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ABSTRACT

Gaseous emissions from seven self-heating coal
waste dumps in two huge coal mining basins,
higher and lower Silesia (Poland), were
investigated through gasoline chromatography
(GC-FID/TCD), and the effects were correlated
with on-website online thermal activity, degree of
self-heating as assessed through thermal mapping,
efflorescences, and surface and subsurface
temperatures. though usual gases at web sites with
out thermal activity are ruled by means of
atmospheric nitrogen and oxygen, methane and
carbon dioxide are present in concentrations that
usually exceed atmospheric values. On average,
their  concentrations are 42.7-7160 ppm,
respectively. those are stages considered harmful
to fitness and show that coal waste hearth can be
dangerous for a few years after extinction. At
thermally energetic websites, concentrations of
CH4 and CO2 are much higher and reach 5640-
51,976 ppm (aver.), respectively. a very good
substrate—product correlation between CO2 and
CH4 concentrations suggests rapid in-sell off CH4
oxidation with only insignificant amounts of CO
shaped. other gasoline additives consist of
hydrogen, and C3-C6 saturated and unsaturated
hydrocarbons. decreasing oxygen content in the
gases is temperature-based, and 02 removal
swiftly multiplied at 70C. Emission variations
among each basins are minor and maximum likely
reflect the higher adulthood of coal waste natural
count inside the lower Silesia dumps causing its
higher resistance to temperature, or/and a better
degree of over burning there.
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INTRODUCTION

eight Landsat snap shots from 1987 to
2015 (NDSI index values and melted
snow) in reality show non-stop thermal
pastime for the duration of that period
inside the coal waste dumps in Nowa Ruda
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and Stupiec. On those dumps, self-heating
ended in extended temperatures in 1987,
2000, 2001, and 2003 notwithstanding
normally sub-O heritage temperatures.
considering the fact that 1987, hot-spot
migration is clear in Nowa Ruda, as is the
advent of a new burning web page in the
constantly lively heating area there.
normally, in all dumps, the intensity of
self-heating is waning. The Przygo’rze
dump showed no excessive interest
throughout 1987-2015.

UPPER SILESIAN COAL WASTE
DUMPS:

eight Landsat pictures from 1993 to 2017
screen that thermal pastime of various
depth has been constant over that period at
the Rymer dump. The self-heating center
moved in the direction of the japanese
facet of the dump and divided into main
hot spots. however, the fires are not
characterized via high-temperature
anomalies. The fantastically low thermal
activity here may be because of the
protecting of concrete panels and a deeper
siting of the hot spots. On Welnowiec
unload, extreme thermal strategies are hard
to distinguish; the recent spots fall beneath
the satellite tv for pc sensitivity limits.
within the Czerwionka- Leszczyny unload,
the fire at the top of the very best cone has
been waning because the early 1990s. The
Anna sell off confirmed in depth thermal
pastime in 2001, 2004, and 2010,
notwithstanding frosty ambient
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temperatures; the accelerated activity
become a reaction to exploitation. today,
the heating is much less. even though
thermal maps for 2017 do no longer
display sturdy thermal anomalies, probable
reflecting the low resolution of the thermal
band of Land sat eight, a loss of snow
overlaying on the southeast side of the
unload suggests that burning continues.
METHANE:

Methane predominates among organic
compounds, going on in amounts[eighty%,
in a few cases, 99.ninety one% rel. in
websites of current thermal activity (table
1a). it may be CH4 that turned into in coal
pores as maximum US and LS coal mines
are methane-rich (Kotarba 2001; Ke, dzior
2009), however is much more likely
related to organic count cracking
(Grossman et al. 1994; Davidi et al. 1995;
Fabian“ska et al. 2013). Methane is the
simplest  hydrocarbon  taking place
certainly inside the atmosphere (1.6—
l.eight ppm; Schneising et al. 2014,
Dlugokencky 2016). This methane comes
from the biosphere, e.g., wetlands,
methanogenic microorganisms, and herbal
fires, and the geosphere, e.g., natural gas,
volcanic  eruptions,  permafrost, or
clathrates. Relative percentage contents of
CO2 and CH4 seem to correlate with self-
heating level. preliminary-degree websites,
marked via natural efflorescences (W2 and
W3), and sites with ongoing heating
display no enormous differences and CO2
production prevails (table S2). however, in
which fireplace is starting to wane (W5
and W6) CO2 relative contents lower,
whereas the ones of CH4 increase. No
CO2 is expelled in thermally inactive sites.
Saturated aliphatic hydrocarbons and
unsaturated aliphatic hydrocarbons
Saturated aliphatic hydrocarbons arise
within the range from ethane to heptane
although, in maximum gases, C6 and C7

hydrocarbons are absent. both regular and
branched compounds occur. aside from
W1, W8, R1-4, Sla—c, S6, and S11,
ethane predominates in the saturated fuel
fraction.

CONCLUSIONS

Gas emissions from coal waste dumps in
two coal mining basins in Poland are
characterized by  highly  variable
compositions with CO2 and CH4, major
greenhouse gases predominating in all
thermally active sites. Both CO2 and CH4
can greatly exceed values considered safe
for health. The thermally active dumps
should be regarded as their significant
source. A strong  substrate—product
correlation between CO2 and relative
percentage contents of CH4 points to CH4
oxidation to CO2 immediately after CH4
release during self-heating. Gas emissions
at inactive sites comprise CH4 and smaller
amounts of C3-C6 hydrocarbons, mostly
nalkanes. Concentrations of CH4 at
thermally inactive sites where fire had
been extinguished or which were never
burnt, exceed by several times atmospheric
values. At these websites, CH4 is of a
likely bacterial origin (as is ethylene) or
displays long-term leakage from rock
pores. Even thermally inactive coal waste
dumps should be deemed an extended-time
period environmental risk. the principle
light hydrocarbons produced at some stage
in selfheating are saturates. Their
dominance over unsaturated hydrocarbons
increases with temperature. Acetylene is
uncommon and different alkynes had been
no longer discovered, in all likelihood due
to their better chemical reactivity. Oxygen
decrease within the gases is usually
temperature- based with a threshold
temperature of ca 70C. each time this
degree is reached, a giant lower in oxygen
content material is registered. A strong
substrate—product  correlation  between
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CO2 and 02 indicates that organic be
counted oxidation, now not the formation
of other oxides (along with inorganic
oxides), consumes maximum of the
oxygen budget. The distribution of heavier
hydrocarbons inside the dumps is
stimulated with the aid of the stage of self-
heating attained. preliminary and waning
ranges display similar fuel compositions,
whereas web sites with ongoing self-
heating display more emission of heavier
hydrocarbons, likely related to better
temperatures. On a local scale, the minor
differences among emissions in the
Silesian coal basins are also typically
related to the self-heating level pertaining
or to differences within the thermal
maturity of coal waste natural depend in
each basins.
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