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8 - EXPERIMENTAL INVESTIGATION OF THE LONG TERM 
DISSOLUTION PROPERTIES OF A CEMENT-BASED VAULT BACKFILL 

E.J. BUTCHER (National Nuclear Laboratory), J. BORWICK (National Nuclear Laboratory), A.A. 
THORBURN (National Nuclear Laboratory), S.J. WILLIAMS (Nuclear Decommissioning Authority 

Radioactive Waste Management Directorate) 

Abstract 

Government policy in the UK is for geological disposal of higher activity radioactive waste. 
The Nuclear Decommissioning Authority is responsible for implementation of a Geological 
Disposal Facility (GDF) through its Radioactive Waste Management Directorate. One concept for 
the long-term management of packages of intermediate-level radioactive waste (ILW) is to place 
them in underground vaults in a GDF. After the packaged waste is placed in the vault it is 
planned to fill the space around the waste packages with a cement-based backfill prior to closure 
of the facility. The currently specified backfill is the NRVB. This is porous and is designed to 
provide an alkaline environment in which the mobility of radionuclides is reduced. 

The NRVB is composed of a blend of Portland cement, limestone flour and hydrated lime 
and in principle, there is sufficient alkaline material within the NRVB to maintain alkaline 
conditions until up to at least 1000 NRVB volumes of groundwater have passed through the 
repository. However, no experimental studies have investigated the full leaching of NRVB until 
essentially only the calcium carbonate content remains. Those studies which have been carried 
out indicate that the buffering behaviour is altered under saline conditions. 

Leaching trials are therefore ongoing at the UK National Nuclear Laboratory (NNL) to 
investigate the dissolution of NRVB until pH values typical of calcium carbonate are achieved. 
The objective of this work is to determine the buffering capacity of samples of the NRVB, and to 
allow the sequential release of the alkalinity from the intact samples to be monitored. 

Leaching is being performed utilising three leachants; deionised water and two saline 
solutions. Trials have been performed in duplicate for each leachant to allow an initial 
assessment to be made of the reproducibility of the data produced.  

In order to simulate the conditions expected in the GDF the approach being used in the 
trials is a flow through experiment utilising a flexible wall permeameter. The configuration of 
the permeability cell is shown in Figure 1. 

In order to assess the leaching in the environment expected to be present in the GDF the 
temperature is controlled at 35°C, the long-term temperature which it is expected will be 
achieved in the post-closure environment. This has been achieved by installing the equipment 
within a temperature-controlled cell. 

The experimental approach has the following benefits: 

• The use of equipment designed specifically for this purpose. 
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• Flow rates can be monitored and if necessary adjusted, to maintain optimum values, 
ensuring that dissolution/diffusion kinetics do not affect the outcome, and the 
experiment can be completed within the desired timescale.  

• The use of intact samples is more realistic than crushed samples, in which fresh surfaces 
are created and mineralogical changes may occur as an experimental artefact. 

• A flow through test allows accurate measurement of the volume of groundwater which 
has had direct contact with the internal surfaces of the NRVB. 

• Groundwater flow in a repository is likely to create preferential flow paths, mineralogical 
changes and may not access closed porosity, a flow through experiment should provide 
some indication of the significance of this. 

• The temperature is representative of repository conditions, and therefore solubility and 
mineralogy will be as realistic as possible. 

Figure1: Permeability Equipment 
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Results  

Figure 1: pH Data for leaching performed with Deionised Water 
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Figure 2: pH Data for leaching performed with 0.1M NaCl Solution  

pH Comparison for Duplicate 0.1M NaCl leachant samples 

10

10.5

11

11.5

12

12.5

13

0.000 100.000 200.000 300.000 400.000 500.000 600.000 700.000 800.000
Flow through ( specimen volumes)

Le
ac

ha
nt

 p
H

Sample 2
Sample 5

 



NEA/RWM/R(2012)3/REV 

APPENDIX D: WORKSHOP POSTERS 

174 

Discussion  

While these trials are ongoing there are a number of observations which can be made based on 
the data generated to date: 

• All of the samples show the leaching curves of a pH greater than 12.5 initially, relating to 
the solubilisation and leaching of the alkali metals. This is followed by a period of 
leaching during which the pH remains relatively constant at ~ 12.4, which is expected 
to relate to buffering by portlandite and CSH dissolution. The pH is then observed to 
show a gradual reduction after the portlandite has been leached and the buffering of 
the pH is maintained by CSH. Similar results for cement only samples have been 
reported by Glasser previously.1 

• Variation in flow rates observed between replicate samples is observed, resulting in 
larger leachant/leachate flow through replicate samples which have been on test at the 
same pressure for comparable times. This is illustrated for the deionised water (Figure 1) 
and 0.1M NaCl (Figure 2) leached samples. This variability in permeability is consistent 
with work summarised other researchers, who have studied permeability testing of 
concrete samples2. This indicated that coefficients of variation in the range of 44 to 52% 
were recorded for a range concrete samples, all tested using the same method. 

• The effect of the variation in flow rate is that replicate samples, leaching of which 
started at the same time, have been exposed to significantly different degrees of 
leaching expressed in terms of the volume of leachant which has passed through the 
NRVB samples. However comparison of the leachate pH data between the replicates 
after the same volumes of leachate have been collected through each sample shows 
good agreement in the pH data.  

• An experimental observation from the 0.1M NaCl solution trials (Figure 2) are the two 
lower pH samples which are observed at approximately 330 and 590 volumes. 
Examination of the complete data set, including flow rates and observations concerning 
the operation of the flow cells indicated that these to samples correlate with the 
equipment becoming blocked due to the formation of the corrosion product. This 
corrosion product was observed to be a brown gelatinous materials and was attributed 
to the corrosion of components within the permeameter equipment. A possible 
interpretation of this data is that the corrosion product removes hydroxide from 
solution during its formation and reduces the pH of the remaining leachate.  

• The permeability cell equipment used for the trial allows the pressure applied to the 
leaching solutions to be varied, if required as the trials progress. Therefore where an 
increase in flow rates through the sample has been observed, as the cementitious 
components are leached, leaching pressures have been reduced to allow lower flow 
rates (which are closer the achieving chemical equilibrium) to be maintained. 

Conclusions  

• These trials are ongoing, however the data produced to date are consistent with previous 
work on cementitious material leaching. The flow rates are being adjusted by varying 
the leachant pressure if required, in order to maintain conditions which are close to 

                                                           
1. Glasser F.P., Progress in the Immobilization of Radioactive Waste in Cement, Cem. Conc. Res, Vol 22, 

1992, pp201-216  
2. Hooton, R.D., What is Needed in a Permeability Test for Evaluation of Concrete Quality, Pore Structure 

and Permeability in Cementitious Materials, L.R Roberts and J.P. Skalny Eds, Materials Research Society 
Symposium Proceedings, vol. 137, 1988, pp141-149 
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equilibrium. This is one of the advantages of the use of the permeability cell equipment 
which gives the flexibility change flow rates without disturbance of the backfill sample, 

• The flow through approach has allowed data to be generated to assess leaching and 
alkalinity release of the backfill material under flow thorough conditions which are 
comparable to those which may occur in a potential geological disposal facility. 

 


