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Introduction 

Cementitious materials are being proposed as main components of the alternative 
Engineered Barrier Systems (EBS). Concretes and mortars must play a relevant role in the future 
of the Geological Repository (GR). The limitation of accessibility of groundwater in GR is one 
requirement, because it has great influence on the chemical stability of the repository.  

Concrete is going to be used during the construction for different purposes such as grouting, 
rock bolting, lining of tunnels and drifts, and for sealing plugs (for instance at the mouth of the 
disposal drift or disposal cell) and it will be also used for construction of various auxiliary 
structures needed for the construction and operation of the repository. Some of these uses may 
be temporary and the concrete may be removed before the repository closure, but an important 
amount of concrete will remain in the GR along its entire life.  

Some of these cementitious materials are going to be in contact with the bentonite buffer, 
backfill material and the near-field host rock of the EBS in the GR. Over time concretes made 
with Ordinary Portland Cements (OPC) leached by the groundwaters will give rise to release of 
significant quantities of ions, mainly OH-, K+, Na+, Ca+2. The resulting leachate could have a pH as 
high as 13.5. The leaching water might perturb other repository materials such as the engineered 
barriers, the hyper-alkaline cementitious materials have shown to alter this clay barrier.   

From the point of view of creating a solid safety case for a nuclear repository, it is currently 
impossible to predict how fast and where cement pore waters may travel during the long periods 
of time involved. Furthermore the hyper alkaline plume can last for a very long time (up to 
thousands of years) and therefore cause physicochemical transformations that could modify the 
radionuclide confinement properties of the disposal components. 

For this reason, most of the adopted engineering construction concepts requires the use of 
low-pH cementitious materials, in order to avoid the high alkaline plume from the standard 
cementitious materials when in contact with groundwater. The accepted solution is to develop 
cementitious materials that generate pore waters with pH ≤ 11, because the alteration of the EBS 
components is significantly reduced below this pH value.  

Within ESDRED project low-pH cements were developed as an alternative to standard OPC 
concrete formulations for plug and rock support construction, so as to prevent or reduce the 
development of the hyper alkaline plume effect. On the other hand although the utilisation and 
performance of standard shotcrete in conventional construction works is well known, there is no 
experience with the workability or the performance of shotcrete formulated to obtain the low-pH 
products. Different aspects related to the ESDRED developments of low-pH cements for low-pH 
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concretes production for a GR have to be considered: 1) The definition of the general functional 
requirements expected for this type of concretes in specific applications. 2) The design and the 
properties of low-pH cements, moreover the special characteristics implied in the development 
and production of low-pH concretes,  mainly focused on the procedure followed in the design of 
a specific application of low-pH cements aimed at shotcreting a low-pH concrete 3) the industrial  
and site production of  specific low-pH shotcretes for plug and rock support. 

Functional cementitious materials requirements for GR 

Most of the repository concepts, irrespective of the host rock, require concrete construction 
in the underground repository areas and the functional requirements applicable for the different 
low-pH concrete applications has to be explicitly indicated, but in order to be applicable, those 
requirements should be connected to measurable parameters, although some desired properties 
could not be measured quantitatively, like stability and durability. 

Obviously, the main functional requirement demanded in any type of low-pH material used 
in a GR is having a pore fluid pH value ≤ 11, which is considered acceptable for preventing or 
reducing the alteration of the bentonite EBS. Other functional requirements are going to depend 
on the specific application given to the low-pH cementitious material. 

But apart from the requirements needed in the specific material behaviour, those required 
by the specific construction method must be taken into account. The use of shotcreting has 
proven to be an efficient and cost saving method for rock support in underground construction. 
The design criteria applicable for low-pH concrete for plug and rock support applications were 
defined at the beginning of the project, previously to any further developing. 

The main functional requirements to comply with that should be specified in every 
application type are: hydraulic conductivity (site specific – same order of magnitude to that of 
the Excavation Disturbed Zone EDZ,), mechanical properties of concrete, durability (concept 
specific – linked to the operational life of the repository), workability and pumpability (when 
shotcreting), slump, peak hydration temperature, thermal conductivity (concept specific – not 
below that of the bentonite barrier), use of organic components (fibres or admixtures), use of 
other products, etc.  

Regarding peak of hydration temperature and thermal properties, consideration is given 
during the shotcrete formulation for preventing cracks induced by heat of hydration. This is 
more relevant in plugs since the application of shotcrete layers within short time intervals might 
reduce the heat dissipation and therefore buffer the hydration temperature. Concerning thermal 
conductivity it is desirable that the plug has equal or higher conductivity than the bentonite 
buffer.  

Fabrication of low-pH cementitious materials 

Different cement formulations were developed within the frame of ESDRED, using 
conventional cement components, as OPC and mineral additions. The key properties of the low-
pH were characterised. According to the characterisation results, the most suitable low-pH 
cements were selected to design the basic concrete composition for shotcreting, for both plug 
and rock support use. 

The low-pH cementitious materials based on OPC must include higher contents of mineral 
additions, over 40%, to ensure that free portlandite is significantly reduced or even avoided. To 
eliminate the portlandite, mineral additions are recommended, particularly those that consume 
portlandite during hydration via pozzolanic reaction. 



NEA/RWM/R(2012)3/REV 

APPENDIX C: WORKSHOP PAPERS 

63 

Silica based materials (silica fume or fly ash, etc.) allow the production of low-pH 
cementious material; either using isolated material (binary mixes) or by mixing of several 
mineral blends (ternary or more blended cements). In the case of low-pH cementitious materials 
production, it has been determined that if OPC is used as basic cement of the low-pH blend, at 
least 55% of SiO2 must be in the binder, or pozzolan blended additions above 40% have to be 
employed. Indeed, the composition of the blended agent has a marked effect on the pH, being SF 
the most effective (due to its higher silica content). Formulations with a sufficient percentage of 
mineral addition, > 40%, with a total SiO2 contents > 55% show a pH below 11 after 90 days of 
curing. 

Concrete can be seen as a composite material composed of an aggregate skeleton bound by 
a paste matrix. The paste itself is composed of the low-pH cement formulation, water and the 
chemical admixtures. As most of the physicochemical reactions occur at the paste phase, the 
compatibility among different constituents has to be assessed in paste evaluations, the 
aggregate being almost inert. Thus, the selection of the low pH concrete components is divided 
in two stages: Paste components, including admixtures compatibility, and aggregates 
proportioning.  

From the Compatibility evaluation of chemical admixtures different tests have to be 
performed successively to determine suitable combinations of low-pH cement formulation and 
the admixtures to be used. It must be kept in mind that chemical admixtures are developed and 
optimised for “standard cements” and thus, their efficiency with special cements (low-pH) 
cannot be neglected.  Aggregates selection is a key issue in concrete design and production as 
about 70 % of the concrete is made of aggregates and they strongly influence water demand, 
workability, pumpability and projectability of the concrete.   

Main experience with respect Low-pH shotcrete plugs 

The low-pH concretes designed have to fulfill with the functional requirements established 
for construction in underground repositories and conventional wet-stream shotcreting 
technique proved to be appropriate for the construction of plugs and rock support with the 
selected low-pH concrete. It was demonstrated that a solution for minimizing the effects of the 
hyper alkaline plume in the repository is now available at industrial scale. Low-pH shotcrete for 
plug construction provides the following improvements for the repository:  

• Better compatibility of engineered materials and natural barriers due to an improved 
sealing material: the low-pH concrete. 

• Improvement of seal/plug designs because concrete plugs could be built with no 
reinforcement and with no recesses excavated in the rock for competent formations 
(crystalline rock). 

• Improvement of seal/plug construction methods and equipment because the concrete 
plugs could be built using the shotcreting emplacement method, which is much faster 
than the cast concrete, can be easily automated and could be almost continue due to 
the low heat release of the low-pH concrete during hardening. 

• Increase of the long-term safety due to a more stable multiple barrier system (natural 
and engineered) thanks to the reduction of the hyper alkaline plume effect. 

• Results from a short low-pH shotcrete plug constructed in a horizontal gallery in Aspö 
hard rock laboratory (Sweden), which was tested, to failure and thereafter dismantled 
and analysed, confirmed the feasibility of the selected solution and helped to 
determined the key parameters of the bearing capacity of a plug. A full scale, long plug 
demonstrator was designed and constructed in the Grimsel underground (Switzerland) 
which is being testing under realistic conditions.  
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Main experience with respect Low-pH for rock support 

The main experience has been to demonstrate the feasibility of using low-pH shotcrete also 
for rock support, for which low pH cement is needed, but the proportions for concrete 
production are diverse according to the functional requirements to address. The low pH 
shotcrete formulation was derived from the development work implemented for low pH 
shotcrete for plug construction. Thus, the specific objectives carried out for the development 
low-pH shotcrete for rock support were related to find a formula for a workable shotcrete. The 
main work included was: 

• The development of suitable low-pH shotcrete formulae including the selection of 
admixtures as superplastiziers and accelerators for industrial shotcrete application. 

• Pilot testing of these low-pH shotcrete formulae for rock support 

• Full scale field testing of these low-pH shotcrete formulae for rock support 

• Demonstration to prove the feasibility of using low–pH shotcrete for rock support in 
both crystalline and clayey rock. 

Although a lot of experience has been gained within ESDRED project with the use of low-pH 
concretes, uncertainties still remain, mainly related with, mechanism of functioning of low-pH 
cements with components of concrete at early ages, long term performance, durability in contact 
with groundwaters and environmental conditions or risk of corrosion if in contact with carbon 
steel, as reinforcements or fibres. 


