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Abstract  

 
Blasting in drifting at underground coal mines has to meet numerous requirements in safety 

and techno – economic efficiency. Meeting these requirements is possible only in case of 
choosing optimal parameters for actual conditions of blasting. This paper shows basic 
principles for determination of blasting parameters in drifting. Limitations in technology and 
regulations cause difficulties in determination of explosive type, blasthole loading, layout and 
length of blastholes, initiation schemes. 

After the analysis of currently applied blasting technology, this paper suggests changed 
blasting technology, based on theoretical and practical knowledge and experimental work in 
four Serbian underground coal mines: Senjski rudnik, Stavalj, Jelovac and Lubnica. Main 
parameters and gained results of new blasting technology for first two mines are presented. 
Blasting technology was changed through blastholes layout, load weights, initiation schemes, 
blasthole length and quality of blasthole sealing. Results have shown improvements in explosive 
consumption and efficiency of blasting. Besides, percentage of coarse fraction has increased, 
thus improving overall economic results. 
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1. Introduction 
 
Serbian underground coal mines exist 

within JP PEU Resavica Coal Company. 
Drilling and blasting is the only 
technology applied in drifting. In coal 
extraction, 25 m of drifts are needed for 
gaining 1000 tons of coal, with 9 m of 
basic drifts. 

Drilling and blasting play the key role 
in drifting efficiency. Blasting has to 
match following requirements: 
- High safety requirements, especially in 
methane mines, 
- Maximal use of blastholes, thus 
providing maximal face advance, 
- Minimal deviation of actual profile in 
relation to designed profile, 
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- High percentage of coarse fragments, 
until their transport limitations, 
- Minimal dissipation of blasted coal and 
favourable shape of blasted coal cluster, 
- Good drift stability with minimal 
demolition of roof and walls. 

Necessary amount of explosive should 
be distributed in a coal seam in the 
manner which enables good blasting 
results with minimal explosive consum-
ption and manpower. 

In order to provide safety, efficiency 
and low costs, blasting technology should 
be constantly improved, thus enabling 
favourable economic results. 

 
2. Basic principles in determination 

of blasting parameters 
 
Satisfying blasting results in drifting 

may be accomplished only if blasting 
parameters are determined according to 
actual properties of working environment. 
Main blasting parameters are following: 
blasthole diameter, length and layout, type 
of explosive, diameter and weight of load, 

sealing, scheme of initiation [1]. These 
parameters depend on following: type and 
size of a drift, properties of coal or rock, 
properties of explosive, loading diameter, 
drilling equipment, etc.  

Figures 1, 2 and 3 show empiric 
recommendations for specific explosive 
consumption, number of blastholes and 
their length in drifting in coal, depending 
on drift size and coal properties, given 
through Protodjakonov’s strength coeffici-
ent (f) [2].  

 
2.1. Specific explosive consumption  
 
Specific explosive consumption is a 

base for determination of number of 
blastholes and some other parameters. 
Figure 1 shows recommendations for 
determination of specific consumption for 
1,8 m long blasthole and 36 mm load 
diameter. In case of different input data, 
values of specific consumption should                 
be corrected through corresponding 
coefficients.  
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Fig. 1. Recommendations for specific consumption of explosive  
with 280 cm3 blasting ability 
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2.2. Number of blastholes 
 
Number of blastholes should be 

determined depending on designed 
blastholes’ layout. It could be determined 

using empiric recommendations, by 
various authors. The diagram in Figure 2 
is given for explosives with blasting 
ability between 280 and 360 cm3, with 32 
and 36 mm load diameter. 
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Fig. 2. Empiric recommendations for number of blastholes 

 
2.3. Blasthole length  
 
Blasthole length depends on drift size 

and coal properties (Figure 3). If the holes 
are too long, detonation is damped and 
blasting is unsuccessful. If they are too 
short, there is a danger that sealing would 
be short, too. In case of poor roof stability, 
blasthole length and face advance should 
decrease, to disable opening of large open 
surface, with danger of roof caving at the 
coal face. 

 
2.4. Layout of blastholes  
 
Layout of blastholes depends on 

explosive properties, coal or rock proper-

ties, size of drift, etc. Drifting in coal and 
soft rock requires inclined central 
blastholes, in scotch or pyramidal pattern. 
Pyramidal central blastholes are usually 
used in harder rock. 

Central blastholes should be placed in 
drift center, or a bit lower. Such position, 
due to downwards oriented blasting, in 
direction of gravity, provides low 
dispersion of blasted material and low 
explosive consumption. If the drift passes 
through several strata with different 
properties, central holes should be placed 
in the hardest one. Empty central holes are 
not allowed in methane mines.  
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Fig. 3. Recommendations for blasthole length 

 
3. Possibilities for corrections in 

blasting technology 
 
Blasting in methane mines, or mines 

with flammable coal dust, must be 
performed according to regulations and 
standards. Serbian regulations in this field 
are very limiting in blasting parameters 
changing, such as type of explosive, 
initiation schemes, weight and diameter of 
loads, blastholes layout, etc. Even these 
regulations are very rigid and sometimes 
even irrational, they still have to be 
obeyed. Besides, limited offer of methane 
– safe explosives also diminishes 
possibilities for technology changes. 

 
3.1. Type of explosive  
 
Serbian coal mines practically have no 

choice in selection of methane – safe 
explosives. There are two available types 
– Metandetonit I and Metandetonit II. 
These explosives could be ranked between 
first and second class of security by 
German classification. These explosives 
must be handled with special level of 

security and must always be used properly 
[3]. 

 
3.2. Diameter of load 
 
 In the mines of JP PEU Resavica, 

difference between blasthole diameter           
(42 mm) and load diameter (28 mm) is                 
14 mm. Such a big gap weakens blasthole 
pressure of detonating gasses, especially 
when using weaker methane – safe 
explosives. Decrease of gap could provide 
better stability of detonation. By 
numerous authors [2, 4] optimal load 
diameter in methane mines is 32 to 36 
mm.  

 
3.3. Load weight  
 
According to Serbian regulations, 

maximal load weight per hole is 0,6 kg 
(for 100 g loads), or 0,8 kg (for 200 g 
loads). However, in many countries with 
well developed coal mining, load weight 
is not limited. Instead, regulations refer to 
quality of methane – safe explosives. Such 
approach to this subject is more effective. 
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For instance, in the USA, maximal load 
weight per hole is not less than 1,36 kg. 
Low load weights may cause dangerous 
effects, such as deflagration or 
combustion of explosive and detonation 
suppression [5].  

 
3.4. Blasthole spacing  
 
Deflagration of explosive is often 

related to small blasthole spacing. By 
Serbian regulations, minimal spacing is 
0,6 m in coal and 0,4 m in rock. Central 
blastholes, if they are inclined, mustn’t 
interfere or cross each other, with minimal 
spacing at their ends of 0,4 m. 

 
3.5. Initiation schemes and schedules 
 
Danger of methane explosion increases 

with increase of overall initiation time. If 
initiation lasts longer, there are bigger 
chances for forming of artificial cracks, 
loads uncovering and their detonation in 
open space. Delay numbers of electric 
methane – safe detonators must follow 
one another, without skipping numbers 
and increasing delay time. Each country 
regulates overall detonation time in their 
mines. For instance, Russian regulations 
allow up to 135 ms overall delay in coal 
and 195 ms in surrounding rock. In 
Germany and USA maximal delay is             
500 ms, in Poland 123 ms and in Serbia 
136 ms, with delay between adjacent 
detonators numbers is 34 ms. 

 
3.6. Blasthole sealing 
 
 Besides keeping of gas detonation 

products in the hole, the sealing has to 
stop flames and sparkles from entering 

into working area. Sealings with plastic 
ampoules or water jellies provide better 
safety and blasting efficiency. 

 
4. Experimental verification of 

blasting technology corrections 
 
After the analysis of current blasting 

technology, considering limitations in 
regulations and technology, some 
parameters were corrected aiming to 
improve blasting. Experimental blasting 
with corrected parameters was performed 
in four coal faces in following mines: 
Jelovac, Senjski rudnik, Lubnica and 
Stavalj [6]. Results of experimental 
blasting were following:  

 
4.1. Experimental blasting in Senjski 

rudnik mine 
 
After several trial blastings, correction 

of parameters was determined and applied 
in drift TVH 3-4, laid in coal seam. This 
drift was supported by iron arcs, with 3.5 
m diameter. Before experimental blasting, 
explosive usage reached 0,85 kg/m3, while 
electric detonators usage was 2,32 
units/m3. Auxiliary blasting was used very 
often.  

After 24 experimental blastings, overall 
amount of used explosive was 338,2 kg 
and 716 electric detonators. Explosive 
usage decreased to 0,75 kg/m3, while 
detonators usage went down to 1,59 
units/m3. Each blasting consisted of 29 
blastholes, with 13,9 kg of Metandetonit 
explosive. Load weights per blasthole 
were 0,4, 0,5 and 0,6 kg, with higher 
weights in central blastholes. Blasthole 
length was 1,6 m. Average load ratio was 
0,36. Nominal delay interval was 34 ms. 
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The sealings were made of clay (85 %) 
and sand (15 %). Figure 4 shows 
blastholes layout, detonator delay 
schedule and initiation scheme. 

Overall face advance was 34 m, with 
only four auxiliary blastings.  

Drift contours were good, blasted 
material disperse minimal. Drift contour 
repairs were also minimal, and roof 
stability was high. 
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Fig. 4. Experimental blasting in Senjski rudnik mine; a) blastholes layout, b) 
initiation scheme 

 
4.2. Experimental blasting at Stavalj 

mine 
 
Experimental blasting with corrected 

parameters was performed in drift IOH – 
860. The drift was supported by timber 
frames, in 0,8 m spacing. During the 
experiment, 8,5 kg of Amoneks explosive 
was used for each blasting. Load weights 
were 0,4 kg, 0,5 kg (in central blastholes) 
and 0,6 kg (in footwall blastholes). 
Blasthole length was 1,7 m and average 
loading ratio 0,32. Figure 5 shows 
blastholes layout, detonator delays and 
blasting scheme. 

Before the experiment, explosive usage 
was 0,64 kg/m3 and usage of half – second 

electric detonators was 1.57 units/m3. 
After 15 experimental blastings, and 
overall face advance of 23 m, explosive 
usage was 0,43 kg/m3 and detonator usage 
decreased to 0,91 units/m3. 

Very special result of this experiment 
was a fact that there was no auxiliary 
blasting at all. This enabled monthly face 
advance of 70 m, which is 50 % more than 
before the experiment. Average face 
advance per one blasting was 153 cm, 
which enabled placing of two timber 
frames after each blasting. Due to 
corrections in blasting technology, 
manpower usage decreased from 6,6 
manshift/m to 4,7 manshift/m.  
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Fig. 5. Experimental blasting in Stavalj mine; a) blastholes layout, b) initiation and 
blasting scheme 

 
Correction of blasting parameters 

brought the improvements of blasting 
effects in each mine. Usage of explosive 
and detonators significantly decreased, as 
well as manpower usage, thus enabling 
better production results. Besides, the 
percentage of coarse coal increased for                 
5 %. More coarse coal means better 
economic result for the mine. 

 
5. Conclusion 
 
After the analysis of experimental 

blasting, performed during several months 
in four mines of JP PEU Resavica Coal 
Company, results shown improvements in 
each segment of blasting technology. 
Experiments were performed in following 
mines: Senjski rudnik, Stavalj, Jelovac 
and Lubnica. 

Correction of blasting parameters was 
determined based on analysis of current 
technology and use of theoretical and 
practical knowledge from countries with 
advanced mining. Possibilities for 
corrections of parameters were limited by 
regulations and technical and techno-
logical properties of mines. 

Corrections were made in blastholes 
layout, central blastholes layout, load 
weights, initiation delays, blasthole length 
and type of sealing. These corrections 
provided increase of blasting efficiency 
through decrease of explosive and 
detonator usage, improved manpower 
productivity and increase of coarse coal 
percentage. 

Blasting parameters should be correct-
ed constantly, depending on current condi-
tions. Technological discipline, blasting 
process control and analysis is necessary 
for constant improvement of blasting 
results.  
 

6. References 
 
1. Pantovic R, Milic V., Vusovic N., 

Analysis of blasting technology at drifting 
in Serbian underground coal mines, IV 
Symposium in the field of mining: 
Drilling and Blasting, Proceedings,                
p. 184-191. Ohrid, (2006). 

2. Rosinskij N., Magojcenkov M.,              
Galadzij F., Master-vzryvnik, Nedra, 
Moscow, (1985).  



 
 
 
 
 
 
 
16                                                       R. Pantovic / JMM 44 A (1) (2008) 9 - 16 
 

3. Veselinovic V., Importance of 
methane explosive type selection in order 
to increase safety and productivity in 
underground coal mines (Serbian), 
Blasting, No 2/81, Rudex, Belgrade, 
(1981). 

4. Holozan A., Considerations on 
methane explosives blasting in Yugoslavia 
(Serbian), Explosives, drilling, blasting, 
No 4/85, Rudex, Belgrade, (1985). 

5. Pantovic R, Milic V., Vidanovic N., 
Tokalic R., Research study on applied 
blasting methods in underground coal 
mines (Serbian), Technical Faculty in Bor 
 RGF Belgrade, (2006). 

6. Milanovic R., Improvement of 
drifting technology with drilling and 
blasting in underground coal mines 
(Serbian), Master thesis, Technical 
Faculty in Bor, (2006). 

 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


