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SYNOPSIS SESSION III & IV “WATER AND ION MOBILITY, UP-

SCALING AND IMPLEMENTATION IN MODEL APPROACHES” 

 

In the agenda of the workshop Session III was entitled “Water and ion mobility” and Session IV “Up-

scaling and implementation in model approaches”. However, the overlap of these two sessions espe-

cially concerning scale issues was substantial so that it was decided to merge the contributions of these 

two sessions for the proceedings volume. The sessions included presentations from István Furó (KTH) 

on the application of MRI and NMR cryo-porometry on clay systems, the effect of organics on the 

adsorption and mobility of metal cations in clay systems from both the experimental and molecular 

modeling approach given by A. Kalinichev (SUBATECH), the migration of colloids and stable iso-

topes of water in clay-rich aquitards presented by J. Hendry (Univ. of Saskatchewan), and the Cs mi-

gration in Opalinus Clay revealed by tomography and neutron radiography by Daniel Grolimund (PSI). 

F. Juranyi (PSI) gave a presentation on the linkage of water diffusion in compacted clays at two differ-

ent time scales, namely tracer through diffusion experiments and quasi-elastic neutron scattering 

(QENS) and B. Rotenberg (UPMC, PESCA, Paris) gave an overview on how current nano-

microscopic knowledge is implemented in modeling approaches.. 

The range of scales we are interested in starts at molecular scale (1-3Å) to crystal scale (3Å-2nm) over 

particle scale with 2-200nm dimension to the particle/macro-aggregate scale with 0.2-1500µm (see for 

example Fig. 45). Methods available to study the particle scale concerning pore structure and connec-

tivity which determines water mobility are under dry conditions N2 adsorption and Hg intrusion, 

whereas under the hydrated state methods like X-Ray tomography and X-ray and neutron scattering 

are available. Going down in size molecular modeling, x-ray and neutron diffraction modeling and 

water adsorption gravimetry are inter alia available.  

Because the oral presentation by István Furó (KTH), Jim Hendry (Univ. of Saskatchewan) and Daniel 

Grolimund (PSI) are not presented as extended abstracts in this proceedings volume, short summaries 

are given here: 

István Furó focused on two analytical techniques, namely Magnetic Resonance Imaging (MRI) and 

Nuclear Magnetic Resonance (NMR) cryo-porometry. The application of these methods in clay sys-

tems was done in the context of clay swelling/gel formation phenomena to measure solid content in 

highly hydrated systems via proton-NMR [1]. MRI is a quantitative method, however the spatial reso-

lution is at best ~10µm. The application in compacted clay systems has to be tested, as the signal 

might be too low for accurate results above 6-10 vol% water content. Furthermore, MRI offers the 

direct quantitative determination of diffusion coefficients time resolved and cation exchange processes 

in the gel layer. Via NMR cryo-porometry a direct measurement of pore size distribution below 2-3nm 

is possible, offering a method besides BET to give information of pore neck sizes and applicability of 

Pareto‘s law. 

Jim Hendry (Univ. of Saskatchewan) gave a presentation on mobility of colloids, whereas the migra-

tion is controlled by sizes of the colloid and pores. An approach was made to determine indirectly pore 

throat diameters (i.e., constrictions between larger pores) through colloid diffusion experiments on the 

example of clay till. Natural DOC found showed an average size of 2.2-2.4nm, and a mean Da = 

1.9x10-10 m
2
/s. Additional experiments using sodium poly(styrene sulphonate) polymers and Suwan-

nee River FA/HA  confirmed this cutoff of 2-2.5nm. This data was compared to mercury intrusion 

porosimetry showing high porosity (31%) and broad pore size distribution between 3-1000nm and X-

Ray tomography identifying highly connected porosity (resolution ~2µm) giving no direct argument 

for the size constrictions observed in the colloid migrations studies in such an open, highly connected 

system.  

Daniel Grolimund (PSI) focused on the question: “Why is chemical information under high spatial 

resolution needed?” and showed in a couple of examples the importance of domain bounda-

ries/interfaces being the key for reactions. These interfaces are characterized by steep gradients in 
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composition and chemical potentials, and information on the local molecular structure is needed to 

understand the surface speciation. X-ray microscopy nowadays gives maximum resolutions of 10-

50nm in optimized experimental conditions and element concentrations, but routinely for heterogene-

ous environmental samples 1-10µm are obtained. In his presentation a multi method approach on Cs 

diffusion in Opalinus Clay was chosen, starting from quantitative imaging of Cs profiles by cross-

correlating X-Ray fluorescence maps to lower resolution LA-ICP-MS data and cross-correlating the 

results. Furthermore, element selective tomography performing tomography directly at an element 

absorption edge was used to overcome low contrast gradients for segmentation. Additional informa-

tion was gathered by neutron imaging on water mobility and diffusion at a resolution of ~15µm. 

Finally all this information obtained on classical tomography (structural properties), µXRF, µXRD, 

µLA-ICP-MS, chemical tomography (chemical properties), neutron studies (fluid properties) and mac-

roscopic in-diffusion results were used for random walk simulations on this realistic porous media 

(Opalinus Clay) and comparison with chemical tomography. It turned out that the simulated diffusion 

lengths are systematically longer than experimentally observed which might give hint to effects of 

non-linear sorption that are focus of new experiments. 

 

There are resolution limits to the methods presented in session II (e.g. BIB-SEM) on pore characteri-

zation as e.g. the clay matrix characterization being only possible under a limited clay induration and 

pore throats being on the limit of resolution. These pore throats however are very important for as 

macroscopic phenomena observed. One methological approach to bridge the gap between the molecu-

lar/crystal scale and the particle/macro-aggregate scale (FIB-SEM) is to use complementary tech-

niques as cryo-NMR, N2 and water ad-/desorption and TEM. An issue that has not always been explic-

itly addressed within this workshop is: “How are the results obtained on the µm- to nm resolution 

related to macroscopic phenomena or could be taken as a reasoning for the “interesting phys-

ics”observed?“. More explicitly, can we give strong scientific arguments on the µm-nm scale for ob-

servations made on:  

a) chemistry/coupled phenomena as anion exclusion, chemical osmosis or hyperfiltration and clay 

swelling properties, 

b) hydraulics as validity of Darcy‘s law, threshold gradients, gas entry pressure, gas migration path-

ways and filtration of colloids and  

c) rock mechanics as strength parameters and strain localization. 

The presentations on molecular modeling by B. Rotenberg (UPMC, PESCA) and A. Kalinichev 

(SUBATECH) have shown that laminar flow across a pore in clay could be reproduced and the possi-

bility is given to look at membrane properties of clays. There seems to be an unexploited potential to 

bridge the scale gaps and to obtain mechanistic process understanding at the scale of these ―interesting 

physics‖ and the particle flow code (PFC) modeling has to be applied to rock mechanics, see also [2,3].  

Beside technical aspects discussed within these sessions it became clear that currently research institu-

tion dependent approaches exists for sample preparation and preservation lacking a standardized pro-

cedure and in addition ―institutional‖ codes are used for post-processing data as segmentation and 

image reprocessing. Here, improvements in the future could lead to a type of standardized protocol, 

which would reduce uncertainties related to the aspects mentioned above.   
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