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Fate of repository gases (FORGE) 

The multiple barrier concept is the cornerstone 
of all proposed schemes for underground 
disposal of radioactive wastes. The concept 
invokes a series of barriers, both engineered and 
natural, between the waste and the surface. 
Achieving this concept is the primary objective of 
all disposal programmes, from site appraisal and 
characterisation to repository design and 
construction. However, the performance of the 
repository as a whole (waste, buffer, engineering 
disturbed zone, host rock), and in particular its 
gas transport properties, are still poorly 
understood. Issues still to be adequately 
examined that relate to understanding basic 
processes include: dilational versus visco-
capillary flow mechanisms; long-term integrity of 
seals, in particular gas flow along contacts; role 
of the EDZ as a conduit for preferential flow; 
laboratory to field up-scaling. Understanding gas 
generation and migration is thus vital in the 
quantitative assessment of repositories and is 
the focus of the research in this integrated, 
multi-disciplinary project. The FORGE project is a 
pan-European project with links to international 
radioactive waste management organisations, 
regulators and academia, specifically designed to 
tackle the key research issues associated with 
the generation and movement of repository 
gasses. Of particular importance are the long-
term performance of bentonite buffers, plastic 
clays, indurated mudrocks and crystalline 
formations. Further experimental data are 
required to reduce uncertainty relating to the 
quantitative treatment of gas in performance 
assessment. FORGE will address these issues 
through a series of laboratory and field-scale 
experiments, including the development of new 
methods for up-scaling allowing the optimisation 
of concepts through detailed scenario analysis. 
The FORGE partners are committed to training 
and CPD through a broad portfolio of training 
opportunities and initiatives which form a 
significant part of the project.  

Further details on the FORGE project and its 
outcomes can be accessed at 
www.FORGEproject.org.
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Foreword 

This report describes how experiments on the desaturation of cementiteous materials will be 
performed within FORGE WP3.4 "Engineered Barriers and seals – Concrete laboratory 
experiments". The main aim of these experiments is to determine how gas flows through the 
cementiteous materials used i.e. desaturation as function of gas pressure, the homogeneity of 
this desaturation (desaturation front, preferential pathways or fingering) and gas permeability.   
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Summary 

For the final disposal of HLW and ILW in deep Boom Clay layers, ONDRAF/NIRAS the Belgian 
Agency for radioactive waste and fissile materials, is considering the Supercontainer concept. In 
this concept, the waste canisters or spent fuel assemblies are inserted inside a watertight 
metallic overpack which is placed inside a thick concrete buffer. These supercontainers will be 
placed in concrete lined disposal galleries. Once installed in the disposal galleries, the space 
between the gallery lining and the supercontainer is filled with a cementiteous backfil. As such, 
cement based materials become a major component in the engineered barrier system in the 
current Belgian reference concept. 

The gas generated in the near field of a geological repository in clay can dissolve in the 
porewater and be transported away from the repository by diffusion as dissolved species. 
However if the gas generation rate is larger than than the capacity for diffusive transport of 
dissolved gas, the porewater will get oversaturated and a free gas phase will be formed, leading 
to a gas pressure build-up. 

The aim of these experiments is to determine how gas will flow through a cementiteous backfill 
i.e. desaturation as function of gas pressure, the homogeneity of this desaturation 
(desaturation front, preferential pathways or fingering) and gas permeability.  

Based on the currently available information, we assume that the desaturation process can be 
described as a 2-phase flow mechanism. The advantage of this 2-phase flow is that its 
mathematical treatment is well established and implemented in numerous computer codes. 

To perform the experiments, we considered 2 different techniques which are both described in 
this report: use of x-ray transparent permeameter cells in which the concrete is embedded in a 
resin, and the technique of the isostatic cell. Finally the isostatic cell technique was selected.  

During the experiments gas will be injected into the samples, and at different moments in time 
the desaturation will be measured by CT analyses. The measured progress of desaturation will 
be compared to the progress predicted by the 2-phase flow model. If our assumption about 2-
phase flow is correct, the model can be used for safety calculations. 
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1. Introduction 

The main mechanisms by which gas will be generated in deep geological repositories are: 
anaerobic corrosion of metals in wastes and packaging; microbial degradation of various 
organic wastes; radiolysis of organic materials in the packages and hydrolysis. Corrosion and 
radiolysis yield mainly hydrogen while microbial degradation leads to methane and carbon 
dioxide. 

The gas generated in the near field of a geological repository in clay can dissolve in the 
groundwater and be transported away from the repository by diffusion as dissolved species. 
However if the gas generation rate is larger than than the capacity for diffusive transport of 
dissolved gas, the porewater will get oversaturated and a free gas phase will be formed, leading 
to a gas pressure build-up. The gas production rates for various waste types and packages, 
especially LILWs, although marred by large uncertainties, is expected to be significantly higher 
than the diffusive removal capacity of the host rock. Hence, one of our research objectives is to 
improve the understanding of gas transport modes through the Engineered Barrier System 
(EBS) and clay when the capacity for transport of dissolved gasses is exceeded.  

These issues are addressed in the context of the EC project FORGE (Fate of repository gases), 
which aims at acquiring a deeper insight in the gas transport processes from a 
phenomenological point of view and studies the gas migration behaviour in different host 
rocks, the disturbed zone and EBS. 

 

2. Background 

 

For the final disposal of HLW and ILW in deep Boom Clay layers, ONDRAF/NIRAS the Belgian 
Agency for radioactive waste and fissile materials, is considering the Supercontainer concept. In 
this concept, the waste canisters or spent fuel assemblies are inserted inside a watertight 
metallic overpack which is placed inside a thick concrete buffer. These supercontainers will be 
placed in concrete lined disposal galleries. Once installed in the disposal galleries, the space 
between the gallery lining and the supercontainer is filled with a cementiteous backfil. As such, 
cement based materials become a major component in the engineered barrier system in the 
current Belgian reference concept. 
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Figure 1: Schematic view of the Belgian supercontainer concept 

 

The concrete buffer to fill the supercontainer is an ordinary porland cement (OPC) based 
concrete. The main roles of this buffer are creating a favorable geochemical environment 
around the overpack (wrt. Corrosion aspect) by maintaining alkaline conditions and providing 
radiological shielding around the waste allowing human presence during handling and transport 
of the supercontainers without additional radiological protection systems.  

The concrete backfill fills the gaps between the supercontainer and the lining of the disposal 
gallery to prevent 1) a collapse of the gallery lining which could damage the supercontainer and 
2) limit creep of the Boom Clay which could lead to a destabilisation of the host rock formation 
around the disposal gallery 3) avoids open spaces and minimizes voids(Van Humbeek et al., 
2008). 

In consultation with NIRAS/ONDRAF, we selected the concrete backfill for study within the 
FORGE project. 

 

To backfill a disposal gallery 2 different techniques can be used: pumping a grout or projecting 
granular material. In the framework of the FP-6 ESDRED project (De Bock et al., 2009), an 
experimental programme to verify the feasibility of the "grout" backfilling technique (reference 
solution) was conducted. 

This experimental programme consisted of 3 main stages: first the backfill material had to be 
developed, second a backfill test using a reduced scale mock-up was planned and third a 
backfill test using a full scale mock-up was planned (Van Humbeek et al., 2008). 

 

 

Figure 2: Schematic representation of the grout backfilling technique as tested in the EC-
ESDRED project. 
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The backfill techniques and materials are limited by a number of long-term safety and 
operational feasibility requirements. 

For long-term safety, the first requirement is that the backfill should not disturb the corrosion-
protective environment of the overpack established by the supercontainer concrete buffer. The 
backfill should not contain corrosive species, such as reduced sulphur, chlorides, or tend to 
bring down the high pH of the concrete buffer. Secondly, the backfill should not act as a 
thermal isolator. Its thermal conductivity should be high enough to prevent the overpack 
temperature from ever exceeding 100 °C. A minimum value of 1 W/m°C was set. Thirdly, the 
organic materials (superplasticizers, …) introduced by the backfill must be limited to prevent as 
much as possible the formation of migration enhancing complexes between radionuclides and 
soluble organic compounds. 

For operational feasibility, the backfill must be emplaceable. For a grout, this means it must be 
fluid enough to be pumped over the length of the drift section to be backfilled and maintain 
sufficient fluidity during the entire operation. A second requirement is imposed by the needed 
industrial performance of the process; on average the backfilling must be able to proceed at a 
certain linear pace in order to limit the total of underground operations to certain duration. For 
a grout, this means it must become hard within a certain number of days, after which the 
casing can be removed and the disposal process continued. 

A last requirement is related to the option of retrievability. To keep this option open as much as 
possible, the strength of the backfill component must be limited. A maximum value of 10 MPa 
was set for the compressive strength. Such value should allow for a removal of the backfill by 
use of high-pressure beam technology. (Van Humbeek et al., 2007) 

 

The grout was developed in collaboration with BASF construction chemicals and to meet all 
requirements it consists of a binding medium (¼ CEM I 52.5 N HSR LA + ¾ Limestone powder 
(CaCO3), an additive (Superplasticizer Glenium®) and sand (Calibrated river sand 0 - 4 mm, 
washed and dried) (Van Humbeek et al., 2008). 

 

The EC-ESDRED reduced scale mock-up represented a 5 m long and 2 m diameter (2/3 of real 
life dimensions) section of a disposal gallery. The backfilling test was succesfull: the 
emplacement of the grout occurred without problems and the measured properties of the 
hardende concrete met the imposed requirements. So consequently it was decided to maintain 
the same grout composition for the full-scale test. (Van Humbeek et al., 2007) 
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Figure 3: pictures of the ESDRED small scale mock-up 

 

Samples for the experiments decribed in this report were taken from the small scale mock-up. 

 

3. Objectives 

 

In the current Belgian reference concept for the deep disposal of HLW and ILW, different types 
of concrete are present as discussed in §2. However, no information is available on the effect of 
a gas pressure build-up in these concrete materials.  

As descirbed in §2 the conrete (grout) backfill material used in the EC-ESDRED (reference 
backfilling method) project was selected as concrete material to study gas transport within the 
EC-FORGE project. 
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The main aim of these experiments is to determine how gas flows through the cementiteous 
materials used i.e. desaturation as function of gas pressure, the homogeneity of this 
desaturation (desaturation front, preferential pathways or fingering) and gas permeability. 

 

4. Select samples  

All samples used for the experiments described in this report are taken from the ESDRED small 
scale mock-up. 

Samples were taken by using a diamond core drill with water cooling. The cores have a 
diameter of 86 mm and a length of approximately 300 mm. 

After coring, the cores are stored under vacuum in aluminium coated polyethylene foil.  

 

 

5. How to meet our objectives? 

To evaluate the effect of a gas pressure build-up on the safety of an underground repository, 
the behaviour of all components has to be taken into account. 

One of these components is - as described in §2 - the backfill of the galleries. At a certain 
moment in time, the free gas phase which is formed due to the different gas generating 
processes will be present in the backfill. When gas starts to accumulate in the backfill, 
desaturation will take place. The pattern of this desaturation process is still unknow: will there 
be a desaturation front, or will it rather be a fingering pattern? How will gas and water move: 
will there be 2-phase flow or another flow type? 

Based on the available information, we assume that the desaturation process can be described 
as a 2-phase flow mechanism. The advantage of this 2-phase flow is that its model is well 
established and implemented in numerous computer codes. 

In our lab experiments we will desaturate concrete cores, and at different moments in time we 
will measure the desaturation. If the progress of desaturation corresponds to the progress 
predicted by the 2-phase flow model, our assumption about 2-phase flow is correct and the 
model can be used for safety calculations. 

To perform these experiments, different steps have to be taken.  

 

1) We need a set-up to desaturate the backfill samples. We plan to use a permeameter cell, 
specially designed for this type of experiments. However by developing the cell we have to take 
into account that the cell is compatible with the planned measuring technique (CT scan) so 
metals have to be avoided because they strongly disturb the CT measurement. Our first idea is 
to design a permeameter cell in polycarbonate, in which the concrete sample is placed and the 
remaining space will be filled with a resin so the sample is embedded into the resin.  
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2) We need a technique to measure the desaturation of the backfill samples. This could be done 
by CT measurement but the technique still has to be verified/optimised. If we can use CT scan 
to measure desaturation, the scanner has to be calibrated for different degrees of desaturation, 
prior to measuring samples. 

 

3) We need a 2-phase flow model. The one implemented in Code-Bright, based on the water 
retention curve of the backfill and the measured permeability, will be used.  

 

4) Finally the parameters for the experimental procedure can be set, based on the results of the 
modelling. 

These different steps will be described in the following paragraphs. 

 

6. Description of the experimental set-up 

6.1 DESIGN OF THE X-RAY TRANSPARENT PERMEAMETER CELL 

 

To perform the desaturation experiments, we opted for 2 possible set-ups: using the isostatic 
cell set up already available or using newly designed X-ray transparent permeameter cells. 

The advantage of the use of the isostatic cells is that the technique is well known, but the cells 
are not x-ray transparent so CT is only possible at the end of the experiment which is a 
disadvantage. 

The advantage of  x-ray transparent permeameter cells is that the sample can be scanned at 
different stages of the desaturation process, but the disadvantage is that the cells have to be 
newly designed. 

As for this type of experiments, the newly designed x-ray transparant permeameter cells are 
the most interesting solution, this option is our first choice. 

 

6.2  SELECTION OF A RESIN 

When placed into a cell concrete will not swell so contrary to Boom Clay, a gap will remain 
between the concrete and the cell. To fill the gap, we use a resin which also assures the 
tightness of the cell. 

A suitable resin should meet following requirements: it is preferably transparent, does not emit 
too much heat during curing, can be handled easily, does not shrink during curing and makes 
good contact with both the concrete and the polycarbonate cell. 

First we tested Stycast 1264 (Emerson & Cuming). This resin met all our requirements, but it 
reacted with water in the concrete sample, causing a white foamy layer at the surface of the 
concrete sample. 
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Figure 4: reaction of the Stycast 1264 with water in the concrete 

 

Also the resin Scotchcast 40 (3M) reacts with water and is not suitable. 

Finally we tested the resin Eccobond 45 Clear – catalyst 154 LV Clear (Emerson & Cuming) in a 
1:1 ratio. According to the data sheet, this resin binds well to metal, glass and plastics and 
reacts less with water. Tests with this resin were satisfying: all requirements were met, and the 
resin only slightly reacted with water. The only disadvantage is the formation of gas bubbles 
during the curing process, however this is not a problem for our experiments.  

 

 

Figure 5: contact surface between concrete and Eccobond 45 Clear resin 

 

This resin was selected to continue the experiments and 2 concrete cores with diameter 35 mm 
and length 60mm were used to measure hydraulic conductivity. The measured hydraulic 
conductivity was rather high (1.38 10-8 m/s and .9 10-9 m/s), and further investigation revealed 
a preferential path at the interface of the concrete and the resin for both samples. 

 

 

Figure 6: top view of a sample placed in an existing permeameter cell and embedded in the 
Eccobond 45 Clear resin 
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6.3  EVALUATION OF THE RESIN-TECHNIQUE 

Based on the preferential path along the interface concrete – resin we can conclude that the 
contact between these components was not good. 

As it was already hard to find a resin which met the requirements mentioned in § 6.1.1 and as it 
would take at least 3 months to test a new resin we decided to focus on another technique 
which has proven it's utility in previous experimental programmes: the isostatic cell.  

In the mean time, we can keep on experimenting with resins.  

 

6.4  THE ISOSTATIC CELL TECHNIQUE 

 

6.4.1 Pre-treatment of the samples 

The concrete core (diameter 84.5mm) will be packed in a sleeve from butyl rubber (diameter 84 
mm). A flange is placed at both ends of the concrete core and the rubber sleeve overlaps with 
the flanges to keep them at the correct position. The rubber sleeve is kept tight to the flange 
with a clamp. An eventual gap between the flange and the rubber sleeve is filled with a resin 
(Scotchcast 40, 3M) see figure 7. 
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Figure 7: side view (top) and top view (bottom) of the prepared sample 

 

6.4.2 Description of the cell 

The isostatic cell used at SCK•CEN (fig x) was designed in the 1990's and has proven it's all-
round applicability in different projects like EC-MEGAS (Volckaert et al., 1995) and EC-TIMODAZ 
(Chen et al., 2010).  

The cell is made of stainless steel (AISI 316), has a diameter of 300 mm and is 550 mm high. It 
has a volume of 35 liter and was designed for experiments at a working pressure of maximum 
4.5 MPa and 50°C. 

The cell consist in a bottom plate, a body and a top plate/cover.  

In the top plate/cover, 3 connections are available. 2 connections (an inlet and an outlet) are 
connected to the sample and allow the injection/collection of water/gas. A third connection is 
linked to the confining volume. In the bottom plate 4 connection are available. 2 connections 
(an inlet and an outlet) are connected to the sample and allow the injection of water/gas. A 
third connection is foreseen to fill/empty the confining volume with water and a fourth 
connection can be used to pressurise the confining volume. 

Around the body, a heating wire is foreseen which can be used to perform experiments at 
elevated temperature (not used for the current experiments). 
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Figure 8: picture (left) and drawing (right) of the isostatic cell used at SCK•CEN 

 

6.4.3 Loading the isostatic cell 

When loading the cell, first the top plate and body are removed. Next the sample is placed on 
the supporting plate and the inlet and outlet of the sample are connected to the inlet and 
outlet of the bottom plate. Next, the body is mounted again and the top plate is positioned at a 
certain distance above the body. This allows to connect the upper in- and outlet of the sample 
to the in- and outlet of the top cover. Finally the top plate is placed on the body and all bolts 
are screwed. 

 

The cell is filled with water and  the desired confining pressure is applied by connecting the 
lower connection of the confining volume to a syringe pump (ISCO). 
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Figure 9: view inside the isostatic cell: empty (left) and filled with the prepared sample (right) 

 

7. CT scan 

7.1 TECHNIQUE 

X-ray CT is a non-destructive technique that makes it possible to visualize the internal structure 
of objects. Error! Reference source not found.10 illustrates the working principle of X-ray 
omputed tomography. X-rays are generated in an X-ray source.When the X-rays pass through 
the object, they are attenuated. The amount of attenuation is given by Beer's Law: 

  




  

Lray

dsEsEIEI
0

0 ,exp)()( 
                                            (1) 

I0(E) is the intensity for the generated X-rays with an energy E, s the position in the sample 
along the ray path through the object and Lray is the length of that path. µ(E) is called the linear 
attenuation coefficient and is a measure for the X-ray attenuation per unit length. The linear 
attenuation coefficient depends on the energy of the X-ray photons and on the density and 
atomic number of the material. 

 

 

 

Figure 10: schematic overview of the working of a CT scanner 
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After the X-rays have passed through the scanned object, the intensities of the attenuated X-
rays are measured by a detector consisting of a large number of detector elements. Since the 
measured intensities depend on the materials lying on the path of the X-ray, they contain 
information on the inside of the object. By rotating the source and the detector around the 
object, different views containing information on different paths through the object are 
obtained. A mathematical algorithm can then reconstruct the 3D distribution of the linear 
attenuation coefficient in the object by combining all these measurements. (Chen et al., 2010) 

 

7.2 USED EQUIPMENT 

UGCT, the Centre for X-ray Tomography of the Ghent University (Belgium) designs, builds and 
operates self-made micro-CT scanners especially for scientific research applications. For this 
application scans were made on a scanner built around a dual-head Feinfocus source and two 
X-ray detectors, a high resolution CCD camera for low energy applications and a Varian flat 
panel detector with CsI scintillator for high energy applications. This scanner can reach 
resolutions down to 1 micrometer, but can also scan large objects up to 20 cm. In this case the 
directional high-power tube head was selected in combination with the flat panel detector. The 
achieved resolution was in the order of 10 µm. Because of the size and composition a cupper 
filter was placed in front of the tube to minimize beam-hardening effects. Remaining beam-
hardening effects are later corrected for in the reconstruction software. 

It should be noted that beam hardening effects compromise to some extent the quantitative 
accuracy of the measured linear attenuation coefficient. Typically, voxels on the outer side of a 
sample contain seemingly higher attenuation values than those in the centre. This is due to the 
fact the lower energy X-rays are attenuated more than those with a higher energy and thus 
contribute less to the signal as the pathlength through the sample increases. 

Additionally one should be aware of the fact that comparing reconstructed attenuation 
coefficients between different scans is only meaningful when the scanning conditions are the 
same (tube voltage, target material, filter, detector etc.) (Chen et al., 2010) 

 

7.3 PRELIMINARY SCANS 

As we want to measure the desaturation process in the concrete by CT scan, the technique 
should allow us to distinguish between pores filled with water and pores filled with gas. As 
water and air have a different attenuation value, in theory it should be possible to measure this 
difference. The best way to treat the data of this kind is to define a region of interest (ROI) for a 
certain slice and to average the attenuation values within this ROI. If the preliminary CT scan 
shows a difference in average attenuation value between 2 samples with a small difference in 
degree of saturation, the technique should be suitable. 

So to verify the suitability of the CT scanner for our two samples were sent to Ugent for a 
preliminary CT scan. These samples had a diameter of 35 mm and a length of 60 mm. Sample 1 
was stored under water and is considered to be fully saturated, sample 2 was stored at a 
relative humidiy of 95% until the weight had stabilised and is considerd to be saturated for 
95%. The sample was scanned with more than 2000 slices in the Z-direction. 

For both samples, the average attenuation value µ was calculated for a certain region of 
interest (ROI) on slice 1024 (middle slice). For the fully saturated sample, µ was 0.357 m-1 and 
for the 95% saturated sample µ was 0.3426 m-1. The µ values for slice 1000 are equal to those 
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of slice 1024 indicating that the measured values are reproducible. For eache sample the µ 
values measured at other positions hardly differed from the value at the "reference" position 
which indicates that the obtained value at the reference position are representative (litlle 
deviation only the 3th decimal digit fluctuates) for that sample and the difference between the 
2 samples is significant.  

So based on these 2 preliminary scans, we can conclude that the CT technique can be used as a 
tool to measure differences in the degree of saturation. 

 

Figure 11: CT image of slice 1024 of sample 95% saturated (left) and slice 1024 of sample 
100% saturated (right) 

 

7.4 CALIBRATION OF THE CT 

To be able to link the measured attenuation coefficient to a certain degree of desaturation, the 
CT has to be calibrated. 

For this purpose, we need samples with a different degree of saturation (see table x). Samples 
will be placed in a dessicator with a certain degree of relative humidity (imposed by a saturated 
salt solution) and their weight change is followed. When the weight is stable, the sample has 
obtained the desired degree of saturation and it can be sent for CT scan. 

As the measured attenuation coefficient strongly depends on the dimensions of the sample, the 
settings during measurement and the post-processing, it is very important that for all scans (as 
well the samples of desaturation experiments as the samples for calibration) all parameters are 
equal. 

Table 1: overview of salts creating different degrees of relative humidity (at T=21°C) 

Salt Relative humidity (% RH) 

LiCl2 11% 

MgCl2.6H2O 33% 

Mg(NO3)2.6H2O 54% 

NaCl 75% 

KNO3 95% 
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8. Numerical modelling 

Numerical implementation of two-phase flow models allows for a preliminary evaluation of the 
gas transport and desaturation process, thus provides guidelines for some experimental 
parameters like pressure of the injected gas and time control (e.g. at which moment the 
desaturated samples should be sent for the CT scan, etc.). We also hope that the measured 
desaturation rates will correspond to the predicted results. If there is a good agreement, it 
would be an indication that in the future the gas transport in the backfill can be modelled 
sufficiently with the two-phase flow model. 

 

A one-dimensional (1D) transport model was set up in a 1D geometry with a length of 7 cm. The 
numerical software used here is CODE_BRIGHT, which is a finite element code developed by 
the Technical University of Cataluña (UPC), Spain (Olivella et al., 1996). The constitutive laws 
used in the numerical modelling can be found in (Yu et al., 2011) and the parameters used are 
listed in Table 2: parameter set used in the numerical simulation (based on test results from 
LML (Davy et al., 2011)).  

Table 2: parameter set used in the numerical simulation (based on test results from LML 
(Davy et al., 2011)) 

porosity  0.186 

Water retention curvea λ 0.268 

P0 (MPa) 0.572 

Intrinsic permeability kin (m
2) 4.08×10-12 

Relative permeability 4Ŝkrl   ;  
  22

rg
ˆ1ˆ1 SSk 

 where Ŝ  =(Sl-Slr)/(1-Slr-Sgr) 

Diffusion of dissolved gas g

lD (m2/s) 1.1×10-9 

Liquid densityb Ρl0 (kg/m3) 1002.6 

β (MPa-1) 4.5×10-4 

α (°C-1) -3.4×10-4 

Henry's constant KH (MPa) 14970 

a
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Fixed water pressure of 2.3 MPa is prescribed at one end of the sample. and a fixed gas 
injection pressure is applied at the other end. Two cases are tried with injected gas pressures of 
2.5 MPa and 3.5 MPa, respectively. The entire domain is initially fully saturated with Pl=2.3 MPa 
and atmospheric gas pressure. Gravitational effects on gas/liquid flow are ignored here.  

Numerical results show that for the case with a gas injection pressure of 2.5 MPa, the 
desaturation front progresses no more than 0.5 cm within 7 weeks. Results from the case with 
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a gas injection pressure of 3.5 MPa give a reasonable desaturation process within 7 days. Error! 
eference source not found.12 presents the time evolution of the desaturation contour map for 
the latter case.  

There is a good progress every 7 days so we should be able to measure the advancing 
desaturation front. For this reason, we plan to do CT scans on a weekly basis. 

 

Figure 12: scoping calculation of the desaturation front afer 7, 14, 21 and 28 days 

 

9. The experimental procedure 

9.1THE DESATURATION EXPERIMENTS 

 

Prior to the desaturation experiment, the hydraulic conductivity of at least 2 samples will be 
measured. Hydraulic conductivity has been measured by LML on our request, and they 
obtained a value K = 1.8 10-10 m/s. 

 

The parameters that will be used to measure hydraulic conductivity are: 

Confining pressure:   5 MPa 

Backpressure for K-measurement:  atmospheric pressure 

Pressure injected water:   0.2 MPa 

The hydraulic conductivity will be calculated by measuring the water inflow. 

 

7 days 

14 days 

21 days 

28 days 
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During the desaturation experiment, following parameters will be used: 

Confining pressure:    5 MPa 

Backpressure:     2.2 MPa (simulating the in-situ water pressure) 

Gas pressure at inlet: between  2.3 and 5 MPa 

 

10.  Conclusion 

To determine how gas is flowing through a cementiteous backfill used in an engineered barrier 
system for geological disposal of radioactive waste, we designed an experimental program 
described in this report. 

During the experiments, cementiteous samples will be desaturated by gas injection in an 
isostatic cell set-up. CT was found to be a suitable tool to measure saturation of the 
cementiteous samples, the technique will be used to determine the desaturation process. If the 
progress of the desaturation front in the samples is comparable to the progress predicted by 
the 2-phase flow model in CODE_BRIGHT, this will provide data to verify whether 2-phase flow 
models can represent the gas transport in the tested material. 
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