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Remedy of a chemical waste dump with foundation of a new dump on its surface

La réhabilitation d’'un dép6t de déchets chimiques par la construction d’'un nouveau dépdt au méme
endroit
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ABSTRACT: The paper deals with remedial measures, especially with the method of isolating the dump by a sealing underground wall
and with improving the properties of the material of the old chemical waste dump to make it possible to build a new dump with a reliable

lining system on the part ol its surface.

RESUME: L article présente des moyens de la sanation, spécialement des méthodes de protection contre |'humiduté a I'aide du mur
souterrain, offert I'amélioration de a qualité des matériaux, que content une deponie chémique vieille. On peut donner la possibilité de
fonder une autre déponie sur la déponie anciente, qui a mailenent une prolection hermétique nouvelle.

| INTRODUCTION

In the Czech Republic, new and unusual applications of
geolechnical melhods are oflen needed (o remedy siles
endangering the environment. The dump of toxic chemical wasle
of Spolana Neralovice serves as a typical example of such a site
The present company which has been formed during ihe recent
re-privatizing process has 1o remedy this old burden. But the
financial support is not coming only from this company but
mostly from the FFund of National Properly which collected a
certain significanl amount of money from the privatization
process which are now used for this remediation works

The dump is situated north of Prague a few hundred metres
from the Labe river, Tig. 1. Geology of the site is simple -
gravelly sand of the depth of about 10 m is underlain by
crelaceous marlstones (hat are practically impervious. The
underground waler lable corresponded originally with the stable
waler (able of the river, being about (wo melres under (he
original surface of the site However due 1o aclivities in the
nearby fly ash lagoons the groundwater level rose by about | m,
reaching the bottom layers of the present dump. Moniloring of
ground water contamination showed a wide range of pollution, in
many cases exceeding the standardized limits

Dumping in the site started in the early 1950’s. Sand was
excavaled just above the original GWL and embankments were
built around the area of about 450 x 300 m In this lagoon {ly ash
was deposited. In the mid 1960°s the ash was partly excavaled
and used 1o build new neighbouring lagoons Slurries from a
waler Irealment plant were deposited in one parl of the sile.
Later, depositing ol waste from the chemical plant took place
and continued until the late 1980°s The wasle material was
dumped randomly, no reliable information about the placement
of individual materials and aboul the techniques of dumping is
available.  Some chemicals were deposited in barrels. The
estimaled volume of the industrial chemical wasle from the
chemical plant is 200 000 m' | two thirds of it being chemical
sludge and sediments and about one Ithird consisling of
constiuction rubble with admixtures of plastics, wood, fabric etc
Further to (hese wasles a few thousand m® of sewage sludge was
deposited on the top of the fill

2 THE MAIN AIM OF TIIE REMEDIAL. WORKS

The main aim of the construction work is
® 10 stop (he contaminant spreading from the waste dump,
® (o partly use the locality for storage of a new chemical wasle
malerial

The classical remediation consists from the consiruction of
underground sealing wall in combination with hydraulic barrier,
with continuous pumping inside of prolecled area (o decrease
underground water level there, Fig 2

The horizontal sealing system above old stored chemical
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malerial is constructed by such a manner, that can be used as a

boltom sealing system for new chemical landfill and can also

fulfil all higher demand on it. Final capping sealing system will be
constructed only afler storage of the additional chemical wasle
material

From the individual construction sleps 3 main ones will be
described in more delails:

® construclion and control of the underground sealing wall,

B compaction of the old chemical waste material in such a way,
that long term safety of the sealing and drainage systems on
the top of it can be guaranteed,

® construction and control of (he horizontal sealing system

3 UNDERGROUND SEALING WALL

An important componenl of the geological containment of the
closed landfill site are underground sealing walls surrounding ils
circumference to a depth of 11 (o 20 m Classical underground
walls prepared by a clamgrab with individual plates are (o dale
the most reliable method to create sealed casing
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Fig. 2. Schematic cross section

Once the clamgrab has reached the required depth and
with overlapping extraction bites it is easy to meet the required
depth and honizontal continuity of the walls. In this given case,
the technical specifications for the underground wall were as
follows:

e minimal permeability characterized with

coefficient n 10" ms",

long-term life expectancy in the dump's contaminated

environment,

the ability to the maximum degree to limit the leakage of

contaminated material.

To meet the above demands SOLETANCHE’s patented
self hardening sealant and sorbent suspension type ECOSOL®
was chosen . This sealing suspension had already proved itself in
many similar projects undertaken abroad. The optimization of the
constituents from a variation of mainly domestic components was
undertaken at a specialized work-place at the faculty of civil
engineering TU Brno.

During the construction of the underground sealing wall 24
hours supervision by independent geotechnical consulting firm
was done for Spolana on the site. This supervision concentrated
on the following points:

1) Checking the quality of used sealing slurry ECOSOL® before
their usage - viscosity, volume density and velocity of
sedimentation

2) Checking the depth for each strip. Thickness of quaternary
sediments and total depth were controlled. The decision about
final depth was in hands of consulting firm. Main condition
was that the underground sealing wall should reach at least
0.8 m of the weathered marlstone to fulfil the condition that
sealing wall will have good contact with impermeable subsoil.

3) Checking the permeability and compression strength. in the
laboratory. Quality of the used slurry was tested in the
laboratory with some delay on samples which were taken

immediately after finishing each strip. Specimens were taken
by special sampling devices in two different levels. First
sample was taken from the depth roughly 1.0 m below ground
surface and second one roughly 1.0 m above the bottom of
the slurry wall. Tests were conducted after 90 days for which
they were hold in prescribed conditions. Number of tests was
prescribed in special program for performing quality control
before the construction work started.. Samples for the
permeability were taken for each 3 000 m® of the sealing wall
and for compression strength for each 2 000 m’. Results of
the laboratory tests proved good quality for used slurry
material. Average strength did not drop under the value which
was declared by the construction firm. Measured coefficient of
filtration was also lower than the value prescribed in the

the filtration
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design project (1.10"° m.s™).

4) Checking the permeability on the constructed underground
sealing wall. After some discussion about this possibility a
final decision was to perform this test only on parts of this
sealing wall which are in fact out of basic circle - on the
crossing parts of perpendicular sides of walls. After
demanded time for hardening of the wall the boring started
and the permeability tests were done not only on the cores
obtained from this boring but also directly inside the holes in
the sealing wall body. Both tests also proved that the
coefficient of permeability is significantly lower than the
demanded value.

The construction firm collected and tested also the samples
from the sealing slurry, mostly with the help of independent firm
and with 3 times higher frequency. The results were very close to
the results mentioned before:

- average value

ke=3.21- 10" ms’
- maximum value 1

ke=9.50- 10"} m.s?
- minimum value ke=170- 107 ms"
- standard deviation kr=2.17-10" ms’
From the undertaken comprehensive evaluation of the
quality of ECOSOL®’s panels the following conclusions were
deduced:

1. The average degree of porosity of the tested samples is a rank
lower than the value demanded by the client and two ranks
below the general permeability of self hardening suspensions.

. The average value of permeability from the control sample
test differs from the average value from the conclusive tests
(samples prepared in the laboratory) by only one tenth of a
rank on average. This is an exceptional positive value which
testifies to the high quality of the construction produce.

. None of the tested samples (nor the test bodies) did not
overstep the lower boundary limit demanded by the client.

The construction firm is also responsible for long time
serviceability of this sealing wall. Because after finishing the
construction of this sealing wall another activities connected with
compaction was held there a protection strip along wall was
declared with the help of seismic measurements. In this
protection strip all compaction activities were prohibited to
protect sealing wall against interruption.



4 DYNAMIC COMPACTION

The following conditions for the old chemical waste material

were define in project:

W differential settlement of the compacted surface of the old
chemical waste material ie. also of the horizontal bottom liner
under the surcharge by new stored chemical waste material
stored on it should be lower than 1:400,

W total settlement of the surface of the old chemical waste
material should be lower than 100 mm,

B bearing capacity in the place where small special containers
with most dangerous material will be stored should be higher
than 0.2 MPa. u

The two first conditions are connected with good function
of horizontal sealing layer. Firstly it is a possibility that the clay
liner system can be fractured due to tensile cracks. Some
previous results connected with bending tensile tests were used
for checking what tensile elongation can such clay liner
withstand. The second one is connected with good function of
the drainage system above horizontal sealing system due to the
fact that the surface inclination is only 1%.

For fulfilling all these conditions it was necessary to
B check the quality of the old chemical waste material,

W improve the quality of this material the depth of which is up to
10 m.

Penetration test which proved to be useful for checking the
quality of the chemical waste material showed that the matenal is
really very heterogeneous with local places with nearly zero
strenght.

Dynamic compaction method was selected not only due to
the possibility to improve the quality of the material up to the
much greater depth than with the usage of the another methods
but also due to the fact that the so called observation method can
be used for step by step improvement.

Special problem was connected with a protection against
unexpected influence of the compaction on the possible chemical
processes inside of the landfill body. During all time of the
compaction works the special group of the chemical engineers
was presented and had the chance to stop the work if some
indices proved this. It really happened but not in such a range
which would stop an another work.

The so called, ,Ménard Method* of dynamic consolidation
is based on the simple principle of compaction by the fall of a
ram weighing 15 tonnes from a height of 20 m. This method was
selected to improve the foundations of the dump site due to its
undisputed advantages.The compaction started in points which
create rectangular net with side 10 m. During the compaction the
settlement for each fall was measured as well as a movement of
the surrounding surface area. After the evaluation of this results
it was decided to decrease the distance between individual points
up to 5 m and on places with worst conditions up to 2.5 m. In
this way much more informations about heterogeneous
conditions inside the landfill body were reached than from
previous site investigation. Weak spots were discovered and then
reinforced with the creation of gravel pillars .

The effectiveness of this method was demonstrated not
only with the considerable immediate compression of the surface
- in our case an average of 0.567 m - but also with consolidation
reaching a considerable depth - 10 m in our case. At the same
time the internal body of the landfill was not penetrated and
material was not carried to the surface but covered by a
spreading layer so that the danger of toxic emissions was held on
minimum level as confirmed in the course of work.

High productivity rates were achieved - during work with a
semi-automatic  equipment and coryputeqzed evaluation,
consolidation energy of 227 - 345 tmm™™ was impacted into the
foundation material within two months.

The improvement of the material of the dump ..nieved by
dynamic compaction has been quantified by two series of cone
penetration tests (CPT). The first series of CPTs was carried out
before the dynamic compaction started. After the dynamic
compaction was completed, CPTs were repeated at the
corresponding points. The effectiveness of the dynamic
compaction was evaluated comparing the cone resistance g, of
the first and second series, i.e., prior and after the treatment.

In analysing the individual CPT soundings the raw data
were smoothed by averaging within every set of neighbouring
readings took in the interval of 1 m, with the step of 0.2 m. This
procedure yielded a relatively smooth CPT profiles that
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Fig.3. CPT results of the sounding SPi4 before and after
dynamic compaction.

characterized the mechanical properties of the ground. An
example of such data is shown in Fig.3.

To quantify the improvement achieved by dynamic
compaction, an improvement ratio has been defined as the ratio
of the cone resistance after and before compaction

) q
improvement ratio = —-¢_

qc, before

In this way the improvement at every individual sounding
can be computed as well as the overall improvement of the site.
To characterize the overall improvement an idealised profile has
been constructed in which the values at individual depths were
computed as averages from all raw readings at the particular
depth. Two sets of the averages were computed, before and after
the compaction. Comparison of the two states can be seen in
Fig.4
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Fig.4. [dealised sounding characterising the whole site: cone
resistance before and after dynamic compaction and
improvement ratio along the idealised sounding.

From Fig.4 one can conclude that the dynamic compaction has
been effective mostly in the zone from 1 to 7 metres below the
surface. The improvement achieved in this zone can be
expressed by the average value of the improvement ratio of 1.9.
Deeper below the surface, from 7 m down to 10 m the influence
of the dynamic compaction was not so high. However even in the
deeper layers a positive effect of the treatment has been verified,
as documented for example in Fig.3

The average cone resistance before the compaction computed
from all the raw data from all soundings was qc. pefor = 8.8 MPa.
The corresponding value after the compaction qc. .pr = 12.3 MPa
shows that 50% increase in cone resistance was achieved.
Moreover, the number of extremely low values of q.= 1 MPa



(or even lower) that were found with some soundings under the
original state, was substantially limited and such values were
rather exceptional with the soundings carried out after the
compaction. The average value q. = 12 MPa cormresponds
roughly to the required design bearing capacity 0.2 MPa.

With the aim to measure the stiffness of the matenal of the
dump after the treatment by dynamic compaction a trial
embankment has been built on top of the dump. The embankment
had the height of 3 m, the width at the top 6 m and its length was
20 m. The settlement has been monitored by surveying of number
of reference points shown in Fig.5.

The embankment was built from gravely sand of unit
weight 1.95 kNm™ and the resulting vertical load in the centre
was about 59 kPa. After filling the initial surveying took place
and the subsequent settlements were monitored every 5 days
with the last reading being taken 33 days after filling. The
measured values are in Fig.6. The maximum settlement measured
was 38 mm.

Fig.6 shows that the settlement of the dump below the
embankment was relatively quick, probably due to only partial
saturation of the material of the dump. However, occurrence of
saturated material of low permeability with slow dissipation of
pore pressures and slow consolidation is possible in the
heterogeneous dump.

In the analysis of the final settlement of the trial
embankment only the reference points in the centre-line have
been considered. Fig.6 shows a considerable scatter in the
settlement data. Nevertheless, the differential settlement of the
trial embankment was about 1/1000 with the acting contact
pressure of about 60 kPa. The design surcharge is 130 kPa.
Therefore, differential settlement of about 1/500 should be
anticipated. This value complies with the project, which requires
allowable differential settlement of up to 1/400.

From the settlement data a constraint modulus of 9 to
12 MPa has been derived. Using these values the final settlement
of 60 to 95 mm after loading the surface by the new surcharge
has been computed. The allowable settlement according to the
project is 100 mm.
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Fig.5. Scheme of the trial embankment
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Fig.6. Settlement of the trial embankment

The trial embankment proved a successful tool in investigating
the deformation behaviour of the dump, namely in quantifying
the stiffness of the compacted heterogeneous fill of the dump and
in estimating the likely maximum and differential final
settlements under the planned surcharge.

5 HORIZONTAL SEALING SYSTEM

Horizontal sealing system was designed and performed according
to existing czech standard which is very similar to standards in
the other countries. This system consists from clay liner with
thickness 1.0 m compacted in S layers and covered by
geomembrane HDPE 2.0 mm. Cross section is shown on Fig. 7.
Clay liner was controlled in laboratory (grain size distribution,
moisture content, degree of compaction, content of organic
matter and finally coefficient of permeability) and also in the field
by TROXLER radiometer (volume density and moisture
content).Quality of double weld of geomembrane was checked
by pressure test and overall impermeability by monitoring system
based on electric conductivity.

Deformation of compacted old chemical waste material
under clay liner is controlled in 5 cross sections by horizontal
inclinometer GLOTZL IISM 01-D. First measurement started
after finishing clay liner. Horizontal inclinometer can be used not
only for checking assumed differential settlement but also for the
possibility to influence the manner of filling of new chemical
landfill.

6 CONCLUSION

The presented case is the example of the new approach to the
problems of old burden in the Czech republic. This approach is
based on good cooperation between individual partners, where
the supervision with the help of control and monitoring systems
plays a very significant role. From the technical point of view
unusual case of compaction of chemical waste material was
presented and the results show that it is possible to construct
new safe horizontal liner on top of such compacted material.
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1 - new tovical waste
2 - drainage layer (sand)
ke2 110" ms’
3 - geotextile protective layer
4 - HDPE geomembrane (2 mm)
5 - compacted loess loam
kr<1.10° ms! (5x0.2m)
6 - drainage layer (sandy gravel)
7 - compacted old toxical waste

Fig. 7. Horizontal sealing system



