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A Review on Gas Migration Processes 

Through Engineered and Geological Barriers 

Marcelo SANCHEZ a,1, Muhammad Ali FALAKa and Bohan ZHOUa  
a

 Department of Civil and Environmental Engineering, Texas A&M University 

Abstract. This extended abstract briefly presents a review on the main phenomena 
and factors associated with the flow and transport of gas through both, engineered 
and geological barriers intended for the isolation of high-level nuclear waste. The 
main physical processes and equations that control gas migration process are 
analyzed and discussed. Special emphasis is place to the possible fluid flow through 
discontinuities, like the ones associated with the formation and propagation of 
cracks or preexisting fractures, as well as, to the gas migration through contact 
between dissimilar materials (e.g. clay-barrier and host rock). Key references in this 
area are revised and discussed.    
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1. Introduction 

The study of gas flow phenomena through unsaturated expansive clays is receiving 

increasing attention in the last few years. Particularly in research related to the design of 

repositories for high-level nuclear waste, because of the potential impact that gas 

migration can have on the long-term behavior and performance of barrier systems. The 

main safety functions of a geological repository for the disposal of high level radioactive 

waste is to confine the pollutant waste, preventing or delaying (as much as possible), the 

release of radionuclides to the host rock [1]. Complex Thermo-Hydro-Mechanical and 

Chemical (THMC) phenomena will take place in the repository near-field as a result of 

the heating (generated by the radioactive decay) and the hydration (induced by the 

surrounding rock) under highly confined conditions [2].  

National and international efforts in this area have contributed to improve the 

understanding of the main THMC phenomena that control the behavior of engineered 

and natural barriers. However, it is still unclear the impact that gas migration (coupled 

with the THMC interactions described above) can have on the final performance of high-

level nuclear waste repositories. Particularly relevant for this problem is the presence of 

interfaces between materials and discontinuities like fractures and cracks (both pre-

existing and induced) because they act as preferential flow-paths for fluids.  

Several physical and chemical phenomena will take place during the lifetime of a 

waste repository that can will give rise to the generation of gas (e.g. metal corrosion, 

water radiolysis, biodegradation). This process of gas generation under confined 

conditions could induce the increase of the gas pressure in the repository, which may 
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negatively affect key properties of the bentonite and geological barriers and may lead to 

the releasing of radionuclides to the human environment. Therefore, investigating the 

influence of the gas migration process on the sealing ability of bentonite, host rock and 

other barriers materials is extremely important for the safe isolation of high-level 

radioactive waste. This extended abstract presents very briefly a review on some key 

contributions in this area. More details are provided in the accompanied full paper. 

2. Gas flow through barriers 

The movement of gas induced by pressure gradients (i.e. advective gas flux) can take 

place either through: i) the interconnected porous space and pre-existing discontinuities, 

or ii) through evolving discontinuities triggered by the gas pressure. The former is 

generally termed ‘viscocapillary flow’, which is controlled by pore structure (e.g. pore 

size distribution and throat radii) and the amount of water in the porous media (i.e. given 

e.g. by the average degree of saturation), which must progressively be displaced in order 

for the gas to migrate [3]. In [4] this second mechanism is termed ‘pathway dilatancy’. 

Since this process essentially involves the separation of two parts of the barrier under the 

action of an applied stress, it might be also possible to describe it as a type of 

microfracture formation.  

The gas permeability in saturated Mx-80 bentonite via gas breakthrough tests was 

examined in [5]. Eight tests were carried out on saturated Mx80 specimens with a dry 

density ranging between 1.1 to 1.8 Mg.m–3 [6]. The gas pressure was incrementally 

increased from one to five days intervals, until advective gas outflow was observed at 

the downstream end of the sample at some critical value of pressure, which was in same 

order of magnitude than the swelling pressure. This critical threshold is generally known 

as the ‘gas breakthrough pressure’. Data and test details about gas breakthrough 

pressures in saturated Mx-80 is reported in [7]. A summary of gas generation and 

migration test can be found in [8]. 

Sand/bentonite mixtures are being considered as potential barrier and seal materials. 

Gas migration experiments on compacted sand/ Kunigel VI-bentonite mixtures are 

reported in [9]. [10] used a volumetrically confined cell to examine gas-migration 

through the mixture of sand and bentonite. The authors suggested that the interfaces 

between compaction layers within the bentonite could have a significant role in the gas 

transportation process. The same mechanism was suggested by [11] to explain their 

observations from gas flow tests through Boom Clay. [12] performed experiments to find 

the coupled effects of water content, dry density and confining pressure on gas 

permeability through bentonite-sand mixtures.  

In the case of fully saturated, pure bentonite, water is less mobile and pathway 

dilatancy is expected to occur [13]. In such cases, gas migration at in situ conditions is 

not thought to occur unless the applied gas pressure exceeds the total stress experienced 

by the clay, resulting from the sum of the applied water pressure and the swelling 

pressure ([14]; [15]). Above this critical value, a mechanical interaction between the gas 

and clay will begin (e.g. [13]; [14]; [15]), leading to the generation of pathways which 

allow gas transport. 

As for the research related to the numerical simulation of gas migration tests, the 

initial modeling gas based on two phase models (e.g. [16]; [17]). Two-phase flow models 

that incorporates mechanical effects were proposed afterwards and validated using a full-

scale gas transport test in bentonite [18]. An extended two-phase flow model that 
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incorporates mechanical effects [19] allows the formation of preferential pathway and 

considers the relation between pore moisture and pore deformation. This model was 

validated using different gas injection experiments with controlled flow rate and 

controlled pressure. A procedure to integrate gas transmission discontinuities into a 

general THM formulation is described by [20]. The technique has been incorporated into 

a general purposed feinted element THM program CODE_BRIGHT ([21]) and it has 

been used to reproduce gas migration experiments in soil and rock specimens. The role 

of local heterogeneity in gas flow phenomena is also considered. A coupled hydro-

mechanical model for simulating gas migration processes in host sedimentary rocks for 

nuclear waste repositories was proposed by [22]. A detailed formulation that coupled 

moisture and gas transfer in a deformable porous medium is proposed. The model takes 

into account the damage-controlled fluid (gas, water) flow as well as the coupling of 

hydraulic and mechanical processes. 
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