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Abstract 
After the closure of the three Carcoke coking plants in the late 1990’s, the sites and the remaining 
polluted infrastructure and soil became the property of the local authorities. Each site was located in 
one of Belgian’s three regions (Flanders, Brussels and Walloon), each with their own environmental 
legislation. The first step in the Brownfield redevelopment for each site was the demolition of all 
infrastructure and facilities. This work was quite similar for all three sites, except for some minor 
particularities (asbestos, foundations, fire hazard, …). This work was undertaken between 2003 and 
2005. 
 
The available funding, site settings, economical value and local geology, implied a different approach 
for each site in the next phase of the remediation project. This next phase comprised the removal of 
waste in the subsoil, soil and a groundwater remediation. Awaiting further redevelopment plans for the 
Zeebrugge harbour in Flanders and after a feasibility study, a phased waste removal and soil 
remediation was started. At the Zeebrugge site the contamination is characterised by several on-site 
hotspots and groundwater plumes with little off-site migration. Vertical migration is limited. The first soil 
remediation works were started in 2007. The hotspots (tar pits and cyanide soil) and contaminated 
sludge in an on-site stream were removed. In 2008 the topsoil will be removed. After source removal a 
new evaluation of the groundwater contamination will be made in order to fine-tune the remediation 
plan. At the Brussels site a turn-key approach was selected. The global redevelopment project 
comprising the remediation, redevelopment and exploitation of the site (all-in one Brownfield project) is 
undertaken by the consortium: Katoennatie, Jan De Nul & Envisan. The contamination at this site is 
characterised by one large source area and a large groundwater plume with a strong vertical 
migration. The remediation project focuses on a fast contamination source removal by soil excavation, 
groundwater remediation by chemical oxidation (backed up by a classic pump & treat system) and a 
down gradient groundwater barrier. The works will start in 2008. At the Walloon site limited budgets 
were initially set aside in the 1990’s for the remediation of the Walloon site. A feasibility study to 
determine actual remedial costs was undertaken in 2007. Additional contaminant sources were 
identified. The contamination comprises an almost full-site superficial cyanide and PAH contamination, 
several tar hotspots and at one location a tar product impact at the groundwater table 15 m below 
ground level. The authorities then decided upon a risk based pragmatic approach, focussing on the 
reuse of the site as a windmill park. 
 
 
 
 
 



 
1. Introduction 
 
1.1. Three coking plants 
The three subject sites are located in the three regions of Belgium: Flanders, Brussels and Walloon 
(Figure 1).  
 

 
 

Figure 1: Site location map 
 
Flanders (Zeebrugge): The site (approx. 15 ha) is located in the Seaport of Zeebrugge on alluvial and 
marsh deposits. Peat lenses are present at 3 to 6 m-bgl. The coking plant in its initial form was 
constructed in 1901. During its operations until 1996 three new retort batteries were build, the benzol 
factory was moved, gazometers were constructed, tar and cyanide waste were dumped on-site and 
the plant was bombed during WWII. The plant was not only a major producer of cokes but also 
provided a large area of West-Flanders with city gas. This complex history resulted in an even so 
complex soil contamination. In 1975 the Zeebrugge cokerie joined the Tertre and Marly cokeries to 
form the new Carcoke Company (“Société Carolorégienne de Cokéfaction”) [1]. 
 
Brussels (Marly): The site (approx. 12 ha) is located in the Brussels Port in a highly dens industrial 
area, characterised by a long history of chemical industries. The site geology comprises a mixture of 
sands, clay, silt and gravel lenses and layers. The site is located at the foot of a steep slope along the 
Canal Brussels-Willebroek. Groundwater movement at the site is characterised by a strong vertical 
flow and flows underneath the adjacent canal towards the Zenne River. The coking plant was 
constructed in 1930 and produced cokes until 1993. No major production changes took place during 
this period. Tar and cyanide waste and by-products were removed from the site, consequently the 
major contaminant source areas were the tar treatment factory and the benzol factory. This area is 
characterised by tar saturated soils impacting shallow groundwater (2 m-bgl) and down gradient 
groundwater migration with a strong vertical movement. The contamination plume migrated already 
off-site impacting as industrial and residential area [2]. 
  
Wallonia (Tertre): The site (approx. 32 ha) is located in an area designated for heavy industry, situated 
on the flank of a hill, underlain by a thin layer of sandy loam sediments and a thick chalk formation. 
The groundwater table at the west side of the site is present at approximately 4 m depth, while at the 
more eastern side, it is present at 15 m depth. The coking plant was constructed in 1928. Between 
1931 and 1954 the capacity was expended to five retort batteries. The different facilities at the site 
were spread out over a very large area. This resulted in several tar and cyanide contamination source 
areas (gazometer, extractors, tar treatment, benzol factory). The topsoil at almost the complete 
surface of the site contains elevated PAH and cyanide concentrations [3].  
 
1.2. Regional setting: implications 
Belgium is a kingdom with a federal status. This means that the three regions have autonomy over 
certain legal aspects. One of them is the environmental legislation. This results in a different 
environmental legislation for each of the sites. After the closure of the Carcoke Company in the 
1990’s, the three sites became the property of the regional authorities. 
  

Flanders: Zeebrugge 
Brussels: Marly 

Walloon: Tertre 



Flanders was the first region to implement a soil & groundwater contamination legislation. The first 
edition was published in 1995. The Brussels region followed in 2004. A draft of the final Walloon 
legislation was published in 2007. 
  
During the 1990’s some site investigations were undertaken and concept remediation plans designed. 
The first step in the redevelopment of the sites was demolishing the buildings and infrastructure. In 
2003 the Tertre site was the first to go. At the end of 2003 the first demolition of the Marly site began. 
Unfortunately one of the washing towers caught fire (Figure 2). Unable to put it out, the fire was left to 
burn for days. The demolition was postponed and new safety measures were implemented for further 
works. At the beginning of 2005 the Marly site was completely demolished. To avoid the same 
problems as encountered at Marly, the Flemish authorities implemented strict safety measures and 
started in 2004 with demolishing the Zeebrugge plant. During the removal of the retort batteries 
previously undetected asbestos was encountered. Additional safety measures were taken. 
 

  
Figure 2: Fire at Marly, “Scrubbers and stacks go down” at Zeebrugge 

 
At the end of 2006 the three regional authorities were each left with an almost completely vacant, 
heavily contaminated site. Three different ways forward were selected: 

·  Zeebrugge: the next phase of the remediation plan was started. The tar pits and contaminated 
sludge were removed; 

·  Marly: the authorities decided to open a tender for the remediation, redevelopment and 
exploitation as one whole project; 

·  Tertre: a feasibility study to characterise in detail the contamination, to evaluate the potential 
remediation techniques and to develop a risk-based remedial plan, was started. 

 
2. Site conditions 
 
2.1. General lay-out 
Due to their geographical location and their industrial past the three coking plants have the same type 
of contamination but under very different conditions. Each site comprised the following production 
units: coal storage, coal breaking and mixing unit, coal tower, coking retort batteries, quenching tower, 
cokes storage, condenser, extractors, tar storage, gas washing, ammonia sulphate production, 
scrubbers, tar distillation, benzol factory, cyanide removal, gas storage (gazometer). 
  

  
Figure 3: Zeebrugge around 1970, Tertre around 1955 

 
 
 



2.2. Contamination 
The main areas of contamination are located around the tar and benzol units and the gas storage. The 
main contaminant compounds are PAH, BTEX, TPH, phenols and cyanides. PAH, TPH and some 
cyanides are mainly present in the soil. BTEX, cyanides and some TPH are mainly present in the 
groundwater. 
 

Site Contamination Specifics 
Zeebrugge 

(15 ha) 
[4 and 5] 

 

Several source areas 
(long production history) 

No clear groundwater 
flow direction 
Peat lenses 

Tar pits 

Marly 
(12 ha) 

[2, 6, 7 and 8] 

 

 

One major source area 
Vertical off-site migration 

of the groundwater 
contamination 

Tertre 
(32 ha) 

[3] 

 

Overall superficial PAH 
and cyanide impact 

Two major source areas 
Pure tar product in chalk 

aquifer 

Table 1: Contamination overview 
 
Based on the available contamination data the following volumes were assessed: 

·  Soil contamination:  
o Zeebrugge: 335.000 m³ (conc. > Flemish remediation values) 
o Marly: 388.000 m³ (conc. > Brussels contamination values) 
o Tertre: 434.000 m³ (conc. > Draft Walloon intervention values) 

·  Groundwater contamination (average total porosity of 40%):  
o Zeebrugge: 110.000 m³ (conc. > Flemish remediation values) 
o Marly: 360.000 m³ (conc. > Brussels contamination values) 
o Tertre: 1.035.000 m³ (conc. > Draft Walloon intervention values) 

 
3. Remediation concepts 
The site settings and contamination of the three sites are quite different. Therefore different 
remediation concepts are needed. Also external factors like funding, economical value of the site, 
potential for reuse, will determine the way the remediation project is designed.  
 
3.1. Zeebrugge 
The Zeebrugge site is located in an old part of the Zeebrugge Harbour. This harbour is fast growing 
and along with Antwerp one of the main container ports in Central-Europe. The port is gradually 
expending into the hinterland. Old facilities become more and more important. The OVAM (Flemish 
Waste Agency) in charge of the remediation project, decided upon a risk-based phased remediation 
project following a feasibility study [5]. This study showed that integration of the remediation project 
with the reuse is the most interesting option. The most polluted areas are treated first, and gradually 
less impacted areas will be cleaned up. Costs would be spread out over a larger period so that 
annually new funds can be provisioned, all awaiting the final decision of the port authorities on the port 
redevelopment plans. When these plans are finalised the remediation project will be adapted to more 
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detailed integrated clean-up. The Zeebrugge remediation project [4] was designed in 2003 and 
adapted in 2005 [5]. It comprised the following tasks: 
 

·  Removal of the tar pits and cyanide soil; 
·  Removal of contaminated sludge from the on-site stream; 
·  Excavation of the contaminated topsoil; 
·  Excavation of the source areas; 
·  Long term on-site groundwater isolation by groundwater extraction; 
·  Off-site thermal and/or physico-chemical treatment of the contaminated soil; 
·  Backfilling and raising ground level with clean soil 

 
The remediation plan of 2003 for the Zeebrugge Carcoke site focussed on a risk-based phased 
approach. In 2005 the authorities wanted to revaluate the remediation project in view of the reuse of 
the site. A feasibility study incorporating the potential industrial functions of the site was undertaken. In 
this project a new evaluation methodology, called RRR (Remediation-Risk-Redevelopment) was 
developed [9]. The study showed that remediation costs could be reduced by 30%, if the remediation 
plan incorporated the new land use of the site.  
The overall goal of the remediation project is to undertake the clean-up in function of the new site 
destination. The remediation project (before the integration approach) was budgeted at 46.500.000 
euros [4]. The feasibility study from 2005 fine-tuned the remediation project by integrating it with a 
potential reuse as a container terminal. Doing so, the costs could be reduced to 32.600.000 euros [5].  
In 2007 the remediation works (source removal) were started. Further detailed contaminant mapping 
(to identify potential contaminated areas that previously before the demolition of the buildings, could 
not be investigated) was also undertaken. In 2008 the following phase (surface soil removal) will be 
undertaken. The excavation plan will be based upon the contaminant mapping from phase two.  
 
3.2. Marly 
The Marly site is located in the harbour area of Brussels along the canal towards Antwerp. In 2006 the 
Brussels harbour authorities decided to give a concession out for the Carcoke site. A part of the 
concession was the remediation and redevelopment of the site. A consortium of a remediation and 
construction firm and a logistics firm won the project. Because of the political and economic pressure 
on the project, the remediation project needed to be designed and implemented in a short time period. 
Therefore, a risk-based approach based on the BATNEEC principle was selected. The main focus of 
the project is to achieve a fast, maximum result in a minimum of time. This will be done by source 
removal (excavation), in-situ chemical oxidation and down gradient isolation (a classic pump & treat 
system is foreseen as a back-up), allowing a safe use of the site and preventing further off-site 
contaminant migration. Approximately 150.000 tons of contaminated soil will be excavated for off-site 
treatment [10]. 
 
Compared to the Zeebrugge site, the Marly site has a more defined source zone that can be 
excavated. A groundwater plume with a distinct flow direction impacting the deeper groundwater is 
then left and needs to be reduced and stopped from further spreading. The off-site contaminant plume 
is not part of the remediation project. The off-site plume has moved into an old industrialised area with 
several other contaminant sources creating a regional groundwater contamination. .  
The overall goal of the remediation project is to start the construction of the distribution centre as soon 
as possible. This will be achieved by removing the bulk of the contamination and preventing exposure 
to the remaining contamination. The remediation project was budgeted at 33.000.000 euros. The 
project is planned to start later in 2008. The construction of the distribution centre is planned in 2008-
2009. 
 
3.3. Tertre 
The Tertre site is remediated by the Walloon authorities (SPAQuE) with currently no concrete 
redevelopment plans. Not like the Zeebrugge or Marly sites, the Tertre site is located on a hill in an old 
industrial area relatively far from any important economical centres. Towards the east and south the 
site is adjacent to a chemical plant and several industrial landfills. To the north, woods are present. 
Due to this location, the site is economically not interesting for investors compared to the Zeebrugge 
and Marly sites.  
 
A feasibility study was undertaken in 2007 where 450 borings, 10 trenches and over 1200 soil 
analyses were undertaken, identifying 3 major soil contamination source areas. Two of them also 



created a groundwater contamination in the chalk aquifer. The first concern of the SPAQuE was to 
remove the contaminated soil that could pose a human health risk. Risk based remediation values 
were developed allowing the design of a very detailed excavation plan. The large amount of soil 
analyses aided in the determination of the soil volumes for excavation. Further risk assessments were 
performed to optimise the risk based remediation targets so the soil volumes could be minimised. The 
SPAQuE had a fixed provision for these initial remediation work of approximately 20.000.000 euros 
[3]. Therefore a site specific highly efficient excavation plan followed by safety measures focussing on 
the redevelopment as a windmill park were developed. Remedial works are planned to start in 2008-
2009. 
 
The groundwater contamination is going to be addressed in a more regional study, which will evaluate 
the contaminant plumes from neighbouring sites too.  
 
4. Conclusion 
After comparison of the three Carcoke sites, which are basically impacted by the same types of 
contamination, it can be concluded that expect for the human health risk removal, several other factors 
will determine the outcome of the project: 
 

·  At the Zeebrugge site the authorities decided upon an integration of the regional 
redevelopment and the remediation project. The remediation project is undertaken in phases 
so that the goals can be adapted in function of the regional spatial planning. Regional 
economical growth, land use integration and risk removal are the main factors in this project. 

 
·  At the Marly site a short term all-in-one project was selected. This gave the authorities the 

opportunity to attract private investors to develop the site under their own conditions, but still 
have enough guarantee that remediation will remove the risks (soil legislation). Private 
funding, a fast result and risk removal are the main factors in this project. 

 
  
·  At the Terte site, due to its less favourable location, an optimisation approach was selected. 

Focussing on future development the authorities decided to maximise the efficiency of the 
remediation project so that the site will be ready for industrial use. Risk removal and 
optimisation are the main factors in this project. 
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