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KÖLLIKEN HAZARDOUS WASTE LANDFILL 

(SONDERMÜLLDEPONIE KÖLLIKEN)

Introduction

The Konsortium Sondermülldeponie Kölliken SMDK (Kölliken Hazardous Waste Landfill Association) was established in the mid-seventies for the construction and operation of a hazardous waste landfill. The partners, with their corresponding percentage ownership’s, are as follows:

State of Aargau
41 2/3 %

State of Zurich
41 2/3 %

City of Zurich
  8 1/3 %

Chemical Industry Basle
  8 1/3 %

The Association’s objective was to provide a clean and well-managed landfill for the disposal of industrial hazardous wastes. 

Opened in May,1978, the landfill was operated according to state of the art technology for that time. In April 1985 the local council ordered the landfill closed in response to complaints from the citizens of Kölliken. Since that time, the Association has been working to control and remediate the landfill. 

Location

Kölliken is a village of about 3'800 inhabitants, approximately halfway between Zurich (60 km) and Bern (70 km). The landfill lies southwest of Kölliken in a former clay quarry along Safenwiler Street, a state maintained highway. The total area of the landfill property covers 7 hectares; the area actually utilised for deposit of wastes is approximately 4 hectares. 
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             Plan view of the landfill Kölliken

The landfill is situated on a gentle slope. The northern, uphill part reaches a depth of about 13 meters; the southern, downhill part varies between 4 and 10 meters.

Geology

The landfill is located in the Lower Freshwater Molasse on the southern side of the east plunging Born-Engelberg-Anticline. The molasse strata in the area generally inclines between SE and SSE and is overlaid - along an erosive contact in the south - by quaternary formations (moraines and sandy, partly clayey gravel of the "Kölliker Rinne"). The geological and the hydrogeological conditions in the vicinity of the landfill are marked by the subdivision between molassic hard rock and the unconsolidated rock of the "Kölliker Rinne".

Groundwater Situation

The hydraulic system of the molasse manifests by the combination of pore and crevice permeability. The obvious water-bearing horizons in the wells of the molasse can mostly be assigned to the coarse-grained sandstone channels. They may connect the landfill and the "Kölliker Rinne". In larger outcrops, differently widened and therefore also correspondent water-bearing foliation can be observed.

A thin low prolific aquifer is located in the unconsolidated rocks of the "Kölliker Rinne" in the valley bottom of the Mülibach, a local creek. The ground-water isn’t used for freshwater recovery for the next 3 kilometers, until it has reached the local bath at Kölliken. Below the latest alluvions in the valley bottom, the aquifer is partly confined. The permeability coefficient of the gravel varies between 1 x 10-5 and 5 x 10-4 m/s. The groundwater table fluctuates between one and two meters.

Landfill

Landfill Construction

The landfill has no artificial liner. Hazardous materials were deposited directly on the exposed molasse. Within the landfill, a simple gravity flow system was constructed to drain leachate into five pumping shafts. The drainage system was expanded and four more pumping shafts were constructed between 1989 and 1993 to provide additional leachate collection. The shafts vary from 10 to 13 meters deep.

The landfill was utilised in 3 stages, each of which has a different cap. The final cap of Stage I is a layer of cohesive surface material, approximately 0.6 m thick. Stage II and the southern part of Stage III are contained by a 1.4 m multi-layer final cover. Stage III North is only covered by 0.5 m of cohesive material.

A horizontal gas collection system was constructed below the cap of Stage II and Stage III South. Approximately 50 additional vertical gas collection wells were driven or drilled through the existing caps in various places throughout the landfill.

Leachate Disposal

Depending on the weather, 40 to 400 m3of leachate is generated per day, the annual volume ranges from 23,000 to 44,000 m3. The main components of the leachate are neutral salts (about 10 g/l chloride, sulphate and bromide), organic carbon (100 - 250 mg/l) and ammonium (100 - 300 mg NH4 - N/I).

Leachate is collected from the pumping shafts by a level-controlled borehole spiral conveyor pump. The leachate is treated on-site in a multi-step treatment facility (SWABA) prior to discharge into the local sewer.

Gas Disposal

Rotary compressors evacuate both the vertical and horizontal gas extraction systems. This provides the necessary control of the exhaust air and the vacuum required within the landfill.

The landfill gas has an obvious odour. The gas, while containing small amounts of hydrogen (approx. 1 %) and methane (approx. 2 %), is composed mainly of highly volatile organic compounds, hydrogen sulphide, and various volatile organic silicon compounds.

The landfill gases, and the odorous air from the pumping shafts and the leachate treatment facility are burnt in a high temperature furnace (standing muffle furnace) which is supported by natural gas.

Content of the Landfill

More than 250’000 m3 of hazardous wastes of different origin and composition were placed in the landfill between 1978 and 1985. Each waste delivery was recorded, including required information about its chemical composition and its final disposal location. However, according to current standards, these records provide only rudimentary information about the real composition of the deposited waste. During landfill operation, a journal was kept to show the approximate location of the respective waste. However, the existing information does not allow to form an exact picture of the contents of the landfill.

Waste was delivered to the landfill in one of three ways:

· Drums:
production residues from the chemical industry, electroplating sludge and phosphoric wastes

· Bags:
polymerisation residue, manganese sulphate and ammonium chloride

· Loose Wastes:
lightly contaminated demolition waste, oil-contaminated soil, incineration slag, salty slag from aluminium recycling and production residues from the chemical industry 

The percentage breakdown of containers and loose wastes is shown below (pie chart): 
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Percentage breakdown of the composition of the landfill

The volume of individual deposits ranges from a few cubic meters to about 20'000 m3. There is no „hot spot“ in the landfill; most of the wastes were delivered in small amounts over many years and are therefore distributed throughout the entire landfill. Nor were any areas specifically designated for disposal of bagged, drummed or loose wastes. Drums and bags were deposited in layers wherever space was avai-lable, then covered with loose waste. Therefore, various containers are also distri​buted throughout the landfill.

The landfill was utilised in 3 consecutive stages; after each area was filled, it was capped, and utilisation of the next area was begun. Generally, layers of drums or bags were covered with a layer of loose waste, such as contaminated demolition waste or contaminated soil. Over this an intermediate layer, usually slag from municipal waste incinerators, was placed and compacted. The next layer of disposal (containers, loose waste, slag) would provide additional compression.

The landfill is constantly flushed, mainly by groundwater. Analysis of the leachate has confirmed that compounds from the loose wastes as well as from packaged wastes are being released. Therefore, it must be assumed that at least some of the containers were damaged when placed in the landfill. 

Emissions from the landfill follow one of 4 paths:

- collected leachate, which is treated on-site

- uncollected leachate, which escapes into the environment

- collected landfill gas, which is thermally treated on-site

- uncollected landfill gas, which escapes into the atmosphere

It can be assumed that more than 95 % of all releases from the landfill are currently being collected and treated. A maximum of 3 to 4 m3 of leachate escapes into the groundwater daily. Regular measurements of gaseous emissions have shown negligible uncontrolled emissions of landfill gases to date. Therefore, it is assumed that basically 100 % of the landfill gas is collected and treated.

Listed below are the most critical materials deposited in the landfill. As key parameters, specific to this landfill, the presence of these compounds in the leachate monitored and balanced:

Chloride and Bromide
as salts; easy to mobilise

Sulphur
as sulphate, elementary sulphur, sulphide, usually landfilled loose or poorly packaged; generally released as hydrogen sulphide 

Ammonium-N
generally as ammonium salts stored in drums; easily mobilised after corrosion of drums

Manganese
as manganese sulphate, usually poorly packaged; 

easily mobilised

Organic carbon
various forms; mobilisation dependent on degradation process

Halogenous organic material
different solvents; mobilisation dependent on degradation process

In addition to the physical process of decomposition resulting from percolation water and the transition of highly volatile materials into the gaseous phase, there are several other degradation processes taking place within the landfill: aerobic degradation of organic carbon; nitrification; denitrification; sulphate reduction; methane formation; biodegradation of chlorinated hydrocarbons; hydrogen formation; etc. These processes influence the release and risk potential of materials deposited in the landfill.

Remediation measures taken to date

After the closing of the landfill, the Association developed a concept for the security and remediation of the landfill and first security measures were realized. In 1994 the treatment facility for leachate and gaseous emissions was taken into operation.

Since that time, various studies and concepts have been undertaken to look at additional measures for the protection of the groundwater. Some measures have already been put into place; others are in various phases of planning.

In the so-called "Kölliker Channel" (where groundwater flows along the southern edge of the landfill) a row of 10 vertical wells has been built perpendicular to the groundwater flow. These wells intercept the probable flow of groundwater from the landfill and into the aquifer used by the communities of Kölliken and Oberentfelden for drinking water. In addition, a drainage ditch, about 8 m deep, has been constructed to the north of the landfill. This ditch collects rainwater and prevents run-off from entering the landfill.

However it is felt that additional measures must be taken in order to prevent further contamination of the area around the landfill. In particular the groundwater which flows south of the landfill, in the Kölliker Rinne, must be protected from additional contamination from the landfill. There is currently a project in place to ensure the long-term security of the southern edge of the landfill.

This project includes a 35 m deep slurry wall in conjunction with an 18 m deep hydraulic drainage system. The project is now in the permitting phase. The construction of the hydraulic measures is planned for 2000/2001.

In addition to planning and implementing various projects, the option of a complete remediation of the landfill was studied. In 1997 a working group was appointed by the Association to review the measures in place and assess the potential for a total remediation. At that time, the group came to the conclusion that, based on the current condition of the landfill and the existing technologies, it was not possible to realize a complete remediation in an effective and appropriate way.

However, the Steering Committee, as the highest ranking body within the Kölliken Hazardous Waste Landfill Association, has decided that it is now absolutely imperative to find a final solution. Therefore, in addition to the construction of the planned drainage system as an immediate measure for groundwater protection, an international invitation for tenders should be published to find additional alternatives for a complete remediation.
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