et saa e 268
Al-1 SAFETY AND SCIENCE: THE FRAGILE CONNECTION = PART ll.uciiuiiiiiiiiiiiiiiiiiicciici i 270

45



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS
Al-2  SPENT NUCLEAR FUEL IN CLOSED GLASS AMPOULES: RADIOLYSIS AND RADIONUCLIDE RELEASE AFTER ONE AND FIVE
YEARS e e b b e e b b e e e b e e L e e e e e b s b e b e e e e e 272
Al1-3  EFFECT OF TEMPERATURE ON THE OXIDATIVE DISSOLUTION OF UO, DOPED WITH A RADIOACTIVE ALPHA EMITTER
IN SYNTHETIC CALLOVIAN-OXFORDIAN GROUNDWATER IN THE PRESENCE OF IRON .....cccoviiiiiiiiiiiiiiiniiccicc s 274
Al-4  SOLUBILITY AND STRUCTURAL CHARACTERIZATION OF ZR(IV) HYDROUS OXIDES .......ooceieeeieiiirieieeeeeeee e 276
Al-5 GEOLOGICAL DISPOSAL OF CARBON-14: FROM SOURCE TO SINK....ccoiiiiiiiiiiiiiiiiiniii ittt 278

D-1 RADIOCAESIUM MIGRATION WITHIN A FUKUSHIMA FOREST ECOSYSTEM AND THE ROLE OF BIOMONITORING.... 280
D-2 APPLICATION OF ACCELERATOR MASS SPECTROMETRY TO MEASURE RATIOS OF PLUTONIUM ISOTOPES AND

EVALUATE AMERICIUM DISTRIBUTIONS AT THE LITTLE FOREST LEGACY SITE, AUSTRALIA ......coovviiiiiiiiiiiiiniciiicis 282
D-3 RENEWED LEAKAGE FROM SELLAFIELD’S MAGNOX SWARF STORAGE SILOS: OBSERVATIONS & OPPORTUNITIES FOR
IMPROVED UNDERSTANDING OF RADIONUCLIDE MIGRATION ....cviiitiiiiiiiiiiiicieccis ittt 283
D-4 APPROACH OF HANDLING THE SORPTION AND DIFFUSION HETEROGENEITY ACROSS THE OPALINUS CLAY AND
ADJACENT CONFINING UNITS IN THE SAFETY CASE FOR THE SWISS DEEP GEOLOGICAL REPOSITORY ......cocvivuiiiiiiiiininnen, 285
PA1-6 TECHNETIUM DIOXIDE SOLUBILITY AT ELEVATED TEMPERATURES........oooiiiiiiiiiic i 287
PA1-7 EVALUATING THE CHEMICAL DURABILITY OF IODINE BEARING GLASS SYNTHESIZED AT HIGH PRESSURE: VAPOR
HYDRATION AND AQUEQUS ALTERATION STUDY ....couiiiiiiiiiiiiiitici ittt a s sae s 289
PA1-8 SOLUTION AND SOLID-LIQUID-EQUILIBRIUM PROPERTIES OF RADIONUCLIDE-NITRATE AQUEOUS SYSTEMS:
EXPERIMENTS AND SIT PARAMETERIZATION ....ccuviiiiiiiiiiiiiiccii s e 291
PA1-9 DISSOLUTION AND AGING OF METAL MONOURANATES: SIMULATED DEBRIS OF FUKUSHIMA DAIICHI NUCLEAR
POWER STATION ...ttt et be s et e e b e e ab e s be e s a b e e b e s eab e e be e s ab s et e s sabseabeesbeeeabeebeseaes 293
PA1-10 STABILITY & PHYSICO-CHEMICAL CHARACTERISATION OF A RECONDITIONED WASTE FORM RELECANT TO
RADIOACTIVE WASTES ...ttt bbb bbb s h b e s be e ab s e s bb e s ab e b e s sab e st e e sba e s b s e beeenes 295
PA2-4 SOLUBILITY EVALUATION OF THE COPRECIPITATE URANIUM AND PLUTONIUM OXIDE UNDER HYPERALKALINE AND
REDUCING CONDITIONS IN THE CONTEXT OF DEEP DISPOSAL OF ILW RADIOACTIVE WASTES......ccccovviiiiiiiiininiieciecniie 296
PA2-5 SOLUBILITY AND SOLID PHASE FORMATION IN THE ND,03-EUCL3-NDCL3-NACL-H,0(L) SYSTEM.....ccovviviniiriiieiinnen 298
PA2-6 STRUCTURE AND PROPERTIES OF CRYSTALLINE CERAMIC PHASES CONTAINING ACTINIDES — FROM BULK TO THE
IMOLECULAR LEVEL ..ttt b s s ab e b saa e b e e sab s st e sbe s sabeebeesnns 300
PA3-6 INVESTIGATION OF ACTINIDE SPECIATION AND COMPLEXATION WITH SMALL ORGANIC LIGANDS USING CE-ICP-MS .
................................................................................................................................................................................... 302
PA3-7 INVESTIGATION OF THE CARBONATE COMPLEXATION OF ACTINIDES AND THE INFLUENCE OF ALKALI CATIONS USING
L8 [ PPN 304
PA3-8 COMPLEXATION OF NI(II) WITH CITRATE IN CEMENTITIOUS SYSTEMS: THERMODYNAMIC DESCRIPTION................ 306
PA3-9 COMPLEXATION OF NEPTUNIUM(V) WITH AQUEOUS PHOSPHATE USING A DUAL EXPERIMENTAL AND QUANTUM
CHEMICAL APPROACH. ..ottt et e e a et b e e a e e bbb e b b et e b s e aa e s b s e be et e sasesaesaeentebs 308
PA3-10 LUMINESCENE SPECTROSCOPIC INVESTIGATIONS OF U(VI) COMPLEXATION WITH AQUEOUS SILICATES AT
(HYPER)ALKALINE CONDITIONS. ...c..ctiutettrtiteteitettereseentesteseee it et saessese e st s et s s se e s et e st sae e b e sae s e st e st sa e s e e eneeseebeseeaneneeseeneenenaennen 310
PA3-11 SOLUBILITY OF TC(IV) IN THE PRESENCE OF ISOSACCHARINIC ACID: THERMODYNAMIC DESCRIPTION ................... 312
PA4-9 DESIGN AND SYNTHESIS OF NOVEL D/A BULK HETEROJUNCTION ORGANIC CONJUGATED FILM MATERIALS AND
PHOTOCATALYTIC REDUCTION FOR REMOVAL OF IONS......c.coiiiiiiiiiiiiiiiticii ettt st 314
PA4-10 ROLE OF FE-PHASES ON SELENITE MIGRATION IN BENTONITE: UP-SCALING FROM DISPERSED TO COMPACTED SYSTEM
................................................................................................................................................................................... 316
PA4-11 INFLUENCE OF IRON OXIDE NANOPARTICLE CRYSTALLITE SIZE ON THE SORPTION AND REDUCTION OF PLUTONIUM .
318
PA4-12 PLUTONIUM REDOX CHEMISTRY IN THE PRESENCE OF CITRATE.......cocciiiiiiiiiiiiiiiiniic it 320
PA4-13 REDOX BEHAVIOUR AND SPECIATION OF PLUTONIUM IN THE PRESENCE OF ALUMINIUM-DOPED IRON OXIDE
MINERAL SURFACES ...ttt s b e s e s h e e b e e bt e s be s s b e e b e s sae s st e e sbe s saa e e bt e snes 322
PA4-14 THE REDOX BEHAVIOR OF URANIUM AND SELENIUM UNDER RADWASTE REPOSITORY CONDITION .......ccoeveninnenee 324
PA4-15 SELENITE SORPTION STUDIES ONTO FE(Il) - AND FE(HI) - NONTRONITES.....c..cotiieirinreriireeeeeieee et e 326

46



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS
PA4-16 IS THERE A ROLE FOR PU(lII) IN PREDICTING THE SUBSURFACE MIGRATION OF PLUTONIUM?........ccocovvinericnnennne 328
PA5-17 DETERMINATION OF URANIUM(VI) SPECIATION DURING SORPTION TO GIBBSITE USING PARALLEL FACTOR ANALYSIS
ON EXCITATION EMISSION MATRICES......ctiitiitiiiiitiiiiii ettt e sb e e sa e b b 330
PA5-18 THE COMBINED EFFECT OF ISA- AND CA-CONCENTRATION ON PU-SORPTION TO A CEM I1I/C-BASED MORTAR FOR
IMMOBILIZATION OF NUCLEAR WASTE ..ottt s bbb saa s sa s 332
PA5-19 THE EFFECT OF CELLULOSE DEGRADATION PRODUCTS ON THE SORPTION AND DIFFUSION OF NICKEL IN DEGRADED
HARDENED CEMENT PASTE ....iiiiiiitiiiii ettt et s a et b s eas e e bseaa s b st e b e ebe e sbe et e sbserae b 334
PA5-20 RETENTION OF RADIONUCLIDES (CAESIUM, NICKEL) IN FRACTURE INFILLS UNDER DIFFERENT GEOCHEMICAL
CONSTRAINS ..o h e b e bbb e e b e e s ab e e b e e s ha e e s b s e s Rb e e b e e s hb e s b e e s be e s bt e e bessnb s e b e e sateen 336
PA5-21 INFLUENCE OF THE COMPETITION OF AL ON THE RETENTION OF TRIVALENT ACTINIDES AND THEIR HOMOLOGUES IN
FELDSPAR ..ottt e e e s he e e b e e e e e b e e st e b e et ebe e aes 338
PA5-22 CHEMICAL TOMOGRAPHY OF PYRITE COMPOSITES EXTRACTED FROM OPALINUS CLAY AND REACTED WITH
NEPTUNIUM AND PLUTONIUM ..ottt it sh s st s saa s s b sba s s ab s b saa e b s e snn s 340
PA5-23 INTERACTIONS BETWEEN RADIONUCLIDES AND CALCITE SURFACE ......oooiiiiiiiiiiicinict i 342
PA5-24 THE STUDY OF MARINE SOLUTIONS INFLUENCES ON THE SORPTION OF 22°RA TO MINERALS ......cccovurueueierrirencneenens 344
PA5-25 MOLECULAR SCALE UNDERSTANDING OF NI?* ADSORPTION ON SWELLING CLAY MINERALS.......ccoeevvrvererrrrirenenes 345
PA5-26 SORPTION PROPERTIES OF EU ONTO GRANITE AND MX-80 BENTONITE IN CA-NA-CL SOLUTIONS .......cccocvevininnenn 347
PA5-27 SORPTION OF SELECTED RADIONUCLIDES ON CANADIAN SEDIMENTARY AND CRYSTALLINE ROCKS UNDER SALINE
L0010 N 349
PA5-28 UPTAKE OF NIOBIUM BY CEMENT AND C-S-H PHASES IN THE ABSENCE AND PRESENCE OF ISA AND CHLORIDE:
QUANTIATIVE DESCRIPTION AND MECHANISTIC UNDERSTANDING.......cccoiiiiiitiiiiiiiin ittt 350
PA5-29 INFLUENCE OF NA-CA-CL AND CA-NA-CL PHYSICOCHEMICAL SOLUTION PROPERTIES ON THE ADSORPTION OF 79SE(-
1) AND °°TC(IV) ONTO SEDIMENTARY AND CRYSTALLINE ROCKS ....uuuiiriiieueeeeeieteesesesesenssseseeessesseseesssssssesessssesssensessencncs 352
PA5-30 INFLUENCE OF TEMPERATURE ON CATION ION EXCHANGE AND SORPTION TO MONTMORILLONITE CLAY............ 353
PA5-31 PLUTONIUM ADSORPTION TO HEMATITE AT VARIABLE PH, TEMPERATURE, AND CONCENTRATION ........ccccuevvenenn 355
PA5-32 METAL IONS ADSORPTION AND MODELING ON A PRE-NEOGENE SEDIMENTARY ROCK .......ccccovviiiiiiiniiiiiiniienicnne 357
PA6-4 STRENGTHENED EROSION RESISTANCE OF COMPACTED BENTONITE BY OPPOSITELY-CHARGED MATERIALS: FROM
COLLOIDAL PARTICLES INTERACTION TO EROSION EXPERIMENTS ....ouiiiiiiiiiiiiictec e 359
PA6-5 PROBING THE NUCLEATION AND GROWTH OF PUO; NANOPARTICLES IN AQUEOUS SOLUTION .......coovviiiiiiiininns 361
PA7-5 GEOCHEMICAL INFLUENCE ON THE RADIONUCLIDE MOBILITY IN GEOLOGICAL FORMATIONS ANALYSED BY ICP-MS
AND ICP-QQQ COUPLING METHODS.......cootiiiiiiiiiiiiiiciic et s saa s bbb e saa s b saa s 363
PA7-6 SIMULTANEOUS DETERMINATION OF TRANSURANIUM RADIONUCLIDES BY COMPACT ACCELERATOR MASS
SPECTROMETRY ...ttt et b e et e b e e b b e b e e she e seebe e sab e e be s eab s e be s e be s et e e e beseabeebeesateens 365
PA7-7 IMPROVED SOLID PHASE EXTRACTION MATERIALS FOR SR-90 AND CS-137 ....ccoiviiiiiiiiiiiiiniiiiicicnecicicieic e 367

PA7-8 MIXED FROM A WASTE COCKTAIL: CONSIDERATIONS ON BACKGROUND ELECTROLYTE’S COMPOSITION AND SALINITY,
PBTC AND IRON INFLUENCING THE RETENTION OF REPOSITORY-RELEVANT ELEMENTS ON POTENTIAL BARRIER MATERIALS .

................................................................................................................................................................................... 368
PA7-9 X-RAY ANALYSES ON RADIOACTIVE MATTER AT THE MARS BEAMLINE OF SYNCHROTRON SOLEIL.........ccoeevvieninns 370
PA8-5 MOLECULAR UNDERSTANDING OF HYDROGEN ADSORPTION AND TRANSPORT IN HYDRATED NA- AND CA-
MONTMORILLONITES IN THE CONTEXT OF GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE .....cocviiiiiiiiiiiiiicniciiiiie 371
PA8-6 MOLECULAR LEVEL INSIGHTS ON THE PHYSISORPTION MECHANISMS OF HYDROGEN GAS ON MONTMORILLONITE
(O I YL Y USROS 372
PA8-7 MOLECULAR DYNAMICS COMPUTER SIMULATIONS OF THE EFFECTS OF ORGANIC MOLECULES ON THE CLAY-
RADIONUCLIDE INTERACTIONS IN THE CONTEXT OF GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE .....ccoovvviiiiiniiiniins 373
PA8-8 SITE-SPECIFIC STRUCTURE AND ENERGETICS OF URANYL ADSORPTION AT HYDRATED MUSCOVITE (001) SURFACE
PROBED BY CLASSICAL MOLECULAR DYNAMICS SIMULATIONS......oooiiiiiiiiiiiiiitic st 375
PB2-10 IN SITU INVESTIGATIONS: RADIONUCLIDE MOBILITY AT CONCRETE-ROCK-INTERFACE.........ccoeiiiiiiiiiniiiciiciicns 377

47



MIGRATION 2023 September 24-29, 2023 Nantes (France)
ABSTRACTS
PB2-11 HOW STRONG DOES NICKEL AFFECT THE SORPTION AND DIFFUSION OF ZINC IN COMPACTED ILLITE? ......cccenee.. 379

PB2-12 INTERACTION OF RADIONUCLIDES WITH FRACTURE FILLINGS AND MIGRATION THROUGH A MATRIX OF CRYSTALLINE
HOST ROCK ..ttt bbb bbb b e b e e e shs e a e e b e e Rt e b e ebe et s s b e et e s b s eaaesaesae et e ebnenaeas 381

PB2-13 STUDY OF THE INFLUENCE OF FRACTURE FILLINGS ON RADIONUCLIDE TRANSPORT IN CRYSTALLINE ROCK SYSTEMS .

PB2-14 HOW DO ALTERATION AND STRUCTURAL HETEROGENEITIES INFLUENCE DIFFUSIVITY WITHIN GRANODIORITES? 385
PB2-15 ASSESSMENT OF CESIUM MIGRATION IN THE SHALLOW GROUNDWATER-SOIL SYSTEM OF A PROPOSED NNP SITE....

................................................................................................................................................................................... 387
PB2-16 OUT-LEACHING EXPERIMENTS OF ROCK CORES AFTER IRRADIATION BY NEUTRONS; STUDY OF PORE WATER SALINITY
IN CRYSTALLINE ROCK ...ttt e b s e s b e e ha e s b e s s aa s e b e s s aa s st e s sbessab e s bt s snes 389
PB2-17 THE MIGRATION BEHAVIOR OF RADIOACTIVE COBALT AT THE REGION FOR A PROPOSED NUCLEAR POWER PLANT:
EXPERIMENTS AND SIMULATION STUDIES.........ooiiiiiiitiitiiiiiii ittt sttt bbb srseaeeae s 391
PB3-3 INSIGHTINTO IMPACT OF PHOSPHATE ON THE COTRANSPORT AND CORELEASE OF EU(II) WITH BENTONITE COLLOIDS
IN SATURATED QUARTZ COLUMNS ..ottt ettt s a e s s b s b e s ab e s b saa e b e s saaeenes 393
PB3-4 CO-TRANSPORT OF U(VI) AND COLLOIDAL BIOCHAR IN QUARTZ SAND HETEROGENEOUS MEDIA ..........ccccoeuvnenen. 395
PB3-5 COLLOID-MEDIATED TRANSPORT AND MECHANISM OF U(VI/IV) IN REDUCTIION CONDITIONS. ......cccceovnvrreiruerinen 397
PB4-8 EXPLORATION OF THE BIO-REDUCTION BEHAVIOR AND MECHANISM OF 9°TC(VII) BY KLEBSIELLA VARIICOLA STRAIN
D T 399
PB4-9 OVERVIEW ON THE EURAD WORKPACKAGE CORI (CEMENT-ORGANIC-RADIONUCLIDE-INTERACTIONS) ................ 401
PB4-10 IMPACT OF THE DEGRADATION PRODUCTS OF UP2W FILTER AID MATERIAL ON THE UPTAKE OF RADIONUCLIDES BY
L0011 OO 403
PB4-11 INFLUENCE OF MICROORGANISMS ON THE MOBILITY OF +3 ACTINIDES FROM THE WASTE ISOLATION PILOT PLANT .

................................................................................................................................................................................... 404
PB4-12 IMPACT OF THE EXTRACTION OF SOLUBLE ORGANIC MATTER (SOM) FROM SOILS ON THE QUALITY OF INSOLUBLE
ORGANIC MATTER (IOM) IN VIEW OF PROTON BINDING SITES AND RADIONUCLIDE BINDING ......coccecvrmeviniiiiinieirieiiiinenns 406
PB4-13 CHARACTERIZATION OF BOOM CLAY (BC) DISSOLVED ORGANIC MATTER (DOM) AND ITS INTERACTION WITH
RADIONUCLIDES ...ttt e b e b e s hb e bt s b e e b e s s hb e e be e s bb e e b e e s ab e s b e e sbe e sab e e bt e snns 408
PB5-6 PLUTONIUM TRANSPORT IN VADOSE ZONE SEDIMENTS UNDER ACIDIC SOLUTION CONDITIONS AT THE HANFORD
SITE, USA bbb bbb b s he s e b e e e be s e e be s e a e e h e e b e b e e e b e e s et e e b e b ae e et eas 410
PB5-7 STUDY OF THE MIGRATION BEHAVIOUR OF ANTHROPOGENIC ACTINIDES IN LAKE SEDIMENTS AND PEAT BOG CORES

................................................................................................................................................................................... 411
PB5-8 FULL-SCALE PROTOTYPE, A LONG-TERM EXPERIMENT AT ASPO LABORATORY, SWEDEN. ......ceuiurerirereeenerenenerenns 413
PB5-9 URANIUM SPECIATION IN SOILS AND SEDIMENTS IMPACTED BY ACIDIC RUNOFF ORIGINATING FROM ALUM SHALE
WASTE ROCK ..ttt e a e e b e e bbb e ab e s h e shb e b s e b e et e e bs e st sheebe e b e sas e b e ebe et s ebsenne e 415
PB5-10 PLUTONIUM AND CS-137 MOBILITY IN AN EPHEMERAL STREAM BED AT NEVADA NATIONAL SECURITY SITE (NNSS),
LT 416
PB6-3 HYDRO-GEOPHYSICAL APPROACH TO UNDERSTAND THE DEPOSITIONAL AND GEOCHEMICAL CHARACTERISTICS OF
THE URANIUM DEPOSITS IN THE OKCHEON METAMORPHIC BELT, KOREA .......ioiiiiiiiiiiiiiciecci it 418
PC1-6 THE PSI CHEMICAL THERMODYNAMIC DATABASE TDB 2020 TO SUPPORT NAGRA SAFETY ASSESSMENTS FOR DEEP
GEOLOGICAL REPOSITORY ...ttt st a s s a e shb e bbb e b e s ab s e b s s bb e b e e sab e s b e s saaesabeeas 420
PC1-7 SOLUBILITY ASSESSMENT IN CRYSTALLINE AND SEDIMENTARY ROCKS .....cocviiiiiiiiiiiiiiiiiccincie s 422
PC1-8 ENCHMARKING THE THERMOCHIMIE DATABASE FOR ITS APPLICATION TO CEMENTITIOUS AND ARGILLACEOUS
ENVIRONMENTS ..ottt e a e b e bbb s e bt b e e b e e st e e b e eaa e b e e be e b e sbeeaaesbeeat et e ebnenae s 424
PC1-9 THEREDA - THERMODYNAMIC REFERENCE DATABASE ......ooiitiiiiiiiiiiiiiicic e 425
PC1-10 DIGITIZATION OF LITERATURE DATA AND SURFACE COMPLEXATION MODEL PARAMETER ESTIMATION FOR TRIVALENT
AMERCIUM, CURIUM, AND EUROPIUM  SORPTION.......coctiitiiitiiitiiitin ettt 426
PC1-11 STATE OF THE ART REPORT IN REDOX AND KINETICS APPLIED TO NUCLEAR WASTE DISPOSAL FACILITIES.............. 428

48



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS
PC2-4 REACTIVE TRANSPORT MODEL OF THE LONG-TERM GEOCHEMICAL EVOLUTION AT THE DISPOSAL CELL SCALE IN A
HLW REPOSITORY IN GRANITE ...ttt et sa s s bbb sab s e be s saa e et eeeaaeenes 430
PC2-5 DEVELOPMENT AND IMPROVEMENT OF NUMERICAL METHODS AND TOOLS FOR MODELLING COUPLED PROCESSES
................................................................................................................................................................................... 432
PC2-6 VARS GLOBAL SENSITIVITIES FOR REACTIVE TRANSPORT SIMULATIONS IN A HLW REPOSITORY IN GRANITE ......... 433
PC3-3 SUPPORTING TOOLS IN THE DEVELOPMENT OF THE THERMOCHIMIE DATABASE: THE XCHECK TOOL........ccueenenne 435

PC5-1 APPROACH OF CONSEQUENCE ANALYSES SUPPORTING THE SAFETY-BASED COMPARISON OF THE CANDIDATE SITING
REGIONS FOR THE SWISS DEEP GEOLOGICAL REPOSITORY ...coiiuiiiiiiiiiiiiiiiniicicii sttt 437

PD-5 THE UK’S RADIOACTIVE WASTE MANAGEMENT AND ENVIRONMENTAL REMEDIATION (RADER) NATIONAL NUCLEAR
LA | RS 439

PD-6  EFFECT OF SEASONAL ANOXIA ON TRACE ELEMENT ANS PLUTONIUM CYCLING IN A WARM MONOMICTIC LAKE.. 440
PD-7  PRELIMINARY APPROACH FOR SAFETY DISPOSAL OF RADIOACTIVE WASTES FROM FDNPS FOR OPTIMIAZTION OF

WASTE MANAGEMENT STREAM ...ttt bbb e saa s bbb bbbt san s 442
PD-8 OVERVIEW OF THE JAPANESE RADIOACTIVE WASTE DISPOSAL PROJECT ....ceiiviiiiiiiiiciiiciicin e 444
PE-3  MODELING OF HYDROGEOCHEMICAL PROCESSES INFLUENCING URANIUM MIGRATION IN ANTHROPIZED SUB-
SAHARAN ENVIRONIMENTS ..ottt st b e bbb et sb e e bbb b e b naeeais 446
PE-4  HIGHLY SENSITIVE QUANTIFICATION OF AQUATIC NANOPARTICLES BY LIBD .....ccvciviiiiiiiiiiiiiicicciecicsiccic e 447
PE-5 BACTERIAL DIVERSITY DOWNSTREAM FROM A FORMER URANIUM MINE AND IN WATERS FROM NATURALLY
RADIOACTIVE MINERAL SOURCES: POTENTIAL ROLE ON URANIUM MIGRATION IN THE ENVIRONMENT .......cccooviriiinninns 449
A5-5 ELECTROSTATIC INTERACTIONS AT CLAY MINERAL SURFACES: AT THE CROSSROADS BETWEEN MINERALOGY,
GEOCHEMISTRY, AND GEOPHYSICS......ootiiiiiiiiiiiiici et s b et b s e sa s e b b 451
A5-6  U(VI) SORPTION ON ILLITE IN THE PRESENCE OF CARBONATE STUDIED BY CRYOGENIC TIME-RESOLVED LASER
FLUORESCENCE SPECTROSCOPY AND PARALLEL FACTOR ANALYSIS: COMPARISON WITH TRIVALENT LANTHANIDES* ....... 452
A5-7  RETENTION OF SILVER IN CEMENTITIOUS MATERIALS .....ooiiiiiiiiiiiicictn ettt 454
A5-8  ANALYSIS OF COBALT RETENTION BY NA- AND CA- SMECTITE AND THE EFFECT OF EDTA PRESENCE............ccu... 456
A5-9  ACTINIDE ADSORPTION TO HEMATITE AT ELEVATED TEMPERATURES .....ccooiiiiiiiiiiiiiiiiiiicic e, 458
A4-1 EFFICIENT PHOTOREDUCTION STRATEGY FOR URANIUM IMMOBILIZATION BASED ON GRAPHITE CARBON NITRIDE
HETEROJUNCTION NANOCOMPOSITES ...ttt s s bbb s ba s s aa s b sab e 460
A4-2  URANIUM(VI) REDUCTION BY A DESULFITOBACTERIUM SPECIES IN PURE CULTURE AND IN ARTIFICIAL MULTISPECIES
BIO-AGGREGATES. ...ttt bbb bbb e b e bbb e he e h e e a e b et ebn e 462
A4-3  THE IMPACT OF SULFIDATION ON MAGNETITE-BOUND 9T C...cuviiieieiiiinininisieiereiese ettt eenenes 464
A4-4  RECENT EXPERIMENTAL DEVELOPMENTS ON PLUTONIUM OXIDATION STATE DISTRIBUTION UNDER WIPP RELEVANT
L0103 I I T USROS 466
A4-5 REDUCTION OF PERTECHNETATE BY MAGNETITE — INFLUENCE OF PHAND TIME ......cccooiiiiiniiiiiiiiiicecicicnis 468
B2-1 MIGRATION OF REDOX-SENSITIVE PLUTONIUM AND NEPTUNIUM IN OPALINUS CLAY ROCK: DEEPER INSIGHTS FROM
IN-SITU REACTIVE TRANSPORT PATTERNS ...ttt bbb saa e b s 470
B2-2  DIFFUSIVE TRANSPORT OF U(VI) AND AM(IIl) THROUGH OPALINUS CLAY STUDIED DOWN TO ULTRA-TRACE LEVELS ..

................................................................................................................................................................................... 472
B2-3  EFFECT OF THE WATER SATURATION ON THE DIFFUSION OF WATER AND SOLUTES IN REFERENCE CLAY-RICH POROUS
IVIEDIA e bbb Lo E e e e h e R e R e bR a e ae e b sh e st e e ae e eaes 474
B2-4  IMPACT OF CRACKING ON THE TRANSFER OF RADIONUCLIDES IN CEMENTITIOUS MATERIALS........cooiiviiiiiiniins 476
E-1 DEVELOPMENT OF R&D ON RADIONUCLIDE MIGRATION FOR CIGEO.......cruuriererrenienieirineesesisessssssssssssssssssssssssesns 478
E-2 IN SITU DIFFUSION OF ORGANIC COMPOUNDS IN ANDRA’S UNDERGROUND LABORATORY: A 4-YEAR INSIGHT FROM
THE “DRO” EXPERIMENT ...ttt h s b e b bbb bbb s bd e b e s b e b e b e e b e sbesbs et e sbsesne e 479
E-3 EVALUATING RADIONUCLIDES MOBILITY IN SITU IN THE CALLOVIAN-OXFORDIAN ARGILLACEOUS ROCK............... 481

E-4 QUANTITATIVE ANALYSIS OF RADIONUCLIDE CONTAINMENT AS PART OF THE SAFETY ASSESSMENTS IN THE GERMAN
SITE SELECTION PROCEDURE......uciitiiiiiiticitii ettt et st be s s e be s s ae e be s e b e e be s s ab e et e s sae s eabe e sbeseateens 484

49



MIGRATION 2023 September 24-29, 2023 Nantes (France)

ABSTRACTS

E-5 WHAT RESEARCH CHALLENGES FOR NORM AND TE-NORM MANAGEMENT WORLDWIDE? .........ccccovniiiiiniiiiiienne 486
E-6 MODELLING OF RADIONUCLIDES MOBILITY AFTER LEGACY SITE RESTORATION: THE CASE OF FLUORITE SLUDGE NORM

................................................................................................................................................................................... 487
E-7 UNDERSTANDING URANIUM FATE IN WETLAND SOILS: A SPECIATION AND LABILE BEHAVIOR STUDY IN THE FORMER
EXTRACTION MINE OF ROPHIN (FRANCE) ....c.uiiiiiiiitiietee ettt sttt sttt st s et e e nes 489
E-8 MODELLING WATER CIRCULATION AND SOLUTE TRANSPORT AT A FORMER FRENCH URANIUM MINING SITE ...... 491
A3-1 THE AQUATIC CHEMISTRY OF PENTAVALENT ACTINIDES (NP, PU): DETERMINATION OF THE FIRST TWO HYDROLYSIS
CONSTANTS .ot e bbb bbb e ae e b e b e e b e b s e ae e s h e e Re e b e she e b e s bseab e e b e e Rt e b s eas e b s ebeenbeebeeanesaeebeentes 493
A3-2  SPECTROSCOPIC STUDY ON FORMATION OF AQUEOUS URANIUM(VI)-SILICATE COMPLEXES AT ALKALINE PH ...... 495
A3-3  STRUCTURAL IDENTIFICATION OF AQUATIC U(VI)-PBTC COMPLEXES BY SPECTROSCOPIC INVESTIGATIONS............ 497
A3-4  CHEMICAL EQUILIBRIUM OF PLUTONIUM(VI) IN WEAKLY ALKALINE SYSTEMS CONTAINING ALKALINE EARTH METAL
IONS AND CARBONATE ....oiutiitiitiiiticttei ettt b et b e e bbbt b sae e st s b s e aa e sb e s bt e b sbe e e sbe et e bsebnebeas 499
D-5 EURAD, A EUROPEAN PROGRAMME ON RADIOACTIVE WASTE MANAGEMENT, SCIENTIFIC OUTCOMES AND
CHALLENGES AS SEEN BY THE EXTERNAL ADVISORY BOARD ......uuiiiiiiitiiiticiin ittt s 501
A6-1 FORMATION, REACTIVITY AND COLLOIDAL BEHAVIORS OF TETRAVALENT URANIUM NANOPARTICLES UNDER
GROUNDWATER CONDITIONS ..ottt et a et b e eas et b e b e st b ean e e be b eas 503
A6-2  EVIDENCES ABOUT THE CONTRIBUTION OF PU(IV) OXO-HYDROXO CLUSTER [PUg(OH)404]** DURING THE FORMATION
OF PU(IV) INTRINSIC COLLOIDS ....ctettititeteitentrteetesee ettt sttt s e e ettt n e se st e e e e s e et ebe e bt se e s e e neeneerenaenenes 505
A6-3  ROLE OF NITRATE ON THE FORMATION AND RETENTION OF TH"Y NANOPARTICLES AT THE MUSCOVITE (001)-WATER
INTERFACE ...ttt e e b e b e e b e e b e s e ae e s ebe e st e e be s ehb s s be e s be s eab e e e aeesabe e beesaeseabeeeans 507
A6-4 NEW CFM RADIONUCLIDE TRACER TEST DEDICATED TO KINETIC PROCESSES UNDER IN-SITU CONDITIONS AT THE
GRIMSEL TEST SITE ..ottt s b e s ab e e sb e e b e b e s ab e s bt e b e s et e e bs e sab e e sbe e sateea 509
A6-5 REVEALING THE ORIGIN AND ION-BINDING PROPERTIES OF DISSOLVED ORGANIC MATTTERS IN DEEP SEDIMENTARY
GROUNDWIATER ...ttt et s e b e s b s et s e be s e b e e b e sab e ea she e e ab e e be s sab s e be e e be s et e e eaeeeabe e beeeateeas 511
A5-10 RETENTION AND TRANSPORT BEHAVIOUR OF SELENIUM(IV) IN HARDENED CEMENT PASTE: EFFECT OF HIGH
SULPHATE CONCENTRATIONS .....oiitiiiiiitii ittt b e b e b ba e s ab e b e s sab e e be s sbaeeateeas 513
A5-11 RETENTION OF STRONGLY HYDROLYZING METAL IONS IN CEMENT SYSTEMS: QUANTITATIVE DESCRIPTION AND
MECHANISTIC UNDERSTADING ... .coitiiiiiiitiiiii ettt b s s e sae e s b b e sab e s b e sbe e et e s aasenes 515
A5-12 THE OPTIMIZED GEMS CLAYSOR MODEL AND DATA BASES TO SUPPORT NAGRA SAFETY ASSESSMENTS FOR DEEP
GEOLOGICAL REPOSITORY ..ottt ittt sttt et s a et b e e s a e bt b e be et e b s eaa e sb e e ae e b e sas e e e sbeentebis 517
A5-13 BENCHMARKING THE THERMOCHIMIE DATABASE: SOLUBILITY AND SPECIATION CALCULATIONS........cccevuvvnnirnnne. 519

50



MIGRATION 2023 September 24-29, 2023 Nantes (France)
ABSTRACTS

E-2 MIGRATION OF ACTINIDES AND FISSION PRODUCTS - AN OVERVIEW TO
PUT THE DIFFERENT ISSUES OF IMPORTANCE FOR THE POST-CLOSURE
SAFETY OF GEOLOGICAL REPOSITORIES IN CONTEXT

Piet Zuidema "

(1) Chief Scientific Officer EURAD, Zuidema Consult GmbH, Switzerland

The safety of deep geological repositories for spent fuel and high-level radioactive waste is
investigated since many years. The numerous editions of the ‘Conference on the Chemistry and
Migration Behavior of Actinides and Fission Products in the Geosphere’ have made significant
contributions to our understanding of the processes of relevance to retention and retardation of
radionuclides in the barriers of a disposal system.

In the presentation, in a first part a broad overview will be given on the importance of the different
processes contributing to post-closure safety, looking at a spectrum of repository systems in different
types of host rocks. When assessing the different safety-relevant processes, it becomes obvious, that the
chemistry and migration of radioelements is very important; however, it is not the only process that
plays an important role. Furthermore, the migration behavior of radioelements is also strongly
influenced by the flow-related properties of the host rock where in the case of fractured rocks, the
abundance, and properties of the so-called fast channels play an important role. Such fast channels
cannot be excluded in fractured crystalline rocks whereas in argillaceous media with favorable self-
sealing properties they do not occur. However, besides the geosphere, also the system of engineered
barriers plays an important role for the post-closure safety of disposal systems. There exists a broad
spectrum of options for the system of the engineered barriers — the detailed design of them depends upon
the waste properties and is tailored to the needs of the local geological environment; this geological
environment, however, has in all cases to fulfil certain minimum requirements.

In a second part of the presentation, an analysis of the current understanding and of the importance of
the remaining uncertainties will be given. Taking the expected performance of the different barrier
elements into account, one comes to the conclusion that current understanding on the chemistry and
migration behavior of actinides and fission products is advanced. This is also confirmed by the status of
development of disposal projects in the advanced programs. The work done today and in the near future
is in my view not anymore related to the feasibility of safe disposal but much more on the refinement of
the detailed scientific understanding. These conclusions are also compared with current findings in
EURAD, the European Joint Programme on Radioactive Waste Management that has several work
packages looking at the behavior of radioelements in disposal systems [1]. In EURAD, not only the
chemistry and migration behavior of the radioelements but also the performance other barrier elements
is investigated [1].

Reference

[1] EURAD - European Joint Programme for research on radioactive waste management: homepage,
https://www.ejp-eurad.cu/
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A8-1 COMPUTATIONAL CHEMISTRY APPROACHES TO PREDICTIVE
MULTISCALE MODELLING OF MIGRATION PROCESSES: CURRENT
CHALLENGES AND OPPORTUNITIES

Andrey G. Kalinichev "

(1) SUBATECH (UMR 6457 — IMT-Atlantique, Nantes Université, CNRS-IN2P3) Nantes,
France

Over the last 15-20 years, there has been a significant and steady progress in the application of
theoretical methods of computational chemistry to very diverse sets of fundamental and applied
problems of environmental science, materials science, geoscience, including the complex practical
problems of migration behavior of actinides and fission products in the geosphere. This progress
continues to be strongly stimulated by the recent advances in high performance computing and the
availability of more sophisticated software packages with user-friendly graphical-based interfaces,
which make the theoretical tools of computational chemistry readily available as just another powerful
instrument in any multidisciplinary research [1, 2].

The so-called classical methods of molecular simulations rely heavily on the accurate description of the
interactions among all atoms of the system, which are usually represented by a set of interatomic
potentials, often based on empirical fits to available experimental data for thermodynamic and structural
properties of materials or on the results of corresponding quantum chemical calculations. The practical
success of these empirical potential functions—referred to collectively as a force field—ultimately
depends on the quality and accuracy with which they are capable of reproducing experimental chemical
structures, physical properties, and spectroscopic observations. Quantum-based simulation methods,
including the widely used density functional theory (DFT), avoid the need for an empirical force field.
Potential energy here is iteratively calculated through approximate solutions of various representations
of the Schrodinger equation describing the quantized energy states of electrons in a chemical system.
However, the price to pay in these high-level quantum-based approaches, compared with the classical
methods, is their high computational cost. Even with the recent great advances in high performance
supercomputing, the quantum-based methods remain limited by the orders of magnitude smaller time
and size scales of the systems and processes they can realistically handle [1-3].

This becomes especially important for the complex multiscale phenomena associated with the migration
and environmental evolution of actinides and other radionuclides in the geosphere. The complexity here
originates not only from the challenges of accurate quantum chemical treatment of the electron structure
of actinide atoms themselves, but also from the need to realistically describe the environmental materials
with which these elements are interacting, such as clay and other minerals [3], soil organic matter [4],
multicomponent aqueous environment, etc. All these materials are typically not very well characterized
in terms of their atomic composition and structure. Nevertheless, computational chemistry approaches
involving classical potential energy force fields and first principle (i.e., ab initio) methods are already
capable of providing important quantitative information about the behavior of such systems.

This talk will provide a brief overview of the quantum and classical computational chemistry approaches
as applied to the complex problems of the actinides and other radionuclides in natural and engineered
environments. A special emphasis will be given to the most recent results of the classical simulations
and the capabilities to address the multiscale nature of the materials and processes involved.
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AS8-2 ENABLING LONG TIME-SCALE QUANTUM MOLECULAR DYNAMICS
SIMULATION FOR SF-ELEMENTS

Ping Yang, Enrique R. Batista, Marc Cawkwell, Chang Liu, Rebecca Carlson, Shanshan Wu,
Danny Perez

Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545, USA
pyang@lanl.gov

S5f-element chemistry in solution is very intricate in nature. There is a pressing need to develop
molecular dynamics (MD) methods that can describe quantum mechanical behavior, such as bond
breaking and forming, at long timescales. Current first-principle MD methods can only reach tens of
picoseconds, while classical force fields cannot accurately describe bond breaking and forming.To
achieve this goal, we developed semiempirical density functional theory tight-binding (DFTB)
parameters for 5f-elements that enable MD simulations at long time scales. Such simulations will be
instrumental in understanding the evolution of speciation and reaction mechanisms. In this talk, we will
share our recent development on a hybrid model that combines modern machine learning approaches
with physics-based methods. We will demonstrate the transferability of this hybrid model on prediction
of molecular structural parameters of various molecular clusters and a variety of chemical reaction free
energies. Using these parameters, we also demonstrate microsecond-long quantum-MD simulations of
nanoparticle systems for complex f-elements, shedding light on their dynamics and kinetics.

References
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A8-3 DENSITY FUNCTIONAL MODELING OF AMJII) HYDROXO COMPLEXES
WITH CA OR MG COUNTER IONS. DO MG STABILIZED SPECIES EXIST?

L. Chiorescu'”, S. Kriiger"

(1)Theoretische Chemie, Technische Universitdt Miinchen, 85748 Garching, Germany

While binary actinide complexes in aqueous solution have been studied for long and in depth, ternary
species are less well known and characterized [1]. In recent years the class of complexes (Ca, Mg)-An-
(OH, CO3) has attracted interest as these complexes might contribute to the solubility of actinides in
saline solutions of CaCl, and MgCl, at basic pH conditions. These conditions exist in geological
repositories for radioactive waste in salt or clay rocks with saline pore waters and due to their interaction
with cement of constructions or waste containments [1].

Solubility and TRLFS experiments on Nd(III) [2] and Cm(III) [3], respectively, in highly alkaline
solutions of NaCl, CaCl, and MgCl, have been used together with earlier data to suggest a
comprehensive thermodynamic model for Am(III), Cm(III) and Nd(III) in such solutions for the entire
pH range. In order to explain the increasing solubility of Cm(IIl) in very basic CaCl, solutions, the
formation of the ternary complexes Ca[M(III)(OH);]**, Ca)[M(III)(OH)4]**, and Cas[M(III)(OH)s]**
(Fig. 1) was suggested and their complexation constants have been determined for Cm(IIl) [2].
Experiments at the pertinent pH > 9 for MgCl, solutions were not possible due to precipitation. The
thermodynamic model including these complexes consistently describes the solubility and hydrolysis of
M(III) in various saline solutions [3].

Ca[Am(OH);]%* Ca;[Am(OH),]3* Cas[Am(OH)g]3*

Figure 1: Structures of ternary Ca-Am(IIl) hydroxo complexes as suggested in saline CaCl; solutions.

To wverify the existence of Ca-M(III) hydroxo complexes, their composition, structure, and
thermochemistry, we have undertaken a computational study for the example of Am(III). Besides the
complexes suggested, Ca,[Am(OH),]**"™ for (n,m) = (1,3), (2,4), and (3,6) (Fig. 1), we also inspected
Ca[Am(IIT)(OH),]**, with (n,m) = (1,2). In addition we modelled the corresponding Mg species.
Electronic structures have been determined with all-electron spin-polarized scalar-relativistic density
functional calculations with the PBE exchange-correlation functional of generalized gradient
approximation type, employing the code ParaGauss. The complexes have been modeled including
possible aqua ligands of Am(III). Alkaline earth counter ions have been added without and with aqua
ligands to the Am hydroxo complex core.

The coordination number (CN) of Am(III) in the ternary complexes varies between 8 and 5 for the Ca
complexes due to a varying number of aqua ligands. Small energy differences below 15 kJ/mol for aqua
ligand addition show that variants of these complexes with different CNs might coexist. Similar results
have been obtained for the Mg complexes, but for all of them Am prefers a CN of 6. Average Am-O
bond lengths between 237 pm (CN = 5) and 250 pm (CN = 8) are essentially the same in the complexes
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with Ca and Mg ions and their variation follows the CN. When aqua ligands at Ca and Mg ions are
considered (Fig. 1), Ca shows a preferred CN of 6 and Mg of 5. Am-OH bond lengths tend to increase
with the increasing number of OH ligands due to bonding competition. Consequently Ca-OH and Mg-
OH bond lengths slightly decrease with increasing complex size. Deviations from these trends appear
due to varying coordination numbers and charges of the complexes. Am-Ca and Am-Mg distances
amount to 370 pm for Ca and to 362 pm for Mg on average for complexes with counter ion hydration.
They are nearly constant for Ca and slightly increasing for Mg with increasing complex size. Overall,
all complexes show a surprisingly similar geometry, independent of their size and the type of counter
ion.

Endothermic complex formation Gibbs free energies with aqua complexes as reactants show an
increasing trend for all complexes, in agreement with experiment [3]. Formation of the ternary
complexes from Am hydroxide species yield small endothermic energies for the smaller Ca complexes,
which are also in agreement with experimental values. An exothermic energy is computed only for
Ca;[Am(OH)s]*". These energies confirm that such complexes can be formed at basic pH conditions.
For the Mg complexes, on the other hand, with the exception of the smallest one, increasingly larger
exothermic formation energies from Am hydroxides are calculated. As Gibbs free reaction energies are
overestimated in our calculations, comparison to experiment is best done for relative energies of
formation from aqua ions AG(n,m)/AG(1,3). These relative energies amount to 1, 1.4 and 2.3 in
experiment [3] and to 1, 1.4 and 2.4 in the calculations for the Ca complexes with and without counter
ion hydration. Smaller values have been obtained for the Mg complexes without counter ion hydration,
suggesting a higher stability of these species. Addition of aqua ligands to the Mg ions leads to
comparable relative energies as for Ca. Comparison of absolute energies confirms that Mg species
without counter ion solvation are considerably more stable than Ca complexes. This finding would imply
that such complexes increase the solubility of Am(III) considerably, most probably already in the pH
range covered by experiment [3]. Inclusion of aqua ligands for Ca and Mg yields the Mg species to be
slightly less stable than Ca ones. Thus, explicit solvation of the Mg counter ions is shown to be essential
to gain reliable absolute complexation energies. These results suggest that the Mg analogs of
Ca,[Am(OH)**™™ complexes exist, but due to their slightly lower stability they should not have a
sizeable effect on An(Ill) or Ln(Ill) solubility in MgCl, solutions at pH < 9. In summary, our
computational findings are in agreement with current experimental evidence [3] and support the
formation of the complexes Ca,[Am(OH),,]>*"™ as suggested from experiment [3].
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A8-4 COORDINATION AND THERMODYNAMIC PROPERTIES OF AQUEOUS
PROTACTINIUM(V) BY COMPUTATIONAL CHEMISTRY TECHNIQUES

Hanna Oher %, J eremy Delafoulhouze ® Eric Renault @, Valérie Vallet  and Rémi Maurice
(1,2)

(1) Subatech, CNRS-IN2P3/IMT Atlantique/Université de Nantes, Nantes, France

(2) Univ Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes), Rennes, France
(3) Nantes Université, CNRS, CEISAM, Nantes, France

(4) Univ. Lille, CNRS, PhLAM-Physique des Lasers, Atomes et Moléecules, Lille, France

Protactinium (Z = 91) is a very rare actinide with peculiar physico-chemical properties. In fact,
although one may naively think that it behaves similarly to either thorium or uranium (its immediate
neighbors in the periodic table), it may follow its own rules. Because of the quite small energy gap
between its valence shells (in particular the 5/ and 6d ones) and also the strong influence of relativistic
effects on its properties, it is actually a challenging element for computational chemists.

In this work [1], we combine experimental information, chemical arguments and quantum chemistry
techniques to revisit the stepwise complexation of aqueous protactinium(V) with sulfate and oxalate
dianionic ligands (SO4* and C,04>, respectively), whose resulting complexes have previously been
characterized by spectroscopy and/or liquid-liquid extraction [2,3]. For this, we rely density functional
theory, thermodynamic cycles and implicit and explicit solvation models to derive the 1:1, 2:2 and 3:3
ligand-exchange reaction constants, the generic reactions being defined as follows (i = 1-3):

[Pa0(S0,4);1372 + i C,0,%" = [Pa0(C,04);137 2% +iS0,%~

From a methodological viewpoint, we conclude that it is necessary to at least saturate the coordination
sphere of protactinium(V) to reach converged equilibrium constant values. Furthermore, in the case of
single complexations, we show that it is necessary to maintain the coordination of one hydroxyl group,
thought of in the [PaO(OH)J** precursor, to obtain coherent complexation constants.

Therefore, we predict that this hydroxyl group is maintained in the formation of the 1:1 complexes while
we confirm that it is withdrawn when coordinating three sulfate or oxalate ligands. This proof-of-
concept concerning the added value of computational chemistry outcomes is a first step toward the use
of theoretical predictions to elucidate the enigmatic chemistry of protactinium in solution.

This work was supported by grants funded by the “Région Pays de la Loire” (RCT-PaPAn project) and
the French National Agency for Research (ANR-21-CE29-0027 contract).
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A8-5 SORPTION OF EU(III) ON C-S-H PHASES IN THE PRESENCE OF GLUCONATE:
A MOLECULAR DYNAMICS STUDY

Tuliia Androniuk ", Rosa Ester Guidone "', Marcus Altmaier ", Xavier Gaona "

(1)Institute for Nuclear Waste Disposal (INE), Karlsruhe Institute of Technology (KIT),
Karlsruhe, Germany

Cement is an important material used in the design and construction of waste storage facilities,
especially for low- and intermediate-level waste (L/ILW). The calcium silicate hydrate phases (C-S-H)
are the major binding phases of cement, have high specific surface area, and have been described to sorb
cationic and (to lesser extent) anionic species. A variety of organic ligands is expected in repositories
for L/ILW as a component of the waste (e.g. EDTA, citrate, etc.), degradation products of complex
organic materials (e.g. ISA), additives of cement (e.g. gluconate), among others. The presence of organic
complexants in the cement pore water may affect the radionuclide mobility: organic molecules can form
water-soluble complexes and compete with the radionuclides for sorption sites. This modelling work
was designed to obtain a detailed understanding of the mechanisms of such interactions on the molecular
level. Based on their similar charge-to-size (z/d) ratios, Eu(Ill) was considered as representative of key
trivalent actinides expected in nuclear waste, i.e. Pu(Ill) and Am(III).

We used classical molecular dynamics (MD) simulations and the potential of mean force (PMF)
calculations to obtain a mechanistic understanding of the surface sorption process for Eu(IIl) species on
the surface of C-S-H in the presence of gluconate. For this, several representative models have been
developed. Calculations were carried out using the ClayFF force field parameters for C-S-H [1], the
SPC/E water model, the Eu(IIl) potentials from [2], and the GAFF/OPLS parameters [3] for gluconate.

The (001) surface of C-S-H is the most common and stable surface and therefore it is in the focus of this
computational study. The surface model was developed to fit the available experimental data and recent
theoretical descriptions of the molecular structure of C-S-H. Three of the most probable sorption sites
on the (001) surface were considered: the bridging site (deprotonated silanol group of the bridging Si),
the defect site (deprotonated silanol groups of pairing Si) and the silicate chain site (as shown in Figure
1). First, the binary systems were studied in detail to provide the reference data for understanding
processes in the ternary system (Eu(III)/gluconate/C-S-H). A series of classical MD simulations of
Eu(Ill)/Ca/gluconate model solutions revealed that both 1:1 and 1:2 complexes of Eu(Ill) and organics
are possible, and Ca ions are an important component of their stability. This is in line with recent
solubility and TRLFS data reported for Nd(III) and Cm(III) systems [4]. The results from the Eu(I1I)/C-
S-H binary system confirmed strong sorption and showed that the most common sorption sites are the
deprotonated silanol groups of the bridging and defect sites.
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Figure 1. Potential of mean force of Eu(lll) sorption on three sorption sites on the C-S-H surface with
schematic representations of the sites.
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We have also shown that the presence of Ca®*ions in the C-S-H interface stabilizes Eu(III) as Eu(OH)4
species in cementitious environment. This is also in line with the reported stability of the aqueous
complexes Ca[M(OH)4]**, and Ca;[M(OH)s]*" (with M = Nd, Cm) in hyperalkaline CaCl, solutions
with Ca concentrations above 0.05 M [4, 6]. The strength of Eu(Ill) binding, calculated with PMF, is
similar to those of Ca®" at the same sorption sites [5] and validates the experimental findings. The
molecular dynamics study was carried out in close collaboration with experimental work that was
performed for this ternary system, and it supports, validates, and further explains the results [7]. The
calculations on the ternary system are ongoing.
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Pu - C-S-H 1.4 - Gluconate (S:L = 1 g/dm®)
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The cement phases AFm, ettringite and C-S-H (with Ca/Si Figure 1. Ry values determined for the uptake of

ratio C/S = 0:8-1.4) were prepared. and stored under N> (3) py(I11/1V) and (b) Eu(III) by C-S-H 1.4 in the
atmosphere with a solid to liquid ratio (S:L) of = 50 g-dm absence and presence of GLU at pH=13.3. Solid

3 and equilibrated for 2 months before further use. Sorption line indicates the Ry values in the absence of
experiments were performed with the synthesized cement  gluconate. Symbols crossed with X correspond to
phases in the presence of formate, citrate or gluconate at 10 samples at / below the detection limit (DL).

*M <[L] <0.1 M and at pH = 13.3. The samples were

filtered with 0.45 pm nylon filters, and dried in a desiccator (37% relative humidity) for 14 days. The
separated solid phases were characterized by X-ray diffraction (XRD), thermogravimetric analysis and
FT-IR analysis. Supernatant solutions were characterized after filtration by ICP-OES (Ca, Al, Si, Na,
sulfate) and NPOC (total organic content). Sorption experiments with '*?Eu + "Eu and ***Pu were
carried out in the absence and presence of organic ligands and varying the S:L ratio, order of addition
and organic concentration. In the sorption experiments with plutonium, redox conditions were buffered
with hydroquinone (HQ, pe + pH = 9) or Sn(II)Cl, (pe + pH ~ 1.5). Phase separation was achieved by
ultrafiltration via 10 kD filters. The measurement of ***Pu and '*’Eu was carried out by ICP-MS and
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gamma counter analysis respectively. TRLFS investigation was conducted exclusively on the Cm(III)-
C-S-H-GLU system. Both solution and solid phase speciation were investigated at the same pH and
ligand concentrations considered in the sorption experiments. TRLFS spectra were collected for
equilibration times 7 < teq (days) < 56.

Formate sorption was found to be very weak (Rq=~ 10 m*kg™) for all investigated cement phases (AFm,
ettringite and C-S-H), in agreement with previous observations reported in the literature [1].
Significantly higher Rq values were quantified for the uptake of citrate and gluconate. The uptake of
citrate and gluconate by C-S-H phases with Ca/Si = 0.8-1.4 was found to be relatively high with Rq =
107 - 102 m*-kg™'. Furthermore, both gluconate and citrate show a systematic increase in log Ry values
with increasing Ca/Si ratio. This observation hints towards a Ca complexation mediated process at the
surface of C-S-H phases. This mechanism has been recently validated by molecular dynamics
calculations for the C-S-H-gluconate system [2]. Formate and citrate have a negligible impact on the
uptake of Pu(IIl/IV) by C-S-H phases for both redox-buffer systems. Figure 1 shows the log R4 values
for the uptake of Pu (a) and Eu (b) by C-S-H phases with C/S ratios of 1.4 as a function of gluconate
total concentrations (10* M < [GLUJit < 10" M). In line with previous studies with Th(IV) and Eu(III)
[3], gluconate significantly decreases the uptake of Pu(Ill/IV) and Eu(Ill) by C-S-H phases. These
observations are explained by the possible formation of stable ternary / quaternary complexes in the
aqueous phase, i.e. Ca-An(IV)-OH-GLU and Ca-An(111)/Ln(III)-OH-GLU [4, 5]. Figure 1(a) shows also
that log R4 values determined at the two highest ligand concentrations in the Sn(II)-buffered system
follow a rather increasing trend, opposite of that observed in the HQ-buffered system. This finding hints
towards (i) a different chemical behavior induced by the redox buffer, expectedly involving the
predominance of Pu(IV) and Pu(Ill) for HQ and Sn(II) systems, respectively, and (ii) the possibility of
a co-adsorption process of Pu(Ill),q with GLU and the subsequent surface complexation of Pu onto these
GLU-complexed surface sites, as also observed in [6]. TRLFS confirmed the key role of Ca in the
formation of quaternary aqueous complexes Ca-An(III)/Ln(IlI)-OH-GLU, whereas at low ligand
concentrations the incorporation of Cm(IIl) in the C-S-H structure was observed. This experimental
study was complemented with molecular dynamics calculations on the binary and ternary systems
defined by C-S-H / Eu(IIl) / GLU, which provide key insights for the mechanistic understanding of the
retention processes in cementitious systems [7].

Acknowledgments: The EURAD-CORI project leading to this application has received funding from
the European Union’s Horizon 2020 research and innovation programme under grant agreement No
847593.
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AS5-2 INTERFACIAL CHEMISTRY OF GIBBSITE UNDER CONDITIONS RELEVANT
TO NUCLEAR WASTE

Zheming Wang', Hailin Zhang,' Yatong Zhao,' Wenwen Cui,! Xin Zhang,' Suyun Wang,'
Eric D. Walter” Michel J. Sassi,! Carolyn L. Pearce,' Sue B. Clark,? and Kevin M. Rosso!

(1) Pacific Northwest National Laboratory, Richland, WA 99352, United States
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Aluminum (oxy)hydroxides, such as gibbsite (Al(OH)3) and boehmite (AIOOH), are major mineral
components of Al ores, such as bauxite, and are common mineral weathering products in soils and
sediments.' They are also of particular importance in the nuclear industry. For example, in early nuclear
fuel fabrication, such as at the Hanford site, aluminum was used as the fuel rod casing material, and a
large amount was co-disposed with the nuclear waste and ended up as the major mineral phases in highly
radioactive tank waste sludge.” The unpredictable solubility of some of the associated aluminum mineral
phases is a risk driver for waste extraction and processing into stable long-term waste forms. Al-
(oxy)hydroxide minerals are also expected to be important reactive minerals in host rock and engineered
clay buffer layers in designs for below-ground nuclear waste repositories. Finally, in industrial
applications, hydrated surfaces of alumina have structural and chemical similarities with Al-
(oxy)hydroxide surfaces.>* Hence there is an ongoing need to improve our fundamental understanding
of the structure and reactivity at surfaces of Al-(oxy)hydroxide minerals.

In this work, platelet gibbsite nanoparticles were synthesized via hydrothermal treatment of solids from
hydrolysis of aluminum nitrate and are subjected to i) hydration at different relative humidity levels; ii)
80Co-irradiation at selected dose levels with and without subsequent re-hydration treatment; iii)
adsorption of Cr**, Eu*" and UO,*" ions as representatives of the transition metal, lanthanide and actinide
ions, respectively; and iv) doping of Cr’* ion. The pristine and treated gibbsite samples are then
investigated using surface-/interface-specific vibrational sum frequency generation (VSFG)
spectroscopy in combination with laser-induced time-resolved luminescence spectroscopy (TRLFS),
Raman spectroscopy, thermogravimetric analysis, and electron microscopy methods. VSFG is a second-
order nonlinear optical spectroscopy technique for which there is no sum frequency signal in
centrosymmetric media.’ Thus, bulk solutions and most bulk solids do not produce a signal. It’s only at
surface and interfaces where the centrosymmetry is broken, molecules display a sum frequency signal.
Our results show that gibbsite displays strong, well-resolved VSFG bands of the surface hydroxyl stretch
vibrational bands for all samples at frequencies ~ 3623, 3525, 3425, and 3355 cm ™. The peak positions
were nearly identical to those in the IR and Raman spectra of the bulk nanoparticles. However, the
absolute spectral intensity as well as the relative intensity of the four bands varied depending on sample
treatment. There is little change on the VSFG spectra when exposed the samples to various humidity
levels, implying only weak H-bonding between the surface hydroxyls and hydration waters. “°Co
irradiation at 17.4 Mrem/h for 17 h leads to significant reduction of the VSFG spectral intensity. Based
on the integrated areas of the VSFG spectra before and after irradiation, 83% of the surface hydroxyls
were removed after irradiation, while the center positions of the SFG bands only show subtle shifts. In
addition to the overall intensity drop, the relative intensities of the bands varied as manifested by a larger
drop of the 3623 cm™' band compared to those at lower frequencies. VSFG analysis of a series of gibbsite
samples irradiated at different dose levels by varying the distances of the samples from the °Co source
showed that the VSFG spectral intensity decreased exponentially in the dose range from 0.60 to 29.3
Mrads. At doses of 29.3 Mrads and 6.9 Mrads, which corresponded to 17 h and 4 h irradiations at a dose
rate of 1.72Mrads/h, the VSFG spectral changes were small, implying that the de-hydrogenation
reactions were approaching steady state in both cases. The 17 h irradiated samples were also re-analyzed
by VSFG after being kept in capped vials under ambient conditions for 60 days and after exposure to
saturated water vapor overnight. Spectral changes were minimal after the 60-day storage period, and
subsequent exposure to water vapor did not lead to complete recovery of the VSFG signal intensity.
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Batch sorption data show that sorption of metal ions on gibbsite occurs in broad pH range. VSFG spectra
(Figure 1) reveals that metal ion sorption leads to reduction of the spectral intensity of gibbsite surface
O-H groups, indicating participation of the surface OH in metal ion bonding. The spectral profiles upon
Cr’* sorption is similar to that of pristine gibbsite and reduction of the VSFG bands inversely correlates
to Cr’’concentration, suggesting equal involvement among the six distinct surface hydroxyls. But
sorption of Eu** and UO,*" alters its spectral profile where the reduction of the intra-layer OH bands are
more pronounced and the correlation between the spectral reduction and metal ion concentration is
weaker, indicating differed sorption mechanism. The latter was confirmed by the results of TRLFS
analysis of both Eu*" and UO,*" adsorbed on gibbsite.
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Figure 1. SEG-VS spectra of the synthesized gibbsite with adsorbed metal ions in 0.1 M NaOH (Cr**,
panel A; UO»*", panel B; Eu*", panel C). In (A): a — gibbsite only; b— [Cr] = 50 ppm; ¢ — [Cr] = 200 ppm.
In(B):a—[U] =0.01%,b—-[U] =0.1%, c—[U] =1%. In (C): a— [Eu] = 0.01%, b— [Eu] = 0.1%, c —
[Eu] = 1%. All metal ion concentrations are relative to [Al]. Spectral traces are off-set in the Y-axis for
clarity.
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A5-3 RETENTION OF 2RA BY ILLITE AND MONTMORILLONITE: AN ADSORPTION
STUDY
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The fate of important radionuclides must be assessed in geochemical scenarios to ensure the long-
term safety of deep nuclear waste geological repositories. Depending on the host-rock, some of these
scenarios have examined the consequences of contact with the interstitial “in situ” porewaters with spent
nuclear fuel, indicating that *’Ra can become a main contributor to the total dose after 10* - 10° years
of waste disposal [1]. The fate of *°Ra is also relevant from the environmental perspective as it is also
a main contributor to naturally occurring radioactive materials (NORM) and the environmental hazards
associated with NORM e.g. in the surroundings of mining operations or geothermal operations [2].

Argillaceous rocks are considered suitable for the construction of deep geological waste repositories for
high-level nuclear waste in several waste management programs e.g. in Switzerland [3], Belgium [4],
or France [5]. Clay minerals are major constituents of these formations and due to their low permeability
and high adsorption properties they considerably retard the migration of potentially released positively
charged radionuclides in the biosphere. To account for these retardation properties in safety studies,
thermodynamic models capable of predicting the retention of radionuclides over a wide range of
physico-chemical conditions are crucial. Illite and illite/smectite mixed layers are relevant constituents
of many argillaceous host rocks. In addition, bentonites are envisaged as engineered barriers in
underground waste disposal concepts (e.g. [1], [2]). For example, in the Swiss concept, bentonite is
foreseen as a buffer material to seal waste canisters, while bentonite-sand mixtures are foreseen as
backfill material for access tunnels [7]. Montmorillonite, the major constituent of bentonite (up to 90
wt.-%) is an important sink for potentially released radionuclides and a common mineral in soils and
sediments.

Adsorption data for **°Ra onto illite and montmorillonite are sparse in the open literature. Because of
this knowledge gap, the adsorption and diffusion of **Ra in clay minerals are assumed to be like that
for Ba, based on chemical analogy. In order to verify this assumption and improve the quantitative
understanding of the retention of *Ra by 2:1 clay minerals relevant for radioactive waste disposal, a
combined adsorption and modelling study was carried out. Parallel adsorption experiments were carried
out onto the homo-ionic Na form of Wyoming montmorillonite (SWy-2) and illite (Na-illite, I[dP-2; Illite
de Puy, Le Puy-en-Velay, France) in diluted systems and compared to the adsorption of Ba under the
same conditions. **°Ra and Ba adsorption edges in the pH range 5 to 10 at different ionic strengths (0.01
- 0.3 M NaCl) and an isotherm (pH 7, 10-9 M < [Ra,Ba] > 10 M) were carried out on Na-SWy and
1dP.

For montmorillonite, the 2-site Protolysis Non Electrostatic Surface Complexation and Cation Exchange
adsorption model (2SPNE SC/CE, [8]) reproduces the experimental data for both elements quite well
[9]. The Kc values for Ba?"-Na" and *°Ra**-Na’ exchange equilibria are in good agreement at low ionic
strength (log Kc = 0.70 - 0.84), whereas at high ionic strength, the Kc (Ba-Na) is slightly higher (log Kc
0f 0.90 (0.3 M) vs 0.70 (< 0.02 M)). In contrast, the Kc (Ra-Na) exhibits a clear dependency on ionic
strength, with log Kc values of 0.7, 1.14 and 1.34 at NaCl background concentrations of 0.01/0.02 M,
0.14 M and 0.3 M, respectively. For illite, the 2SPNE SC/CE model derived in earlier studies (?)
reproduces the experimental Ba adsorption data quite well. In comparison to Ba, pH edges at varying
ionic strengths consistently reveal a higher selectivity of illite for **°Ra. The **Ra pH edges are well
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described by an adjusted 2SPNE SC/CE model for illite. Additional ***Ra-Ba adsorption experiments
with Ba intended as a carrier for *Ra again showed a higher affinity of *°Ra. The distinct differences
in the behavior of **°Ra compared to Ba can only be described by a more complex model, which includes
two additional high affinity sites for ?Ra. These sites are characterized by a low capacity and high
selectivity for *°Ra. These may be sub-sites of the Ba high affinity sites, leading to a partial competition
between Ba and **°Ra.

The results presented here indicate that Ba can be used as a good analogue for **Ra regarding the
adsorption on montmorillonite at ionic strengths < 0.1 M and pH < 8 but deviates in its behaviour at
higher ionic strength. Different from the adsorption on montmorillonite, for the adsorption on illite Ba
cannot be considered a very good analogue for **Ra but needs to be described by a more complex
adsorption model.
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A5-4 U(VI) RETENTION ON BENTONITE AND CEMENTITIOUS MATERIALS:

EFFECT OF INCREASED IONIC STRENGTHS AND PRESENCE OF ORGANICS

Katja Schmeide, Thimo Philipp ", Nina Huittinen, Salim Shams Aldin Azzam, Jérome
Kretzschmar

Helmholtz-Zentrum Dresden — Rossendorf e.V., Institute of Resource Ecology, Bautzner
Landstrafe 400, 01328 Dresden, Germany

The safe disposal of radioactive waste from operation and decommissioning of nuclear power plants
in geological repositories requires the application of multiple barriers to isolate the waste from the
biosphere. Most disposal concepts consider the extensive use of bentonite and cementitious materials in
the geoengineered barrier as buffer and borehole sealing material as well as to enforce mechanical
stability of disposal facilities. To evaluate the radionuclide retention potential of these barrier materials,
it is necessary to examine the effects of various repository-relevant conditions that are expected to
develop over time, such as altered pH, increased ionic strengths or temperatures, or the release of organic
constituents.

Pore waters of the North German clay deposits are characterized by high ionic strengths up to 4 M [1,2].
The contact of such saline formation waters with concrete will result in an enhanced corrosion of
concrete and to the evolution of highly alkaline cement pore waters (10 < pH < 13), which in turn, can
react with the bentonite buffer as well as with the clay host rock, changing their retention potential
towards radionuclides. Moreover, the role of organics (as admixtures in cement-based materials or waste
constituents [3]) on actinide retention has to be studied.

The U(VI) retention on Ca-bentonite in mixed electrolyte solutions (‘diluted Gipshut solution’, / =2.6
M) was found to be very effective at pH>10, even in the presence of carbonate and despite the prevalence
of anionic aqueous uranyl species [4]. By means of luminescence and X-ray absorption spectroscopy,
two dominating U(VI) surface species at hyperalkaline conditions were identified: (i) a ternary U(VI)
complex, where U(VI) is bound to the surface via bridging Ca cations with the configuration surface
=Ca—OH-U(VI) and, (ii)) U(VI) sorption into the interlayer space of calcium (aluminum) silicate
hydrates (C-(A-)S-H), which form as secondary phases in the presence of Ca due to partial dissolution
of alumosilicates at hyperalkaline conditions (Figs. 1 and 2) [5]. Citrate and 2-phosphonobutane-1,2,4,-
tricarboxylate (PBTC) were found to reduce U(VI) retention only when present at high concentrations.
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Figure 1. Extracted pure component signals from
the decomposition of the measured U(VI) emission
spectra in the Ca-bentonite suspension at pH 11 (a)

and at pH 12.5 (b).
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Figure 2. Proposed structures for ternary surface
complexes showing a Ca-bridge between silanol
surface sites of the minerals and uranyl hydroxide
species predominant in the hyperalkaline pH range.
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The U(VI) retention by C-A-S-H, formed due to Al-rich additives in cement formulations, was studied
applying samples with Ca/Si molar ratios of 0.8, 1.2 and 1.6, representing different alteration stages of
concrete, and with increasing Al/Si molar ratios of 0, 0.06 and 0.18 in each series. Furthermore, the
impact of temperature (25°C, 100°C, 200°C) on both the C-A-S-H structure and the U(VI) retention
mechanism was studied. Solid-state ’Al and *’Si NMR spectroscopy along with XRD revealed that
enhanced temperatures increase the crystallinity of the material with the appearance of neoformed
crystalline phases. Surface-sorbed and interlayer-sorbed U(VI) species were detected by luminescence
spectroscopy. U(VI) mobilization due to high ionic strengths or presence of organics (gluconate or
PBTC) was very low [6,7].

The results show that both bentonite and cementitious material constitute an important geoengineered
retention barrier for U(VI) under hyperalkaline conditions at increased ionic strengths and in presence
of organics. Thus, both bentonite and cementitious material strongly contribute to the safe confinement
of radionuclides in a repository to isolate radiotoxic contaminants from the hydrosphere and biosphere.
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B4-1 MECHANISM OF URANIUM REDUCTION: THE ROLE OF PENTAVALENT
SPECIES
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Uranium is the heaviest natural element and is of economic importance for its role as a fuel in nuclear
power generation. However, due to historical lapses in proper disposal of mining and processing waste,
and the use of uranium as anti-tank ammunition in war theaters, it is also a contaminant in the subsurface
in various sites around the world. The isotopic signature of naturally-occurring uranium in geological
strata also serves as a proxy for past oxygenation levels and is used to reconstruct the redox state of
Earth in the geological past.

Uranium reduction entails the transformation of hexavalent uranium (U(VI)), typically in the uranyl
cation form (UO,*") to a tetravalent (U(IV)) chemical form, typically either uranium oxides such as UO,
or non-crystalline forms in which uranium is coordinated to carbon, phosphorus or silicon via oxygen
atoms (e.g., [1]). Thus, it results in the net immobilization of uranium from a soluble and mobile
complexed hexavalent form to a solid phase tetravalent form.

In the first decade of this century, much of the work investigating uranium reduction, microbial or
abiotic, focused on the product of the reduction. This is because uranium reduction is proposed as a
strategy for remediation of the uranium-contaminated subsurface, and the chemical form of the reduced
phase has implications for its long-term stability as an in-situ waste form.

More recently, the focus has been on the mechanism of uranium reduction. It has long been established
that the biological reduction of uranium is catalyzed by, among others, metal-reducing bacteria via the
same mechanism as iron reduction. Therefore, electrons from central metabolism are shuttled to the cell
surface by a series of c-type cytochromes, culminating with the delivery of electrons to U(VI) by the
outer-membrane decaheme c-type cytochrome, MtrC [2]. This protein delivers one electron to U(VI),
forming pentavalent uranium (U(V)), an intermediate in the reduction. In turn, U(V) can either undergo
further reduction by the delivery of a second electron [3] or it can undergo disproportionation with two
U(V) molecules forming one U(VI) and one U(IV) molecule [4]. There is evidence for both mechanisms
and the prevalence of one vs. the other likely depends on U(VI) speciation. When coordinated to
carbonate, likely as the dinuclear U(VI)-carbonate complex, the reduction proceeds via
disproportionation of U(V). In contrast, when U(VI) is coordinated to ligands such as dpaea, that
stabilize U(V), two one-electron transfers occur. The ligand-dependent reduction mechanism is also
reflected in the kinetics of the transformation. U(VI)-carbonate is reduced considerably more slowly
than U(VI) coordinated to EDTA or citrate. The current hypothesis is that U(VI)-carbonate complexes
covalently bind to the protein while other U(VI) complexes (with EDTA, DPAEA, citrate, NTA) are
reduced by electron hopping from the hemes to U(VI).

Biological U(VI) reduction can also take place indirectly, via the biological production of reduced iron
or sulfur compounds that, in turn, reduce U(VI). One such reduction pathway involves magnetite, Fe;Os.
The reaction of U(VI) with magnetite results in the formation of uraninite, UO,, as clusters of
nanoparticles bearing the same orientation rather than a layer of UO; at the magnetite surface [5].
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However, the formation of the UO; nanoclusters is the final step of a multi-step process involving the
formation of single U oxide nanocrystals (1-5 nm) followed by the formation of nanowires that extend
from the magnetite surface outward (Figure 1) [5]. Over time, the nanowires collapse into UO;
nanoclusters. Based on recent microscopic evidence for a range of crystallinity and order in the
nanoparticles, we acquired the O K-edge EELS spectra from individual nanoparticles within the
nanowires and compared the edge feature to that of U oxide reference standards in order to characterize
the valence state of individual nanocrystals within the nanowires.

The mechanism that emerges at the scale of individual
nanoparticles (1-5 nm) is the initial reduction of U(VI) to U(V) at
the magnetite surface, producing mixed valence oxides (UO»x)
that self-assemble into nanowires. These nanowires are stable as
long as no further reduction occurs. However, if sufficient
electrons are available from magnetite, they are delivered to the
mixed valence U oxides, resulting in the formation of fully
reduced UO,. The nanowires are no longer thermodynamically
stable at the stage and collapse into nanoclusters.
Overall, both the biological and abiotic reduction involve
intermediate U(V) species whose persistence depends on the
chemical conditions. A more complete understanding of the
reduction process is key in constraining the fate and transport of
uranium in the subsurface. Figure 1: Magnetite particle (blue
arrow) with UQOz+x nanoparticles
self-assembled into nanowires (red
arrow).

5nm
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B4-2 IN SITU BIOMINERALISATION FOR GROUNDWATER RADIONUCLIDE
REMEDIATION
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Globally, nuclear fuel cycle activities over the last 70+ years have led to unanticipated discharges of
radionuclides to the sub-surface at key sites such as Hanford, USA and Sellafield UK. This has led to a
significant legacy of radioactively contaminated land, for example, estimated to be in millions cubic
meters at Sellafield. Typically, uranium and strontium-90 contamination plumes are present at these
sites. Here, *°Sr is one of the more challenging radionuclides due to its relatively high mobility in the
sub-surface and U is often the most significant radionuclide contaminant by mass. Developing (co-
yremediation strategies for *’Sr and U is therefore important in maintaining the stewardship of these
complex sites in the medium to long term. Calcium phosphate minerals such as hydroxyapatite (HAp)
have been suggested as promising radionuclide (including *’Sr and U) sinks, as they can incorporate a
range of radionuclides within their structure. The formation of phosphate minerals can be achieved in
situ through both biotic and abiotic approaches. In previous studies conducted at the Hanford nuclear
site, USA, aqueous injection of phosphate-generating solutions have reduced the amount of mobile *Sr
and U within contaminated groundwater at both laboratory and field scale [1].

In this study, biotic (calcium citrate / sodium phosphate, glycerol phosphate) and abiotic
(polyphosphate) phosphate in-situ amendments were tested using sediment microcosm and flowing
column experiments. The aim was to extend the envelope of application of these techniques to the
Sellafield, UK using relevant sediment and groundwater systems [2],[3]. For both U(VI) and stable Sr
challenged microcosms, aqueous geochemical results suggest the addition of phosphate generating
amendments enhanced Sr and U removal from solution when compared to the sediment only sorption
controls. After treatment with Ca- citrate / Na-phosphate and glycerol phosphate amendments
microcosm sediment endpoints were taken for x-ray absorption near edge structure (XANES) extended
x-ray absorption fine structure (EXAFS) analysis. XANES identified the U was present as U(VI), with
analysis of the EXAFS region showing evidence for a P shell at ~3A, suggesting the U was present as a
non-crystalline U(VI) phosphate. For the Sr microcosm endpoints scanning electron microscopy (SEM)
in conjunction with energy dispersive x-ray spectroscopy (EDX) was conducted on sediments after
treatment with Ca- citrate / Na-phosphate and glycerol phosphate amendments. This showed the clear
presence of Sr containing calcium phosphate phases deposited on the surface of larger sediment grains.
16S rRNA analysis of the microbial community present in these sediment endpoints showed ingrowth
of likely citrate and glycerol phosphate degrading bacteria after treatment with Ca-citrate/Na-phosphate
and glycerol phosphate respectively. Finally, Sr K-edge EXAFS analysis was conducted on sediment
end point samples and an untreated sediment sorption control. For the sorption control, fitting of the
EXAFS data was achieved with a single shell of nine oxygen backscatters, consistent with outer sphere
sorption of Sr to the sediment. By contrast, shell-by-shell fitting of the treated sediments was best
achieved using fitting parameters consistent with partial Sr incorporation into hydroxyapatite [4][5].
Here, informed by the relevant literature, P and Ca shells were statistically significant in the fitting,
confirming some Sr incorporation into Ca-phosphate precipitates. The precipitation of these calcium
phosphate phases and formation of U phosphates and Sr incorporated Ca-phosphates confirmed by XAS,
demonstrates the potential for these techniques to provide a toolkit for remediation at nuclear sites.
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Further investigation was conducted using flowing column studies with non-active Sr and *’Sr. Here,
columns were designed to represent typical groundwater flow regimes, enabling critical assessment of
the phosphate generating treatments under dynamic flowing conditions. The addition of both glycerol
phosphate and Ca-Citrate/Na-phosphate for a 3-week period prior to challenge with Sr-containing
groundwaters decreased the rate of Sr breakthrough when compared to a sediment only sorption control
column. This suggested that Sr mobility was reduced due to its sorption to newly precipitated Ca-
phosphate phases within columns with the citrate treatment offering highest Sr-retardation. Post
treatment, columns were sectioned (bulk EXAFS) and resin embed (uXRF; INE-beamline, KIT,
Germany) to enable solid phase characterisation of Sr speciation down the length of the column. Here,
bulk EXAFS analysis showed some evidence for Sr incorporated Ca-phosphate phases in the Ca-citrate
/ Na-phosphate phases treated column although the incorporation signature was less clear than the batch
experiments. Initial analysis of uXRF data showed hot spots of Sr at the bases of treated columns. Ca-
phosphate phases were identified in the treated columns using SEM, consistent with the distribution of
Sr from uXRF. However, SEM imaging found these ‘hot spots’ were caused by naturally occurring Sr
containing minerals within the sediment. Future work includes the ambition to work with *°Sr flowing
columns to enable field relevant **Sr concentrations in experiments and autoradiography. This work
shows for the first time a comparative assessment of these mineralisation techniques and their end-points
and widens the envelope for their application at nuclear facilities.
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Germany decided on a shutdown of nuclear power plants until April 14, 2023, and hence the need
for research on the decommissioning of nuclear facilities has never been greater in Germany. This work
is part of the RENA (biological radionuclide removal by using natural association processes) project.
The goal is to reduce the volume of medium and low-level radioactive waste - precisely soil - for a final
repository. Excavated soil from the decommissioning of German nuclear facilities is the basis for this
work. In contrast to previous remediation projects, only natural association processes are used.
Therefore, we focus on plants, fungi and their symbiosis. Based on the results, a process for the ex-situ
treatment of radionuclide-contaminated soils in a dismantling area in Germany will be developed.

The soil investigated originates from sites of the first and the second nuclear reactors build in former
Eastern Germany. The research reactor in Dresden, Saxony, operated from 1957 until 1991 and the
nuclear power plant in Rheinsberg, Brandenburg, followed 1966 until 1990. Hence, the soil was
contaminated over decades and all equilibria have settled to date which would not be possible through
subsequent spiking of inactive material. In the delivered soil, pieces of concrete were found as expected
to be in a deconstruction process. Consequently, all the soil, with the exception of a control group, was
sieved to a corn size of 2 mm and homogenized pot wise. In the control group, the plants grew in
untreated soil to observe the influence of the concrete.

The setup for the plant and plant-fungi cultivation consists of plant pots (@ x H: 18 cm x 17 cm) in a
climate chamber with optimized growth parameters such as daylight, temperature and humidity. Small-
growing sunflower and lucerne are the chosen plants because they displayed promising results in
inactive pretests. To ensure sufficient growth Hoagland solution was used to water the plants. Figure 1
shows the complete setup.

Figure 1: The setup for the plant cultivation inside the climate chamber. The lucerne is on the left and the
sunflower on the right. A hose connects each pot to the Hoagland solution supply in the center.
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The fungus of choice is a strain of schizophyllum commune because it has a good uptake of strontium
and therefore also for *’Sr. A commercially available mix of fungi serves as an additional reference point
based on the theory that different sprouts support different uptake.

For the general monitoring of radionuclides, the plants were divided into roots and shoots and afterwards
dried, ashed and digested. The y-emitters (**'Am, "**Eu, '*’Cs and ®°Co) were monitored by HPGE-
detectors. Additionally, *’Sr was chemical separated and measured via liquid scintillation counting. The
stable isotopes of each radionuclide were measured by ICP-AES for comparison.

Starting with a precise analysis of the soil, the main radionuclide contaminants were '*’Cs and *°Sr. A
grain size analysis of the soil showed a high percentage of 90 % sand. The share of silt and clay was
combined 10 %. However, the proportion of activity of this fraction exceeds its mass share, as presented
in Figure 2.
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Figure 2: Activity concentration of y-emitters in different corn sizes in soil from the site of the research
reactor in Dresden.

The activity concentration in silt and clay exceeds the one in the sand fraction by an order of magnitude.
However, the mechanical procedure to separate by corn size is only possible once and therefore limited.
Nevertheless, it will serve as a benchmark for the determined transfer factor and the uptake of
radionuclides into the plants with and without fungi.

In summary, this work gives new transfer factors, might give a deeper insight into the migration of
radionuclides into plants and shows problems of soil from the dismantling of nuclear power plants.
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B4-4 DISSOLVED ORGANIC MATTER IN BOOM CLAY AND ITS ROLE ON
RADIONUCLIDE MIGRATION: WE HAVE COME A LONG WAY

Delphine Durce ", Joan Govaerts", Norbert Maes'”, Sonia Salah” Liesbeth Van Laer'”,
Stephane Brassinnes'®

(1) SCK CEN, Belgium
(2) ONDRAF/NIRAS, Belgium

In 2021 we celebrated the 40" anniversary of the HADES underground research laboratory (Mol,
Belgium), a pioneering facility for clay host rocks. Since the first ring was put in place at 200 m below
the surface in the Boom Clay (BC) Formation, a tremendous amount of knowledge was acquired for the
development of deep geological repository of nuclear waste in clays.

However, only one drop of the caramel Boom Clay pore water was enough to understand that a killjoy
had invited itself: Dissolved Organic Matter (DOM). With its ill-defined structure, its high complexing
capabilities towards several relevant radionuclides (RN) and its low retention on clay surfaces and
corresponding relatively high mobility, it was clear that DOM would keep researchers busy for the next
decades.

Over the years, we have looked at DOM from many different angles: in the frame of European projects
(TRANCOM, TRANCOM-Clay, Funmig) and national programs, in lab-scale as well in in-situ
experiments focusing on its physico-chemical properties, on its complexation with RNs, on its mobility
in Boom Clay or on its direct effect on RN retention and migration in clay. It had been scrutinized by
experimentalists in a variety of experiments from solution chemistry to percolation experiments passing
by a various range of characterization approaches. Complexation, sorption and transport models have
been optimized and applied to describe its behavior and its effect on RN behavior. And though DOM
did not yet reveal all its secrets, we have come a long way and have definitively a better insight on its
role with respect to RNs mobility in BC.

In this presentation, we do not intend to detail 40 years of research on DOM in Boom Clay, but we will
present the biggest achievements with a special focus on the most recent experimental and modelling
results obtained on DOM physico-chemical properties (reactivity, size distribution [1]), DOM transport
(in-situ [2] and lab-scale experiments [3]), DOM-RN complexation (U(VI), Sn(IV) [4], Th(IV)) and the
effect of DOM on the RN sorption (U(VI), Sn(IV)[5], Am(III) and on RN transport [6]). These results
supported by the previous researches ([7] and references therein) reveal that there is not one DOM, but
a distribution of DOM that can be gathered in different pools according to their transport properties
(mobile vs immobile, fast vs slow) or their reactivity (Humic acid vs Fulvic acid, low molecular weight
vs high molecular weight). They also confirmed the high affinity of several relevant radionuclides
towards BC DOM and how the latter can affect the sorption of these RNs. The applied models, 1D [3]
or 2D [2] reactive transport models, Tipping Model VII [8] and the 2-site protolysis non-electrostatic
surface complexation and cation exchange model [9] allowed to extract transport and (surface)
complexation parameters to better apprehend and predict RN transport in undisturbed conditions
satisfactorily.
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B4-5 POTENTIAL IMPACT OF BIOGENIC CHELATORS ON THE MIGRATION OF
ACTINIDES

G. J.-P. Deblonde* ! Kersting,!! K. Morrison,!! M. Zavarin!!!

[1] Lawrence Livermore National Laboratory, Livermore, California 94550, USA.
*Deblondel @LLNL.gov

Anthropogenic radionuclides have been released in significant quantities in the environment
due to civilian and military activities and will be present in various ecosystems for thousands of years
[1]. Understanding the biogeochemistry of radionuclides is essential for developing effective means
of isolation for future nuclear waste repositories and managing contaminated sites. In particular,
actinide elements are major contributors to the long-term radiotoxicity of nuclear waste. In this
context, it is important to decipher the interplay between actinide ions, soluble inorganic ligands,
minerals, and also the wide variety of water-soluble organic molecules that can be present in the
environment (Figure 1). Our studies focus the solution complexation and sorption behavior of actinides
(i.e., Np, Pu, Am, Cm) in the presence of organic chelators. While the vast majority of the literature on
actinide chemistry is focused on small compounds (i.e., metals, oxides, small inorganic or
organometallic complexes), our studies put the emphasis of macromolecules such as proteins or
complex organic matter. The results presented will show that under certain environmentaly-relevant
conditions, specific biogenic ligands can significantly increase the overall mobility of actinides, and
even reverse solubility trends traditionally observed amongst actinide ions. The results will be put in
context of the selection of future nuclear waste repository sites and the survey of potential biogenic
chelators.

.
Carbonate  Classic synthetic small Elaborated synthetic Natural small Natural humic Natural macrochelators Real
chelators (ex: EDTA) chelators (ex: calixarenes) chelators (ex: DFOB) substances {actinide-binding proteins) system ’ncreasing

/ 7 complexity

Figure 1: Radionuclides, such as actinides, can interact with a wide variety of natural organic matter,
going from small inorganic ions to water-soluble macromolecules [2]. Determining which family of
chelators drives the geochemistry of actinides is key to understand and model their migration behavior.
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C3-1 NEXT GENERATION ENVIRONMENTAL MONITORING FRAMEWORK FOR
NUCLEAR WASTE AND RADIOLOGICALLY CONTAMINATED SITES

Haruko Wainwright" and Carol Eddy—Dilek(z)

(1) Massachusetts Institute of Technology, USA
(2) Savannah River National Laboratory, USA

Environmental monitoring — including radiation sensors and soil/water sampling — plays a critical
role in managing nuclear waste disposal sites and soil and groundwater contaminated sites. It confirms
the performance of engineering systems as well as provides assurance to surrounding communities [1,
2]. In addition, monitoring data is important to develop conceptual models for radionuclide transport
prediction and confirm the model performance over time. Groundwater assessments done in the 1990s
were reviewed at the ten uranium contaminated sites in the US. Except for one site, all the predictions
were failed within 20 years, having the concentration time series beyond the predicted confidence
intervals. One successful model at the Naturita site was based on the careful analysis of long-term
monitoring datasets.

The Advanced Long-term Environmental Monitoring Systems (ALTEMIS) project — funded by the US
Department of Energy Office of Environmental Management— aims to establish the new paradigm of
long-term monitoring based on state-of-art technologies — in situ groundwater sensors, geophysics,
drone/satellite-based remote sensing, reactive transport modeling, and Al — that will improve
effectiveness and robustness, while reducing the overall cost. In this presentation, we present our
recent progress and updates from the past two years in this project. Specifically, we have developed
(1) open-source machine learning framework, PyLEnM (Python for Long-term Environmental
Monitoring) for spatiotemporal interpolations and monitoring design optimization [3], (2) geophysical
3D in situ real-time monitoring of the surface cap systems, (3) geophysical-based characterization and
monitoring of groundwater/surface water interfaces, and (4) 3D gamma-ray and LiDAR integrated
surface imaging, and (5) hybrid machine learning models for contaminant transport modeling to
evaluate climate vulnerability/resilience [4 - 6]. We aim to transform the monitoring paradigm from
reactive monitoring — respond after plume anomalies are detected — to proactive monitoring — detect
the changes associated with the plume mobility before concentration anomalies occur. In addition,
through the open-source package, we aim to improve the transparency of data analytics at
contaminated sites, empowering concerned citizens as well as improving public relationship.

ML/AI Sensing

Modeling

Figure 1: ALTEMIS Conceptual Diagram; the integration of new sensing technologies, modeling
capabilities and ML/AI
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C3-2 DETERMINING 3D POROSITY MAP OF BUKOV CALCITE WITH A
MULTIMODAL DEEP LEARNING APPROACH
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(5) IC2MP, Equipe HydrASA, University of Poitiers, France

To accurately model radionuclide migration in bedrock, e.g., when assessing the performance and
safety of a spent nuclear fuel repository, it is vital to determine the transport properties of the bedrock.
Previous studies [1,2] have shown that a simple homogeneous approach is not sufficient to model the
results of in-situ measurements. X-ray computed microtomography (XCT) has been previously
combined with carbon-14 labeled polymethylmethacrylate (C-14-PMMA) autoradiography, mineral
staining and scanning electron microscopy (SEM) to provide a three-dimensional porosity map [3] and
to model transport including also sorption [4].

Here we present a more robust and advanced method, where XCT is used to obtain the three-dimensional
structure of a sample (Fig. 1), C-14-PMMA autoradiography is used to obtain the porosity (Fig. 2) and
scanning micro-X-ray fluorescence (LXRF) is used to obtain elemental maps from the same surface
(Fig. 3), which are then converted into mineral maps using the Bruker AMICS automated mineralogy
software. The mineral maps and XCT data are then combined using an in-house modified version of the
deep learning method presented in [5] to obtain 3D mineral maps. Unlike segmentation methods based
on k-means clustering that have been applied in [3,4], the deep learning segmentation technique adopted
in this work does not solely rely on individual gray-scale pixel values and can extract and take advantage
of textural information, thereby providing more robust outcomes. When the porosity map and mineral
map are combined to calculate mineral-specific porosities a 3D porosity map suitable for simulations
and modeling of radionuclides diffusion and sorption is obtained. This undisturbed rock sample with
calcite infill was extracted from the borehole located in the Bukov Underground Research Facility
(Bukov URF) 550 m below the surface [6], which acts as a test site for nuclear waste repository sites in
the Czech Republic and is thus an interesting site regarding radionuclide migration.

Figure 1. 3D XCT image of a Bukov calcite sample.
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Figure 2. Porosity map of a Bukov calcite sample obtained by C-14-PMMA autoradiography.

Figure 3. Elemental map from a Bukov calcite sample obtained by uXRF.
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C3-3 A CHEMISTRY-INFORMED HYBRID MACHINE LEARNING APPROACH TO
PREDICT RADIONUCLIDE SORPTION TO MINERAL SURFACES

Elliot Chang'V, Mavrik Zavarin, Linda Beverly”, and Haruko Wainwright®?

(1)Seaborg Institute, Lawrence Livermore National Laboratory, USA
(2) Lawrence Berkeley National Laboratory, USA
(3) University of California, Berkeley, USA

The Lawrence Livermore National Laboratory-Surface Complexation/lon Exchange (L-SCIE)
database is a recent effort to unify community adsorption experiments and metadata in a findable,
accessible, interoperable, and reusable (FAIR) format[1]. To date, it has mined over 27,000 raw
adsorption data from the literature and provides a platform to test novel approaches to surface
complexation modeling and surface complexation database development. Briefly, L-SCIE mines
sorption data (K4, % sorbed, surface excess) and dataset experimental conditions (background
electrolyte, mineral surface area, gas composition, etc.) from journal manuscripts and loads them into a
database. The sorption data undergo a series of unit conversions to yield a unified database which
includes propagated conversion errors from the original extracted data. The database can then be filtered
for a mineral-metal pair of interest in order to display a corresponding experimental dataset. The
application of the L-SCIE database to traditional surface complexation modeling was illustrated in a
recent publication [2].

Here, we present an alternative hybrid machine learning (ML) approach that shows promise in
achieving equivalent high-quality predictions compared to traditional surface complexation models
(Figure 1). At its core, the hybrid random forest (RF) ML approach is motivated by the proliferation of
incongruent SCMs in the literature that limit their applicability in reactive transport models. Our hybrid
ML approach implements PHREEQC-based aqueous speciation calculations; values from these
simulations are automatically used as input features for a random forest (RF) algorithm to quantify
adsorption and avoid SCM modeling constraints entirely. Named the LLNL Speciation Updated
Random Forest (L-SURF) model, this hybrid approach is shown to have applicability to U(VI) sorption
cases driven by both ion-exchange and surface complexation, as is shown for quartz and montmorillonite
cases. The approach can be applied to reactive transport modeling and may provide an alternative to the
costly development of self-consistent SCM reaction databases.
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Figure 1. L-SURF workflow chart with chronological steps: (1) Adsorption data and selected
thermodynamic database are imported into L-SURF module, (2) Aqueous speciation calculations are
conducted and all geochemical features are output, (3) Choice of most impactful geochemical features and
hyperparameters are optimized, (4) Optimal features are used to train and test a random forest adsorption
model, (5) Equilibrium aqueous metal sorbate concentrations are output, and (6) Steps 1-5 are repeated
using Monte-Carlo simulations with randomly sampled input data +/- experimentally-determined
measurement uncertainty.

The database and codes are freely available, following the principles of FAIR data. The L-SCIE data
can be accessed by contacting the authors. The associated software used to perform traditional surface
complexation modeling and hybrid ML modeling of sorption data can be accessed through the following
portals:

https://ipo.llnl.gov/technologies/software/lInl-surface-complexation-database-converter-scdc
https://ipo.linl.gov/technologies/software/l-surf
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PA-1 SEQUENTIAL EXTRACTION OF SIMULATED FUEL DEBRIS FOR EVALUATION
OF THE CHEMICAL STABILITY
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1. Introduction

In the accident at Fukushima Daiichi Nuclear Power Station (FDNPS) in 2011, the loss of coolant
accident occurred, where the reactor cores reached high temperatures and then melted. During this
process, various materials, including uranium dioxide, zirconium alloy cladding, and structural materials
melted and formed “Fuel Debris”. In the retrieval plan for the fuel debris, a small amount of fuel debris
will be retrieved first, and then it will be scaled up based on the information obtained by the analysis of
the retrieved small debris to perform this task safely. For this purpose, extracting as many chemical
properties as possible from a minimal amount of fuel debris is critically essential. In this study, therefore,
a Sequential Extraction Technique for the fuel debris was developed and demonstrated. “Sequential
Extraction” is generally used to evaluate the chemical properties of natural soils and rocks in the earth
science field. In this procedure, the chemical stability of a sample is evaluated by immersing a sample
into a variety of reagent solutions sequentially, from chemically soft reagent solutions to hard (or active)
ones. The fuel debris version of sequential extraction in this study was intended to propose a standard
evaluation procedure for the FDNPS fuel debris. Thus, the procedure was demonstrated using several
simulated fuel debris synthesized from fuel material (=U) and cladding material (=Zr) by heat treatment.

I1. Materials and methods
a) Synthesis of the simulated fuel debris

The appropriate amount of UO; and ZrO,
were weighed to prepare the designated  Table 1. The sample compositions and the heating
UQO,:ZrO; composition, then well mixed and conditions of the simulated fuel debris (T = 1600°C)

ground in an agate mortar. The mixtures were

heated by an electric furnace at 1600 °C for the Target crystal | Molar ratio Heating condition | Purification
designated time under a 20 mL/min ultrapure structure o, | 70

Ar (grade 1), 90 vol.% Ar + 10 vol.% Ha, or 98 ) )

vol.% Ar + 2 vol.% O, gas flow. The detail of Cubic % | 10 4hin 10 % H

the heat treatment is described in our previous Monoclinic 5 95 4hin 10 % Ha Washed by
studies [1, 2]. The sample compositions and HNO;

the heating conditions were selected as shown

in Table 1 to synthesize four types of quenching in air HNOs

Orthorhombic | 13 85 4hin 10 % Hz + Washed by

simulated fuel debris, that is, solid solutions of
cubic (U,Zr)O,, monoclinic (Zr,U)O,, Tetragonal 10 ] 90 Thin2% 02

orthorhombic  (Zr,U)O,, and tetragonal
(Zr,U)0,, respectively.

b) Sequential extraction

A small centrifugal filter unit having 0.1 pm filter pore size was used in the sequential extraction.0.2
g of the simulated debris sample was sequentially immersed in 0.4 ml of deionized water (DI water),
seawater, sodium bicarbonate, hydrogen peroxide, acetic acid, hydrochloric acid, and nitric acid for one
hour each. After each immersion step, the amount of leached uranium was measured by ICP-MS to
calculate the uranium leaching ratio at each extraction step.
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III1. Results and discussion

The crystal structures of the synthesized fuel debris samples were analyzed by XRD to confirm the
formation of the desired solid solution phases. The XRD pattern of a sample having a composition of
U: Zr=1:1 (molar ratio) and heated under the reducing condition (10 % H,) showed it consisted of cubic-
(U,Zr)O, phase and monoclinic-(Zr,U)O, phase. This sample was treated as the simulated fuel debris
containing two phases. The other samples of simulated fuel debris after the heat treatment and the
purification treatment were confirmed to be single-phase debris consisting of cubic-(U,Zr)O,,
monoclinic-(Zr,U)O,, orthorhombic-(Zr,U)O,, and tetragonal-(Zr,U)O,, respectively.

The uranium leaching ratios from the five types of simulated fuel debris and UO, at each step of the
sequential extraction are shown in Fig. 1. The U leaching ratio from the cubic (U,Zr)O, sample was
smaller than that from UO, for all the extractants. The solid solution formation of Zr(IV) in the cubic
UO; phase suppressed the leaching of U in all of the extracts, which corresponds with the observed trend
in the previous studies [1, 3, 4]. It was also found that the U leaching ratios in nitric acid from the Zr-
rich (Zr,U)O, samples, i.e. Monoclinic, Orthorhombic, and Tetragonal phases, were much smaller than
that from pure UO, and U-rich cubic (U, Zr)O, samples. Generally, U in UO, crystal leaches to the
solution phase as uranyl(VI) ion by an oxidation dissolution when immersed in nitric acid, while Zr in
ZrO, crystal is hardly leached by nitric acid since Zr(IV) in ZrO, cannot be further oxidized. Thus, the
U leaching from the Zr-rich samples was remarkably suppressed in nitric acid. It was also found that
tetragonal (Zr,U) O, was the most stable uranium-zirconium solid solution in this study. A comparison
of a calculated solubility curve of U(VI) with the leached U concentration in the extraction tests of
different leaching times showed that U leaching progressed toward the equilibrium solubility of U(VI)
in each extraction stage. Additionally, Sr(II) and Eu(Ill) tracers doped cubic (U,Zr)O, solid solution was
also synthesized and was devoted to the leaching test, for observation of the leaching behavior of fission
products from the simulated debris. The comparison of the leaching behaviors of Sr(II) and Eu(III)
with that of U will be discussed in the presentation.
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005 Sim.debris
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uo, 135 0.03

0.02

1 0.01
P25 0 D
0
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Fig. 1. Uranium leaching ratio at each extraction step
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PA1-2 SOLUBILITY BEHAVIOR AND CHARACTERIZATION OF NEODYMIUM(III)
TRIHYDROXIDE SOLID PHASE

Ranyeong Choi and Jun-Yeop Lee
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2, Busandaehak-ro 63beon-gil, Geumjeong-gu, Busan 46241, Republic of Korea

Regarding the long-term safety of geological disposal, it is important to predict the
migration/retardation behavior of radionuclides in the natural groundwater system. Hence, improving
knowledge about geochemical reactions in the natural environment is of great significance for the safety
assessment of the geologic repository. In this respect, one of the key chemical parameters influencing the
migration behavior of radionuclides is solubility. Under neutral to alkaline pH conditions, the solubility
of An(III)/Ln(III) is significantly controlled by the hydrolysis reaction that forms a sparingly soluble solid
phase, which affects their mobility. The aim of the present work is to investigate the solubility behavior
of hydrolyzed Nd(III) solid phase as a chemical analogue of trivalent actinides.

All experimental samples were treated and prepared under the inert atmospheric condition (O2 < 5 ppm)
with a CO,-free glovebox. The initial Nd(III) solid phase was precipitated by the dropwise addition of 4
M NaOH in the aqueous solution of NdCIs-6H,O. Successively, the purplish Nd(III) solid phase was
washed with 10° M NaOH three times. For the solubility experiment, an under-saturation approach was
employed in the pH. range of 6.5 to 10.5 at 0.1 M NaCl condition. The pH. values of the aqueous solution
were continuously monitored with ROSS type combination electrode over the entire period of the
solubility experiment. After reaching the equilibrium, the concentration of Nd(III) was quantitated with
ICP-OES/MS and UV-Vis absorption spectroscopy. For ICP-OES/MS analysis, the aliquot of the solution
was acidified with 2 % HNOj after the phase separation with a 10 kDa membrane filter. In addition, the
UV-Vis absorption spectroscopy equipped with the liquid waveguide capillary cell (LWCC) was
employed to analyze the concentration of Nd(III) in the aqueous solution.

According to the solid phase characterization by using XRD, TA-DTG, and SEM/TEM-EDS, the initial
Nd(III) solid phase employed in the present work was assessed to be polycrystalline Nd(OH);-1.4H,O(s)
nanorod. As represented in Fig. 1, the aqueous Nd(III) concentrations determined after the filtration with
two different pore sizes were almost identical to each other indicating almost no presence of colloidal
substances in the aqueous solution, and no significant change in the UV-Vis spectrum was found with
respect to pH changes. For the calculation of the solubility product constant, the approach based on the
nonlinear least squares was used with the hydrolysis constants of Nd(II) taken from the literature [1]. In
the present work, the solubility product constant of the Nd(III) solid phase was calculated by assuming
the presence of Nd(OH)s-1.4H,O(s) as a solubility limiting phase. The authors note that due to the
remarkable uncertainty of the Nd(III) solubility at the pH value higher than 8.5, where the solubility of
Nd(IIT) reached the detection limit of the instrument, the experimental solubility data obtained at the pH
value lower than 8.5 were selectively employed to be used in the chemical thermodynamic calculation.
According to the result, the solubility product constant of Nd(OH);-1.4H,O(s) was determined to be
log"K's0=17.3 £ 0.1 based on the specific ion-interaction theory (SIT) [2]. The solubility product constant
determined in this work was relatively well associated with log K'so = 17.2 + 0.4 reported in the literature
[1]. The chemical thermodynamic data obtained in the present work is expected to be used in the
geochemical modeling of trivalent actinides for the safety assessment of deep-geologic repositories. In
addition, complementary experiments considering the solubility behavior of crystalline Nd(OH)s(cr) solid
phase at elevated temperature conditions are planned to be performed in the future.
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Fig. 1. (a) The experimental Nd(Ill) concentration determined in the present work equilibrated at 0.1 M
NaCl medium and (b) the normalized UV-Vis absorptions spectra of aqueous Nd(IIl) solution observed

at various pH. conditions.
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PA1-3 CHARACTERIZATION OF SYNTHETIC MAGNESIUM/CALCIUM URANYL
SILICATE MINERALS AND THEIR SOLUBILITIES IN GROUNDWATER
ENVIRONMENTS
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Cho'?, Hee-Kyung Kim'
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2 University of Science and Technology
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Disposal of spent nuclear fuel (SNF) in deep geological repositories (DGR) is accepted as one of
options for the long-term and safe sequestration of radiotoxic SNF. The chemical behaviors of various
radionuclides that originated from SNF should be well understood to properly evaluate the long-term
safety of DGR using geochemical modeling of the reactions and interactions of radionuclides with various
geochemical components. Formation of secondary minerals, colloids, and other insoluble precipitates is
of interest since the concentrations of radionuclides in groundwater can be limited by the solubility of
those solid phases. Particularly when evaluating their solubility, the use of well-defined solid materials in
terms of chemical composition and molecular structure is crucial to obtain reliable measurement results.
Our preliminary studies showed that uranophane (Ca-U(VI)-silicate) was identified as the solubility
limiting mineral phase under the representative condition of oxic granitic groundwater in Korea [1]. In
this study, two uranyl silicates, i.e., uranophane and sklodowskite (Mg-U(VI)-silicate), were synthesized
and characterized using various analytical methods, including powder X-ray diffraction (pXRD),
scanning electron microscopy/energy dispersive X-ray spectrometry (SEM/EDX), and vibrational (FTIR
and Raman) spectroscopies. We also used these synthetic minerals to evaluate their solubilities in the
model groundwater solutions.

Uranophane and sklodowskite are naturally occurring uranyl silicate minerals with a U:Si ratio of 1:1
(X[UO,Si050H],-5H,0, X= Ca or Mg) and a layered crystal structure. For the laboratory synthesis of
these minerals, we applied a two-step hydrothermal synthetic procedure for uranophane as reported in the
literature [2,3] with modification. For Ca-U(VI)-silicate, we concluded that the obtained mineral phase is
the ‘a-uranophane’; our characterization results showed that the structural and spectroscopic properties
of the synthetic Ca-U(VI)-silicate agreed well with those of a-uranophane (see Figs. 1 (a)-(c)). For
instance, the pXRD patterns obtained from the solid showed diffraction peak positions nearly identical to
those from the reference XRD pattern of a-phase. The IR and Raman spectra demonstrated that the
stretching modes of UO,*" and SiO4* ions resulted in strong absorption bands in a region of 790 — 860
cm and 940 — 1020 cm™, respectively. Elemental compositions of the synthetic solids were also estimated
using EDX analysis, which resulted in a Ca:U:Si ratio close to 1:2:2 on average. However, we found that
it is difficult to obtain good crystallinity of uranophane, which can be observed using SEM and its image
analysis. We think that most of uranophane exists in forms of nano-crystallites. Similar results were
obtained for Mg-U(VI)-silicate; spectroscopic characterizations confirmed that the obtained mineral
phase was identified as the sklodowskite mineral. We also found that an excess amount of calcium or
magnesium ions and low pH conditions during the initial step of mineral synthesis resulted in the
production of a mixed phase with soddyite ((UO.).Si04-2H,0).

To measure the solubility of the synthetic minerals, we prepared a stock of laboratory-formulated
groundwater (LFGW), with a composition similar to that of representative oxic granitic groundwater in
Korea [4]. For example, the concentrations of Ca, SiO,, and HCOs™ of the LFGW were approximately
0.14, 0.13, and 1.3 mM, respectively, and the solution pH was ~ 9 (see Fig. 1 (d)). As a result of long-
term monitoring of dissolved [U] after the supernatant filtration (0.1-um pore) of each sample, the
equilibrium solubility of uranophane measured at room temperature was approximately log [U](M) = -
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5.4. A period of at least two months of equilibrium was required. The filtration effects and the properties
of ‘dissolved’ species existing in the filtrate were also examined using the nanoparticle tracking analysis
and time-resolved laser-induced luminescence spectroscopy. We believe that this work serves as a model
study to examine synthetic routes of mineral phases related to DGR/natural barriers and applicable solid
phase characterization methods.
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Figure 1. (a) pXRD pattern; (b) FTIR spectrum, (c) Raman spectrum obtained from synthetic
uranophane and (d) the concentrations of each component of oxic LFGW, pH and Eh.
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PA1-4 (U,CE)O:: A SUITABLE ANALOGUE TO STUDY THE ALTERATION OF (U,PU)O;
MOX FUEL IN ENVIRONMENTAL CONDITIONS
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Although the reprocessing of spent fuel remains the reference scenario in France, direct disposal in
deep geological repository is also studied as an option within the framework of the French national plan
for the radioactive waste management. Especially the case of Mimas® MOX spent fuel. This kind of fuel,
industrially produced after reprocessing of UO»-based spent fuel, is characterized by a heterogeneous
microstructure and variable plutonium contents [1]. Although UO, spent fuel have been intensively
studied, the alteration mechanisms of U;xPuxO, fuels and especially, Mimas® MOX fuels deserve
investigation to establish long-term evolution models and projections. Regarding UO, spent fuel, the key
mechanism controlling the uranium dioxide dissolution and the radionuclides associated release is an
oxidizing dissolution induced by hydrogen peroxide produced by water radiolysis [2]. Such mechanism
can be affected by the MOX microstructure and plutonium content, for plutonium is reported to stabilize
the fluorite structure with respect to oxidation [3-6]. Moreover, the radionuclides release from MOX spent
fuel is affected by the groundwater chemistry, especially the presence of cementitious backfill material
(in the current spent fuel disposal design) should create alkaline chemical environment likely to affect the
water radiolysis yield [7] and the nature of secondary phases formed at the interface [8]. It is thus of
primary importance to study the kinetics and the mechanisms of Mimas® MOX fuels alteration in various
environmental chemistry. Furthermore, the use of a non-radioactive surrogate material with comparable
properties to MOX fuel has relevant practical advantages. As such, finding a suitable surrogate material
allowing multi-parametric studies is a major challenge to improve our knowledge of the alteration of
Mimas® MOX fuels. This work aims to investigate the analogy between U;.xCexO; surrogate materials
and fresh Mimas® MOX fuel in hydrogen peroxide presence. Once this analogy is verified, the behavior
of Mimas® MOX fuel and heterogeneous U;xCexO- surrogate in alkaline solution is compared to evaluate
alpha radiation influence on the alteration mechanisms.

Firstly, both homogeneous and heterogeneous U;.xCexO- dense pellets with x ranging from 0 to 0.25 were
prepared through wet and dry chemistry routes, respectively. Surrogate materials were then submitted to
dynamic leaching experiments at room temperature and pH = 7.2. The feeding solution containing 0.20
mmol.L" H,0,, was kept under air ((HCO3] = 0.16 mmol.L""; [0,] = 0.26 mmol.L™") and renewed every
48 to 72 h to guarantee the H,O, stability during the whole experiment. Normalized alteration rates were
determined from uranium concentration measured in the leachates using ICP-MS after reaching the steady
state. Post-alteration characterizations by Raman spectroscopy, environmental SEM and XPS were
achieved. The secondary phase precipitation did not occur at the homogeneous (U,Ce)O, materials surface
and the dissolution rate was divided by a factor 3 when increasing the Ce molar content from 0.08 to 0.25.
However, studtite precipitation was observed all over UO, surface, leading to a continuous uranium
concentration decreases in the outflow. The same results were obtained with heterogeneous U 92Ceo.030x.
However, studtite was found to precipitate on UO, grains only. This result was consistent with that
observed for heterogeneous (U,Pu)O; in the same conditions [9], which confirm the reliability of cerium
as a valuable plutonium analogue (Figure 1).
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Figure 1: Surface of Mimas® MOX fuel [9] and of heterogeneous (U,Ce)O: surrogate material after
alteration in [H>0,] = 0.2 mmol.L™" at pH = 7.2 and 25°C.

Secondly, heterogeneous Mimas® MOX fuel and surrogate material with an average composition of
Uo.93Pup.0702 and Uy 9,Ce.0s02, respectively were altered over several months under static conditions in
alkaline solutions containing [Na*] = 24 mmol.L"!, [Si] = 2 mmol.L" at pH 12 and room temperature and
under anoxic conditions. The a-activity of the MOX pellet was 1.34 GBq.gmox . No matter the presence
of alpha-radiation, the uranium concentration in solution reached the same stable value of (5.5 £ 0,6)x10"
® mmol.L" after 120 days of alteration. Geochemical calculations using the Thermochimie V10d database
showed that the uranium concentration measured at equilibrium was compatible with the solubility of the
U(VI)-phase, clarkeite (Na(UO,)O(OH)), or U(IV)-phases coffinite (USiO4) and UO,-2H,O. However,
altered surfaces characterizations by SEM and Raman spectroscopy did not reveal the presence of
secondary phases. The Raman spectra of the altered MIMAS MOX fuel were characteristic of non-
oxidised UO; and PuO, surfaces. These results rather indicated an oxidative dissolution limitation caused
by silicate ions adsorption at the solid/solution interface, as already observed for UO, SIMFUEL by
Santos et al. [10].
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PA1-5 SOLUBILITY BEHAVIOR OF NEPTUNIUM (V) IN EXPECTED WIPP CONDITIONS
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The Waste Isolation Pilot Plant (WIPP) is the nation’s only deep geologic radioactive waste repository
and also the first operated salt-based deep geologic Transuranic (TRU) radioactive waste repository in the
world. The Compliance Recertification Application (CRA)-2024 will update the oxidation state- specific
model used to calculate actinide solubility in the WIPP. The only An(V) actinide that is important in the

WIPP is the pentavalent neptunyl (Np(V)O Jr) ion. This ion also has high oxidation- state stability and
high solubility in oxic and suboxic aqueous systems. In thezpredicted WIPP scenario, neptunium is the
only TRU component that increases in the inventory with time as it is the main daughter product of **' Am
decay (alpha, n), so its relative importance increases throughout WIPP’s 10,000-year performance period

[1].

The aqueous chemistry of Np(V) in 5 M NaCl and synthetic WIPP brines as a function of pCH+ in the
presence or the absence of borate, WIPP-relevant ligands (EDTA, oxalate, citrate, acetate), and carbonate
at T =23 + 2 °C was thoroughly studied by long-term batch solubility experiments (approximately 150
days) from an undersaturation approach [2]. Applying a comprehensive set of experimental and
spectroscopic techniques including UV-VIS-NIR, Np-LIll-edge X-ray Absorption Near Edge
Spectroscopy (XANES) and SEM (Scanning Electron Microscopy), the solubility controlling Np(V) solid
phases and the predominant aqueous Np(V) species were identified.
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Variable kinetic effects were noted in the interactions of organic ligands with Np(V). It was observed that
acetate increased the neptunium solubility within the 150-days experimental period, and this result
confirms WIPP model predictions. The effect of carbonate on Np(V) solubility was mostly seen at pCH+~
9 and pCH+ 11. Also, the impact of borate on the aqueous speciation and especially on the solubility of
Np(V) in 5 M NaCl and synthetic WIPP brines at pCH+ =~ 9 was confirmed.

Altogether, these experimental WIPP-specific results confirm the WIPP conceptual model and,
correspondingly, the predicted neptunium (V) solubility [3].
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Figure 2. Solubility of NpO>(OH)(am, fresh) in the absence and presence of (in)organic ligands citrate:
2.30x10° M, acetate: 2.83x107 M, oxalate: 1.13x10° M, EDTA: 7.92x107 M, and carbonate: 1.6x107 M)
in synthetic WIPP brine solutions as a function of time (a) and pCu+ (b). The results obtained with a
maximum error rate of = 15 %.

This important result supports the accuracy of the WIPP conceptual model. The thermodynamic database
for the An(V) actinides currently used in the Fracture-Matrix Transport (FMT) database is described by
[4]. Np(V) speciation and solubility were parameterized in the Pitzer activity-coefficient model for the
[Na'] - [K'] - [Mg*] - [CI] - [SO4*] - [CO5*] - [HCO5] - [OH] - [H20] system. The model contains the
solid species NpO20H(am), NpO20H(aged), NasNpO2(COs)2(s), KNpO2003-2H20(s), K3NpO2
(C0O3)2:0.5H20(s) and NaNpO2C02-3.5H20(s) to explain the available data.

The data obtained from this work quantify the effects of WIPP-relevant concentrations of
organics/borate/carbonate on the solubility of Np(V) to challenge the predictions of the WIPP actinide

model and inform decisions and recommendations made in the upcoming recertification of the WIPP
(CRA-2024).
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PA2-1 DECIPHERING THE DYNAMIC PROCESSES OF MINERAL PRECIPITATION
INDUCED POROSITY CLOGGING. COMBINING MICROFLUIDIC
EXPERIMENTS AND SOLUTE TRANSPORT MODELLING

Mara I. Lénartz (¥, Yuankai Yang (), Guido Deissmann ¥, Dirk Bosbach ("), Jenna Poonoosamy ")

(1) Institute of Energy and Climate Research, Nuclear Waste Management (IEK-6),
Forschungszentrum Jiilich GmbH, Germany

A mechanistic understanding of mineral precipitation induced clogging and its non-linear feedback on
macroscopic transport properties of porous media is essential for predicting the long-term evolution of
nuclear waste repositories. Most disposal concepts rely on a multibarrier system, combining engineered
and geological barriers to provide a safe containment of the radioactive waste. At the interfaces between
different barriers, chemical and thermal gradients promote mineral precipitation reactions, resulting in a
reduction of porosity and potentially localized clogging [1-3]. Clogging of transport pathways may appear
desirable to inhibit radionuclide migration, but can also be detrimental, particularly in the case of a
hindered removal gases generated, for example, due to anoxic corrosion of metallic waste canisters or
degradation of organic waste components [4]. Commonly applied porosity-diffusivity relations in
continuum-scale reactive transport modelling based on Archie’s law and extended versions thereof
predict the case of clogging as a final state [5]. However, recent experiments and pore scale modelling
investigations suggest that dissolution — recrystallization processes cause a non-negligible inherent
diffusivity of newly formed precipitates [2-3,6]. To verify this hypothesis, we present a microfluidic
reactor design that combines time-lapse optical microscopy and confocal Raman spectroscopy, providing
real-time insights into mineral precipitation induced porosity clogging under purely diffusive transport
conditions, using the precipitation of celestine (SrSQO4) as a model system. Based on 2D optical images
of the reaction progress (Figure la), the effective diffusivity of the evolving porous medium was
determined as a function of time using pore scale modelling. At the clogged state, isotopic tracer
experiments were conducted and monitored by in situ Raman spectroscopy to visualize the transport of
deuterium through the evolving microporosity of the precipitates, demonstrating the non-final state of
clogging (Figure 1b). The evolution of the porosity — diffusivity relation in response to precipitation
reactions shows a contradictory behavior to Archie’s law.

The application of an extended power law improved the description of the evolving porosity — diffusivity
relation, but still neglected post-clogging features. Currently, we continue to develop a microfluidic setup
to answer the question how clogging-related processes depend on initial pore geometries. The innovative
combination of microfluidic experiments and pore-scale modelling opens new possibilities to validate
and identify relevant pore-scale processes, providing data for upscaling approaches to derive key
relationships for continuum-scale reactive transport simulations.
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Figure 1. (a) Time-lapse bright field images of celestine growing in the reaction chamber of the
microfluidic chip until porosity clogging. (b) Raman image of D-O distribution during porosity
clogging.
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PA2-2 KINETICS OF *RA INCORPORATION INTO (BA,RA)SO4 SOLID SOLUTIONS

Stefan Rudin (1), Piotr M. Kowalski (2), Martina Klinkenberg (1), Thomas Bornhake (2), Dirk
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In some scenarios for the direct disposal of spent nuclear fuel, 226Ra dominates the dose after 100,000
years. The formation of (Ba,Ra)SO4 solid solutions is relevant as a retention mechanism for the safety
assessment of deep geological nuclear waste repositories. Several studies have shown that upon contact
with **°Ra, pure barite is replaced by the (Ba,Ra)SO; solid solution during recrystallization, lowering the
2Ra aqueous solubility by several orders of magnitude compared to pure Ra SO [1, 2]. Although
thermodynamic models were successfully developed [3], and microscopic observations down to the
nanoscale are available [4, 5], a fundamental theoretical understanding of the kinetics of Ra-uptake into
barite is still missing. Since (re)crystallization is a surface process, a simulation of this process needs to
take into account the barite-water interface. The main challenge is the proper representation of water
(explicit and implicit) at the mineral-water interface, delivering an accurate simulation of bulk water, ion
hydration shells and the water structure at the mineral surface.

The rate limiting step for the growth of the most relevant barite (001) surface is the kink-site nucleation
at [120] steps [6, 7]. The first aim of this study was to determine the role of the structurally different kink
sites at these steps for the crystal growth kinetics by computing the activation energies of the Ba’", Ra*
and SO4* ion attachment processes. Here, we have combined several advanced methods of computational
quantum mechanics to optimize accuracy and efficiency of the simulations: a hybrid Density Functional
Theory (DFT) and Soft-sphere Continuum Solvation (SSCS) approach for computation of barite-aqueous
phase interface, and a Nudged Elastic Band (NEB) approach for calculation of activation energies.

A barite (001) surface structure was constructed, including steps and all relevant attachment positions for
kink-site nucleation, and verified by comparison with experimental data. Our simulations show that Ba**
attachment to the [120] steps of the (001) surface is a complicated multistep process, involving several
water detachment-steps and the formation of outer, inner sphere and bidentate complexes with the barite
surface (Fig.1). Two mechanisms mainly determine the shape of the energy path, the creation of bonds
and the dehydration of the attaching ion. Energy differences between ion attachment processes at different
sites are predominantly caused by the influence of the different [120] steps.

kink-site

Ba?* detached from bidentate

the surface

outer-sphere- inner-sphere-complex

B8® [sg* asfo 88 |8 o
LLEL CEEU IEEE CEEU R

No adsorption to
the surface

0 bonds to SO,?
~ 8-9 H;0 coordination

1 bond to 1 SO,?
~ 6 H;0 coordination

2 bonds to 1 SO?
~ 5 H;0 coordination

5 bonds to 3 SO,?
~ 4 H;0 coordination

Figure 1: Minimum energy configurations occurring at Ba’*-attachment to the barite stepped (001) surface.

The rate-limiting steps for Ba?" attachment were the formation of the first bond to the barite surface and
complete uptake. The Ba** ion completely attached to the barite surface is the configuration with the
lowest energy, and the Ba?* ion completely dissolved is the minimum energy configuration with the
highest energy. The energy pathway derived from this study can explain the barite growth exclusively by
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the driving forces of surface processes, which are also postulated to be responsible for the anisotropic barite
(001) surface growth [8]. This is not the case with the classical force-field-based approach of Stack et al.
2012, which shows the same basic minimum energy structures but with different relative energies and the
inner sphere complex as the configuration with the lowest energy [7].

The DFT-NEB-SSCS approach also provides more detailed energy paths that allow for an in-depth
comparison of the different ion attachment processes at a certain site. On-going simulations for the uptake
of #**Ra into the (001) barite surface indicate distinct differences between Ra*" and Ba*’, related to the
different water coordination numbers, and slight variations within the attachment path. Ra*" could
therefore be kinetically favored during recrystallization due to an easier dehydration compared to Ba** at
the barite (001) surface.

References

[1] Brandt, F., M. Klinkenberg, J. Poonoosamy and D. Bosbach (2020). Recrystallization and Uptake of
22°Ra into Ba-Rich (Ba, Sr)SO4 Solid Solutions. Minerals 10(9): 812.

[2] Klinkenberg, M., J. Weber, J. Barthel, V. Vinograd, J. Poonoosamy, M. Kruth, D. Bosbach and

[3] F. Brandt (2018). The solid solution—aqueous solution system (Sr, Ba, Ra)SO4+ H20: A combined

experimental and theoretical study of phase equilibria at Sr-rich compositions. Chemical geology 497:
1-17.

[4] Vinograd, V., F. Brandt, K. Rozov, M. Klinkenberg, K. Refson, B. Winkler and D. Bosbach (2013).
Solid—aqueous equilibrium in the BaSO4-RaS0O4-H20 system: first-principles calculations and a
thermodynamic assessment. Geochimica et Cosmochimica Acta 122: 398-417.

[5] Weber, J., J. Barthel, F. Brandt, M. Klinkenberg, U. Breuer, M. Kruth and D. Bosbach (2016). Nano-
structural features of barite crystals observed by electron microscopy and atom probe tomography.
Chemical geology 424: 51-59.

[6] Weber, J., J. Barthel, M. Klinkenberg, D. Bosbach, M. Kruth and F. Brandt (2017). Retention of
226Ra by barite: The role of internal porosity. Chemical geology 466: 722-732.

[7] Stack, A. G. (2009). Molecular dynamics simulations of solvation and Kink Site formation at the {001}
Barite— Water interface. The Journal of Physical Chemistry C 113(6): 2104-2110.

[8] Stack, A. G., P. Raiteri and J. D. Gale (2012). Accurate rates of the complex mechanisms for growth
and dissolution of minerals using a combination of rare-event theories. Journal of the American
Chemical Society 134(1): 11-14.

[9] de Antonio Gomez, S., C. M. Pina and I. Martin-Bragado (2013). Lattice kinetic modeling of the
anisotropic growth of two-dimensional islands on barite (001) surface. Crystal growth & design 13(7):
2840-2845.

96



MIGRATION 2023 September 24-29, 2023 Nantes (France)
ABSTRACTS

PA2-3 FREEZING AND DEFROSTING OF IONIC AND MAGNETIC CONFIGURATIONS
IN ZIRCONIUM MOLYBDATE FORMED IN NUCLEAR FUEL WASTE GLASSES

Masao Morishita, Tatsuya Miyatake, Hiroaki. Yamamoto

Department of Chemical Engineering and Materials Science, University of Hyogo, Japan
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Figure 1 Magnetizations as a function of T during
colling and warming for P31c-ZrMo;Os.

P31c trigonal ZrMo,Os [5, 6] was synthesized 24.35(a) I o Cooling
from hydrothermal method. Its magnetization, o,
electric resistivity, p, and heat capacity, C pm,
during cooling at 320 — 2 K and warming 2 — 320
K were measured. Change in structure as a
function of 7 during cooling and warming were
investigated using the synchrotron radiation XRD 2433

(Spring 8) [8]. Ferri

Figure 1 shows change in o as a function of j
temperature, 7, during colling and warming for 243z
P31c trigonal crystal. In both of cooling at 320 —

2 K and warming at 2 — 320 K, the magnetic phase
transitions were caused to form the dia-, para-, and
ferii-magnetic phases.
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Figure 2 (a) and (b) show change in the diffraction
degree, 260, of the (330) plane as a function of T
during cooling and warming, respectively. In
cooling (a), 20 was found to be shifted to the
lower with decreasing T, that is, negative thermal |
expansion was found. However, at forming the 2432 5 — :160 50— 300
ferri-magnetic phase, the negative thermal Temperature, 77K
expansion was come to halt and 26 was observed

to be constant. In warming (b), although 2 shift Figure 2 Change in magnetic properties with

was similar to cooling, these critical temperatures negative thermal expansion of P31c-ZrMo:0s.
of the phase transitions, 7¢, were found to be high.

24.33

97



MIGRATION 2023 September 24-29, 2023 Nantes (France)
ABSTRACTS

In the four oxygen ions in tetrahedral cluster of MoOys in this P31c structure, three of them is bridging
oxygen ion (OB) vibrating librationally and one of them is non-bridging oxygen ion (ONB) vibrating with
high motion freedom. Mo®" ion vibrates with none unpaired-electron. At low temperatures, the bonding
length between Oxg and Mo®" appears to decrease from Coulomb interaction. As a result, Mo®" is likely to
accept unpaired-electron from Owg, resulting in the para- and ferri-magnetism happen. On the other hand,
the bond length between Op and Mo®" is increased from the negative thermal expansion resulting from
librational motion of Og [4]. Such counter balancing decrease and increase of the bond length appears to
result in the constant lattice structure.

The reason for that warming is higher in the 7¢ data than cooling is discussed. The site occupancy of ONB
is likely to be freeze by cooling to 2 K at once, and defrosting the site occupancy is not likely to be easy.
As a result, the T¢ data of warming are concluded to be higher than ones of cooling. The p and C"p,m

data also support expression of the freezing and defrosting phenomena. The present results contribute
understanding the phase stability of trigonal ZrMo,Os.
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PA3-1 NEW SPECIATION DIAGRAM OF THE PU(IV)-ACETATE SYSTEM TAKING INTO
ACCOUNT POLYNUCLEAR SPECIES

Geoffroy Chupin (1), Christelle Tamain (1), Thomas Dumas (1), Pier Lorenzo Solari (2), Philippe
Moisy (1), Dominique Guillaumont (1)

(1) CEA, DES, ISEC, DMRC, Univ Montpellier, Marcoule, France
(2) Synchrotron SOLEIL, L’ Orme des Merisiers, BP 48, St Aubin, 91192 Gifsur Yvette, France

The speciation of actinides is fundamental to better understand the behavior of these radioelements
in condensed phases. Recently, it has been admitted that the competition between hydrolysis and
complexation can lead to the formation of polynuclear species (or clusters) with actinide cations
connected through oxo (O), hydroxo (OH) or aquo (H,O) bridges [1]. These species, stabilized at the
surface by organic or inorganic ligands, can appear for low acidities and therefore be formed during
geological storage. Different stoichiometries are possible depending on the conditions ranging from
compounds with 2 metal centers to extreme cases involving 38 actinide cations [2], but most of the
clusters observed in the solid state are hexameric clusters with octahedral geometry and are complexed
at the surface with carboxylate functional ligands [3, 4]. If the structures of the clusters are often
described in the solid state, they are much less so in solution they are not always correctly identified
in solution. Therefore, they are not taken into account in the main thermodynamic/speciation models.
While few data exist for the hexameric clusters of Th(IV), U(IV) and Np(IV) in solution with
formate and acetate [5], no information is reported for Pu(IV). The objective of this study is the
analysis of Pu(IV) clusters in solution in the presence of carboxylate ligand: acetate is used as a
surrogate of this family. Moreover, available data on speciation in solution of “classical”
monomeric complexes of plutonium (I'V) acetate are rare, incomplete and sometimes contradictory.

To detect all potentially formed plutonium-acetate species, solutions were first characterized by Vis-
NIR absorption spectroscopy. Large variations of pH and acetate concentrations were used and six
different species were identified: the Pu(IV) aquo cation (Pu*"), and five plutonium complexes with
acetate. Those five acetate complexes were characterized by coupling experimental (Vis-NIR and
EXAFS spectroscopies and ESI-MS spectrometry) and quantum chemistry. As a result, PucO4(OH)
4 (AcO) 12(H20)s hexameric cluster has been identified [6]: the missing block in the An(IV) series
with formate and acetate ligands. The four other complexes are attributed to Pu(IV) acetate
monomeric complexes. Species of Pu(IV) with acetate being described, their fractions in solution were
evaluated and reported on a speciation diagram. The hexanuclear complex was not mentioned in
the literature (despite chemical conditions equivalent to ours), this study allowed to define the new and
more reliable Pu(IV)-acetate speciation diagram given in figure 1.
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Figurel: Speciation diagram of the Pu(IV)-acetate system and the isolated UV-vis absorption spectra of the
different species.
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PA3-2 SOLUBILITY OF FERROUS IRON HYDROXIDE IN THE PRESENCE OF CITRATE:
EFFECT OF IONIC STRENGTH

Tim Platte (1), Jay Je-Hun Jang (1)

1

(1) Sandia National Laboratories”, United States

The Waste Isolation Pilot Plant (WIPP) in New Mexico, U.S.A., is the only repository for the disposal
of defense-related transuranic waste, and it is located in the Permian Salado Formation, a bedded salt
deposit. To ensure long-term repository safety, the chemical behavior of the aqueous species formed by
the contact of infiltrating groundwater with the waste needs to be investigated according to the WIPP
chemical conceptual model. A geochemical thermodynamic database (GTD) built on the Pitzer activity
coefficient model [1] is used to calculate the concentration of the formed chemical species to provide
solubility of WIPP-relevant metals for the WIPP Performance Assessment. Anionic ligands like citrate
have the potential to increase the dissolved concentration of actinides [2] , but these interactions compete
with other complexing metal ions like Fe**** or Pb*". Iron and lead are major canister constituents for
contact- and remote-handled waste. Therefore, competitive complexation of metals with these ligands
within specific solutions need to be investigated in order to develop the GTD.

The solubility of Fe(OH),(s) in the presence of citrate was analyzed by ICP-OES, IC, and TOC in low
to high ionic strength solutions containing NaCl and Citrate or MgCitrate. The solid phase at the end of
experiments was characterized by XRD, confirming no formation of secondary crystal phases. [3] Citrate
stayed in solution over the duration of experiments. Results at higher pH (10 — 12) show no influence
of the ionic strength (0.7 — 5.4 M) on the species formed or the solubility of Fe(OH),(s) after 34 days.
Only 3 — 4 % of the dissolved citrate forms Fe’- Citrate’ complexes (Figure 1A). A second experiment
at lower pH (7 — 8) shows an increase of the citrate fraction forming the Fe*'- Citrate® complex(es) up
to 100 % of the available Citrate (Figure 1B). No influence of the Na'-concentration (0.08 —4.1 m) on
the concentration of the species formed was determined in this study. IC/TOC results show no change of
total Citrate, suggesting no microbial interaction for 900 days.

Since these measurements do not agree with a model prediction using just the complexation constant of
Fe-Citrate™ from the literature [4] (dashed line Figure 1A and B), the formation of a second species is
postulated. By including the formation of FeOHCitrate® into the calculation [5], an improved delineation
of the experimental to the modeled data could be observed (Figure 1C and D). FeOHCitrate® is
presumed to be stable at the investigated pH ranges and is a chemical analogue to the Cu(Il)Citrate
complex of the literature [4]. Best fit results could be achieved with a log K value of 2.24 for
FeOHCitrate™.
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Figure 1. Comparison between dissolved Fe at pH 10— 12 and pH 7 — 8 in NaCl solutions of different ionic
strength. Dashed lines show model predictions. A and B: Experimental data before 4 ana after (C & D)
including the F eOHCitrate®” species.
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PA3-3 THERMODYNAMIC AND STRUCTURAL STUDIES OF AM(III)-
ISOSACCHARINATE COMPLEXATION UNDER ACIDIC TO ALKALINE
CONDITIONS: AQUEOUS COMPLEXES TO COLLOIDAL PARTICLES

Hee-Kyung Kim™”, Hyejin Cho'”, Keunhong Jeong'?, Ung Hwi Yoon?, Hye-Ryun Cho"

(1) Korea Atomic Energy Research Institute, Republic of Korea
(2) Korea Military Academy, Republic of Korea

Physicochemical behaviors of actinides in natural environments should be understood for the long-term
performance assessment of radioactive waste repository. Isosaccharinic acid (ISA) is a concerned small
organic ligand that can increase the mobility of radionuclides by reducing mineral uptakes and increasing
solubility [1-3]. ISA is a major cellulose degradation product in highly alkaline Ca** rich environment of
cementitious materials [4], which are used for the fixation of low to intermediate level radioactive wastes
and for constructions of repositories. In this study, the formation of Am(IIl) complexes with a-D-ISA was
studied by combined use of spectrophotometry, time-resolved laser fluorescence spectroscopy (TRLFS),
and density functional theory (DFT) calculations. First, aqueous Am(III)-ISA complexes were studied
using absorption and TRLFS of Am(III) in weakly acidic condition of pH~5.5 [5]. The reaction enthalpy
and entropy changes were measured from the formation constants determined at various temperatures in
the range of 15-70 °C. Formation of 1:1 Am(III)-ISA complex is driven by entropy increase, while 1:2
complex formation is exothermic with much less increase in entropy. DFT calculations predicted that C2
and C4-hydroxyl groups, along with the carboxyl group, participate in the tridentate chelate binding of the
primary ISA. The thermodynamic, TRLFS, and DFT results collectively suggest tridentate binding of the
primary ISA to Am(III) via a carboxylate and C2 and C4-hydroxyl groups in the protonated state and
reduced dentate binding of the secondary ISA, such as a bidentate binding, forming a four-membered ring
structure via the carboxylate group. Next, we examined the complexation of Am(III)-ISA under alkaline
conditions. We will discuss about the effects of deprotonated hydroxyl groups of ISA on the binding
structures and the stability. Formation of colloidal particles as well as aqueous ternary complexes of
Am(IIT)-OH-ISA will also be discussed.
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Figure 1: (Left) Deconvoluted absorption spectra of Am(I11)-ISA complexes. (Right) Temperature-dependent
equilibrium constants of Am(Il1)-1SA complexes and proposed binding structures [5].
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PA3-4 TRIBUTYL PHOSPHATE: COMPETITIVE ADSORPTION AND EFFECT ON
RADIONUCLIDES RETENTION

Assaf Marwa(1), Thory, Emilie(1), Henocq, Pierre(2), Dagnelie, Romain V.H.(1)

(1) Université Paris-Saclay, CEA, Service de Physico-Chimie, 91191, Gif-sur-Yvette, France
(2) Andra, R&D Division, parc de la Croix Blanche, 92298, Chatenay-Malabry, France

In addition to actinides and fission products, the degradation of radioactive waste and engineered
barriers may release simultaneously non-radioactive compounds such as organic or saline plumes. For that
reason, the effect and confinement of inorganic salts and organic compounds is widely investigated for
disposal concepts. The effects of organic complexing species on radionuclides (RNs) retention have been
described in a previous work, as well as the various underlying mechanisms [1]. In the case of the
geological disposals, studies are currently ongoing on tributyl-phosphate (TBP) in terms of speciation and
migration properties. In this context, this study focuses on the retention of TBP, its degradation products
in Callovo-Oxfordian clay-rock (COx) and their effects on radionuclides retention.

A first part deals with binary systems {TBP / COx}, with a focus on the retention of TBP, as well as
competitive or synergistic effects in presence of other complexing compounds. The migration of usual
complexing species (e.g. EDTA) has been well investigated on COx clay rock [2]. Still, the retention
properties strongly vary with the adsorbates; indeed, ionisable compounds preferentially sorb on clay
surfaces, while strongly lipophilic compouds, such as TBP, may be absorbed by natural organic matter [3].
Hence, the competition observed during co-adsorption of ionizable complexing species (EDTA, Isa) and
TBP may be limited, while their potential perturbation of the media may add up.

The second part deals with complexing properties in ternary systems: {RNs/ TBP / COx}. Various cationic
species are investigated, e.g. Ni(Il), Eu(IIl), Th(IV). At first, available thermodynamic databases were used
in order to estimate the effect of TBP on cationic radionuclides retention. The direct effect due to the
complexation of RNs with TBP is assessed as well as the indirect effect induced by the perturbation of the
material properties. Then, a modelling exercise is proposed with early experimental data in the context of
the French deep geological disposal facility (CIGEO).
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PA3-5 THERMODYNAMIC STUDY OF COMPLEXATION OF LANTHANIDE/ACTINIDE
WITH CEMENT ADDITIVES BY ISOTHERMAL  MICRO-TITRATION
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There is a worldwide consensus that safety assessments of a nuclear waste repository have to consider
water ingress as the worst-case scenario. For such assessments, reliable thermodynamic data on
complexation reactions between actinides and common dissolved inorganic and organic ligands are
required. Both the repository construction and the conditioning of the radioactive waste will introduce a
large number of organic ligands into the repository. These organic ligands can have a significant influence
on the chemical behavior and thus on the retention of the disposed radionuclides. A group of ligands that
could act as potential complex partners for radionuclides are part of various cement-based materials that
contain cement additives. Water may induce the aging and degradation of such cement-based constructions
in the repository, resulting in the release of organic cement admixtures and their degradation products.
Cement additives are, for example, polycarboxylate-ether macromolecules, (poly)hydroxycarboxylates
(like gluconate, citrat, malate) or various phosphonocarboxylates. Phosphonate carboxylates whose most
prominent representative is 2-phosphonobutane-1,2,4-tricarboxylic acid (PBTC) have barely been
considered in the context of complexation with radionuclides. PBTC is known in industrial applications as
strong complexation agent for various metal ions.[1,2] In very recent investigations in our group, structural
investigations on the speciation and complexation of U(VI) with PBTC have been carried out. In these
studies, highly soluble U(VI)-PBTC complex species were found and characterized up to the alkaline pH
range. [3]

Besides the equilibrium constants corresponding to the free energy, the reaction enthalpies and entropies
are also important thermodynamic quantities for modeling of the influence of organics on the mobility of
radionuclides, especially at higher temperatures and ionic strength as are expected in the repository. There
are hardly any enthalpy values for complexation reactions of actinides/lanthanides with cement additives.
Isothermal micro-titration calorimetry (ITC) is the method of choice for the direct determination of the
reaction enthalpies of An/Ln complexation reactions, especially as a function of ionic strength, as nicely
demonstrated by us on the example of An(Ill)-malate [4] and Eu(Ill)-lactate [5] complexation.

For the first time, we carried out ITC studies of the interaction of U(VI) and Nd/Eu(Ill) (as inactive models
for trivalent actinides) with 2-phosphonobutane-1,2,4-tricarboxylic acid (PBTC). The calorimetric
complexation experiments were performed as a function of ionic strength using NaCl as the background
electrolyte and were limited to a pH of up to 4 for U(VI) and 6 for Eu/Nd(III) to avoid hydrolysis of the
metal ion. A mandatory prerequisite for the analysis of the calorimetric curves of the complexation
reactions are the protonation enthalpies of the PBTC. In the present investigation, these enthalpies were
determined in separate ITC experiments using the protonation constants recently determined by NMR
spectroscopy [6].

In a first approximation, for the Nd/Eu(IlI)-PBTC complexation the calorimetric heat curves can be
described with a simple 1:1 complexation (s-shaped curve, example Fig. 1). The situation is more complex
for the calorimetric titration of U(VI) with PBTC: Here, the pH of the sample solutions do not remain
constant during the titration. The complexation leads to a forced deprotonation of the carboxyl group
involved in the complexation [3]. The heat contribution of the pH changes must be considered in the
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analysis of the calorimetric titration curves (ongoing work). The results of the ITC studies and data analysis
will be presented.
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Figure 1. Example of ITC thermogram (left) and integrate heat curves (vight) of the Nd(I1)-PBTC
complexation in NaCl, ([Nd(1ll)] = 10 mM, [PBTC] = 1 mM, pHc = 5.7)
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PA4-1 PERRHENATE (REO4s) REMOVAL FROM AQUEQOUS SOLUTIONS BY MONO-, BI-,
AND TRI-METALLIC IRON NANOPARTICLES: A COMPARATIVE STUDY
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Recently, the rapid development of nuclear power technologies and the continuous energy demand
around the world exhibited massive amounts of contaminated water with radionuclides. Pertechnetate
(TcOy) is the highly mobile and soluble anionic form of the long-lived technetium-99 (*’Tc) (i.e., around
2.13 x 10° years half-life) [1]. The exposure to Tc""-contaminated water can be harmful to human health,
causing toxic effects and organs damage when ingested [2]. Therefore, TcO4 removal from aqueous
solutions can be challenging, in terms of fast and efficient immobilization. Correspondingly, perrhenate
(ReOy) was considered as TcO4 surrogate to ease the radioactivity-related complications, owing to the
physiochemical similarities between Tc and rhenium (Re); as they share the stable oxidation state (VII) in
aqueous solutions and both ReOs and TcO4 can be reduced to IV oxidation state by electron-donor
materials (E”: -0.548 V (ReOy), and -0.361 V (TcOy)) [3]. Meanwhile, metallic iron nanoparticles (Fe)
have been intensively reported as an efficient reactive material for reducible contaminants (e.g., Cr"!, UY!,
AsY, etc.), due to the unique core-shell structure and the suitable redox potential (E: -0.44 V). Doping Fe"
surface with other metals has been introduced in the literature to exhibit bi- and tri-metallic particles with
higher catalytic properties and improved contaminants removal capabilities. Hence, the aim of this work
is providing a comparative study on ReO4” removal efficiency using mono-, bi-, and tri-metallic Fe’. In this
study, nickel (Ni) and zirconium (Zr) were considered in the preparation of bi- and tri-metallic Fe’
nanoparticles, as they both showed the highest ReO4 removal performance comparing with other metals
(e.g., copper (Cu), palladium (Pd), silver (Ag), and cobalt (Co)). Unlike the aforementioned metals, the
reduction potential of Ni (E: -0.25 V) and Zr (E®: -1.44 V) enables those metals to act as reducing agents,
contributing to ReO4™ reduction. Fe’ was experimentally synthesized using chemical reduction approach.
Bi-metallic Fe’ was prepared using liquid-phase deposition considering either addition of bi-metal salt to
Fe'' precursor solution (annotated as pre) or saturation of synthesized Fe’ in bi-metal solution (annotated
as post). Tri-metallic Fe’ preparation involved the consecutive deposition of bi- and tri-metals. Different
characterization techniques were considered, including scanning electron microscopy coupled with energy
dispersive X-ray spectroscopy (SEM-EDS), X-ray diffraction (XRD), and X-ray absorption near edge
structure (XANES). The effect of reaction conditions on ReO4 removal was investigated, including mass
ratio of iron to the doped metal (Fe”/Me: 20, 10, 5, and 2.5), material dosage (0.25 — 2.0 g/L), and initial
pH (3.0 — 12.0). Results showed enhanced ReOs removal rate when using bi-metallic Ni/Fe’ (mass ratio
2.5) and Zr/Fe° (mass ratio 20) comparing with Fe’. The difference in ReO4” removal using mono-, bi-, and
tri-metallic was not clear at high material dosage, such as 2.0 and 1.0 g/L. Nevertheless, comparing lower
dosage (0.5 g/L) of bi- and tri-metallic to 1.0 g/L mono-metallic Fe’ dosage exhibited a clear superiority
of tri-metallic Zr-Ni/Fe” to other materials; where 0.5 g/L of the material could efficiently achieve around
98.0% ReO4 removal within just 10 min reaction time (1.8 times higher than 1.0 g/L Fe°). As shown in
Fig. 1, SEM imaging indicated that particles aggregation phenomenon was maintained in mono-, bi-, and
tri-metallic Fe” with, suggesting stabilization using polymeric or non-magnetic materials as anti-
aggregation techniques. However, particles aggregation may not greatly influence the goal of this work, as
reduction is the main involved mechanism in ReO4 removal. Still, aggregation can diminish the available
sportive sites influencing secondary removal mechanisms (i.e., electrostatic attraction). The significant
enhancement in ReOs removal rate by tri-metallic Fe’ nanoparticles can be attributed to the induced rate
of electron transfer from iron core through the mixed Zr/Ni deposits on Fe’ surface. The promising potential
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of tri-metallic Zr-Ni/Fe® in ReO4 removal with a rapid rate and efficient performance may suggest its
utilization in pilot-scale applications of TcY" removal from nuclear wastewate