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Contaminant barriers from passive containment to reactive treatment zones 

Barrieres anti-contamination: la barriere passive et la zone de traitement reactif
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ABSTRACT: This paper sets out the basic concepts of the reactive treatment zone for the control o f pollution migration and distinguishes 

reactive treatment from passive containment with barriers etc. A case history of the first European application of a reactive treatment 

zone is presented and the flexibility of the system to take account of particular on-site constraints is demonstrated.

RESUME: Cette etude expose le principe de zone de traitment reactif pour la limitation du mouvement des polluants et le compare aux 

systemes passifs comme les barrieres. Un compte-rendu du premier exemple europeen de cette pratique est donne et l’adaptabilite de ce 

systeme face aux demandes particulieres d’un site est demontree.

1 APPLICATION OF BARRIER SYSTEMS

The containment o f contaminated sites with peripheral cut-offs 

walls has been a regular part o f remedial actions in the UK for 

many years. Typically cement-bentonite slurry trench walls are 

used and if gas, for example, landfill gas is to be contained then 

an HDPE membrane may be included in the wall. There is a 

substantial literature on these cut-off systems though some 

uncertainties still remain, particularly in relation to long term 

performance and the effects o f aggressive soils and groundwaters.

However, there is a potential problem with all forms of 

containment in that they distort the local hydrogeology and 

measures may have to be put in place to mitigate the effects. For 

example if a contaminated site is surrounded with a peripheral 

cut-off wall penetrating into an aquiclude then, over time, the site 

may tend to fill with rainwater. To prevent this it must either be 

covered with a low permeability cap (which may be very difficult 

on a developed site) or else pumping equipment must be installed 

to remove the excess water. It is very likely that this water will 

have to be treated, possibly at considerable expense, prior to 

disposal. If a contained site, in the absence of such measures, 

does not tend to fill with water it may be appropriate to consider 

whether the cut-off is performing satisfactorily or the base under 

the site is appropriately impermeable.

2 REACTIVE CONTAINMENT

An alternative procedure is to accept or exploit any natural 

groundwater flow and use it to bring the groundwater into contact 

with a reactive system which removes or destroys some or all of 

the contaminants present in the water. This type of containment, 

currently referred to as active containment in the UK, can be 

distinguished from passive containment by considering the 

controls on the flux of a contaminant. For any contaminant this 

flux may be written, in general form, as:

Flux = Permeability x Hydraulic gradient x Flow area x 

Contaminant concentration

For a traditional barrier wall the flux is controlled by ensuring that 

the permeability is low and hence that the flow through the barrier 

is low. An alternative way to reduce the flux is to reduce the 

concentration o f the contaminant(s). If this can be achieved then 

the flux can be reduced and the permeability ceases to be the 

controlling parameter and it may be high or low as appropriate to 

the application.

3 TERMINOLOGY

In the UK it is common practice to refer to barrier systems which 

impede groundwater flow as passive containment systems and the 

term active containment has been coined for those which reduce 

flux by reducing concentration. However, these terms are not 

universally accepted. For example, in the USA and Canada active 

containment is often used to describe systems where there is an 

energy input such as pump and treat systems. The term 

permeable barrier may be used for what may be described as an 

active containment in the UK. In this paper the more general term 

reactive treatment zone will be used for all systems which involve 

reactions between contaminants and an element of the control 

system which tend to reduce concentrations and passive 

containment for barriers which solely impede flow.

4 REACTIVE TREATMENT ZONE ISSUES

In analyses of the effects of land contamination it is now common 

practice to consider source-pathway-target models. Indeed, in the 

UK, unless all these three elements are present and not just a 

source of contamination a site it may not be recognised as 

contaminated land. Furthermore, in the UK, contaminated sites 

may be remediated by removal of any one or more of the three 

elements.

Passive containment places a barrier between source and 

receptor so interdicting the pathway. In practice a perfect barrier 

cannot be achieved/maintained and for regulatory purposes, in 

many jurisdictions, a thickness o f I m of material with a 

permeability of < 10'9 m/s is regarded as a sufficient barrier and 

there may be rather little concern about the small amount of 

contamination which can pass through such a barrier.

A reactive treatment zone must include some process which 

removes, destroys or attenuates the contaminants migrating from 

the source. Processes which may be employed alone or in 

combination include: chemical reaction, physical separation, 

biological degradation and sorption. The concept of a reactive 

treatment zone is that it treats material escaping (typically as a 

result of natural groundwater flow, diffusion etc.) along a 

pathway from the source to a receptor. Thus a reactive treatment 

zone like a passive containment is a pathway control mechanism 

though there may be some clean-up of the source as contaminants 

migrate from it and are removed in the treatment zone.

This may lead to some complications with regard to regulatory 

controls. No reaction process can totally remove a contaminant. 

There will always be some residual concentration and thus there 

will be a continuing contaminant flux in the pathway downstream 

of the treatment zone. Regulatory frameworks will have to be
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developed which specifically recognise and permit a trace 

concentration or slight flux of escaping contaminants. O f course 

this situation prevails for both passive contaminant and reactive 

treatment zones. However, for passive containment the flux is 

generally accepted as trivial. Thus one possible form for the 

regulatory control o f reactive treatment zones could be to require 

that a contaminant flux no greater than that which would pass 

through a passive containment of 1 m thickness and 10’ m/s 

permeability should occur. However, this could require rather 

high degrees of contaminant reduction in the treatment zone, 

especially for large sites. The use local groundwater or drinking 

water control values could prove more permissive for 

contaminants initially present at modest concentrations. In 

practice concentration may come to be the control parameter for 

active containment just as permeability has been accepted for 

passive containment. Flux regulation could be preferable for both 

situations but it is a difficult parameter to measure in the field and 

thus unsatisfactory as a regulatory control.

Although most reactive treatment systems which have been 

advanced to date have been for the control of groundwater 

pollution there is no reason why other systems such as reactive 

caps should not be developed to control, for example, the escape 

of volatile organics from petroleum impacted sites or gas or odour 

from landfills. Bio-oxidation zones to control methane migration 

through unsaturated soils offer some exciting prospects but there 

could be difficulties with excessive local heating.

4.1 The Funnel and Gate Concept

In principle a reactive treatment zone or zones should enclose the 

all pathways from the pollutant source to the receptors but in 

practice this may require that the zone(s) are very extended thus 

requiring large volumes of reactive material. The Funnel and 

Gate™ concept advanced by the University o f Waterloo is very 

important in that it can allow the reactive treatment zone to 

occupy a much smaller volume than a reactive system which 

encloses the whole source.

The basis o f the funnel and gate system is that a low 

permeability barrier is used to funnel groundwater flow from a 

contaminated source area to a reactive gate. In general the funnel 

need not surround the whole source provided that the 

hydrogeology has been well defined and a capture zone can be 

identified for all seasonal conditions etc.

O f course funnelling will cause an increase in the flow rate per 

unit area of the treatment zone and careful attention must be paid 

to the residence time in the zone in relation to the kinetics of 

reactions occurring within it.

4.2 Permeability o f  reactive treatment zones

Although permeability is not the controlling parameter for 

reactive treatment zones it may be necessary to consider it. For 

example, a moderate to high permeability may be required if 

problems such as ponding wiihin a containment or by-passing a 

funnel (by backing up and flowing around the ends of a funnel 

that does not fully enclose a site) are to be avoided. Designing 

and maintaining a moderate to high permeability system may 

pose some problems. For example, the reaction rate in the zone 

may be dependent on the surface area of a solid phase within the 

zone and thus the use of a finely divided material may be 

necessary to limit the required residence time of the contaminants 

in the reactor. Also precipitates or biological slimes may form 

within the zone. Thus careful consideration must be given to the 

initial permeability o f the treatment zone and to processes which 

may lead to reductions in this permeability.

Reactive treatment zones also may be designed to be o f low 

permeability so that reaction enhances the effect of a physical 

barrier. An example o f this is the retention of heavy metals by the 

high pH o f cement-bentonite walls. High pH will precipitate 

many heavy metals and thus much retard their migration though 

credit is seldom given for this in the containment design process 

(except for the containment of radionuclides in purpose designed 

repositories).

The interactions in low permeability systems are potentially much 

more complex than in high permeability systems as it is necessary 

explicitly to consider the interaction of chemistry and 

permeability. On the laboratory scale it has been demonstrated 

that the chemical history of a containment material and 

permeability can be strongly interlinked. For example, leaching a 

cement-bentonite material by slow permeation with water, so 

reducing its pH, will usefully reduce its permeability and also 

prevent expansive cracking and damage by later exposure to 

sulphates. High pH, if required, can be re-established by 

permeation with lime and this will further reduce the permeability 

but will re-establish sensitivity to sulphates (Jefferis 1996). This 

interaction is not surprising but it does raise questions about the 

interpretation of laboratory investigations o f chemical damage to 

barriers using samples that have not been exposed to the chemical 

history that may occur in-situ. Also it has been demonstrated that 

some chemical damage can be reversed by re-introduction of 

appropriate chemical species.

In low permeability reactive systems the reaction enhances the 

action of the barrier in retaining pollutants. In high permeability 

systems only the pollutants will be removed and it may be a 

requirement that the local hydrogeology is little affected. It 

follows that in general a high permeability reactive treatment zone 

may be damaged if the reaction with the pollutants tends to reduce 

the permeability o f the zone whereas a passive containment will 

be damaged if the reaction tends to increase the permeability.

In addition to the problems of design of reactive treatment 

zones with appropriate chemical reactions there can be significant 

problems in fitting such systems to the circumstances o f a site and 

this is illustrated by the following case history.

5 THE PROBLEM

At an industrial site in Belfast, currently being used for the 

manufacture of electronic components, historic spillages of 

chlorinated solvents have led to an intense though localised 

contaminant source and plume.

5.1 Contaminants at the site

A ground investigation at the site found that trichloroethene 

(TCE) was present at concentrations up to 390 mg/litre in the 

groundwater with trichloroethane (TCA) present at much lower 

concentrations o f between 100 and 600 |ig/litre. 

Tetrachloroethene (PCE) was also present at of order 100 jag/litre.

A particular problem with chlorinated solvents is that they tend 

to be of low solubility (typically less than about 1000 mg/litre and 

thus can remain as a free phase product in the ground for 

substantial times) but the regulatory control levels are typically of 

the order o f tens o f micrograms/litre i.e. o f the order of one 

hundred thousand times less than their solubility. Also they are 

generally difficulty biodegradable. Thus even quite a modest 

chlorinated solvent spill may persist in the groundwater and 

continue to pollute it for a very substantial time.

5.2 Geology o f  the site

Geologically the site is complex, with the glacial till that is 

characteristic o f the regional geology in the area, being 

interbedded with lenses of silts, sands and gravel along the site 

boundary near the solvent source. In-situ pumping tests showed 

that the till acts as an effective barrier to the vertical and lateral 

migration of the contaminants but the silt, sand and gravel lenses 

are sufficiently permeable to allow off site migration of dissolved 

solvents from the DNAPL source (i.e. solvents present as a free 

phase dense non-aqueous phase liquid). The exact orientation of 

these more permeable horizons is thought to have a controlling 

influence over the migration pathways, but even this is further 

complicated by the presence of smaller, discrete clay or clayey silt 

lenses.

In situ permeability tests and pumping tests conducted to 

evaluate potential remedial strategies showed that conventional
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pump and treat remediation would require numerous abstraction 

wells to address the thin saturated zone and this together with the 

likely presence of a free product DNAPL source meant it was 

likely that such a system would have to be maintained for many 

years. Similarly there would be major problems with a soil 

vapour extraction system.

6 REDUCTIVE DECHLORINATION

One of the best known and researched reactive treatments is the 

use of iron filings to reductively dechlorinate chlorinated solvents. 

The process essentially leads to the development o f an extremely 

reducing environment, allowing reactions occurring on the surface 

of the iron to strip halogens from the dissolved organic 

compounds as they flow through the zone. The reaction is abiotic 

and leads to the release of chloride ions and various 

hydrocarbons.

The process does not degrade the resulting hydrocarbons but as 

non-chlorinated species they have much higher permissible 

regulatory control concentrations. Also they are much more 

much more readily bio-degraded by intrinsic remediation 

processes occurring in the ground. The iron filings reactive 

containment is thus a conversion process which reduces toxicity. 

This demonstrates a general principle that a reactive containment 

need not degrade contaminants to basic species such as carbon 

dioxide and water but need only convert them to species which 

are acceptable toxicologically and environmentally etc.

6.1 Laboratory column trials

The iron filings technology seemed to have potential for the 

Belfast site and samples o f the site groundwater obtained from 

sampling wells were shipped to Envirometal Technologies Inc., 

Waterloo, Canada for column treatability studies. The results of 

these studies are reported in Thomas et al. (1995). A series of 

laboratory column studies were undertaken to determine the 

degradation kinetics for the species o f interest, and to identify 

whether there were any constraints imposed by the natural 

geochemistry o f the site groundwater. The results showed that 

PCE, TCE and TCA were completely degraded from initial 

starting concentrations in the test groundwater samples of 

300,000, 170 and 200 pg/litre respectively. The half life o f TCE 

in the site water was estimated to be 1.2 hours in the presence of 

iron filings. In contrast small concentrations o f cis dichloroethene 

(DCE) and vinyl chloride (VC) built up in the water as a result of 

the dechlorination of the TCE etc. with VC reaching a peak, at the 

end of the column, o f 700 |ig/litre in the initial studies.

The reason for this is that although the dechlorination process 

does not appear to be a stepwise dechlorination (e.g. 

tetrachloroethene to tri and then di chloroethene, vinyl chloride 

and ultimately chlorine free hydrocarbons) and it would seem that 

the majority o f the solvent is dechlorinated in a single step, a 

small amount may be released from the surface o f the iron prior to 

full degradation. This will lead to a temporary increase in species 

such as DCE and VC. These species are more slowly 

dechlorinated by iron filings and considerable care was necessary 

in the design to ensure that they would be satisfactorily degraded. 

Otherwise the net effect o f the treatment could be to increase the 

concentrations o f these species which would be most 

unsatisfactory particularly as vinyl chloride has markedly lower 

regulatory control limits than many other chlorinated solvents.

Further column studies were then undertaken at lower flow 

rates, the increased residence time, resulting in much earlier 

degradation o f the parent compounds and thus enabling 

estimation of the degradation rate of vinyl chloride. From the 

laboratory trials it was concluded that a residence time in contact 

with the iron filings o f about 12 hours was required to achieve 

removal o f all chlorinated species to below regulatory limits. 

This result together with the results o f a groundwater modelling 

exercise enabled the calculation of the required reactive barrier 

zone thickness from the estimated groundwater flow rate and the 

required residence time o f the contaminated groundwater in 

contact with the iron filings.

The iron filings systems was first applied in the field at the 

Borden Landfill in Canada (Gilham et al. 1993) where a sheet pile 

‘box’ (open to the ground at both ends) formed the gate and 

contained the iron filings. Flow was directed to it with a sheetpile 

wall as the funnel. However, in Belfast, the site geology and 

location placed a number of restraints on the reactor design:

• The contaminant source extended to within a few metres o f the 

site boundary, outside the boundary there was a public road. 

The reactive treatment zone therefore needed to be very 

compact.

• The solvent source was underlain by a thin layer o f clay which 

had prevented its migration to greater depth. If this layer were 

penetrated by a reactive gate the free solvents would sink and 

pollute a lower, aquifer stratum. Though ultimately they 

would be retained by a thick clay layer at about 10 m depth 

which underlay the site and dipped towards the proposed 

funnel.

• The groundwater perched on the thin clay layer was shallow 

and showed seasonal variations in depth. It would be difficult 

to achieve any significant depth of horizontal flow in a reactive 

treatment zone without deepening the gate and thus penetrating 

the underlying thin clay layer.

• A perched water table also existed in the fill covering the 

surface of the site. In wet seasons, if allowed to enter the 

reactive treatment zone, this water could dominate flow 

through it and unacceptably reduce the residence time. It 

therefore had to be prevented from entering the reactive zone.

• Because of the proximity o f buildings and the cost, sheetpiles 

could not be used to form the reaction chamber or the funnel of 

a funnel and gate system.

•  If a slurry trench procedure were used to form the funnel then 

it was imperative that the iron filings were not inundated and 

thus blocked by slurry from the wall construction. It would 

therefore be necessary to contain the iron or to construct the 

slurry wall before placing the iron filings.

• Excavation next to a slurry wall, to install a reactive treatment 

zone, could cause local collapse o f the cement-bentonite or a 

poor seal between the wall and the iron filings. It would be 

undesirable to have the possibility o f a preferential flow path at 

this interface. Short-circuiting might allow groundwater to 

escape without the required residence time within the active 

barrier.

• The residence time of groundwater within the reactive 

treatment zone is critical. A zone that is too thin may lead to 

the escape of lower chlorinated species such as vinyl chloride 

which can pose a greater toxicological or environmental threat. 

In order to ensure the correct design of the zone extensive 

groundwater modelling studies were essential to ensure that the 

design residence time in the reactor was achieved.

• The clean-up was being undertaken voluntarily by the site 

owner and was not driven by regulatory requirements. It was 

therefore particularly important that those working on the 

project should not be exposed to the chlorinated solvents and 

early in the design study it was decided that there should be no 

hand excavation of contaminated soil or work near it, for 

example to form or fill the reaction zone. Personal protective 

equipment could have enabled hand excavation in this area but 

the risks were deemed inappropriate for a voluntary 

remediation.

After consideration and rejection of many reactive treatment zone 

designs the in-situ reactor configuration shown in Figure 1 was 

finally developed as best fitting the site constraints. In place of 

the previously used horizontal flow reactive treatment zones the 

flow was arranged to be vertical in a 12 m tall by 1.2 m diameter 

steel reactor shell which was filled with iron filings as shown in 

the figure.

This design enabled the reactor to be placed between the 

contamination and the site boundary. This could not have been 

achieved with a horizontal flow regime as the design calculations 

had shown that the flow path length needed to be at least 5 m plus 

entry and exist zones to collect and disperse the flow.

6.2 Design o f  the reactive system
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Figure 1. Reactor configuration. Figure 2. Plan view o f reactor layout

The reactor was placed in an enlargement in a cement-bentonite 

cut-off wall which was used to funnel the flow to the reactor (see 

Figure 2). This wall was toed into the deep aquiclude layer and 

the enlargement was taken to a depth of slightly over 12 m to 

accommodate the reactor shell.

The cut-off and enlargement penetrated through the clay layer 

on which the chlorinated solvents were retained. However, as the 

cut-off material was designed to have a permeability of < 10'9 m/s 

minimal downward migration of solvents will occur.

The vertical flow direction within the reactor ensured that the 

full depth of the iron filings will be saturated whatever the 

seasonal variation in groundwater level.

Because of the relatively low permeability and heterogeneity of 

the adjacent soil it was decided that the flow to the reactor should

be collected via an upstream, high permeability, collector and that 

downstream of the reactor there should be a similar distributor. 

The collector and distributor were formed from gravel filled piles 

taken down to the top surface of the thin clay layer. A polymer 

supported, gravel backfilled, slurry trench could have been used 

to form the collector and distributor but there were concerns about 

the effect o f any remaining polymer on the iron filings and so 

augered piles were used.

The reactor was fitted with sampling points at 1.5 m intervals 

throughout the iron filings bed depth so that its performance could 

be monitored. Monitoring points were also installed in the 

collector and distributor piles to complement those already 

installed, during the site investigation, in the areas upstream and 

downstream of the containment.

Sampling Point

Figure 3. Concentrations of inorganic species in the reactor zone
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Figure 4. Concentrations o f chlorinated species in the reactor zone

Finally the internal geometry of the reactor was arranged so 

that the pipework connections to the gravel filled collector and 

distributor piles could be made from within the clean environment 

of the reactor shell without the need for any hand excavation or 

for anyone to enter the excavations all o f which were undertaken 

with a backhoe under cement-bentonite slurry so as to minimise 

the escape o f solvent vapours or in open hole with an auger. 

During the works airborne solvent concentrations were monitored 

and found to be undetectable.

7 RESULTS

The results o f two campaigns of sampling within the reactor and 

in the upstream collector are shown in Figures 3 and 4 at the 

sampling points SI to S5 which were at 1.5 m intervals from the 

top to the bottom of the reactor. The results relate to times of 4 

and 7 months after installation of the reactor. Figure 3 shows the 

inorganic species sodium and chloride and Figure 4 shows the 

chlorinated solvent species. Sodium is unaffected by the 

reactions within the reactor and it can be seen, from Figure 3, that 

its concentration is effectively constant throughout the reactor. In 

contrast chloride increase markedly due to the contribution from 

the dechlorination of the solvents. At 4 months chloride peaks at 

about 3 m into the reactor but by 7 months high values are seen 

throughout the central length of the reactor.

Figure 4 shows that all the chlorinated solvents are rapidly 

degraded on entry to the reactor. At 7 months TCE is reduced to 

of order 5 jag/litre within the reactor but is slightly higher at exit 

due to some backflow from the distributor during sampling. DCE 

is formed in the early part of the reactor but is at non-detectable 

levels by sampling point S3. Unfortunately some TCE has been 

drawn back into the reactor, from the downstream area, by the 

sampling process, leading to the production o f DCE in the later 

stages of the reactor and this accounts for its presence at sampling 

points S4 and S5.

On each occasion TCA was at undetectable levels. Vinyl hloride 

was found at a single sampling point within the reactor at 4 

months (at a level o f 0.4 mg/litre) but not in the collector or 

distributor and was not detected at all at 7 months.

TCE was found in the distributor at both 4 and 7 months. This 

is because of contamination that was present at this location prior 

to the installation of the reactor. As the flow rate through the 

reactor is relatively low this contamination has not been swept out 

and there was some reverse flow through the reactor induced by 

pumping during the commissioning and sampling processes.

Sampling from within the relatively modest volume of the 

reactor has proved to be a problem. Only small volumes can be 

withdrawn if the local chemistry within the reactor is not to be 

disturbed. Special techniques are being developed to obtain small 

but representative samples from the reactor whilst avoiding the 

need to purging the sampling tubes.

With regard to the remaining downstream contamination it is 

interesting to note, that at times of low natural flow, there is 

potential for the recycling groundwater from wells downstream of 

the reactor to the upstream collector (by pumping) to treat the 

downstream area should treatment o f this contamination be 

required.

Also the reactor will work with the flow in either direction. 

Thus, if, for some reason, the flow should be reversed naturally 

then the site would be protected from the inflow of any 

contaminants spilled or remaining outside the reactor system.

Monitoring o f the reactor is continuing and it is expected that 

the levels o f chlorinated species will show further reductions to 

show undetectable levels by the end of the reactor - once 

backflow into the reactor during sampling, has been eliminated.

8 BENEFITS OF THE REACTIVE TREATMENT SYSTEM 

Benefits o f the procedure include:

•  A reactive treatment zone can be constructed away from
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buildings and services and therefore disruption to the 

operations on site can be minimised also the system can be 

installed in areas where the construction o f groundwater 

treatment facilities at the surface would be either difficult or 

impossible.

• The iron filings treatment technology requires no power input 

and therefore it may be installed in remote areas.

• As there is no external energy requirement operating costs are 

minimal (with the exception of monitoring costs).

• There is no effluent to dispose of and therefore no ongoing 

effluent treatment or disposal costs.

• The treatment is not transferring contaminant from one 

environmental medium to another. For example, a vacuum 

extraction system could have resulted in an emission of solvent 

vapours to the atmosphere thus transferring contaminants from 

the groundwater medium to the air medium.

• The technique is not specific to a particular chlorinated 

solvent.

Overall, in Belfast, it is estimated that the construction and 

supervision of the system cost about 25 to 35% of the likely 

installation and operation costs o f a vapour extraction system 

which would probably have had to run intermittently for in excess 

of 10 years.
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9 CONCLUSIONS

Reactive treatment zones offer a new tool in the armoury of 

procedures for remedial treatment. They are pathway control 

procedures but will contribute to the slow clean-up of a source. 

The pathway control they offer is their essential feature and it 

may be argued that they should not be designed to achieve more 

than slow source clean-up as this minimises the rate at which any 

treatment chemicals, energy or other process inputs are required

i.e. it minimises the operating costs and maximises the 

opportunity for natural intrinsic remediation.

The Funnel and Gate™ concept is a powerful adjunct to the 

technology as it can allow the treatment zone to be at some 

distance from the source, if this is required by surface or buried 

structures, geological conditions etc. Sites need not be capped to 

prevent rainwater ingress, indeed it can be an advantage in driving 

groundwater flow to the zone.

At the present time the major limitation to the use o f reactive 

treatment zones is the rather narrow range of contaminants that 

can be treated and the complications introduced by mixed 

contaminants etc. However, work is in progress and the 

technology has strong parallels with intrinsic remediation (e.g. 

intrinsic bioremediation) and it is likely that the reactive treatment 

zone concept will find much application in stimulating intrinsic 

degradation or attenuation.

The concept o f an in-situ reactor adds further flexibility to the 

design of reactive treatment zones, allowing more precise control 

of the reaction environment and also chemical recharging or 

recovery and replacement o f the active material should this be 

required. Also several reactors may be linked in series to treat 

mixed contaminants.

Low permeability reactive treatment zones are a more specialist 

application and may require site capping or groundwater pumping 

(and treatment) to avoid ponding. The technology may be useful 

where long term secure containment is necessary as the chemical 

containment can provide additional security and lifetime to the 

physical containment.
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