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Abstract—This paper analyzes the oil and petrochemical complex with four scenarios (for different threshold  
limit values of pollutants concentrations) from whence the following conclusions have been made: Based on 
the results of modeling and analysis of aggregate data it can be concluded that the application of software 
ALOHA (model) it is possible to plan and manage the set limit values for concentrations of pollutants in 
industrial plants along with monitoring the dispersion of pollutants in the oil and petrochemical complex. The 
model was applied, which based on Gaussian distribution calculates maximum range of pollutants and pollutant 
concentrations. These researches are specific, highly complex and rare, and for the first time conducted by 
using the model of SO2 and NO2 dispersion, the dominant pollutants in the oil and petrochemical industry 
complex. The paper provides relevant information based on which emitters were detected with the highest level 
of environmental and working environment pollution. By the analysis of the used data conclusions were 
obtained about the effects of  pollutants on pollution that provide safe and reliable conclusion on the emitters, 
causes of pollution of  industrial plants of oil and petrochemical complex. 
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1 The text was submitted by the authors in English.   

EXPERIMENTAL 

The experimental part consists of analytical 
consideration and graphical display of high emitters – 
sources of SO2 and NO2 in plants IPP1, IPP2 and IPP3. 
As IPP1 presented are the plants for the production of 
fertilizers, IPP2 are the plants for the production of 
petrochemicals and IPP3 are the plants of the oil 
refinery. To obtain accurate data the used model is 
licensed ALOHA®5.4.1. programme of the U.S. 
National Agency for Environmental Protection EPA. 
The analysis included a mathematical calculation of 
maximum range of pollutants for different boundary 
conditions (U.S. EPA and national standards). The 
ratio of the results was calculated and the analysis of 
each particular high emitter. Model testing is an 
integral part of the experimental work.  

In Fig. 1a the percentage of the overall pollution for 
the high emitters of IPP1 is shown where it can be seen 
that the largest percentage share is of the emitter A6 
(22%). In Fig. 1b it can be seen that the greatest share 
is of the emitter of P2 (35%) for IPP2. From Figs. 1a–
1c high emitter with the greatest share R1 (18%) is 
recorded.  

The limit values. In this paper specified are the 
limit values of SO2 and NO2 in Serbia and neighboring 
countries as well as in large industrial centers of the 
world. In the tables the data used in the calculations as 
input data are presented. The table shows the limit 
values for pollutants being used by the licensed model 
ALOHA®5.4.1 (for NO2 limit values are 0.5, 12.5,             
20 ppm; for SO2 limits are 0.3, 3,  15 ppm) and 
atmospheric conditions. 

The atmospheric conditions that were used as input 
data and did not change during the experiment are 
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listed. Values were used for the worst case scenario 
(“worst case”): wind speed of 2 m/s, wind direction 
southeast, urban area, temperature 15°C, stability class 
F, relative humidity 50%. 

Limit values of pollutants in other countries of our 
region are given in this paper of the dissertation and 
show how great are the values variations depending on 
the country prescribing them. The limit values of 
Serbia (for NO2 limit values are 0.15, 700, 2 mg/m3; 
for SO2 limit values are 0.35, 5, 500 mg/m3) and 
Russia (for NO2 limit values are 0.25; 0:04;                     

0.002 mg/m3; for SO2 limit values are 0.500; 0.200; 
0.050 mg/m3). 

RESULTS AND DISCUSSION 

The table shows the comparison of the obtained 
maximum ranges of pollutants for the modeled values 
(EPA, national and Russian concentration limit values) 
and the design of values of pollutants’ range. Modeled 
value is the column originated as the result of research 
of Scenario 1 and Scenario 4, the design value of 
pollutants range is the result of research of Scenario 3. 
Whereas the column “worst case” emerged as the 
highest score of all four Scenarios. “Worst Case” is 
necessary in research and modeling as the highest 
values are obtained. 

From the table it can be concluded that the “worst 
case” is formed from the modeled values of Russian 
emissions except for the emitters R15 and R19. The 
worst case scenario for emitters R15 and R19 was 
formed in the modeling of the pollutants for the 
national limit values. 

Graphically presented are the cumulative effects of 
the dispersion for pollutants SO2 and NO2 in the oil 
and petrochemical complex. Shown are all emitters in 
the oil and petrochemical complex of the pollutants 
SO2 and NO2 with emission limit values and maximum 
allowable concentration (MAC). The largest 
contribution is to the emerging of the pollutant SO2 for 
IPP3, then for IPP2 and lowest for IPP1. The largest 
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Fig. 1. Percentage share of high emitters for (a) IPP1, (b) IPP2, and (c) IPP3. 

Fig. 2. Cumulative effect of dispersion of NO2 in the oil 
and petrochemical complex for the emission values. 



METHOD FOR COMPARISON OF THE MAXIMUM RANGE 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  84   No.  13   2014 

2679 

Comparison of the obtained maximum range of pollutants for calculated, modeled and design valuesa 

Emiters   Pollutant   “Worst case,” km   

Model, km 

Design, km   international  
national  

EPA Russia 

 A1  NO2                10.00 0.67 0       10.000  3.700 – 

A2 NO2 1.900 0.075  1.900 0.394  – 

A3 NO2 0.338 0.013  0.338 0.067 – 

A4 NO2                10.00 1.000        10.000 5.700       10.000 

A5 NO2                10.00 0.896        10.000 4.900       10.000 

A6 NO2                10.00 1.700        10.000 9.300       10.000 

A7 NO2                10.00 0.764       10.000 4.200 – 

A8 NO2                10.00 1.200       10.000 6.800 – 

A9 NO2                10.00 0.968       10.000 5.300 – 

A10 NO2                10.00 0.506        10.000 2.700 – 

P1 NO2                10.00 0.460        10.000 5.600 0.892 

P2 NO2                10.00 0.460        10.000 5.700 0.892 

P3 NO2                10.00 0.336        10.000 4.100 0.892 

P4 SO2 0.711 – 0.711 0.513 1.400 

P5 NO2 2.200 – 2.200 0.450 2.000 

P6 SO2 0.028 – 0.028 – – 

 R1  SO2                10.00          10.000        10.000       10.000  0.625 

R2 NO2                10.00 2.300        10.000 2.400 0.625 

R3 NO2                10.00 2.300        10.000 4.100 1.400 

R4 SO2 5.600 1.300  5.600 1.900 1.400 

R5 NO2 2.600 0.344  2.600 0.512 1.400 

R6 NO2 2.400 0.095  2.400 0.880 0.306 

R7 SO2 2.900 0.280  1.200 2.900 0.178 

R8 NO2                10.00 0.545        10.000 4.700 2.900 

R9 SO2 6.300 1.500 6.300 3.700 1.800 

R10 NO2                10.00 0.703        10.000 4.300 1.500 

R11 SO2 5.800 1.400  5.800 – 1.300 

R12 NO2 1.200 –  1.200 – – 

R13 SO2 0.062 – 0.062 – 0.133 

R14 NO2 1.700 0.086  1.700 0.589 0.297 

R15 SO2 4.500 0.193  0.818 4.500 0.297 

R16 SO2 6.000 1.400  6.000 2.100 – 

R17 SO2 2.900 0.687  2.900 0.789 0.891 
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contribution to the emerging of the pollutant NO2 is in 
IPP1, then in IPP3 and lowest in IPP2. 

In Fig. 2 the cumulative dispersion of pollutant NO2 
is presented, which takes into consideration all of the 
high emitters and the maximum ranges of the pollutant 
for IPP1, IPP2, and IPP3. The figure shows that the 
maximum range is up to City of Pancevo. Wind 
direction is south-east because the least favorable 
option is considered. 
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Table. (Contd.) 

Emiters   Pollutant   “Worst case,” km   

Model, km 

Design, km   international  
national  

EPA Russia 

R18 SO2 1.100 0.262  1.100 1.100 0.891 

R19 SO2 3.900 0.358  1.500 3.900 0.891 

R20 SO2 5.300 0.545  5.300 2.300 1.400 

R21 NO2                10.00 0.184        10.000 2.000 1.400 

R22 NO2 9.400 0.383  9.400 3.500 1.200 

R23 SO2 4.700 – 4.700 1.000 4.700 
a (A1–A10) high emitters in plants IPP1, (P1–P6) high emitters in plants IPP2, (R1–R22) high emitters in plants IPP3. 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


