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Assessment of the mercury emissions from burning ming waste dumps

Barbara Biateckd, Jacek GrabowsKiand Andrzej Bajerskt

One of the sources of atmospheric emission of gasels as carbon monoxide, carbon dioxide, sulfoxidie, methane, hydrogen
sulfide and hydrocarbons are mining waste dumpis thi¢ most intensive emission from the burningrmgimiaste dumps.

The performed analyses leave no doubts: the burmhimgps are also the source of mercury emissionsthacefore, it is necessary to
define the scale of this phenomenon.

For a proper assessment of the environmental ribichvcan occur and to which the environment andillachabitants can be
exposed, it is important to define the size ofaiméssion of mercury compounds from these obje@spi2 the potential threats so far no
measurements of mercury concentration which wollvaquantifying this phenomenon have been done. drfalyses presented in this
article fill this gap. Additionally, initial calcdtion of annual mercury emissions from burning coahing waste dumps in Poland is
presented.
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Introduction

16 to 30 M Mg (ton) of hard coal mining waste i®guced in Poland each year. They are economically
utilized, still, a large quantity is deposited hetdumps, of which there are two hundred in Polamtbtal, they
occupy over 4 thousand ha of the surface. Onljh@nSilesian Voivodeship, there are around 136 goaing
waste dumps [5], which have lastingly changed tifestan landscape not only due to their charadterierm,
but also due to the burden resulting from the mgrif some of them. Currently, it is estimated #atund 15
of the Silesian dumps are thermally active; theylacated in the central part of the Upper SileSiaal Basin
(Polish acronym: GZW), of Zabrze and in the Ryb@ikal Basin [11].

Currently, at least several dozen hectares areirflgyrand the resulting thermal states cause buoteas
emissions of gases which are the products of oxatigem and gasification of coal to the atmospherecifive
for the occurrence of thermal activity in the duraps the properties of the mining waste.

The mining waste is produced during the first driyi mine roadway's drivage underground as welhas i
the coal mechanical preparation plants where th@ngpiproduct is prepared. They differ as to the gital
properties. Waste from the driving works contaengé particle size fractions (>250 mm), and evdkR tuaste,
the preparation plant waste, on the other hanaf isuch smaller granulation. It is estimated tHz toal
substance content in the mining waste is betweeito845 % [1, 4, 7].

The thermal processes on the coal mining waste dwap be exogenic, when there exists an exteriaal he
source with an intensity high enough to ignite tdoal substance in the waste, or endogenic whersdlie
heating due to the reactions in the bulk of theod@pd material occurs.

In the result of burning of the coal substancehat dump, gases are emitted (carbon monoxide, carbon
dioxide, sulfur dioxide, methane, hydrogen sulfialed hydrocarbons) also containing mercury compaunds
Generally, it is assumed that the participatiorthef respective mercury forms in atmospheric emissis as
follows [2]:

«  60% in the form of metallic mercury vapor Hg
e 30% in the form of volatile compounds of Hgmainly HgC}),
¢ 10% in solid form in dust,

which allows stating that the largest part of thereary is emitted in the form of vapor in the gasem the
burning dumps.

Mercury compounds present in vapor can transfordnraact both with other mercury compounds and with
other substances emitted from the burning dumpsr-example with sulfur dioxide, nitrogen oxidesrbzan
monoxide as well as hydrogen sulfide [8, 10]. la thsult of the transformations, substances witedesed or
increased mutagenic activity or toxicity can bared.
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Therefore, it is important to analyse the emissiohshe gases from burning dumps in order to assess
properly the environmental risk which can occur gmavhich the environment and the inhabitants efribarby
areas can be exposed.

Despite the significance of this problem, so farmeasurements of mercury concentration which would
allow quantifying this phenomenon have been dohe. dhalyses presented in this article bridge this g

Besides the measurements of mercury concentrati@narticle also contains initial calculations bgt
yearly emissions from the burning mining waste dsiimpPoland.

In the hard coal mining and processing waste dumpmsmmbustion can be observed very often. The fires
are a direct outcome of applying inadequate dumfengnology and depend on the physicochemical ptiege
of the dumped waste rock.

The fires in the dumps and their increased thestatk occur in all of the European, Asian, Africard
American coal basins. The data from Russia, Ukrain€hina indicate the scale of the problem, wtgekms
much larger there, than in Poland and the EU c@mstiThe methods for managing the burning coal mgini
waste dumps are very similar in Poland and thedvorl

The Methodology

The methodology for the assessment of the quanfitfugitive mercury emissions from mining waste
dumps which show thermal activity is based on a lmemof measurement methods and initial tests paedr
before the measurement. The methodology takesagttount most of all the untypical conditions on ¢ihgects
formed from coal mining waste including their slap®d high temperatures.

The temperature measurements at the depth of 1theiburning coal mining waste dumps indicated even
1300°C, the temperature measured at the surface ofuhe dn the thermally active locations generally &qu
550-600C. There are cases when the coal mining wasteesutiace of the dump ignites [6].

Summing up, it can be said that the conditions len doal mining waste dumps are very atypical and
impose significant requirements on the measureeguipment.

The methodology of assessment of the fugitive nmgremissions from thermally active surfaces of otge
formed from coal mining waste included the follogisteps: selection of the object for the testshenftigitive
mercury vapor emission, collecting the initial infeation and preparation of maps, field vision comeloi with
the identification of the surface types of the ehjehermo-visual tests of the surface of the dbjautial
definition of the boundaries of the thermal actiyjitdepth tests of the thermal state, defininglibandaries of
the thermal activity, selecting the measuremenmt fn the emission tests.

The following measurement equipment was employed:

1. Temperature measurement of the dump material orobfect's surface - thermal imaging camera Fluke
Ti55FT and portable infrared thermometer - Rayribetype R2PLT.

2. Temperature measurement of the dump material adepéh of 0.8 — 1.0 metres under the object’s sarfa
as well as measurement of the concentration ofocanbonoxide CO, carbon dioxide g@nd oxygen Q-
Gas analyser Madur GA-21 and by Madur Electroniesnia.

3. Measurement of the mercury concentration - The RBM analyser.

For the measurement of the emissions of the meneapgr from the surface of objects formed from coal
mining waste a chamber method was applied. Thestseh was based on the above reasons:

e This method eliminates the impact of external agjemhich can obstruct or even prevent a proper
assessment of the emissions of the mercury vapor the dump applying other methods. These ageats ar
above all other mercury vapor emitters such as-fea power plants, boilers, cocking plants,

e The possibility to measure the emission in poiritere the gases produced inside are locally emitted,

«  The mobility of the measurement set.

Based on the elaborated mercury vapor measurenghbdh a measurement device has been built (fig. 1)
The device comprises a set of the following elesienteasurement chamber, mercury vapor concentration
meter, internal anemometer in the exit channelhef mmeasurement chamber (at the same time measuring
the temperature), the central unit for the acquoisitof the measurement data, external anemometdr [1
The measurement device is presented in Fig. 1.
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Fig. 1. The measurement device.

The characteristics of the tested object — the coatining waste dump of the closed KWK ,Rymer” mine

The Rybnik Niedobczyce dump was selected for thtsst&he dump of the closed KWK Rymer mine was
opened at the beginning of the twentieth centud/amtil 1998 comprised of three cones. During treventive
fire suppression works conducted in 1998-2000, afvthe cones were “cut” at the height of 50 mefesm the
elevation of the surrounding area. The dump has bagounded by an embankment made of coal waste fr
the ongoing production, in some locations alsoraest from a water-ash mixture has also been apghethe
frames of the recultivation works a new dump suitethas been formed which remains till the predagt The
conducted works resulted in a short-term extingoisiof the seats of fire. Since 2001, however, agoing
thermal activity in the old and new regions of tthemp has been observed. The intensity of the tHerma
phenomena and their location changes, there anever, areas in which the thermal activity lastsrfmre than
ten years. The intensity of the thermal phenomignparticular in the area of the upper scarps efahject from
east and west side can be defined as medium to. Aigh analysis of archival data indicates that the
temperatures at the depth of 1 meter quite ofteillai® in the limits of several hundred degreethve clear
indication of the presence of carbon monoxide i@ ffases inside the dumps which confirms the cohstan
progress of the exothermal reactions related t@engtion of the coal substance in the waste. Hgezttration
in the coal waste indicates much higher variab{litgtween 50-400 ppm).

Selection and initial tests on the polygons

Based on the accessible monitoring of the dumphefdlosed KWK Rymer mine (the owner conducts
cyclic measurements of the thermal activity) tweaar were selected which were then subjected tdetbtasts
initially recognizing them as the proper for thedton of the test polygons for measuring the mgreapor
emission. These were the following areas:
e scarp in the eastern region of the object previorehforced by concrete plates (polygon No. 1),
e scarp in the western region of the object at thieadxthe technological road to the top (polygon. 2

His selection was justified by:

< long-term thermal activity (eastern scarp) anchimndevelopment stage (western scarp),

< relatively high intensity of the thermal activitiésurrently the temperature at the depth of 1 metach
200°C),

*  no preventive, extinguishment attempts in the regears on these surfaces, which could influeneesthe
of the emission of the fugitive mercury emissions.

The polygons were subjected to initial tests targethe current thermal state.

First the areas were subjected to surface temperataasurements in order to initially define theitizrial
limits of the polygons.

Figure 2 present thermograms made by the thernwoveamera.
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Fig. 2. Thermograms of the eastern and westermsca

The thermal measurements allowed to define thetitotaf the thermal anomalies on the surface of
the dump. Both in the selected area of the eastathwestern scarp a clear increase of the dumpacsurf
temperature was observed which allowed defining tésting polygons for the analysis of mercury vapor
emission with the surface of even several dozensqofire meters. Additionally, the area of polygom N
a cavern which is the location of intensive inflofvgases from the inside of the object was obse(gbonney
emission). The temperatures of the surface weréigbt (up to several dozefi€) but together with symptoms
such as specific smell or discharge of gases ethdenlicated the occurring thermal processes.

Depth tests of the thermal state of the polygons

In the locations of the thermal states identifiediny the surface tests, depth tests of the thestas were
conducted following a regular measurement grid. Tésults of the measurements conducted according to
the procedure presented in the testing methodddogypresented in Table 1. The measurement points?No
P2, P3 and P4 from Polygon No. 1 are the same Balite 1, Table 2 and Table 3.

Tab. 1. The results of the depth tests of tharthestate.

Measur(’e\lrgent point Surface temperature Inside temperature CcO CQ [0}
- °C °C % % %
Polygon No.1
P1 66 209 0.055 5.07 15.21
P2 58 71 0.434 18.50 0.0
P3 61 70 0.374 8.65 11.16
P4 38 67 0.063 18.50 0.00
P5 27 54 0.017 13.66 6.30
P6 26 55 0.064 18.10 1.10
P7 33 53 0.034 14.30 5.20
P8 35 61 0.110 12.0 48.20
Polygon No.2

P1 15 29 0.002 19.60 0.00
P2 17 40 0.005 15.40 4.88
P3 16 33 0.006 18.80 1.70
P4 32 58 0.080 18.40 1.80
P5 36 54 0.110 13.40 7.10
P6 18 38 0.060 17.50 3.20
P7 17 34 0.010 19.20 1.05
P8 17 27 0.008 16.10 4.60
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The results of the depth tests allowed to iderttify degree of the thermal activity in the initiaflglected
area.

Polygon No. 1 was characterised by intensive thephanomena which were confirmed by the test result
presented in Table 1. The advanced thermal states eonfirmed by the temperatures at the depthrofvthich
reached 206C as well as high carbon monoxide levels (carbomarile is regarded as the indicative of
thermal activity) reaching 0.4 %. In addition teetlocations which comprised a homogeneous surfatkeo
tested object characterized by surface emissiautfir the porous structure of the embankments armptitlygon
the emission from a cavern directly to the atmosphechimney emission occurred. This was the pwitt
the highest temperature measured at the depthmaftér.

Polygon No.2 was characterised by moderate valuteegarameters which describe the thermal stdte.
temperature at the depth of 1 meter reached thénmaxalues of 50C. The occurrence of the thermal state
was indicated by the increased carbon monoxidel levep to 0.11 %. On the polygon No. 2 no chimney
emissions were located, only the surface emission.

The depth tests of mercury vapor concentration

In the holes used during the depth tests of therthkstate of the polygon No.1, also the measurésnain
the mercury vapor concentration were taken at iktamce of 1 meter above the surface at the latatio
the depth test. The results of the tests are ptesdém Table 2.

Tab. 2. The results of the depth tests of the ungsapor concentration on the example of selentedsurement points of polygon No.1.

Measurement ' Hg concentration Hg _concentration
point No. Surface temperature Inside temperature Background (2m frorr_] the hole (in the hole)
1m above the terrain level)

- °C °C ng/nt ng/nt
P1 66 209 7 870-5100
P2 58 71 6-17 3600-4300
P3 61 70 6-23 4500-5381
P4 38 67 9-14 571-755

The results presented in Table 2 confirm the oerws of significantly increased mercury vapor
concentrations in the porous gases in the locatwnhermal activity occurrence in objects formefdcoal
waste. The concentrations at the depth of 1 metsresl the concentrations measured above the testéte
by even several hundred times. The increased meveynor concentrations in relation to the backgobas well
as the lack of other mercury emitters nearby intdithhe emission of mercury vapor to the environnfi@rh the
thermal activity surface. The measurements of tlecary vapor concentrations in the ground and lemet
above the surface did not provide information amftigitive emission of mercury vapor to the atmasphSuch
information was obtained in the result of the catdd tests on the emission applying the elaborated
measurement device, dedicated to the measurenfehes abjects formed from coal waste.

Tests on the fugitive mercury vapor emission
In the result of the initial tests of thermovisi@malyzes of the dump surface as well as the depth
measurements of the thermal state, two testinggpoly were identified for the basic tests i.e. thal@ation of
the mercury vapor emission to the atmosphere @jignitial test allowed to localize the followingeasurement
points:
e polygon No. 1 — 1 measurement point of the chimemyssion (point No. 1) as well as seven measurement
points for the surface emission,
e polygon No. 2 — 8 measurement points of the suréaeission.

A measurement grid of 2x2 meters was applied oh potygons No. 1 and 2. The grid of the emission
measurements was selected so that it did not nththole for the depth tests which were terminatdr
the tests were conducted. The measurement of theivBi mercury vapor emissions is an intermediate
measurement and thus, in the field measurementseofalues which are necessary for the calculatiothe
fugitive mercury vapor emissions were taken. Dutimg two-minute long measurement in 10-second\atsy
the following values were taken:
»  concentration of the mercury vapor inside the mesmmant chamber,
e the speed of the wind in the surroundings of th@sueement device — as the verification measurement
(the admissible wind speed for the measurememekfiluring the laboratory tests was 0.6 m/s).
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Fig. 3. Location of the testing polygons on thengdwf the closed KWK Rymer mine and the locatidheofmeasurement points on
the polygons.

Calculation of the mercury vapor emission from theobject
The calculation of the fugitive mercury emissiopssisted in:

« calculation of the chance value of the horizonfzesl of the wind during the measurement in order to
eliminate the data for the component horizontaledpabove 0.6 m/s in the same analysis time of

the mercury vapor emission,
» verification of the linearity of the changes in timercury concentration during the emission analysis

e calculation of point emission of mercury vapor ambessment of the average emission for the testing

polygon.

The average emission for each zone is calculatsgdban the point emission calculated per 2 ah
the surface zone multiplied by the surface of theez In the case of polygon 1, in which the chimamyssion
occurred, the average emission was calculatedeasuim of surface emissions from the whole polygofase
and the chimney emission (from the measurement plwinl).

Table 3 presents the calculated values of the ifiegigmission of mercury vapor expressed in %g/rior
the measurement points located on the testing pak/gvhich indicate thermal activity.
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Tab. 3. The value of the fugitive emission of mmgreapor on the testing polygons.

. . Mercury vapor emissions
Testing polygon No. of the measurement point [ng/n?s]

6.15
0.17
0.33
0.25
0.20
0.065
0.057
0.031

[N

Polygon No. 1

0.44
1.66
0.032
0.031
0.033
0.03
0.035
0.024

Polygon No. 2

| N[O~ |W|N(R[O|N|OO(O|A_~|W|N

Discussion of the results

The measurement of the emissions of the mercurgrvalpowed non-zero values at all the measurement
points. Thus, it should be recognized that the simisof mercury vapor on the objects formed froralagaste
is differentiated most of all due to the type ofiggsion which occurs in the given measurement pdiné values
of the surface emissions are several times lowan the value of the chimney emission. The surfacisson
from both test polygons reached the values of 01088 ng/nis. In one of the points of the chimney emission
(point 1 on polygon No. 1), the mercury vapor einiss reached the value of 6.15 nggniThe big discrepancy
between mercury vapour concentration in Table 2raaectury vapour emission in Table 3 (for the measient
points No. 1) emerges due to the fact that atpbist was the chimney emission which has a lartpw bf
exhaust gas.

Average surface emissions on the respective pol/ggnaled:
«  polygon No. 1 —0.907 ngfs
«  polygon No. 2 — 0.286 ngf®

Including the polygon surfaces equaling in bothesad 2 m of the total surface emissions from these areas
equaled:
e polygon No. 1 —8.05 ng/s
e polygon No. 2 —3.43 ng/s

Each year from 1 fnof the tested polygon is emitted around 0.36 dHgf If the measured emissions
remain the same for a year, then only from thesalgesting polygons 8.64 g of Hg will enter thenasphere.
Considering the fact that around 40 ha of miningstewadumps is currently thermally active and
extrapolating the obtained results of the emissiarthe area, it can be estimated that during & ¥éat kg of
Hg will be emitted to the atmosphere.
The results presented in the article refer to ectetl dump where the fire is not very significatit| taking
into consideration the Author’s tests conducteather objects the following results can be desdribe
1. inthe analysed case the average Hg concentratithveiarea of 1 is equal to 2000 ng{fiable 4)
2. inthe case of the dump localised in Zabrze, whvek analysed in October 2014, the average contientra
in the area of 1 is equal to 20200 ng{mumerous chimney emissions were observed omithig) [3].

The above indicates the necessity of further tesise the assessed emission can come in between
14-150 kg over a year. Such considerable rangeegftognosis indicates the necessity of monitoring.

Summing up:

» the article presents one of the first assessméainpts at defining in situ the mercury emissiorerir
the burning coal waste dump,
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assuming the current surface of the objects forfnech coal waste which are thermally active only at
the level of 40 ha, the estimated value of the mmgremissions from this area can equal 14-150 kg pe
year,

The presented results characterize single tesesyitl should, however, be stressed that the coratem
and composition of the gases can significantlyediffetween season and also during the day — thgests
the necessity of constant monitoring for betteeassent of emissions for the respective burningpsm

The article defines only the emission of the meydoarthe air according to the literature data [2]; its
significant part is dissolved in water or condeasain the surface around the chimney zones,

The presented results suggest that the impaceahtircury emission from the burning coal waste durap
significant not only at local or regional scale higo at the national and international level,

There is no dependence of Hg concentration oneénsithperature. This is a typical situation for doenps
formed from coal mining wastes in which no depergenf surface temperature on inside temperature and
no dependence of concentration of gases (CQ, O£ on inside temperature was confirmed by the result
of more than thirty years of monitoring burning koaning dumps operated by Central Mining Institute
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