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ABS T RACT : T he  pap e r  de a ls  w illi r e me dia l me as ur e s , e s pe c ia lly  w ith I lie  me th o d  o f  is o la t ing  the  d u m p  by a s e a ling  unde r g r o und  wa ll 

and w ith im p r o v in g  the  pr ope r t ie s  o f  the  mate r ia l o f  the  o ld  c he mica l wa s te  d u m p  to ma ke  il pos s ible  to build  a ne w d u m p  with a r e liable  

lining s ys te m 0 11 the  par t o f  its  s ur face .

RE S U ME : L'a r lic le  pr e s e nle  de s  mo ye ns  de  la s a na t io n , s pe c ia le ine nt  de s  m e lh o d e s  de  pr o te c t io n  c ont r e  I hum idu te  a I a ide  du mur  

s oule r rain, o(Terl (' a m e lio r a t io n  de  a qua lite  de s  m a te r ia ux , que  cont e nt  line  de p o n ie  c he m iq ue  vie ille . On  pe ut  do nne r  la pos s ibilite  de  

fonder une  autr e  d e p o n ie  s ur  la d e p o n ie  anc ie n te , qu i a ma ile ne n l une  pr o te c t io n  he r m e liq ue  nouve lle .

I IN T R O D U C T IO N

In die  Cze c h  Re p ub lic , ne w  and un us ua l a p p lic a t io n s  o f  

ge ote chnical me th o d s  a re  o fie n  ne e de d to  r e me dy  s ites  

e ndange r ing  the  e nvir onm e nt  T he  d u m p  o f  tox ic  che mic a l was te  

o f Spo lana  N e r a to v ic e  s e rve s  as  a typica l e x a m ple  o f  s uch a s ite  

The  pre se nt c o m p a n y  w h ic h  has  be e n fo r m e d  d ur in g  the  recent 

r e - pr ivatizing pr oce s s  has  to  r e me dy  this  o ld  bur de n  But  the  

financial s uppor t  is no t  c o m in g  o n ly  fr om  this  c o m p a n y  but  

mos tly fr om the  F und  o f  Na t io na l P r o pe r ly  w h ic h  co lle c te d  a 

certain s ignifican t  a m o u n t  o f  m o ne y  fr om  the  pr iv a t iza t io n  

process  w h ic h  a re  n o w  us e d for  this  r e m e d ia t io n  w o r k s

T he  d u m p  is  s itua te d no r th o f  P r a g ue  a fe w  hundr e d  me tre s  

from the  Labe  r ive r , T ig. I. Ge o lo g y  o f  the  s ite  is s im ple  - 

grave lly s and o f  the  de p th  o f  ab o ut  10 in is unde r la in  by 

cre tace ous  mar ls tone s  that are  pr a c t ic a lly  im pe r v io us  T he  

unde r gr ound wa te r  table  co r r e s po nde d  o r ig ina lly  w ith  the  s table  

water table  o f  the  r ive r , be ing  a b o ut  tw o  me tr e s  und e r  the  

original s ur face  o f  the  s ite  Ho w e v e r  due  to  ac t ivit ie s  in the  

nearby fly as h la g o o ns  the  g r o un d w a te r  le ve l ros e  by about  I 111, 

reaching the  b o t t o m  laye rs  o f  the  pr e s e nt d u m p  Mo n it o r in g  o f  

ground w a te r  c o n t a m in a t io n  s ho we d a w id e  r ange  o f  p o llu t io n , in 

many case s  e x ce e ding  the  s ta nda r d ize d  limits

Du m p in g  in the  s ite  s ta r te d in the  e a rly I9 5 0 's  Sand  was  

e xcavated jus t  a b o v e  (he  o r ig ina l G W L  and e mb a nk m e nts  we re  

built a r o und  the  are a o f  abou t  4 5 0  x 30 0  m In this  la g o o n  fly ash 

was de pos ite d. I11 the  mid 1960 s the  as h was  par t ly  e xcava te d 

and us e d to  b u ild  ne w  ne ig h b o u r ing  la g o o ns  S lur r ie s  fr om  a 

wale r  t r e a tme nt plant  we re  de p os ite d  in o ne  par t o f  the  s ite ,

l ater, d e p o s it ing  o f  was te  fr om  the  c he mica l plant  lo o k  place  

and c o nt inue d  un til the  la te  I9 8 0 's  T he  was te  ma te r ia l was  

dumpe d r a ndo m ly , 110  r e liable  in fo r m a t io n  ab o ut  the  place me nt  

of ind iv idua l ma te r ia ls  and about  the  te c hnique s  o f  d u m p in g  is 

available  S o m e  c he mica ls  we re  de p os ite d  in bar r e ls  T he  

e s timated v o lu m e  o f  the  indus t r ia l c he mica l was te  fr om (he  

chemical plant  is  20 0  00 0  111’ , (w o  thir ds  o f  it be ing  che mica l 

s ludge  and s e dime nls  and ab o ut  o ne  thir d co ns is t ing  o f  

cons tmc tion r ubb le  w ith  a dmix tur e s  o f  plas tic s , w o o d , fabr ic  e tc 

fur the r  to  the s e  was te s  a fe w  th o us a nd  m 5 o f  s e wag e  s lud ge  was  

depos ite d 0 11 the  lo p  o f  the  fill

2 H IE  M A IN  A IM  O F  H I E  R E M E D IA L  W O R K S

1 he main a im o f  the  c o ns tr uc t io n  w o r k  is

■ to s top the  c o nta m in a n t  s pr e a d ing  fr om the  was te  d u m p ,

■ to par t ly  us e  the  lo ca lity  for  s tor ag e  o f  a ne w che mic a l was te  

mate r ia l

T he  c las s ica l r e m e d ia t io n  cons is ts  fr om the  c o ns tr uc t io n  o f  

unde r ground s e a ling  wa ll in c o m b in a t io n  w ith hy dr a ulic  bar r ie r , 

'villi c o n t in uo us  p u m p in g  ins ide  o f  pr o te c t e d are a to  de c re as e  

unde r gr ound w a te r  leve l the r e , F ig  2

T he  ho r izo nta l s e a ling  s ys te m ab ove  o ld  s tore d che mica l

I'ig. I. Site plan o f  toxic waste dump.

mate r ia l is co ns tr uc te d  by s uch a manne r , that can be  us e d as  a 

b o t to m  s e a ling  s ys te m for  ne w  che mica l landfill and can also 

fulfil all h ighe r  de m a nd  on it F ina l c a pp ing  s e a ling  s ys te m will be  

co ns tr uc te d  o n ly  a fte r  s tor age  o f  the  a d d it io na l che mica l was te  

mate r ia l

F r om  the  ind iv id ua l c o ns tr uc t ion  s teps  3 ma in  one s  w ill be  

de s c r ibe d in mo r e  de tails :

■ c o ns tr uc t io n  and c o nt r o l o f  the  unde r g r o und  s e aling  wa ll,

■ c o m p a c t io n  o f  the  o ld  che mica l was te  mate r ia l in s uch a way, 

that lo ng  te r m s afe ty o f  the  s e a ling  and dr a inage  s ys te ms  0 11 

the  to p  o f  it c an be  gua r an te e d,

■ c o ns tr uc t io n  and c o nt r o l o f  the  ho r izo nta l s e a ling  s ys te m

3 U N D E R G R O U N D  S E A L IN G  W A L L

An im po r t a n t  c o m po ne n t  o f  the  ge o lo g ic a l c onta inme nt  o f  the  

c los e d la ndfill s ite  are  und e r g r o und  s e a ling  wa lls  s u r r o und ing  ils  

c ir cum fe r e nce  to a de p th  o f  I I to  20  111 Cla s s ica l unde r g r o und  

wa lls  pr e pa re d by a c la m g r a b  w ith ind iv idua l plate s  are  to  da le  

the  mos t  r e liable  me th o d  to cre ate  sealed ca s ing
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Once the clamgrab has reached the required depth and 
with overlapping extraction bites it is easy to meet the required 
depth and horizontal continuity o f the walls. In this given case, 
the technical specifications for the underground wall were as 
follows:
• minimal permeability characterized with the filtration 

coefficient n. 10' 0 m.s'1,
•  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 Bmo.

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 o f 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 o f 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 o f 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 o f 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 m2 o f the sealing wall 
and for compression strength for each 2 000 m2. 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 o f 
filtration was also lower than the value prescribed in the

kr = 3.21- 10'" m .s ' 
kf = 9.50- 10'“ m.s'1 
kf = 1 70- 10‘12 m.s'1 
kr = 2.17- 10'11 m.s'1

design project (1 .1010 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 o f this 
sealing wall which are in fact out o f basic circle - on the 
crossing parts o f perpendicular sides o f 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 o f 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 ~ ‘ 1 n’M — " 1
- maximum value
- minimum value
- standard deviation

From the undertaken comprehensive evaluation of the 

quality o f ECOSOL®’s panels the following conclusions were 

deduced:

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

2. The average value o f 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 o f the construction produce.

3. 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.
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The following conditions for the old chemical waste material 
were define in project:

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

■ total settlement o f the surface o f the old chemical waste 
material should be lower than 100 mm,

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

The two first conditions are connected with good function 
o f  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
■ check the quality o f the old chemical waste material,
■ improve the quality o f this material the depth of which is up to 

10 m.
Penetration test which proved to be useful for checking the 

quality o f the chemical waste material showed that the material is 
really very heterogeneous with local places with nearly zero
s tre n g h t .

Dynamic compaction method was selected not only due to 
the  possibility to improve the quality o f the material up to the 
much greater depth than with the usage o f the another methods 
b u t 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 o f the compaction on the possible chemical 
processes inside of the landfill body. During all time of the 
compaction works the special group o f 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, „Menard Method11 of dynamic consolidation 
is based on the simple principle o f compaction by the fall o f a 
ram weighing 15 tonnes from a height o f 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 o f gravel pillars .

The effectiveness of this method was demonstrated not 
only with the considerable immediate compression o f 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 o f toxic emissions was held on 
minimum level as confirmed in the course o f work.

High productivity rates were achieved - during work with a 
semi-automatic equipment and computerized evaluation, 
consolidation energy of 227 - 345 tmm"2 was impacted into the 

foundation material within two months.

The improvement o f the material o f the dump u-hieved by 
dynamic compaction has been quantified by two series o f cone 
penetration tests (CPT). The first series o f CPTs was earned out 
before the dynamic compaction started. After the dynamic 
compaction was completed, CPTs were repeated at the 
corresponding points. The effectiveness o f the dynamic 
compaction was evaluated comparing the cone resistance qc 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 o f neighbouring 
readings took in the interval o f 1 m, with the step o f 0.2 m. This 
procedure yielded a relatively smooth CPT profiles that

4 DYNAMIC COMPACTION

Fig.3. CPT results o f  the sounding SP14 before and after 
dynamic compaction.

characterized the mechanical properties o f the ground. An 
example o f 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

improvement ratio % after

*c, before

In this way the improvement at every individual sounding 
can be computed as well as the overall improvement o f 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 o f the averages were computed, before and after 
the compaction. Comparison o f the two states can be seen in 
Fig.4
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Fig.4. Idealised 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 o f 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 o f 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, before = 8.8 MPa. 
The corresponding value after the compaction qc. aftcT = 12.3 MPa 
shows that 50% increase in cone resistance was achieved. 
Moreover, the number o f extremely low values o f qc = 1 MPa
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(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 qc = 12 MPa corresponds 
roughly to the required design bearing capacity 0.2 MPa.

With the aim to measure the stiffness o f the material o f the 
dump after the treatment by dynamic compaction a trial 
embankment has been built on top o f the dump. The embankment 
had the height o f 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 o f unit 
weight 1.95 kNrn' 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 o f the dump below the 
embankment was relatively quick, probably due to only partial 
saturation o f the material o f the dump. However, occurrence of 
saturated material o f low permeability with slow dissipation of 
pore pressures and slow consolidation is possible in the 
heterogeneous dump.

In the analysis o f the final settlement o f 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 o f the 
trial embankment was about 1/1000 with the acting contact 
pressure o f about 60 kPa. The design surcharge is 130 kPa. 
Therefore, differential settlement o f about 1/500 should be 
anticipated. This value complies with the project, which requires 
allowable differential settlement o f up to 1/400.

From the settlement data a constraint modulus o f 9 to 
12 MPa has been derived. Using these values the final settlement 
o f 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.

r i

~ ♦  2 ♦  2 f

Fig. 5. Scheme o f  the trial embankment
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The trial embankment proved a successful tool in investigating 
the deformation behaviour o f the dump, namely in quantifying 
the stiffness o f the compacted heterogeneous fill o f 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 5 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 o f organic 

matter and finally coefficient o f permeability) and also in the field 

by TROXLER radiometer (volume density and moisture 

content). Quality o f double weld o f 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 o f filling o f new chemical 

landfill.

6 CONCLUSION

The presented case is the example o f 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 o f control and monitoring systems 

plays a very significant role. From the technical point o f view 

unusual case o f compaction o f chemical waste material was 

presented and the results show that it is possible to construct 

new safe horizontal liner on top o f such compacted material.

2
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/ ' '  - -  •>

1 - new to 'dcal waste

2 - drainage layer (sand)

kf > 1.10-4 m .s1

3 - geotextile protective layer

4 - HDPE geomembrane (2 mm)

5 - compacted loess loam

kf < 1.1 O’9 m.s-1 (5 x 0.2 m)

6 - drainage layer (sandy gravel)

7  - compacted old toxical waste

Fig. 6. Settlement o f  the trial embankment Fig. 7. Horizontal sealing system

1860


