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MISSION TITLE

Understanding the mechanism and process behind the synthesis of artificial clay based
samples in the context of radioactive waste disposal

DESCRIPTION

Concerned organisations

e SCK-CEN (Belgium)
e BGS (UK)
e KU Leuven (Belgium)

Concerned infrastructures or facilities

Concerned phases

Phase 5: Post-closure

Themes and topics

e Theme 3: Engineered barrier system (EBS) properties, function and long-term
performance
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Spent Fuel and high-level waste disposal canisters
Containers for long-lived intermediate and low level wastes
Clay-based backfills, plugs and seals
Cementitious-based backfills, plugs and seals
Salt backfills

o EBS system understanding
e Theme 4: Geoscience to understand rock properties, radionuclide transport and

long-term geological evolution

o Long-term stability (uplift, erosion and tectonics)

o Perturbations (gas, temperature and chemistry)

o Aqueous pathways and radionuclide migration
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Keywords

Nuclear waste disposal; Gas transport; Clay host rocks; Synthetic clays; Unsaturated clays.

EXECUTIVE SUMMARY

This report, as part of an active collaboration in the EURAD programme, contains an
account on the mobility mission which included the preparation of synthetic clay based
materials, which are intended for the purposes of experimental testing in the scheme of
radioactive waste disposal. The synthetic clay specimens have been conceptualized with
the intention of resembling natural host rock formations across Europe (like the Callovo-
Oxfordian clays of France, Opalinus Clays in Switzerland and Boom Clay in Belgium), in
terms of mineralogy.

The mobility programme lasted for 1.5 weeks, with the main objective being the
manufacturing of synthetic clay samples in the Keyworth labs of the British Geological
Survey, UK. Understanding the mechanism behind the manufacturing process was a key
step in my PhD project as it gave me visual and hands on insight into the samples which |
will be using for gas diffusion tests, under varying degrees of water saturation.
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1. MISSION BACKGROUND

1.1. R&D background

The synthetic clay samples are one of the focal points of the PhD project. They are among
some of the important samples which will be characterized and used for gas diffusion
experiments within the GAS work package of the EURAD project, as my PhD project. The
synthetic samples are highly interesting and important because of their homogeneous
nature, a characteristic which is seemingly lacking in natural Boom Clay samples. The face
that the mineralogical compositions are user controlled mean that there is less variability
and a wider range of mineralogical compositions can be realised. However, the range of
interest is in the compositions that mimic that of Boom Clay, which is being considered
the potential host rock in the Belgian waste disposal scheme.

1.2. Mission objectives
The main objective of this mission to understand the process behind the manufacture of
the synthetic clay samples and to try and execute the process myself to try and

manufacture some of the synthetic samples of “composition 7” in the EURAD matrix,
which is mineralogically similar to Boom Clay.

1.3. Mission request

The mobility action serves as a step in getting hands on experience in understanding the
materials that | will be using for experimental testing. It consisted of 1.5 weeks of learning
and applying the techniques behind the preparation of the synthetic clay samples.

1.4. Mission composition

Host organisation

The British Geological Survey, United Kingdom

Host facility

Keyworth research facility, BGS, Nottingham, UK

Mission dates

14-Sep-2022 to 23-Sep-2022
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2. MAJOR PRACTICES, TECHNIQUES, METHODS, TOOLS
OR SYSTEMS OPERATED OR STUDIED

2.1. Practice, technique, method, tool or system
operated or studied during the mission

Preparation of pre-mix powders for synthetic samples.

Description

Preparing the pre-mix powder slurry is the first step in the sample manufacturing process.
It consists of manually mixing a pre-determined composition of MX-80 Bentonite, sand,
muscovite mica and kaolinite. It is held together using the pore water characterized by
ANDRA, found in Callovo Oxfordian claystones.

Usage
The pre mix, after cooling for 24 hours in a refrigerator, is used to press samples in the
former, which is covered in the next section.

Benefits

Preparing the pre-mix in advance allows for pressing multiple samples in succession. It is
a helpful step in understanding the physical properties of the raw materials which go into
sample preparation.

Limitations

Manual process, hard to automate or replicate using machinery. Needs to also be
performed quickly to prevent moisture loss by evaporation.

Applicability

This method of pre preparing slurries has been developed at BGS and would be of great
use at SCK if there is a possibility to manufacture and work with powdered and
reconstituted Boom Clay samples.

2.2. Practice, technique, method, tool or system
operated or studied during the mission

Pressing the sample from the pre mix using presses and a former

Description

The slurry is broken up manually and converted into a fine powder, poured into a former
to which a piston (with a vacuum pump) is connected and placed in the press. The press
is compacted to a pressure matching the dry density of Boom Clay. The press is powered
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by an ISCO syringe pump set to 8209 KPa (set point). The former is then removed and the
sample is pressed out manually using a hydraulic press to obtain a fully compacted
synthetic sample.

Usage

The synthetic samples will be used for gas diffusion testing at SCK CEN.

Benefits

Hands on experience with using heavy machinery for pressing compacted geological
samples, which compliments existing knowledge on pressing and shaping Boom Clay
samples for experimental testing.

Limitations

Manual and labour intensive process, ideally performed with help or supervision (not
ideal for lone working). Sample extrusion must be performed carefully in order to not
damage the samples.

Applicability

Working with different types of presses and pumps has given me a clear idea on how to
optimize the sample preparation process, which can be extended to other natural clays
like Boom Clay.

2.3. Practice, technique, method, tool or system
operated or studied during the mission

Core scanning facility tour.

Description

The mission was concluded with a tour of the core scanning facility, including CT, XRD and
XRF

Usage

Characterization of the test samples is important in understanding the physical and
structural changes that occur before, during and after any transport related experiment.

Benefits
Visual demonstration of the working of CT and XRF scanners for geological samples was a

huge added bonus as | will be implementing some of these techniques in my PhD thesis
as well.

Limitations
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Applicability

2.4. Practice, technique, method, tool or system
operated or studied during the mission

Description

Usage

Benefits

Limitations

Applicability
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3. MISSION FINDINGS AND CONCLUSIONS

3.1. Lessons learned and conclusions

The mission was a great success because of the sheer volume of samples we were able to
prepare in the given time frame. It was a great learning experience because | was able to
participate and manufacture the samples myself, which really helped me understand the
process, the objectives and scopes of using the synthetic geological samples.

Allin all, we were able to prepare 11 samples which were pressed to the right compaction
value, with some samples initially failing due to various reasons. Ultimately, it was of net
positive benefit for me specifically and also for the strong collaboration we have between
SCK and BGS.

| also had the opportunity to learn more about other geological materials being tested at
BGS, visit their core repository and the core scanning facility. All of this should go a long
way in helping me with my PhD project.

3.2. Relevant findings and conclusions for home
organisation

3.3. Relevant findings and conclusions for host
organisation

3.4. Relevant findings and conclusions for other
organisations
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4. POTENTIALS FOR IMPROVEMENT OR DEVELOPMENT

4.1. Generic potentials
4.2. Potentials for home organisation
4.3. Potentials for host organisation
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APPENDICES

Mission journal
Day 1:

Arrival, introduction at BGS, general site wide induction and tours in the labs of the fluids
and transport processes research team. HSE rules and procurement of PPE for laboratory
work in the afternoon. Making a mix of powders as described in section 2.1 (multiple
batches) to be pressed the following day.

Day 2:

Pressing the first synthetic sample FPR-022-053, which was pressed to an unknown dry
density as the bed of the press may have been set too high, thus meaning that the press
ran out of stroke and was unable to compress the sample to 8.2 MPa. Similar event
happened in the second half of the day as the sample was not pressed to target
compaction with sample FPR-022-054. The samples were nevertheless vacuum packed
and sealed and catalogued. The bed of the press was lowered after these two samples.

Day 3:

Sample FPR-022-055: Pressed to a compaction of ~ 6MPa and clay started to extrude out
from the former due to the absence of an o-ring. The sample was vacuum sealed and
catalogued.

Sample FPR-022-056: The first sample to be pressed to the required compaction value of
8.2 MPa. However, the sample was knocked out of my hand by the plummeting piston
from the former under the hydralic press and the sample had one of its flate faces dented.
However, this didn’t affect the physical integrity of the sample but gave me a valuable
lesson on how to handle the plunger of a hydraulic press extruding samples out of a
former.

Day 4:

Two samples pressed to target compaction: FPR-022-057 and 058
Day 5:

Three samples pressed to target compaction: FPR-022-059 to 061
Day 6 :

Two samples pressed to target compaction;

FPR-022-062 and 063; introduction to gas transport experiments being conducted at BGS
by Katherine and Jon. Practical explanation of the diffusion rigs and their setup and
working by Katherine followed by an in depth discussion on diffusion modelling and
experimental challenges in the gas diffusion domain with Jon.

Day 7:
Three samples pressed to target compaction;

FPR-022-064,065 and 070; Visit to the core scanning facility and the core repository in the
afternoon guided by Andy.
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PhD student
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