
Utilization of coal wastes 
in municipal waste landfill reclamation

– a Katowice-Wełnowiec case study, Poland

Justyna Ciesielczuk, Monika Fabiańska,
Magdalena Misz-Kennan, Jolanta Pierwoła, Anna Abramowicz

University of Silesia in Katowice, Poland, justyna.ciesielczuk@us.edu.pl 



KATOWICE-WEŁNOWIEC 
DUMP

1991-1996:
rubbish dump
area ca 1.6 ha
1.6 mln tonnes of wastes:
22.6% of coal wastes
21.5% of municipal wastes
40% of building wastes
40% of composting plant wastes

Katowice Siemianowice Śląskie

1998:
municipal waste 

landfill reclamation
with multi-barrier system:

POLAND
Silesian Voivodeship

2001:
methan exploitation:
gas collecting installation with 39 boreholes
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northern slope, central part

February 2, 2010

2010-10-22 A B C D

Temp. 0 m 15oC 55oC 20oC 85oC

Temp. -0.3 m 40oC 90oC 48oC 670oC

Temp. -1 m 220oC 220oC 110oC n.d.

CO % 1.5 >3 2.5 n.d.

CO2 % >18 >18 >18 n.d.

slope rebuilt

in 2009

primary slope
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1 Powder X-ray Diffraction PXRD

Scanning Electron Microscopy SEM- EDS

X-Ray Fluorescence XRF

Atomic Absorption Spectrometry AAS

Electrical Resistivity Tomography ERT

Electromagnetic Profiling FDEM 

Reflected Light Optical Microscopy  RLOM

Aims:

- municipal and coal wastes

• to apply geophysics to distinguish:

- burnt and unburned coal wastes,

• to prove if the planned multi-barrier system of 
municipal waste landfill reclamation was applied 
at any part of the Wełnowiec dump.

• to determine thermal activity influence on 
organic and inorganic geochemistry, petrography, 
and mineralogy of the wastes and leachates,

• to discover the fire’s origin,

• to determine a real thickness of coal wastes 
used for reclamation,

Methods:

Gas chromatography-mass spectrometry GC-MS
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ZONE I - INITIAL

is located at the edges of active zones, 
where fire overtakes new volume of the coal wastes

is located within areas where fire has never 
been extinguished and the temperature 
has reached 400-500oC at the surface 
in the exhalation flues

characterize in temperatures being high for a long time, 
up to 800-900oC and higher; the zone was accessible 
thanks to fire-extinguishing works

were short termed and fire was not intensive there;
temperatures oscillated between 70-100oC, 
with maximum of 460oC lasting only up to 1-2 months

ZONE A - ACTIVE

ZONE O - OVERBURNED

ZONE F - FORMER
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Mineralogy...
1 1B 2 2A 4 5 6 7 8 9

Thermal zones initial active former overburned
quartz SiO2 XXX XXX XXXX XXXX XXXXX XXXXX XXXXX X X

illite /muscovite KAl2(AlSi3O10)(OH,F)2 XXXX XXXX XXXX X XX XX X

biotite K(Mg,Fe)3(AlSi3O10)(F,OH)2 EDS EDS

kaolinite Al2Si2O5(OH)4 XX XX XX XX XX XX

dickite XX

chlorite (Mg,Fe)5Al(Si3Al)O10(OH)8 XX XX

clinochlore Mg5Al(Si3Al)O10(OH)8 X XX XX X

microcline KAlSi3O8 XX XX EDS XXX XX XX

orthoclase KAlSi3O8 XX XX

coal EDS EDS EDS EDS EDS EDS EDS EDS

...minerals of wastes

cristobalite SiO2 X

celsian (K, Ba)AlSi3O8 EDS

plagioclase (Na, Ca)AlSi3O8 X X EDS XX

anorthite CaAl2Si2O8 XXXX XXXX

cordierite Mg2Al3[AlSi5O18] XXXXX

corundum Al2O3 EDS

mullite Al6Si2O13 XX XXX

olivine group (Fe, Mg)2SiO4 XX

augite XXX XXX

hematite Fe2O3 ? EDS EDS X X X

magnesioferrite MgFe2O4 X

magnetite FeFe2O4 ? EDS X

hercynite FeAl2O4 EDS EDS EDS

spinel (Mg, Fe)Al2O4 EDS ? ? X

calcite CaCO3 EDS EDS X trace EDS

dolomite CaMg(CO3)2 EDS

hydroxyapatite Ca5(PO4)3(OH) EDS EDS EDS Cl-EDS EDS X

gypsum CaSO4∙2H2O XX

sal ammoniac NH4Cl X

glass ? EDS EDS EDS EDS EDS EDS

calcite CaCO3 EDS EDS X trace EDS

dolomite CaMg(CO3)2 EDS

zircon ZrSiO4 EDS EDS EDS

monazite-(Ce) (Ce,La)PO4 EDS

anatase TiO2 EDS EDS

lead Pb EDS EDS

iron Fe EDS

chalcopyrite CuFeS2 EDS

ZnS EDS

...combusted phases

...minerals in traces



Chemistry [mass %]
Element Cause / mode of occurrence initial active former overburned

Si carbonates, sulfates, depletion in quartz 24.80 19.43 26.30 22.20

Ti affinity to anatase and zircon 0.56 0.43 0.42 0.37

Al carbonates 5.85 4.05 4.71 5.03

K depletion in muscovite and K feldspar 2.81 1.67 2.91 1.74

Sb hercynite? coal? plagioclase? ZnS, chalcopyrite 0.10 0.05 0.23 0.07

In 0.65 0.49 0.63 0.39

Sc 0.01 0 0.01 0

absent elements:  As, Cd, Hg, Hf, Nb, Ta, Th, U, Br, Rh, Ag, Ir, Pt, Au, Ga, Cs, Tl, W, Mo, Ni, Cu, Y, La, Dy

initial & former  >>

active & overburned

Fe Fe oxides 1.64 2.74 1.49 7.24

Mn Fe oxides 0.03 0.05 0.03 0.17

Mg augite 0.33 0.47 0.24 1.42

Ca calcite, augite, anorthite 0.27 2.68 0.29 4.68

P apatite 0.15 0.30 0.14 0.25

Sr celsian 0.01 0.03 0.01 0.05

Ba celsian 0.06 0.10 0.09 0.53

Se ZnS, lead, gypsum, coal 0 0.01 0 0.01

Ce 0.01 0.05 0.03 0.09

Pr 0 0.04 0.03 0.05

Nd 0.01 0.04 0.04 0.14

Sn affinity to Fe oxides 0 0.01 0 0.03

Te 0.21 0.38 0.22 0.60

I sal ammoniac 0 0.02 0 0.01

>>  initial & former 

active & overburned

S gypsum, ZnS 0.19 1.47 0.14 0.14

Cl salammoniac, chlorapatite 0.05 0.59 0.05 0.06

Zn ZnS 0.01 0.10 0.02 0.01

Pb combusted Pb 0 0.07 0 0

active

V affinity to illite 0.03 0.02 0.02 0.01

Cr affinity to chlorite and spinel 0.03 0.06 0.03 0.02

Co affinity to Fe oxides 0.01 0.02 0.01 0.04

Rb affinity to illite 0.01 0.01 0.01 0.01

Ge affinity to Fe oxides 0.11 0.06 0.11 0.17

no correlation



Leachates [mg/kg]... ...minor elements
initial active former overburned

rock 202 277 202 233

Ni leachate - 0.22 - -

% - 0.11 - -

rock 87 168 78 135

Cu leachate 0.35 0.52 0.63 1.67

% 0.40 0.40 0.90 1.46

rock 82 985 155 81

Zn leachate 0.06 1.49 0.25 0.33

% 0.08 0.22 0.25 0.48

rock 15 25 9 21

Cd leachate - - - -

rock 31 651 50 27

Pb leachate - - - -

rock 118 209 115 370

Co leachate 0.06 0.11 0.15 0.13

% 0.05 0.04 0.12 0.04

rock 534.00 2285.33 607.50 866.33

total leachate 0.48 2.31 1.03 2.12

% 0.09 0.10 0.17 0.25

initial active former overburned
rock 3310 4737 2375 14160

Mg leachate 30 411 45 175
% 0.90 15.03 1.93 1.19

rock 28050 16667 29050 17423
K leachate 193 466 212 202

% 0.66 3.42 0.75 1.41

rock 2660 26823 2850 46783
Ca leachate 165 7160 427 4660

% 5.32 14.88 17.52 10.30

rock 259 543 303 1657

Mn leachate 0.00 8.3 0.00 0.47

% 0.00 1.53 0.00 0.03

rock 16400 27400 14850 72433
Fe leachate 0.26 0.19 1.0 0.79

% 0.00 0.00 0.01 0.00

rock 50680 76170 49430 152500

total leachate 387.48 8040.53 685.28 5039.00
% 0.76 10.56 1.39 3.31

...major elements
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Electrical Resistivity Tomography ERT

Electromagnetic Profiling EM 
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Electrical Resistivity Tomography ERT

Electromagnetic Profiling EM 

urban wastes

reclamation layer

urban wastes

reclamation layer

Namurian B
sandstones and mudstones

reclamation layer

ERT-13

ERT-2

ERT-7

ERT-10

ERT-1





- municipal and coal wastes

• can we apply geophysics to distinguish:

- burnt and unburned coal wastes?

• was the planned multi-barrier system of 
municipal waste landfill reclamation applied 
at any part of the Wełnowiec dump?

• how does thermal activity influence the chemistry
and mineralogy of the wastes and leachates?

• why did the fire start?

• what is a real thickness of coal wastes 
used for reclamation?

CONCLUSIONS
5 times exceeded 
the volume of coal wastes!

strongly!

yes

no

from 1 up to 10 m

no
April 21, 2023


