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Why do we need sorption data?

How to derive sorption data?

RAMPEC experimental program — sorption under perturbing conditions
» Clay systems
» Crystalline systems
« Cementitious systems

How to make the data useful?
» Databases
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WHY DO WE NEED SORPTION DATA?

- Retention and retardation safety function within a repository
environment

« Sorption onto barrier materials is an important mechanism to reduce the
mobility

* Need to understand and quantify the mobility of radionuclides and toxic
substances through barrier materials

Qualitative: unravelling sorption mechanisms — parametrisation of sorption |
reactions = ion exchange and surface complexation constants. |
|

Feed into thermodynamic databases

| v
Quantitative: Sorption parameter ranges to be used for PA/SA calculations | Contain | 1 -

Feed into sorption databases for PA (scenario dependent)

Qualitative understanding is a great help to construct sorption databases
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HOW TO DERIVE SORPTION DATA?

Determination of a “distribution coefficient, K;":
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Sorption edges (K, vs. pH)
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- Mechanistic interpretation: lon exchange and surface complexation models
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EXPERIMENTAL CHALLENGES (NON EXHAUSTIVE....)

Keeping control of the chemical conditions
« T-how to keep it constant throughout the experimental workflow (especially at higher T)
» Controlling the atmosphere: Ambient vs. anoxic vs. controlled pCO2
* pH control
« Stability of the adsorbent (dissolution, redox changes,...)

* Preventing or accounting for sorption on materials used
« Wall sorption
« Sorption on filters used for phase separation

« Separation water/solid
 Ultracentrifugation vs. filtration vs. colloids (clays, humics,...)

* RN stock-solutions
* Purity, carrier, chemical form

* Background solutions
» Groundwater solutions in equilibrium with the sorbents

* Detection limit ]
» Respectively at very high vs. very low sorption eu
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RAMPEC: CONTEXT OF THE EXPERIMENTAL PROGRAM - “PERTURBATIONS”

« Understanding and quantification of sorption on pristine barrier materials has reached a high
level of maturity, however there will be “Perturbations”... > knowledge gap

« properties of the EBS and HR are affected by “creation of a GDF”
» Construction & operation: EDZ creation, aerobic conditions, desaturation,...
* Introduction of “non-HR" materials: metals, concrete,...
« Waste forms: heat emitting waste, chemical components (sulphate, nitrate, organics, alkali’s,...)

- “perturbations” of the standard properties of the EBS and HR that may effect the radionuclide mobility

Objective of the experimental work in RAMPEC:

“to acquire, through dedicated experiments, a deeper understanding of “perturbations” on the
mobility of radionuclides”

» 3 "barrier” materials: clays, granitic, cement
« perturbations: Temperature, Chemical (salts, organics, alkali) & combined perturbations (salinity & organics)

1
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CLAY SYSTEMS - EXPERIMENTAL WORKPLAN FOR SORPTION

/ Adsorbents \

Illite, bentonite

OPA, COX, BODA,
@arcian, LSSR

Radionuclides

Se(lV), |
Na, Ba, Cs, Ni, Co@
Eu, Am, Pu, U

Perturbations

CO

20-80°C

OO0,
Ol
Sulphates
Nitrates
Chlorides
FW to SeaWater
IS0,01-1 M
pH 3-10
(Brine)

EDTA, TBP
Acetate, Citrate,
Phthalate,...
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SORPTION ON BODA CLAYSTONE (BCF) AND BENTONITE (BCV)

AT ELEVATED T
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J SORPTION ON ILLITE AT ELEVATED T AND DIFFERENT IS SCI{ cen

Cs sorption onillite
Experimental program in collaboration with m.m 3.0E+04 FI)RW =NaCl0, 0.015 M
L]
Pure minerals: @N (Reference WatQ 2.5E+04
ILlite NaClO4 0.015M 2 0E+04 ¢
Montmorillonite El g\ .
Muscovite FW (Fresh Water) = 1.5E+04 oH e
Chlorite NaHCO,0.015 M = 815 *
Natural clayrocks: oH o
Boom Clay SW (Synthetic 5.0E+03 7.80 '
etapelites \_ 0 0 20 40 60 80
Temperature (°C)
25(x1.5)°C
40°C :
80°C Exp planin RAMPEC - :
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J COBALT SORPTION ON ILLITE EFFECT OF PHTHALATE AND & b“ pour e e bl
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COBALT SORPTION ON FEBEX BENTONITE EFFECT OF CITRATE AND IS ol bl i
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CEMENT SYSTEMS - EXPERIMENTAL WORKPLAN FOR SORPTION

Perturbations
OO, Y

Sulphates up to 0.5M
Nitrates up to 3M
Chlorides

/ Adsorbents \

HCP: CEMI, CEMII/b
fresh & degraded
Concrete: CEMII/b + additives
fresh & 20y old
Cementitious phases: CSH, CASH,

\Aft/Afm, CH /

Radionuclides

HTO, Cl, 1, C, S, Se(IV) @

Ba, Cs, Ni, Co,
Tc, Th(IV), Pu(IV)

L A
AR e e
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U AND SE SORPTION ON FRESH AND DEGRADED CEMI o ——

¥ Tecnoldgien
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] ® CEM Fresh (Stage [)
25 | * CEM SO, degraded (Stage II) .
1 ®E CEM NG&- dggrﬂded {Stage ||] 0.5 CEM SGE' degraded {Stﬂgﬂ "]
I CEM Fresh (Stage 1) :
B I —— o} CEMNOjdegraded(Stagel)
" 8 7 8 5 4 10 g 8 7 6 5 4 3
Log(Cfin) (mol/L) Log(Cfin) (moliL)
Uranium sorption isotherm on cement fresh and degraded Selenium sorption isotherm on cement fresh and degraded
o Uranium precipitates at higher concentrations. o Selenium presents a linear sorption in each system
o No major differences are observed regarding o Nitrate lowers Se sorption by half an order of
nitrate/sulfate effect on uranium sorption. magnitude while sulfate decreases it less.

o May anions adsorb competitively?

Date Event 13 I



UNALTERED (FRESH) ROCK
INTENSELY ALTERATED (DISTURBED) MODERATELY ALTERATED ROCK (some
ROCK MATRIX (secondary pores and secondary porosity, microfractures)
microfractures) STAGNANT \ CALCITE & !
/ PYRITE CRYSTALS
! 3
CRYSTALLE SYSTEMS - R\, | B Al s T
EXPERIMENTAL WORKPLAN FOR SORPTION s| OF v g e et

* Sorption and desorption \ | i SN
\ STAGNANT ROCK FRAGMENT
b D Iffu S I O n FRACTURE LINING MINERALS MYLONITE PORE (part of fault gouge)
(may cause clogging or prevent
M fluid entering wall rocks) UNALTERED (FRESH) ROCK - INSIGNIFICANT MINERALOGICAL CHANGE
* Advective transport i)

(pores may no langer be saturated with increasing distance from fracture)

* Rock alteration processes/secondary phases

/ \ Perturbations
Adsorbents

Crushed rock:

Bukov Migmatite A\ A
Forsmark grandiorite ‘ g/\ %
non altered vs oxidized A

Fracture infill material: @/ @/

Biotite/chorite filling,
\ calcite/carbonate filling J

Different types of GW (e.g.
Radionuclides with influence of sulfate,
nitrate, competing ions)

Cs, Ba, Ra, Ni, Na, Se, |, HTO Natural alcaline GW pH
->overlap with clay, oxidizing conditions ) )

cementitious systems

14
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CESIUM AND BARIUM SORPTION ON BUKOV MIGMATITE Cremat
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Non linear sorption = Linear + pcp .
Differences at low [Cs] = FES strong = Differences with size J 2
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HOW TO MAKE THE DATA USEFUL? > SORPTION DATABASES

* What did you notice when | showed results?

Without proper knowledge of the boundary conditions, it is hard to interprete them = data should always be
evaluated in terms of the boundary conditions under which they are measured

=>Need for proper documentation to ensure proper interpretation, knowledge capture

 Why databases
« Databases help for knowledge capture
» Databases help for further development of sorption modelling
» Databases help in defining/selecting proper data ranges for PA/SA calculations
 Different types needed for different purposes, but the basis remains well documented experimental data

« Which data to capture
 Info on the sorbent: mineral composition, CEC, SA, size fraction

« Experimental conditions: S/L, contact time, atmospheric conditions, starting concentration of sorbate,
contact time, T, separation technique

» Chemical conditions: pH (buffer used), composition of the background solution
» Experimental outcome: equilibrium concentration of sorbate, Kd, uncertainties )

- Standardisation would be beneficial e U

L

16
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RAMPEC SUBTASK 2.3 — RETENTION/TRANSPORT DATABASE (CIEMAT)

Provide a proof of concept for the creation of a reasoned Retention/Transport Parameters (RTP)
database (RTP: R,;, D, and D,), linking - in a generalized form - RTP values to the main physical-
chemical characteristics of solids, equilibrium water chemistry. Not site-specific.

O p en Resea rCh E u l’Op = Open Research Europe 2026, 6:175 Last updated: 20 AUG 2026

'.) Check for updates
METHOD ARTICLE

A methodological framework for building interoperable
sorption databases: application to cesium sorption in

crystalline rocks

[version 1; peer review: 2 approved]

Tiziana Missana'", Miguel Garcia-Gutiérrez

https://doi.org/10.12688/openreseurope.23714.1

3.

Cs sorption in granite and
granite minerals

RN sorption in cement in the
presence of organics

Anion sorption in clay.




TAKE AWAY MESSAGE

» Sorption is an important process in fulfilling the Retention & Retardation safety function
* Repository perturbations can signicantly modify the sorption behaviour

* Mechanistic understanding and experimental evidence should go hand in hand

« Experimental data only become meaningful when accompanied by complete chemical and
experimental context

- Standardised, well-documented datasets are the foundation for credible sorption related
databases
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UPCOMING RELATED WORKSHOPS

EURADSCHOOL: Training Workshop on Experimental Databases and Data Management
. & Date: 01 October 2026
« ® |ocation: CIEMAT (Madrid, Spain) and hybrid format

https://forms.office.com/Pages/ResponsePage.aspx?id=DQSIkWdsWO0yxEjajBLZtrQAAAAAAAA
AAAAMAANEiIG7tUNjdIMTRMRDALTTNCNjhNQkIHNzBHU1RPMC4u

A21 - NIRAS ONDRAF - LLNL - HZDR: 2" workshop on sorption data management and
database development for RWM

« (& Date: 17-18 November 2026
« ® |ocation: Martin’s Brussels EU Hotel, Boulevard Charlemagne 80, 1000 Brussels, Belgium
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-

development for-rvm/
Event 19 I



https://forms.office.com/Pages/ResponsePage.aspx?id=DQSIkWdsW0yxEjajBLZtrQAAAAAAAAAAAAMAANEiG7tUNjdIMTRMRDdLTTNCNjhNQklHNzBHU1RPMC4u
https://forms.office.com/Pages/ResponsePage.aspx?id=DQSIkWdsW0yxEjajBLZtrQAAAAAAAAAAAAMAANEiG7tUNjdIMTRMRDdLTTNCNjhNQklHNzBHU1RPMC4u
https://maps.app.goo.gl/Uzbsw57vxgMqJY6E8
https://maps.app.goo.gl/Uzbsw57vxgMqJY6E8
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/
https://www.amphos21.com/second-workshop-on-sorption-data-management-and-database-development-for-rwm/

	Diapositive 1
	Diapositive 2
	Diapositive 3 Why do we need sorption data? 
	Diapositive 4 How to derive sorption data?
	Diapositive 5 Experimental Challenges (non exhaustive….)
	Diapositive 6 RAMPEC: Context of the experimental program –  “Perturbations”
	Diapositive 7 Clay systems – Experimental workplan for sorption
	Diapositive 8 sorption on Boda claystone (BCF) and Bentonite (BCV) at elevated T
	Diapositive 9 Sorption on illite at elevated T and different IS 
	Diapositive 10
	Diapositive 11 Cobalt SORPTION on febex bentonite effect of CITRATE and IS 
	Diapositive 12 Cement systems – Experimental workplan for sorption
	Diapositive 13 U and Se sorption on fresh and degraded CEMI
	Diapositive 14 crystalle systems –  Experimental workplan for sorption
	Diapositive 15 Cesium and Barium sorption on BUKOV migmatite  Different size fractions
	Diapositive 16 How to make the data useful?  Sorption databases
	Diapositive 17 Rampec subtask 2.3 – Retention/transport database (CIEMAT)
	Diapositive 18 Take away message
	Diapositive 19 Upcoming related Workshops 


   𝑲  𝒅   =    𝑪  𝒔 𝒐 𝒍 𝒊 𝒅   𝑪  𝒍 𝒊 𝒒 𝒖 𝒊 𝒅 =    𝑪  𝒊 𝒏 −    𝑪  𝒆 𝒒   𝑪  𝒆 𝒒  𝑽 𝑴

