History of the test site – Groyne 42
Groyne 42 is a former chemical dumpsite, heavily contaminated with 200-300 tons of
pesticide products, mainly parathion and related degradation products.
The deposition period was from about 1953 – 1962 where chemical waste was deposited
between two sand dunes close to the North Sea.
In 1971 and in 1981, the site was exposed by erosion and partial remediation was carried
out. In 1971 after a huge storm had exposed the site, 1250m³ of contaminated sand was
removed, and the rest of the site was covered by an asphalt cap. In 1981, another storm
damaged the asphalt cap. At that time, the asphalt cap and 1200 ton of chemicals situated
above groundwater level were removed. The remainder of the site which was located under
the groundwater level was covered with sand, because it was concluded at the time that the
remaining contamination no longer was a problem.
In 2000, it was discovered, however, that a heavy odour came from the site. New
investigations with drillings and chemical analysis of soil and groundwater samples showed
that the depot still posed a great threat to the environment and at least 200 tons of
pesticides and other chemicals were remaining in soil and groundwater.
The local County (Ringkjøbing Amt) then started further investigations to identify the exact
location of the contamination in the saturated zone and the amount of contaminants
remaining.
In 2006, a 14m deep iron sheet piling was set up surrounding the 20.000m² pesticide
contaminated area and it was covered with a plastic membrane and the coast side was
strengthened by a big stone protection wall. Inside the enclosed area, the water table is
currently maintained at a level below the lowest sea-water level in order to prevent any
leakage of contaminants to the North Sea.
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The integrity of the seal and the durability of the sheet piling in the very corrosive groundwater at the site were very important.

Preliminary studies on in situ alkaline hydrolysis

In parallel to the enclosure of the site, literature studies and laboratory tests were performed
in 2005 and 2006 for six different remediation technologies. The main result from these initial
treatability studies was that all technologies could probably be applied for the final
remediation, but with a large variability in costs and time-frame. Based on these
investigations, in situ alkaline hydrolysis was chosen for further preliminary experimental
testing.
In 2007 and 2008, Region Midtjylland carried out a number of thorough laboratory and smallscale field studies testing the method “in situ alkaline hydrolysis”. In conclusion, the studies
showed that alkaline hydrolysis rapidly degrades organophosphorous insecticides in the soil
and groundwater.

Alkaline hydrolysis as a novel remediation technology
It is well described in the scientific literature that alkaline hydrolysis can be used to degrade
organophosphorous insecticides such as ethyl-parathion, methyl-parathion, sulfotep and
malathion to less toxic and water-soluble metabolites. The method has been used for many
years by agrochemical companies that produce organophosphorus pesticides to neutralise the
compounds upon accidental spills, but also as a pre-treatment of wastewater containing
organophosphates before it is led to the biological wastewater treatment plant.

In situ alkaline hydrolysis has not previously been used as a technology to remediate soil and
groundwater contaminated with organophosphorous insecticides.
In 2005-2008, in situ alkaline hydrolysis as a soil remediation technology was tested in
laboratory experiments and a small-scale field trial and the results were promising.
Testing the novel technology in large-scale pilot experiments at a heavily contaminated site in
the field is the next step in demonstrating the usefulness of this technology in soil
remediation. In the demonstration experiments, each test cell is essentially constructed as a
miniature model version of the large contaminated site “Groyne 42”. The pilot experiments
are designed in order to determine the optimal remediation conditions allowing the maximum
removal of as much contamination as possible. The results from the pilot testing will be
directly used to calculate cost and the preliminary design of a full-scale remediation at the
site.

In addition to the experiments performed with alkaline hydrolysis, Region Midtjylland also
performed investigations into characterising the geochemistry, the redox conditions and the
buffer capacity of the sediment at Groyne 42. Also, studies on the infiltration rates of diluted
caustic soda into the sediment were performed, as well as studies on the sediments’ water
retention properties. Furthermore, great effort was put into the determining what types of
materials would be sufficiently resistant in order to be used, in the aggressive chemical
environment at Groyne 42. All these studies were carried out in preparation of scaling-up the
field testing of in situ alkaline hydrolysis.
It is fair to say the site “Groyne 42” is one of the most analysed, and in every way, well
characterised pesticide dumpsites in the world. In that regard, the site is considered ideal for
testing the proposed new remediation technology.

In NorthPestClean, the efficiency of the in situ alkaline hydrolysis method is tested when
combining infiltration of the soil with diluted caustic soda with different enhancement
technologies. In the pilot experiments, various technologies for improving subsurface delivery
of reagents is demonstrated and compared. Furthermore, technologies for improving contact
between the reagent and contaminants in the soil is demonstrated and compared.
The three pilot experiments in this project offer a unique possibility to compare and evaluate
the effect of these enhancement technologies in a side-by-side experimental design.

Establishment of pilot test cells

Implementation of the pilot experiments

The objective of establishing test cells is to create the physical framework for large scale
testing of the novel technology. This physical framework is designed to demonstrate the
usefulness of this technology in soil remediation in a scale that allow for up-scaling to “fullsize” remediation of the contaminated site.

The objective is to carry out pilot experiments in the three pilot test cells. The practical
experimental activities are conducted by external companies specialised in the selected
enhancement and remediation techniques.

The pesticide contamination at “Groyne 42”, in the north-western part of Denmark, covers a
20.000m2 large area, which is enclosed by a 14m deep steel sheet piling. Within this large
contaminated area, three minor experimental areas (pilot test cells) are established. Each
test cell constitute a 100m2 (ca. 10mx10m) and each cell will be enclosed by a 14m deep
steel sheet piling. Each test cell will be placed within the most heavily contaminated area of
Groyne 42.

A number of laboratory hydrolysis experiments were carried out in 2006 and again in 2008.
The main objectives of these experiments were to demonstrate the treatability of actual
parathion-contaminated sediment samples from the site with caustic soda, to quantify the
natural buffer capacity of the sediments (how much caustic soda must be added to raise the
pH to an adequate level), to determine which pH value is necessary to reach an acceptable
rate of hydrolysis and to identify any significant geochemical changes from the high pH
(including dissolving amorphous silica). Additional laboratory experiments are carried out
under the LIFE project regarding selection of surfactants to be used for enhancement of the
degradation process.
Results clearly showed that hydrolysis of parathion does take place in contaminated samples
treated with alkaline hydrolysis. Results showed that a pH of 12 is adequate, whereby the
necessary concentration of caustic soda for the pilot test cells was determined. This
concentration is a very important economical factor for the full scale project. Results also
showed that pH values over 13 should be avoided, since large amounts of silica begin to
dissolve. Field testing in 2008 showed that caustic soda can be gravity infiltrated at the site
with no problem and that high pH values can be maintained without further caustic soda
additions for 19 months and running.
The experiments in the NorthPestClean project focus on demonstrating the efficiency of insitu remediation using various technologies for enhancing contact between the contaminants
in the soil and a reagent (an alkaline solution) delivered to the sub-soil. Each of the three test
cells will employ a separate technology. All cases will involve the novel remediation method
“in-situ alkaline hydrolysis”.

Each test cell is essentially constructed as a miniature model of the large contaminated site
“Groyne 42”. The pilot experiments are designed in order to determine the optimal
remediation conditions, allowing the maximum removal of as much contamination as
possible. Based on the preliminary experiment from 2007 and 2008, the emphasis in the
experimental design is on delivery of reagent and contact between reagent and contaminants.
The results from the pilot testing will be directly used to calculate economy and the design of
a full-scale remediation at the site.
Within each pilot test cell, experiments to demonstrate the efficiency of the in situ alkaline
hydrolysis method are carried out.

Initial characterization of the three test cells

Demonstration experiments

Each pilot test cell is characterised in detail regarding geology, hydrogeology, geochemistry
and initial contamination distribution. This characterisation involves drilling wells and collect
intact core soil samples. The wells are not expected to be deeper than 10m and will be
screened in the saturated zone. The characterisation also includes groundwater sampling.
Chemical analysis of soil and water samples is also carried out. Parameters will include
parathion, various other pesticides, 10 – 15 pesticide degradation products and mercury. It is
expected that the total number of soil samples to be analysed during the pilot experiments
will be in the range 500-750 and the total amount of water samples to be analysed will be
about 800-1500. All the analytical work is carried out by the agrochemical company
Cheminova A/S situated nearby the site “Groyne 42”. Cheminova A/S provides the analytical
assistance free of charge. Region Midtjylland and Cheminova’s laboratory have developed a
plan for laboratory practice and optimization of the analyses.

The demonstration experiments are divided into three cycles, each cycle occupying about a
year of the project period.
Cycle 1 - Drainage and infiltration by caustic soda
The groundwater in each of the three pilot test cells is drained to the thin silt layer about 8 m
below the surface. For each drainage cycle, approx. 400m3 of contaminated groundwater is
pumped out of the three test cells.
The drained groundwater from the three test cells is infiltrated into the contaminated
groundwater outside the test cells but within the 20,000m2 area with the sheet piling.
When the cells have been drained, dilute caustic soda is infiltrated by gravitation into each of
the pilot test cells in order to raise the groundwater pH to about 12. The caustic soda is left
undisturbed in the sediment for 3-6 months and the increase in hydrolysis products in the
groundwater will be monitored over time. These increases comprise the baseline for the
various contact enhancements described below.
Cycle 2 and 3 - Tests of methods for contact enhancement
Pilot test cell 1
In situ alkaline hydrolysis - contact enhanced by delivery and circulation
In this test cell, contact is enhanced through the use of Direct Push Injection technology to
improve the delivery of the caustic soda during the second and third cycle. Various set-ups to
pinpoint delivery to the most contaminated portions of the test cell using an appropriate
pressure to ensure improved distribution are tested.
Various methods for circulating the dilute caustic soda in the cell are tested during the
hydrolysis period. To improve the understanding of the effect of the circulation, numerical
flow modelling and empirical tracer studies are carried out.
A third cycle is carried out, repeating the draining, delivery and circulation activities. Samples
are collected between each cycle to document the efficiency.
Pilot test cell 2
In situ alkaline hydrolysis - contact enhancement by vibration and circulation
After draining and refilling, contact enhancement through use of a vibration technology in
combination with recirculation is carried out. Previous studies have shown that acoustic
pressure waves have an affect on the dissolution and mobilisation of dense non-aqueous
phase liquid (DNAPL), especially in connection with increased pressure gradients caused by
recirculation.
A third cycle is carried out, repeating the draining, delivery and enhancement activities. The
enhancement for the third cycle involves an alternative vibration technology. Samples are
collected between each cycle to document the efficiency.
Pilot test cell 3
In situ alkaline hydrolysis - contact enhancement by surfactants and circulation
After draining, the test cell is refilled with dilute caustic soda with added surfactant or
surfactant mixture. After addition, the surfactant/soda mixture is recirculated by an
appropriate method.
A third cycle is carried out, repeating the draining, delivery and enhancement activities.
Samples are collected between each cycle to document the efficiency.

Blind tests

Indicators of progress

Blind tests are indispensable to the scientific method – and blind tests are most certainly
included in various aspects of the project. Our approach defines three levels of blind tests
described below.
All blind tests are carried out in mini-test cells composed of large-diameter iron piping
(diameter 1-2m). These pipes are vibrated to a depth of 14 meters, creating mini cells.

In each of the three experiments, soil and water samples are subject to chemical analysis
before, during and after the experiments in order to continually evaluate the progress of the
soil remediation. The analytical results of water and soil samples act as indicators of the
progress of the remediation experiments.
Reports are prepared after each “caustic soda” treatment cycle. In the reports the progress of
the experiments is evaluated. Based on the evaluation, it is decided for each of the three
experiments if and how we move on to the next treatment cycle.
Progress of alkaline hydrolysis during operation of a cycle
The main purpose is to determine when the cycle should be ended and the next begun. The
progress indicator is based on measurement of groundwater samples collected at seven
depths (25, 50, 75, 100, 150, 200 and 250cm above the aquitard silt layer) and the samples
are measured for the two mobile hydrolysis products EP2 and PNP as well as parathion and
other major contaminants. Samples are collected from two locations per test cell. Each
location will be sampled a minimum of 4 rounds.
In depths with lower contamination and no contact enhancement (Cell 1), a hydrolysis rate
ranging from 1-25mg EP2/l pr. month can be expected. In depths with higher contamination
and aggressive contact enhancements, a rate of > 250mg EP2/l pr. month should be
achieved to be considered good progress. 250mg EP2 results from the hydrolysis of 430mg
parathion.

Level 1: No enhancements (the blind) vs. enhancements
This is perhaps the most important level. For this purpose a separate cell (Pilot test pipe 1) is
drained, filled with caustic soda, drained again, etc. in three cycles precisely mimicking the
procedures in the three large cells with the exception of the use of enhancements.
Level 2: No caustic soda and no draining (the blind) vs. caustic soda and draining
All Three cells include addition of caustic soda. The effect of no caustic soda will be monitored
in a separate cell (Pilot test pipe 2).
Level 3: No caustic soda, but with draining (the blind) vs. caustic soda with draining
There could conceivably be an effect caused by the draining/refilling activity even if refilling is
done with diluted water with no caustic soda. Due to the very low solubility and high
adsorption of parathion, our immediate impression is that this effect is of limited importance.
However, the potential effect will be addressed using a separate cell (Pilot test pipe 3).
With the aim of having an untreated “blind test” included in the experiments, water and soil
samples will be collected from a contaminated area outside the three test cells. Systematic
sampling will be carried out before, during (e.g. after each treatment cycle) and after
completion of the experiments. The data from the blind test will be used in comparison with
the results of the treated cells and thereby provide a solid foundation for evaluating the
efficacy of the remediation methods.

Clean-up effect of each completed cycle.
The main purpose is to determine the total contaminant mass removal at the conclusion of
each cycle. This determination will be based on the mathematical product of the flow times
the concentration in the water that is drained from the cell at the end of the cycle. Again, the
water samples will be analyzed for the two mobile hydrolysis products EP2 and PNP as well as
parathion and other major contaminants. The flow will be logged continually and water
samples will be collected as discrete samples or flow-proportional samples. Approximately 10
samples will be collected for each cell during draining (1 sample pr. 10m3 water).
The total contaminant mass for each cycle depends heavily on the actual level of
contamination in the pilot test cell in question. This will be determined during the task of pilot
test cell characterisation based on soil samples. It is expected that on the order of 75kg EP2
pr. cycle pr. cell should be removed with the drain water to be considered good progress, but
this number will be revised, depending on the initial characterisation of the cell. 75kg EP2
results from the hydrolysis of 128kg parathion.

Environmental risk assessment and remediation stop-criteria

NorthPestClean – Contact information

The main objective of a full-scale remediation at “Groyne 42” is to ensure that after the
remediation the residual contamination in the soil does not pose an unacceptable risk to the
nearby aquatic environment.
Therefore in order to answer the question: “When is the site clean enough?” environmental
risk assessment-based success-criteria (stop-criteria for remediation) will be established. By
the end of the project a comparison between the remediation potential of the new method
and the risk assessment-based stop-criteria for the clean-up will take place.
By establishing measurable stop-criteria and demonstrating the effectiveness of the new
method, we can provide the decision makers with crucial information that allow them to make
a sound decision on how to proceed with the remediation of the site.
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