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SYNOPSIS 
Part I of this 3-part report entitled ‘Basic 
Principles’ presented details of the binder and 
technologies available for use in 
stabilisation/solidification treatment of 
hazardous wastes and contaminated land. Part 
II entitled ‘Research’ presented an overview 
of the main research activities which have 
taken place in the UK concentrating on the 
last decade or so.  This report, Part III entitled 
‘Applications’ presents field trials and 
commercial applications of S/S treatment 
technologies in the UK of both hazardous 
waste and contaminated land.  In each of the 
two sections the projects are presented in 
chronological order. This report concludes 
with the current position on 
stabilisation/solidification technologies in the 
UK. 
 
FIELD TRIALS 
Field treatment of electric arc furnace dust 
using sodium silicate activated blastfurnace 
slag 
A field solidification study was conducted 
utilising a sodium silicate activated 
blastfurnace slag binder formulation to 
solidify 63 tonnes of an electric arc furnace 
(EAF) dust (Stegemann et al., 1995). The 
design blend of the binder comprised 
blastfurnace slag, hydrated lime (dolomitic) 
and silica fume in the ratio of roughly 66:26:8 
respectively. Sodium silicate was used as an 
activator. The field solidification mix 
consisted by percentage weight of 53-62% 
waste, 36-44% dry binder, 0.5-3.1% silicate 
and 14-38% water. The EAF dust contained 
boron, cadmium, chromium, lead and 
mercury.  
      The solidified waste was mixed using the 
mobile treatment system of Shaw-Eurocan 

Environmental Inc. (SHEEINC). This unit is 
comprised of a central high shear concrete 
mixer and is surrounded by hoppers on load 
cells for each component of the mix. Although 
the SHEEINC unit consisted of an automatic 
controller only part of the batches were 
achieved using it. The mixing was carried out 
in batches for about 3 minutes and then 
discharged to a piston pump which 
transported the material to a prepared cell. 
Intermixing took place within the pipe as 
several batches were needed to fill it. The 
solidified product was placed in a field test 
cell in the form of an inverted pyramid with 
precipitation being allowed to enter freely. 
Once placed in the cell, the material was 
vibrated using a pencil vibrator.   The set up 
was such that the lower third of the waste 
monolith was constantly immersed in water. 
In addition, batches of the field solidified 
waste were cured at 22oC under moist 
conditions in the laboratory. These consisted 
of 58% waste, 40% dry binder, 2% silicate 
and 26% water. 
     Leachate samples were obtained directly 
from the cell on a monthly basis for a period 
of 20 months. Three types of batch extraction 
leaching tests were conducted at up to 19 
months after solidification on field cores and 
laboratory-cured field samples. The field 
leachate results indicated an increase in the 
pH after the placement of the solidified waste 
which gradually decreased over a period of 
two years. This initial rise in pH was 
attributed to diffusion control release of 
excess alkalinity and it is stated this has been 
indirectly responsible for the observed 
reduction in leachability of metals. The high 
pH observed in the first year is thought to be 
due to the activation of blastfurnace slag and 
the gradual drop thereafter could be attributed 
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to the blastfurnace slag consuming lime on 
hydration which removed the dissolved 
alkalinity especially from near the outer layers 
(Stegemann et al., 1996). The results from the 
extraction leaching tests were used to validate 
their use in the short and long terms and this 
will be discussed in a future report.  
     The average mix properties were a bulk 
density of 2220kg/m3, moisture content of 
17%, permeability of 1.7x10-10m/s, UCS at 56 
days of 9000kN/m2 and no mass loss in a 
freeze-thaw test. 
     The variability of the field solidified waste 
to that of laboratory-prepared samples was 
studied (Stegemann et al., 1997). In this study, 
field solidified samples cured in the 
laboratory, as in the above study, were 
compared with laboratory formulated 
samples. The results indicated that the 
laboratory-cured samples, compared to the 
field results above, had a 5% lower average 
bulk density, a more variable and on average 
10% higher moisture content, a 70% higher 
hydraulic conductivity, a more variable and 
on average a 60% lower UCS and a slight 
mass loss in freeze-thaw durability. This was 
mainly as a result of the variable and higher 
than planned water addition during field 
solidification (Stegemann et al, 1997). 
Similarly, the results indicated that the higher 
than planned addition of sodium silicate and 
the use of high calcium lime instead of 
dolomitic lime caused a higher initial pH and 
higher initial leachability of lead and zinc in 
the field samples compared to those of the 
design formulation. Also due to the final 
extract pH values being different, the 
contaminant amounts available for leaching 
from the design and field samples varied 
considerably. Based on the results it was 
concluded that although the physical and 
chemical properties between waste solidified 
in the field and laboratory differed, primarily 
due to field processing, they remained within 
the desired range.  
 
In-situ S/S site trial for organic 
contamination in West Drayton 
The first UK research and development 
project on in-situ S/S was funded by the 
Department of the Environment under its 
Environmental Technology Innovation 
Scheme and performed over a 15-month 

period between 1994 and 1995. The project 
work was carried out by Birmingham 
University in collaboration with May Gurney 
Technical Services and Envirotreat, who 
partly funded the project work. The aim of the 
project was to develop and implement an in-
situ S/S treatment methodology on a 
contaminated site, namely the Ministry of 
Defence Research Agency location at West 
Drayton near Heathrow Airport, which is an 
old chemical works site. The project involved 
initial treatability study work using the site 
soils, a site trial and finally assessment of the 
treated ground (Al-Tabbaa and Evans, 1996; 
1998; NCE, 1997; Hopkins, 1997; Al-Tabbaa 
et al, 1998, Evans, 1998).  
      The site consisted of up to 1.7m of 
variable made ground, underlain by 3-4m of 
natural sand and gravel deposits with the 
groundwater at a depth of 2m. The natural 
moisture content of the two soils was 10%. 
The soil and groundwater were contaminated 
with a mixture of heavy metal and organic 
contaminants including concentrations of up 
to 3000mg/kg of lead and copper, 2000mg/kg 
of mineral oil and 9000mg/kg of 
hydrocarbons. Design criteria were chosen 
based on physical and chemical properties 
including unconfined compressive strength, 
freeze-thaw and wet-dry durability, 
leachability, leachate pH and permeability. 
    The treatability study work (Evans and Al-
Tabbaa, 1997), resulted in the selection of 
seven different soil-grout mix formulations 
which were all cement-based and contained in 
addition PFA, lime and bentonite, as detailed 
in Table 1.  They also contained a negligible 
amount of a specially developed modified 
bentonite clay for the immobilisation of 
polycyclic aromatic hydrocarbons (Lundie 
and McLeod, 1997; NCE, 1997). The 
presence of this modified clay did not affect 
the other properties investigated (Evans 
1998). The mixes consisted, by percentage 
weight, of 75-84% soil, 1-7% cement, 0-16% 
PFA, 0-0.5% lime, 0-1% bentonite and 3-13% 
water. 
      Those seven mix formulations were 
applied in situ using the single shaft auger, 
shown in Figure 1, which was manufactured 
specifically for this project. At each column 
position, the auger was advanced clockwise at 
a rate of 30rpm into the ground to the full 
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treatment depth of 2.3m. The auger rotation 
was then reversed and grout was injected and 
mixed with the soil as the auger was 
withdrawn. Intermittently during withdrawal, 
the auger was advanced again under 
clockwise rotation into the soil-grout column 
to aid compaction and to further homogenise 
the column of material. A grid of 23 
overlapping columns was formed over a 
period of two days treating a plan area 
2.4mx2.4m and a volume of 14m3 and 
resulted in a relatively small volume increase 
of 7%. Sixteen single columns were installed 
on the first day and seven overlap columns on 
the second. Installation of the overlapping 
columns through single column areas proved 
to be difficult and took more time compared 
to the single columns.  
      Samples were cored initially 2 months 
after treatment and then at 4.5 years followed 
by testing at various ages for the above 
mentioned properties (Al-Tabbaa and Evans, 
1998, Al-Tabbaa et al, 1998, Al-Tabbaa and 
Boes, 2002). Only the properties at 2 months 
are presented here and are summarised in 
Table 2 for the different mix groups. The 
time-related performance will follow in a 
subsequent report. 
   The project was successful in the 
development and implementation of the 
treatment. It produced correlations between 
the treatability study and in-situ results in the 
short term, and development of the properties 
over a 5-year period. It highlighted the 
complex issues associated with full-scale 
testing in terms of site specificity and 
heterogeneity and the need to develop 
performance criteria which realistically 
represent in-situ conditions. It revealed a 
complex time-dependent behaviour of treated 
contaminated ground and it was difficult to 
isolate the effects of chemical and mechanical 
factors which now require more detailed 
investigation.  
     In parallel with the research and 
development West Drayton project, 
laboratory-scale augers were constructed to 
model soil mixing processes in the laboratory 
(Al-Tabbaa and Evans, 1999). One purpose 
was to develop correlations between full-scale 
and laboratory-scale soil mixing and between 
the properties of the resulting materials. To 
this end the West Drayton problem was 

modelled in the laboratory and one-tenth scale 
soil-mixed columns were produced. This work 
produced well-mixed columns with similar 
properties to those produced in the site trial. It 
is usually reported that the UCS of soil-mixed 
material from site trials are lower than those 
produced by manual mixing in the laboratory 
as part of treatability studies. This is usually 
caused by the lower density and the less 
homogeneous mixing achieved on site. The 
work using laboratory-scale augers has shown 
that consistent behaviour with in-situ soil 
mixing can be produced in the laboratory and 
hence laboratory-scale soil mixing is more 
effective than manual mixing and should form 
part of treatability studies. 
 
CIRIA demonstration project – Geodur 
process 
As part of the CIRIA demonstration and case 
study programme on the remediation of 
contaminated land (Sansom and Jardine, 
1997; Jardine and Johnson, 2000; Board et al., 
2000), six materials were treated by 
stabilisation/solidification in a field trial in 
1994. This comprised two contaminated 
soil/slag wastes from a metal recycling site, a 
lead/zinc slag from smelting, a metal smelting 
residue, a contaminated gasworks soil/made 
ground and a lagoon-conditioned PFA (the 
control). All materials were treated using a 
general trial mix consisting of 10% cement 
and 0.15% Geodur Traceloc, with limestone 
aggregate added at 18% to improve the 
consistency and engineering properties.  
     The plant used was a Belmix 50 concrete 
batching plant which is a mobile, screw-auger 
continuous-feed  mixer, with a minimum 
capacity of 100 t/hr. The single hopper needed 
to be modified to handle not only concrete 
aggregates, but also the contaminated material 
and the industrial residues. The contaminated 
materials and industrial residues were 
supplied to the batching plant, using the 1-ton 
capacity front loader, and were continuously 
batched and mixed at the production rate of 
56.8 t/hr which was set for the trials. The mix 
proportions were converted to rates of 
feedstock giving a total flow of mixed 
material of nearly 16kg/s. 
     The processed materials were loaded 
directly onto lorries from the batching plant 
and transported to an outdoor prepared area at 
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Wombwell, to form the slabs by spreading 
and levelling by a tracked shovel and then 
compacted by the vibrating roller which was 
pulled by the tracked shovel. The main slab 
was formed with 280t of processed material, 
and was 25m x 35m in area and 300 mm 
thick. Slab forming is shown in Figure 2. 
     The compressive strength results indicated 
that the early (<7 days) strength was low, 
suggesting that the contaminants delayed the 
hydration of the cementitious compounds. 
This would prevent these materials from being 
used in road construction as cement-bound 
materials. However, all materials developed 
compressive strength thereafter, with the 
strength increasing with time, with no 
indication of any breakdown or loss of 
strength in the long term. All material except 
the contaminated soil, which was the weakest 
material, attained average strengths greater 
than 9 N/mm2 at 1216 days. A part of the 
main slab was crushed after one year and left 
on site. Samples of this material were shown 
to be acceptable for Class 1 and 6 earthwork 
applications, as Type 1 sub-base and as an 
aggregate in cement-bound material.  
     The NRA leaching tests showed Cd, Hg, 
Ni, Zn and low concentrations of 
hydrocarbons to be effectively immobilised, 
whilst Al, Cr, Pb, phenols and total polycyclic 
aromatic hydrocarbons leached from one or 
more of the materials at concentrations greater 
than the environmental quality standard 
values. In some cases the treated materials’ 
leachate concentrations were higher than those 
of the untreated materials. Samples of water 
obtained from drains on site were of high 
quality, thus indicating that no significant 
leaching of contaminants was occurring under 
natural weathering conditions. The 
permeability varied for the six materials with 
the PFA mix (control) having the highest 
permeability of 2.3x10-7m/s to the metal 
smelting residue having the lowest value of       
8.1x 10-10 m/s. 
 
EuroSoilStab EU Project 
Soil mixing, both wet and dry, have also been 
the subject of an EU project (1997-2001), 
called ‘EuroSoilStab’. The objective of the 
project was to develop and prove novel 
competitive design and construction 
techniques, backed by guidance documents, to 

stabilise soft organic soils for the construction 
of rail, road and other infrastructure, thereby 
enabling economic construction on land that 
was previously considered unsuitable.  It 
brought together the expertise of seventeen 
leading European groups from six countries. 
The project involved laboratory studies and 
field trials and aimed to cover the 
development of binders, laboratory testing of 
binders and soils, full-scale testing using both 
dry and wet mixing, measurement and back 
analysis of the full-scale behaviour and the 
completion of a design guide to EC7 (Essler, 
1999). The UK partners were the Building 
Research Establishment (BRE) and Keller 
Ground Engineering who focused on deep wet 
mixing. A test site at Dartford was established 
which comprised of 5.5m of soft alluvial soil 
with organic content up to 55% overlying the 
Thames gravel. Laboratory soil mixing trials 
were completed using site soils and concluded 
that a mixture of cement and GGBS would 
provide (i) strength and stiffness gain, (ii) an 
increase in the in situ pH from around 5 up to 
11 and (iii) resistance against the effects of 
high sulphate content of the organic soils at 
Dartford (Butcher, 2001). The final project 
report is now available in the Swedish 
Geotechnical Institute website. 
 
Treatment of river dredgings and sewage 
sludge by lime 
At TRL a programme of work was carried out 
under several stages to investigate the 
durability of the S/S treated contaminated 
material in terms of both physical and 
chemical properties (McKinley et al., 1999). 
Reid and Clark (2001) provided full details of 
the tests. The mixture of material consisted of 
fine-grained river dredgings, PFA and heavily 
contaminated sewage sludge in which a wide 
range of heavy metals and organic 
contaminants were present.  The mixture was 
generated by adding PFA to the dredgings, 
which was a very soft organic silty clay at a 
ratio of 1:2 PFA:dredgings. The dredgings 
were too soft to handle without the addition of 
PFA. To this 5% by weight of contaminated 
sewage sludge was added. The material was 
treated to improve its physical properties and 
to minimise release of contaminants. 
Treatment was conducted by using quicklime 
at 5% by weight and this was found to give 
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satisfactory properties as general earthworks 
fill. The acceptability criteria were based on 
tests such as California Bearing Capacity 
(CBR) and Moisture Condition Value (MCV) 
instead of the commonly used unconfined 
compressive strength (UCS). 
     Samples from the above mix were 
subjected to the NRA leaching and dynamic 
flow-through leaching tests, the latter being 
more representative of field conditions. The 
tests were carried out for 5 months to achieve 
a liquid:solid ratio of 10, comparable to that 
used in the NRA test, and the pH and 
electrical conductivity of the leachates 
monitored. A low permeability was achieved 
in the dynamic leaching test with the 
permeability falling from 2x10-9 m/s to 9x10-

10 m/s over the course of the test. The leachate 
pH remained fairly constant at around 12.6 
which was similar to the pH from the NRA 
leaching test. Concentrations of copper, 
nickel, ammonium and phenol were relatively 
high with copper and nickel decreasing to low 
levels as the leaching progressed (Reid and 
Clark, 2001). The other contaminants such as 
lead, cadmium, tin, manganese, magnesium, 
arsenic, selenium, iron, zinc, boron and 
mercury were at very low concentrations in 
the leachate throughout the dynamic leaching 
test (Reid and Clark, 2001) The observed 
leaching behaviour indicated that some metals 
were strongly complexed with organic matter 
and may have become mobilised when the 
metal organic complexes degraded at high pH 
due to the dissolution of the organic matter. 
The undrained shear strength of the mixture 
prior to treatment was about 50 kPa rising to 
155 kPa after lime treatment but prior to the 
leaching test and to 230 kPa after leaching. 
The latter indicates that the cementitious 
products were not broken down during the 
leaching process. 
   Conditions that prevail in the field could be 
significantly different to those in the 
laboratory, leading to differences in physical 
and chemical performances. A pilot scale 
outdoor test bed was constructed at TRL in 
July 1997 to determine the effects of natural 
weathering on strength and drainage products 
of lime treated material (Reid and Clark, 
2001). This is the same material used in the 
laboratory tests reported by McKinley et al. 
(1999) above. The test bed was a concrete bay 

with dimensions of 5.0 x 1.7 x 0.2m, open at 
one end to collect the drainage, and was 
exposed to more severe conditions than would 
be experienced in the field. Material used in 
the test bed was also compacted and stored 
under water in the laboratory in order to 
compare field and laboratory results. The 
shear strength was monitored over a period of 
one year. The test bed strength results 
indicated that the strengths although gaining 
in strength rapidly over the first two summer 
months decreased over winter and remained 
variable over spring to again gain strength to a 
maximum over the summer of July 1998. In 
contrast, the laboratory results showed a slow 
gain in strength reaching a maximum after 6 
months and thereafter decreasing. However, 
the test bed shear strength never dipped below 
140 kPa. Chemical analysis of the drainage 
material was conducted at regular intervals 
over a period of 15 months, however, most of 
the water collected for this purpose would 
have been runoff rather than percolation due 
to the low permeability of the material. The 
pH of the drainage water dropped from 12.2 at 
the start to 7.5 after one year, whereas the pH 
measured in the laboratory samples stored 
under water remained at greater than 12 
throughout. The calcium in the drainage 
rapidly dropped to lower levels than for the 
laboratory tests.  This and the drop in pH was 
attributed to carbon dioxide uptake by the 
drainage water. The chemical species other 
than pH and calcium showed similar 
behavioural patterns to those in the laboratory 
tests. The test bed study results confirmed that 
there was no apparent deterioration over time 
of the geotechnical properties of this lime 
treated material.  
 
Greenwich/Blue circle demonstration 
project with special cement 
Accelerated carbonation technology (ACT) 
for the treatment of hazardous wastes and 
remediation of contaminated land utilises the 
latent reactivity of special binder systems 
(EnvirOceM cements). These binders can be 
made to react rapidly with carbon dioxide and 
contaminants are stabilised and solidified in 
the process in a carbonate-based reaction 
product (Ground Engineering, 2000). This 
treatment process occurs in a few minutes. 
The carbonation reaction results in the 
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production of calcium carbonate which 
stabilises and encapsulates the contaminants. 
The de-calcified binder component is also 
polymerised in this process and develops a 
significant sorptive capability which further 
contributes to the contaminant retention. 
Significant quantities of gas can be utilised in 
this process as laboratory results have 
indicated that the CO2 uptake can be greater 
than 50% of the weight of the binder utilised. 
This would mean that a gas quantity greater 
than 250m3 could be bound as a solid into 
each tonne of binder utilised.  
 
COMMERCIAL APPLICATIONS 
The Sealosafe process 
 
The Sealosafe process, which is based on a 
UK Patent, was used by the companies 
Stablex, Leigh Environmental and Cory 
Environmental to treat hazardous wastes. The 
process was introduced in the UK by 
Crossfield Pollution Services Ltd (predecessor 
of Stablex) in 1973 and described it as being 
‘a mechanical-chemical polymerisation 
process which uses a polymer believed to 
outlast the contained waste’ (Conner, 1993).  
The process uses cement and pozzolanic 
materials such as fly ash as the binding 
material for treating the waste and it was 
generally considered that all inorganic wastes 
could be treated unless particular constituents 
were present at large concentrations 
(Porteous, 1985).  The waste could be in 
liquid, solid, sludge or filter cake form and 
typical industrial wastes treated using the 
Sealosafe process are shown in Table 3.   
     Any waste prior to being accepted at a 
Sealosafe plant had to go through a laboratory 
evaluation, formulation and testing 
programme to determine its suitability for 
treatment (Cope et al., 1983; Pojasec, 1979).  
Accepted wastes were stored in suitable 
facilities, depending on the form of the waste, 
until taken for processing. The wastes then go 
through the preparation stages of mixing and 
pretreatment. The wastes were generally 
either mixed in the right proportions or pre-
treated by a special process in order for the 
treatment to be successful. This facilitated a 
control of the pH of the waste or processes 
such as oxidation, reduction, complexing or 
precipitation to render the waste suitable for 

solidification (Porteous, 1985).  In addition, 
mixing with other wastes enabled wastes 
containing large proportions of organic 
matter, which were normally unsuitable for 
the Sealosafe process, to be treated and the 
treatment costs reduced (Chappell, 1980).  
Subsequently in the main treatment stage, 
which has also been referred to as the 
polymerisation stage, the waste stock slurry 
was combined with the desired amount of the 
binder, at normal temperature and pressure, to 
form the final product (Pojasec, 1979; 
Portoeus, 1985). The ratio of cement to the 
pozzolanic materials used could vary as much 
as from 50:1 to 1:50, and this variation 
affected the rate of setting and ultimate 
compressive strength (Chappell, 1974). The 
product, which resulted from the treatment, 
was in the form of a slurry that was either 
discharged to trucks or pumped to adjacent 
land reclamation sites. Leigh Environmental 
used the solidified product to fill marl pits and 
Cory Environmental used it to fill a disused 
chalk quarry (Barmpoutis, 2002).  The slurry 
generally began to set within 24 hours, was 
sufficiently hardened to walk on after 3 days, 
was capable of supporting vehicular traffic 
after 1 month, and ultimate strength was 
achieved after 6 months (Pojasec, 1979).  
     The properties of the resulting product 
were assumed to be derived from a 
combination of two inter-dependent crystal 
capture mechanisms, which caused its 
formation (Pojasec, 1979). The two 
mechanisms involve:  (i) formation of strong 
chemical bonds as a result of the pollutants 
present in ion form in solution reacting with 
the process chemicals and (ii) dispersion and 
entrapment of the pollutants present in the 
insoluble form within the polymer lattice 
(Pojasec, 1979). It is stated (Pojasec, 1979) 
that complete destruction of the product 
matrix is required in order for the pollutants to 
leach out and that this would generally require 
very high temperatures or strong acids. 
     The assessment of the effectiveness of the 
process was usually conducted by testing 28-
day samples obtained from the processing 
plant prior to deposition that were allowed to 
cure within a container open to the 
atmosphere at 20oC with a relative humidity 
of not less than 60% (Porteous, 1985). The 
assessment criteria were based on 
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permeability, leachability, compressive 
strength and long-term stability. Typical 
permeabilities were about 1x10-7 cm/s and 
compressive strengths ranged from 0.7 – 4.0 
MN/m2. Leaching conducted using the EP 
Toxicity test (USEPA, 1986) on waste with 
initial concentrations of heavy metals of up to 
100,000mg/kg dry weight depicted leached 
concentrations well below the levels set in the 
EP Toxicity test (Conner, 1993; Pojasec, 
1979; Porteous, 1985).  Long-term stability 
assessment based on permeability, strength 
and weathering tests over a six year period 
indicated improvement in these physical 
properties over time (Pojasec, 1979; Porteous, 
1985). 
     The Sealosafe process was used in the UK 
from the mid 1970s to the mid 1990s. The 
first Sealosafe process plant was built by 
Polymeric Treatments Ltd (through a licence 
from Stablex) in 1974 in Brownhills, 
northwest of Birmingham at a cost of around 
$200,000. It was designed to handle small 
quantities of a wide range of wastes with an 
initial capacity of 30,000 tonnes per annum, 
which was to be reached within a few years of 
operation. By 1977 it was treating 80,000 
tonnes per annum (Pojasec, 1979).  Two other 
plants were then built in 1978: one next to the 
original facility at Brownhills with a capacity 
of 120,000 tonnes per annum.  The other in 
West Thurrock, 20 miles to the east of 
London, had a capacity of 400,000 tonnes per 
annum and was the largest facility in the 
world at the time to handle hazardous wastes 
(Pojasec, 1979). 
     Stablex operated the West Thurrock plant 
until 1984 when it was taken over by Cory 
Environmental who continued to operate the 
plant until the mid 1990s. The reasons for 
closing the plant are not known but are almost 
certainly related to the low cost of direct co-
disposal of wastes to landfill. The waste types 
treated by the Cory Environmental plant are 
given in Table 4 and Figure 3 shows the 
stages of operation of the plant. Leigh 
Environmental took over the operation of the 
two Brownhills plants until 1989, when they 
lost the license to deposit Sealosafe products 
as a result of a number of incidents, which 
raised concerns over the use of this 
technology.  Full details are given by 
Barmpoutis (2002) and in a number of articles 

in ENDS reports (ENDS, 1985; 1989; 1992 
and 1995).  
     In 1984 10,000m3 of a solidified waste 
deposit burst a containment wall at a Leigh 
Environmental site.  Reports prepared by 
Harwell Laboratory and Imperial College for 
the Department of the Environment cast 
doubts on the reliability of waste solidification 
as used by Leigh Environmental as an 
effective treatment and disposal process. It 
was found that heavy metals and organic 
materials mixed in the solidified waste could 
leach out at high concentrations. It was also 
concluded that ‘commercial marketing of 
these processes included numerous and 
sometimes exaggerated claims about 
mechanisms of interaction (within the solid 
matrix) with 'little scientific support’ (ENDS, 
1985). 
     A second incident in 1989, caused Leigh 
Environmental to lose its license to deposit 
solidified waste.  They had claimed that the 
Sealosafe process could encapsulate a variety 
of hazardous wastes in a synthetic rock that 
was safe, permeable, non-polluting and non-
leaching. However Harwell Laboratory 
performed tests on specimens collected from a 
Leigh Environmental site and found that the 
synthetic rock failed to stand up to these 
claims. The resulting material was soft and 
had a high liquid content and poor 
compressive strength. Some samples were 
highly permeable and leachates from some 
areas contained high levels of organic 
compounds. According to Harwell 
Laboratory, these were indicative of a level of 
organics in the waste polymer mix, which is 
unlikely to be compatible with the generation 
of a product with satisfactory physical and 
structural properties. As a result Walsall 
Metropolitan Borough Council refused to 
allow Leigh Environmental to continue the 
deposition of the product in a clay pit in 
Aldridge (ENDS, 1989; 1992; 1995).  Leigh 
Environmental appealed against this decision 
in 1991 without success. In 1995 the 
Environment Secretary decided to uphold 
Leigh Environmental’s appeal against the 
Borough Council after they had been told by 
the company that the quality of the product 
which would be deposited in future would be 
‘far superior' to that of the earlier deposits, 
and that the material would definitely solidify. 
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However, the Council still had doubts about 
this and Leigh Environmental did not use the 
Sealosafe process again. 
     The Sealosafe process was also introduced 
to other countries: in 1976 two plants were 
built in Japan one near Tokyo and the other 
near Nagoya and in 1977 the process was 
introduced to North America, Australia and 
other European countries (Pojasec, 1979). In 
1983 Stablex sited a plant at Blainville near 
Montreal in Canada with a capacity of 70,000 
tonnes per annum which effectively treated a 
wide range of inorganic wastes (Porteous, 
1985). This plant is considered highly 
effective and is still operating today. 
 
A13: Thames Avenue to Wennington 
highway scheme 
The main site works were carried out in 1995. 
Approximately 150,000m3 of lightweight fill 
was obtained by treating about 100,000m3 of 
lightly contaminated silt dredgings. These 
were used in embankments on the edge of 
Rainham Marshes. The dredgings was mixed 
with PFA at a ratio of 2 parts silt to 1 part 
PFA and lime added at 3% to the composite 
mixture, with the aim of modifying the silt to 
obtain an acceptable fill material. After three 
years undisturbed samples were obtained and 
tested. The geotechnical test results showed 
very little change from the construction data 
and the material was still within specification 
limits with no loss in strength. The pH and the 
leachate had dropped from being strong 
alkaline at the beginning to slightly alkaline 
after three years with the other species 
showing no significant change. These results 
were similar to those obtained from laboratory 
and test bed on similar material (Reid and 
Clark, 2001). 
 
Ardeer Site, Scotland 
The first in-situ S/S treatment project in the 
UK was carried out by Bachy (now Bachy 
Soletanche) at the ICI Ardeer explosives site 
in Scotland in early 1995 (Wheeler, 1995; 
Barker et al 1996; Sansom 2000). This was 
also the first soil mixing project in the UK for 
geoenvironmental applications. The site was 
used by ICI for containing waste resulting 
from the manufacture of silicones for 
approximately 40 years. The main concern 
was that contaminated leachates were 

polluting the nearby Clyde estuary and river 
Garnock. Groundwater within and around the 
contaminated area was monitored over a ten 
year period and revealed a steady increase in 
the concentration of heavy metals and acidity 
and hence treatment was a high priority. The 
heavy metal contamination was within a 
granular landfill with a permeability of        
10-3m/s.  
    Various remediation methods were 
considered. Due to the nature and variety of 
the contaminants, the hydrological conditions 
and the amount of material that was to be 
treated (10,000m3 of waste), soil washing and 
chemical and thermal processes were not 
considered suitable. Excavation was also 
rejected because of health and safety and 
environmental risks and also difficulties in 
finding a suitable disposal site. A 
confinement-based solution in terms of a cut-
off perimeter wall was also rejected because 
of the lack of any near surface impermeable 
layer within which to key in. 
     The feasibility of using in-situ S/S, 
together with Bachy’s Colmix process, which 
uses overlapping and countra-rotating augers, 
was evaluated by a bench-scale study using 
typical samples of waste taken from the site 
(Barker et al, 1996). The aim was to neutralise 
the acidic wastes by increasing the pH levels 
to immobilise the heavy metals and hence 
reduce the permeability. Based on laboratory 
treatability studies, the proposal was to inject 
slurry with a pH>12 and an acid neutralisation 
capacity (being a measure of the buffering 
capacity of the stabilised waste) value >5meq 
H+/g at pH 9. This grout, when mixed with 
the contaminated material produced ground 
with 28-day laboratory strengths >200kPa and 
a permeability of <10-7m/s. The treatability 
study led to the selection of optimum cement-
based grout mixes which contained lime, as a 
neutralising agent, and PFA, to improve the 
stability of the slurry and reduce leachability 
of the treated material. The exact mix 
proportions have not been reported in the 
literature.  
     A successful trial was carried out covering 
10% of the proposed treatment area which 
was essential in refining the construction 
method, using augers, and optimising the 
grout mix. This was followed by the full 
treatment, in which 2407 augered columns 
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were constructed down to 5m depth in a 20 
week period, at a cost of just over £750k. The 
treatment was carried out using the quadruple 
auger configuration system comprising 
500mm diameter overlapping augers at 
375mm centres mounted on a Banut 500 
machine modified from a driven piling rig, 
shown in Figure 4.  The support equipment 
used comprised of two bulk silos for storage 
of dry powder, screw feeds, slurry mixer 
(A6R), agitator, two pumps (one in reserve) 
and four pipes dedicated to each auger. The 
computer on the rig turned the pumps on and 
off to ensure that the correct dosage of slurry 
was evenly distributed to each column. The 
slurry was initially set to be dosed at 230L/m 
but not to be reduced below  200L/m. The rate 
of drilling was to satisfy the above dosage 
while the rate of withdrawal was initially set 
to be 0.5m/min but being able to be varied up 
to 2m/min as the trial progressed.  
     Assessment was then carried out on 
samples of the freshly treated waste taken by 
re-augering through completed columns, 
partial excavation of treated areas and in-situ 
assessment of strength using a dynamic 
penetration system. Following completion of 
the remedial works, groundwater monitoring 
wells were installed on and adjacent to the 
stabilised area and are being monitored 
quarterly (Sansom, 2000). 
 
West Drayton Site, Middlesex 
Following the success of the West Drayton 
research and development project, May 
Gurney and Envirotreat used the results to 
commercially treat organic contamination in 
1997, for the first time in the UK, using this 
in-situ solidification/stabilisation technique on 
another site in West Drayton (Soudain, 1997; 
Construction News, 1997; Evans and Al-
Tabbaa, 1999).  The site, formerly the location 
of a paint factory, is being developed for 
housing units. The site was previously treated 
with soil vapour extraction to remove 
extensive hydrocarbon contamination between 
depths of 3.5 and 4m, in the made ground and 
sand and gravel overlying London Clay. This 
was later found not to have removed all 
contamination, with the soil and groundwater 
still contaminated with high levels of 
hydrocarbons. Disposal of the contaminated 
soil in a landfill was rejected due to the high 

costs, the environmental nuisance that would 
have been caused and the impracticality of 
removing around 3,000m3 of soil. On-site soil 
washing was rejected due to high costs, 
although cheaper than landfilling, and 
duration. Bioremediation was also rejected on 
technical grounds as only partial success was 
envisaged. The cement-based S/S soil mixing 
approach using organo-philic clay additives 
was considered to be the most cost-effective 
treatment available (Evans and Al-Tabbaa, 
1999). 
     Design criteria imposed were related to 
leaching test results of the treated material as 
compared with the commonly used Dutch 
Intervention Values for various hydrocarbons 
and heavy metals. Following treatability 
studies the following parameter ratio ranges 
were used: cement:bentonite of 1-2.5:1; 
soil:grout of 3-6:1 and water:solids of 3-6:1. 
The augers used were a new design consisting 
of a 300mm diameter leader connected to a 
shorter 600 to 900mm diameter section 
depending on the required size of the column, 
shown in Figure 5. This design significantly 
reduced the possibility of any spoil being 
transported to the surface. An augering 
procedure similar to that used in the West 
Drayton site trial, detailed above, was applied.  
     Different treatment methodologies were 
applied on the site to cope with the different 
levels of contamination. One was the 
treatment of heavily contaminated areas which 
were block treated with the cement-based 
slurry, containing an organophilic bentonite, 
mixed in situ with the soil using the 900mm 
diameter section auger by forming 
overlapping columns to the required depth.  
Another was to construct relatively permeable 
sections known as ‘active gates’, consisting of 
a soil and organophilic clay slurry, injected in 
the cut-off perimeter barrier, constructed 
using two overlapping rows of columns using 
the 600mm diameter section auger. These act 
as microchemical sieves, removing 
contaminants from groundwater as it passes 
through, therefore, in principle allowing only 
clean water to emerge on the other side. A 
total of 4500 soil-cement columns were 
installed in eight weeks between July and 
September 1997 at a cost of £250,000.  
     Throughout the treatment process, 
leachability tests were carried out on samples 
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of the soil-grout material which showed that 
the leachate concentrations of total petroleum 
hydrocarbons and the BTEX contaminants 
(Benzene, Toluene, Ethyl Benzene and 
Xylene) were well below Dutch Intervention 
Values. Subsequent groundwater monitoring 
carried out over a two-year period also proved 
the treatment to be successful (Evans and Al-
Tabbaa, 1999). 
 
Pumpherston Site, nr Edinburgh 
In 1999 Bachy Soletanche carried out in-situ 
S/S treatment with a cement-based grout to 
contain heavy hydrocarbons, consisting of 
paraffin, wax and tar, at a site at Pumpherston, 
west of Edinburgh, which was the home of 
Young’s Paraffin and Light Mineral Oil 
Company (Ground Engineering, 1999a). A 
number of possible clean-up solutions were 
examined, including dig and dump, in-situ 
treatment and burning the tar at a local cement 
works.  The contaminated material, which 
contained 40% pure tar, was excavated and 
placed in purpose built repositories and then 
treated.  Cores were taken from the treated 
material, visually inspected and tested for 
density and UCS. An in-situ penetrometer 
system was also used to check the strength of 
the column material in situ. 
 
Gas Hill Site, Norwich 
In 2000 a complete remediation package was 
carried out for a new housing development at 
Gas Hill in Norwich (May Gurney, 2001), one 
of the first gas works in the UK. Again a 
containment barrier followed by a pump and 
treat system in addition to site investigation, 
risk assessment, site clearance and mass 
earthworks was carried out for the cost of 
£290,000. The ground consisted of made 
ground down to 5m, overlying fine to coarse 
sand drift deposits which in turn were 
overlying chalk. The soil and groundwater 
were heavily contaminated with a cocktail of 
cyanide, lead, mercury and hydrocarbons. A 
programme of qualitative and quantitative risk 
assessment was carried out, in liaison with the 
Environment Agency, to develop an 
appropriate and cost-effective remediation 
strategy for the site, in line with current 
guidelines and legislation (IEM, 2001). The 
selected remediation strategy included the 
removal of surface materials across the entire 

site to a depth of 2.5m together with isolated 
hot spots. A chemical precipitation process 
was incorporated as part of a pump and treat 
system on the site to remove cyanide from the 
groundwater. Migration of polluted leachates 
was controlled with a 150m low permeability 
soil mix barrier, installed along the perimeter 
to part of the site to an average depth of 8-
10m (Stedman, 2001). 
 
Long Eaton Site, Nottingham 
     In 2000 May Gurney Technical Services 
installed a reactive containment barrier, to 
control the migration of polluted groundwater, 
as part of a remediation and enabling works 
package on a contaminated site in Long 
Eaton, Nottingham.  The site had previously 
been used as a fuel depot and both the soil and 
groundwater were contaminated with 
petroleum hydrocarbons. The reactive barrier 
comprised modified alumina silicates (Evans, 
2001).  Due to the relatively new concept of 
reactive barriers there are as yet no existing 
standard design methods or specifications for 
these materials. Hence, requirements were 
based on permeability of soil-mixed materials 
and the adsorbance capacity of modified 
bentonite clays. The design was based on 
earlier laboratory treatability studies. The 
permeability of the reactive section had to be 
comparable with that of the in-situ soil to 
reduce significant effects on the existing 
groundwater regime. Early monitoring results 
showed a substantial and continual 
improvement in groundwater quality outside 
the containment area (Evans, 2000). 
 
Greenwich Millenium Experience Site 
A large proportion of the overall Greenwich 
Peninsula site has been chemically 
contaminated to varying degrees as a result of 
former industrial activities on the site for 
nearly 100 years. Due to this the principal 
contaminants on the site are waste from tar 
production, material from gas purification and 
solid fuel residues (Steeds, 1998). In-situ 
stabilisation of site arisings with cement 
and/or lime was used to construction the 
pavement of the car park (WS Atkins, 1997). 
This was carried out using the WR2500 
Recycler of O’Keefe Soil Remediation, a 
subsidiary of O’Keefe Construction, (O’Keefe 
Soil Remediation, 2001). 
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Leytonstone Site, London 
A brownfield site in Leytonstone, London, 
which was formerly used for a variety of 
industrial processes was remediated in order 
to construct a school. The contamination 
mainly comprised of arsenic, cadmium, lead 
and mercury (toxic metals) and copper, nickel, 
zinc and boron (phytotoxic metals). It is 
believed that this contamination resulted from 
importation of fill material to raise the soil 
levels. S/S was carried out by adding 5% 
cement which gave a permeability of around 
1x10-10m/s. The remediation was carried out 
as an in-situ direct mixing process using 
O’Keefe Soil Remediation’s Wirtgen 
WR2500 machine, Figure 6, which carried the 
cement in its hopper. The process not only 
locked in the contamination but also improved 
the engineering properties of the ground, 
giving CBR readings in excess of 150%. The 
latter was able to provide a material that had 
sufficient strength to allow the reinforced 
concrete slab to support the school and car 
park after the underlying strata had been 
vibrocompacted (O’Keefe Soil Remediation, 
2001). This was the first remediation under a 
Mobile Plant Licence in UK using this type of 
in-situ process.    
 
Winterton Holme Water Treatment Works 
Site 
Winterton Holme WTW produces 25Mld 
potable water from hard water ground sources. 
The treatment system includes flocculation 
with ferric sulphate and uses lime for hardness 
reduction. This treatment yields a large 
quantity of a finely divided solids containing 
sludge which is difficult to concentrate. This 
sludge was stored in four lagoons which pose 
both an environmental and health and safety 
hazard. The sludge in the lagoons originated 
from two sources and as a result was of 
varying compositions. The sludge which came 
directly from the thickeners had 5- 10% solids 
and the ones that came from the centrifuges 
contained around 50% solids. 
     In 2000, EnvirOceM SSP, which is a 
specialised free flowing powder tailor made 
for the S/S of difficult waterwork sludges, was 
utilised to stabilise approximately 4x1000 m3 
of the aforesaid sludge (Blue Circle 
Industries, 2001; Johnson, 2002). The sludge 

which was treated with EnvirOceM SSP on 
site produced a rapidly setting and rapidly 
strength developing material, which enabled it 
to be transferred in to skips and to be 
transported safely off site. The substantial 
water loss from the treated material is seen to 
coincide with the reduction in its permeability 
and this removes the possibility of leaching. 
 
BNFL Sellafield Site 
A wide range of radioactive waste streams, 
involving Low, Intermediate and High level 
waste, has been generated at the British 
Nuclear Fuels (BNFL) Sellafield site. Detailed 
technical studies initiated within BNFL have 
shown that encapsulation offered significant 
advantages in reducing the overall risk levels 
associated with storage, reduced operator 
uptake and overall lifetime cost savings 
(Butcher, 2002).  Extensive research and 
development programme has been conducted 
to determine the optimum encapsulation 
method to treat each type of waste utilising 
binders such as inorganic cement, bitumen, 
polymers, glass, polymer modified cements, 
ceramics and low melting point materials. The 
results indicated that for Intermediate Level 
Waste (ILW) the best was to use inorganic 
cement and for High Level Waste (HLW) 
glass represented the best option. The Low 
Level Waste (LLW) is also treated using 
cementation but is done at the UK national 
LLW site in Drigg. A database was created as 
a result of the research conducted on the 
cement-waste interactions of the waste forms 
and this is used to allow more predictive 
assessments to be made.  
     The ILW produced at this site is the most 
complex waste stream being radiologically, 
physically and chemically diverse with over 
thirty different categories of material, but 
these are categorised under the six general 
headings shown in Table 5. These wastes are 
treated using blends of OPC with either 
blastfurnace slag or PFA at the four plants on 
site, with another under construction. These 
are shown in Table 3 along with the waste 
stream. At each plant the cementitious 
materials are blended to produce waste forms 
with properties which will ensure long-term 
product stability and maximum waste loading, 
in order to minimise the final volume for 
disposal. 
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    The HLW is treated using glass which was 
chosen based on requirements on durability of 
waste form and plant operations. This 
treatment is carried out in two stages, namely 
the calcination of the waste followed by 
vitrification, in the waste vitrification plant 
(WVP). 
     Two types of cementation processes are 
used for treating ILW. One involves direct 
encapsulation of wastes using a cement blend, 
prepared outside the waste container, to fill 
the voidage between wastes. The variable 
composition wastes that are small items are 
treated in the Magnox encapsulation plant 
(MEP) and waste encapsulation plant (WEP) 
and large items are treated in the waste 
treatment complex (WTC). A similar 
approach is adopted for LLW at Drigg. The 
other process involves in-drum mixing with a 
sacrificial paddle. Here the cement blend is 
batched directly in to the drum containing the 
waste and mixed to achieve a homogeneous 
waste form with the paddle left in the drum 
after mixing. The treated wastes along with 
the containers are disposed off at a designated 
ILW repository. In the case of LLW, the 
containers along with the treated LLW are 
placed in the engineered vault at Drigg. 
     For HLW, the calcination step involves the 
highly active metal nitrate liquor being 
introduced into the rotating hot tube to 
evaporate and partially denitrify the waste to 
form a reactive and friable calcine (the 
product from heating the nitrate waste down 
to dryness in a reducing atmosphere). Sugar 
and lithium are added to the HLW in the 
calciner to avoid the formation of compounds 
which could be problematic in the vitrification 
process. The calciner is then fed into the 
melter along with glass frit, to form a waste 
form consisting of a waste loading of 
approximately 25%. The vitrified material is 
discharged to a container which is lidded after 
the container cools down, decontaminated and 
transferred to the vitrification plant store in 
which the containers are kept cool by natural 
air flow thus avoiding heat build up. 
 
CONCLUSIONS 
     This report presented details of the major 
S/S treatment trial and commercial projects, 
which have taken place in the UK. It shows 
that over the past decade activities in this area 

and in particular site trials and commercial 
applications have increased. However, given 
the wide range of materials and applications 
available this quantity of projects is still 
relatively small compared to the amount of 
similar activities taking place in the US and 
France. Joint research initiative between 
academic and industry would provide the 
required validation of 
stabilisation/solidification technologies which 
will lead to its widespread use. 
      Although stabilisation/solidification 
treatments do not remove contamination, they 
prevent further migration and pollution of the 
environment and are compatible with the 
Government policy of risk-based management 
of hazardous water and contaminated land. 
Until clean-up methods become effective, S/S 
will remain as the most cost-effective and 
practical method for the treatment of 
hazardous waste and contaminated ground.  
However, although there is great pressure to 
redevelop brownfield sites and despite the 
clear advantages of stabilisation/solidification, 
particularly in terms of low costs, landfilling 
is currently still the preferred option. The fear 
of later liability and risk which could be 
associated with stabilisation/solidification is 
the reason preventing its rapid use.  The lack 
of any later liability and risk associated with 
landfilling maintains it as the most preferred 
remediation method, even if it involves higher 
costs. Such risks need to be quantified, 
particularly in the longer term, so that firm 
evidence can be used to provide further 
validation of S/S treatments.  Increased 
research efforts which include full-scale trials, 
post-treatment monitoring and long-term 
assessment will provide better understanding 
and more confidence in the technology. More 
commercial projects with monitoring and 
subsequent publication of the results would 
also help alleviate some of the concerns 
present.  
     Future reports will be published on the 
following related topics: (i) Testing and 
performance level, (ii) Long-term 
performance and environmental impact, (iii) 
Quality assurance and quality control issues, 
and (iv) Good practice guidance documents. 
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Mix cement :  pfa :  lime  :  

bentonite 
water : dry grout soil : 

grout 
soil: dry grout

A 2 :  8 :  0  :  0 0.42 : 1 5  :   1 7  :  1 
B 3 :  8 :  0 : 0 0.42 : 1 5  :   1 7  :  1 
C 2.5 :  8 :  0.4 :  0 0.42 : 1 5  :   1 7  :  1 
D 3  :  8  :  0.1 :  0 0.42  : 1 5   :  1 7  :  1 
E 2.5 :  8  :  0.4  :  0 0.42 : 1 3.5 :  1 5  :  1 
F 2.5 :  8  :  0.4  :  0 0.30  :  1 3.9 :  1 5  :  1 
G 8 :  0 :  0 : 0.8 1.6  : 1 3.7  :  1 9.7 :  1 

 
Table 1. Details of the mixes used in the West Drayton research and development project. 
 
 
 
 
 
                                                         Mix 
Property 

A B C D E F G 

Unconfined compressive strength  (kPa) 990 1332 1231 1274 1480 1335 1365 
Permeability    (x10-9 m/s) 2.64 0.69 2.56 2.21 1.99 0.64 0.70 
Wet-dry durability   (% dry mass loss) -1.5 1.8 1.9 -1.2 0.4 0.5 -0.4 
Freeze-thaw durability (% dry mass 
loss) 

28.5 25.4 23.5 26.9 11.5 10.5 1.1 

TCLP leachability of copper   (mg/L)  0.24 0.13  0.31   
TCLP leachability of zinc    (mg/L)  0.23 <0.005  0.01   
TCLP leachability of lead    (mg/L)  0.03 0.04  0.03   
TCLP Leachate pH  10.1 10.9  10.8   

 
Table 2.   Properties of West Drayton seven soil-grout mixes at 2 months after treatment 

  (Al-Tabbaa et al, 1998) 
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Source  Pollutants 
Liquids 
Adhesive Manufacture Mercury 
Gas Purification Plant  Arsenic 
Gas Purification Process  Alkaline sulfides 
Paint Spray Booth  Cadmium, lead, tin 
Plating Waste  Acid, tin 
Plating Liquor  Acid, chromium 
Plating Solution  Acid, cadmium 
Metal Processing  Cyanide 

Solids 
Catalyst Residues  Vanadium 
Heat Treatment Residues  Cyanide, barium 
Petrochemical Catalyst  Cobalt, molybdenum, nickel 
Spent Catalyst  Chromium 
Metal Refining Dust  Lead 
Metal Smelting Dust  Fluoride 
Fire Extinguisher Manufacture  Alkaline, cadmium 
Metal Refining  Antimony 
Metal Recovery Plant  Copper, nickel, zinc 
Gas Purification  Sulfides, cyanides 
Furnace Residues  Vanadium 

Sludges and Filter Cakes 
Plating Industry  Cadmium, zinc, cyanide 
Metal Smelting  Alkaline, arsenic 
Tannery  Sulfide, chromium 
Acid Pickling  Acid, chromium, zinc 
Electrical Component Manufacture  Carbon, cyanide 
Railway Washings  Alkaline 
Effluent Treatment  Copper, tin 
Printing Trade  Copper, zinc 
Chemical Manufacture  Barium 
Pharmaceutical Manufacture  Zinc 
Electroplating Plant  Chromium, lead, copper, nickel  
Chloralkali Plant  Mercury 
Metal Finishing  Cyanide, zinc, lead, tin 
Aluminum Finishing  Alkali, heavy metals 

 
 
Table 3. Typical industrial wastes treated using the Sealosafe process (Pojasec, 1979). 
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Type of waste % of whole 
Sulphuric acid   4.7 
Hydrochloric acid   4.6 
Chromium acid   0.6 
Mixed/other acids   6.6 
Al-Chloride solutions 16.6 
Fe-chloride solutions   0.9 
Solid/liquid cyanide   2.7 
Caustic solutions 30.5 
Neutral sludges 10.4 
Lime sludges 14.0 
Other sludges   0.8 
Filter cakes   1.1 
Paint stripper washings   1.7 
Ferrous sulphate   1.0 
Others   3.1 

 
Table 4. Waste types treated by the Cory Environmental plant (Barmpoutis, 2002). 
 
 
 
Waste Category Typical Waste Streams 
Cladding and dissolver residues 
 

Magnox, aluminium, stainless steel and zircaloy fuel 
cladding, centrifuge cake 

Reactor dismantling components Stainless steel, graphite sleeves 
Slurries Corroded fuel cladding, fuel pond sludges 
Effluent treatment 
 

BaCO3, slurry, floc, natural ion exchange resins, 
synthetic zeolites  

Technological (High Beta/Gamma, Low 
Alpha)  Filters, miscellaneous solids, combustible waste 

Transuranic (TRU) 
 

Miscellaneous solids, combustible waste, flocs, 
incinerator ash 

 
Plant Waste Stream 
Magnox Encapsulation Plant (MEP) Magnox cladding 
Waste Encapsulation Plant (WEP) THORP wastes, retrieved solids/sludges 
Waste Packaging and Encapsulation Plant 
(WPEP) 

Flocs, sludges 

Waste Treatment Plant (WTC) Plutonium contaminated material (TRU) 
Box Encapsulation Plant (BEP) (under 
construction) 

Retrieved solid wastes 

 
Table 5.     The six waste categories, typical waste streams and plants at BNFL Sellafield site  
                  (Butcher, 2002). 
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Figure 1. The May Gurney auger used in the site trial at West Drayton. 
 
 
 
 

 
 
Figure 2. Slab construction during the CIRIA demonstration project (Jardine and Johnson, 2000). 
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 Part 1: Waste stabilization 

 
5000 tonnes    Waste effluent  
Alkali waste 
pH>12 

 Inorganic              Stock    Vacuum 
 solids,              storage    filtration 
 liquids               tank   to 
 and               pH 8.5-9.5   produce 
 sludge              20-30%    filter  
 TOC<1000mg/L             solids    cake 

9000 tonnes 
acid 
waste 
pH>7-8 

 
 

 Incoming waste      Waste storage           Blending   Stabilized waste 
 
 
 
 Part 2: Waste solidification 
 
 
 Stabilized         Landfill 
 waste  Output -6T  15% OPC + 15% PFA   disposal 
 filter     + 7% filter cake   in clay 
 cake   per hour  (50% solids)     lined 
         cell 
 
 Stabilized waste   High energy mixer    Mono-disposal  
 
 Figure 3. Cory Environmental plant operation (Barmpoutis, 2002) 
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Figure 4. The auger used at the Ardeer site. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 5. The May Gurney auger used Bath Road in West Drayton. 
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Figure 6. The Wirtgen WR2500 soil recycling machine used at the Leytonstone site (O’Keefe Soil 
Remediation, 2001). 
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