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ABSTRACT 

A mathematical model for integrated air pollution modelling around refineries is built and 

named as Computerized System for Integrated Air Pollution Modelling Around Oil Refineries 

(CSIAPMAOR).The model based on Gaussian equation to estimate concentration of pollutants (SO2, 

NO2, CO, Particulates) that are emitted from a continuous air pollution elevated source. The model 

is designed by using Visual Basic as a main core of the system and linked with auxiliary models 

such as ArcMap (GIS), Surfer software, Ms-Excel and Ms-Access. The model has flexibility to 

select either rural, urban or stability (Smith equation) wind speed profile. It also has the option of 

using three types of dispersion coefficients equations for rural condition (PGT-Briggs-Martin 

equation) and one equation for urban condition (Briggs equation).The model has many options to 

display results as concentrations versus center line-downwind distance or as Three-Dimensional 

(3D) map. The model can compute maximum concentration with the contribution of each stack to 

the overall maximum concentration. Moreover the model has the ability to perform a sensitivity 

analysis for the effect of the most important parameters according to the Gaussian equation. AL-

Doura Oil Refinery was taken as a case study using the available observed data of two sites1 and 2 

for periods 15
th

 -21
st
  and 23

rd
 -29

th
 August 1997 in order to check the performance potential of the 

model. Results showed that Briggs equation for dispersion coefficients with rural wind speed profile 

has the best degree of agreement with the observed values of 0.86, 0.90 for SO2; 0.69, 0.80 for NO2; 

0.73, 0.79 for CO; 0.63, 0.60 for particulates at site 1 and 2 respectively. It is found, that for AL-

Doura Oil Refinery stacks number 6, 2, 7, and 3 have a large contribution on the overall maximum 

concentration. The model demonstrates the influence of atmospheric stability, wind speed, emission 

rate, exit velocity, physical height, exit temperature and rural-urban area in reducing the 

concentrations of pollutants. Sensitivity analysis shows that the concentrations are sensitive to 

stability class in comparison with other input parameters.  

  
 :ةالخلاص

.ذCSIAPMAORذوليي هذتذفييهذاييلاذالتميينذءييظذم ييرمذ فييرلذاتيي انذفييهذالمرلييلتذل  للييةذاحورااييةذلحاييل ذال ييلامذ ييل ذال  ييرفه

اوكسييدذال حي ولينذواو ذاوكسييدذذث يرئهاوكسيدذالوت يتذوذث رئهاوسذلحخ ينذاالثرتذال لامذاثلذگعاىذاعردلهذ″ال  لذجذات هذالرلر

كاغيةذVisual Basic ال  يلذجذءيظذءييلي اذمرليحخدالذم  يرانذ.ذذثةذانذا ردرذءال ذال لامذال سح   تعالوررملنذوالدقرئقذالعرلقهذال 

ءظذالحخدااهذلاعيرمذا داثيرتذ قيقييةذArcMap(GIS) م  رانذذ″اولا:ذم اجيهذالرليهذلا فرلذاعذرمطذال فرلذمت اانذاسرعداذواه

وذلي ذل ليظذاي ائطذك حلرييةذلحماييلذذSurferم  يرانذ"ذثر يير.ذTINsدذلاخررطةذالالرليةذذاعذرلظذطتقيرتذك حلرييةذذاتذثلاثيةذامعير

ال  يلذجذذوذقرماييةذ.ذ.ذايدالاتذوذ حيرئنذالت  يرانوذلي ذلخي نذكيلذذ Ms Accessوم  يرانذ Ms Excelم  يران"ذثرلثير.ذالمسرلييةذ

اعردليهذ)لاعح ردذعاىذالالحق اريةذلااحيرروا داذانذثلا ذ رلاتذلمسرتذءغري ذل عةذال يرحذفهذال  رطقذالمض يةذاوذال يفيةذاوذمر

–ذBriggs ذ–ذPGT) وال عيردلاتذايهذذ.ليهذالقرماييةذلااحييررذوا يداذاينذثيلا ذاعيردلاتذلا  يرطقذال يفيية"ذال  يلذجذايضير(.ذلي ن
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(Martin equation وذاعردلهذوا داذلا  رطقذالمضي يةذ(Briggs)  مرلاضيرفةذاليىذااور ييةذال  يلذجذ.ذ لمسيرتذاعيرالاتذالحتيحتذ

مرلاضيرفةذاليىذااور ييةذال  يلذجذفيهذ.ذضذ حرئنذءغي ذالح اكي ذاعذايطذا ح ياذاليدارنذال  تعينذشوذمتيولذاررطيةذثلاثييةذالامعيردلع 

 سرتذالح كي ذالاق ىذلا الثرتذاعذءمديدذاسرا ةذذكلذا درذانذا ردرذالحال ذفهذقي ةذالاذالح كي ذك رذشنذلهذااور يهذاليحخدالذ

الت  رانذيح رو ذا فىذالدوراذك لضيل ذدراليةذمرليحخدالذذ.اوسگذغي ذال عرالاتذال   ةذعاىذاعردلةءمايلذالمسرليهذلحتيرنذءأثي ذء

ذ.ذ5221اينذاتذلاعيرلذ(ذ02ذ-02)و(ذ05-54)التير رتذال حلف اذالحهذء يتذالا فح يرذل يلقعينذع يدذل يلتذلي فذال  يفىذلافحي ءينذ

ل عيرالاتذالحتتيتذايعذذBriggsنذال سحم ياةذاينذاليحخدالذاعردليةذ حيرئال.شلحخداتذالاذالتير يرتذلاحمقيقذاينذكفيرماذادامذالت  يرانذ

لث يرئهذذ2.22وذذ2.68وقيظذاعرالذالحلافقذالترلغيةذ.ذاؤل اتذل عةذال يرحذفهذال  رطقذال يفيةذشعيتذءلافقيةذعرليةذاعذالقيظذال قرلة

لايدقرئقذالعرلقيةذذ2.82,ذذ2.82ذو ميلنذولأو ذاوكسييدذالذ2.12,ذذ2.12رئهذاوكسييدذال حي لينذولث يذ2.62,ذذ2.82وذذاوكسيدذالوت ييت

وليدذاينذايلا ذءماييلذال سيرا ةذميأنذث يرئهذاوكسييدذالوت ييتذليهذالح كيي ذالاق يىذذفيهذ"ذوايضير.ذعاىذالحلالهذذ0وذذ5فهذال لقعينذ

ذذ2وذ1وذ0وذ8ايداانذا يفىذاليدوراذرقيظذ.ذقعينالسرعةذلافح اتذآ فةذاللك ذوذملل ذيفلفذال عريي ذال س لحذم رذفهذالع افذلويلاذال يل

وذءيظذاليحع ضذءيأثي ذكيلذاينذاليحق اريةذالجيلذوذلي عةذال ييرحذوذاعيد ذوذ.ذذكر تذل رذاسرا ةذكتي اذفهذءويلينذالح اكيي ذالق يل 

 .ل عةذالا تعر ذوذارءفر ذال داانذوذ  اراذالا تعر ذوذءأثي ذال  رطقذالمض يةذوذال يفيةذفهذءخفيضذء اكي ذال الثرتذال  تعثه

KEYWORDS 

Air Pollution, Gaussian Model, GIS and Environmental Modeling, Designed Model 
 

INTRODUCTIONذ
           Urban air pollution due to activities of the process petroleum refinery industries is one of the 

main problems faced by the industrial area worldwide. Many experimental analyses were carried 

out to determine the extent of air pollution due to the petroleum refinery industry, focusing on the 

concentrations of NO2, CO, SO2
   

[Abdulkareem, 2005].  

The development of an air pollution model for multi-sources is no doubt useful. Integrated 

models using available nowadays softwares will be useful in many ways. These models can be used 

to predict different pollutants levels spread over the nearby area, due to different properties of 

multipoint sources. The integrated model can allow the variation of sources properties, such as 

emission rate, exit velocity, etc. Integrated models are those models that use different softwares 

linked in a proper way to transfer data between these softwares to achieve certain tasks. Integrated 

models are rather rare or expensive, while each of the softwares contributing in the developed 

model is available and free. For example, Visual Basic, Ms Excel, Ms Access, ArcMap (GIS), are 

available softwares nowadays, whereas a specialized integrated model for air pollution modelling is 

not freely available. Hence the development of such model is essential. The main challenge in 

building an integrated model for a special purpose is the proper linkage between the available 

softwares, i.e. the way to transfer data between these softwares. 

 

GAUSSIAN MODEL 

The Gaussian model is perhaps the oldest (Circa 1936) [Bosanquet, 1936 as cited in 

Wikipedia, 2008] and is the most commonly used dispersion model to estimate the concentration of 

a pollutant because of its simplicity [Awasthi et al., 2006]. It assumes that the air pollutant 

dispersion has a Gaussian distribution, meaning that the pollutant distribution has a normal 

probability distribution. The primary algorithm used in Gaussian model is the Generalized 

Dispersion Equation for a Continuous Point-Source Plume [Beychok, Milton, 2005 as cited in 

Wikipedia, 2008]. 

 

GIS AND ENVIRONMENTAL MODELING 

        Geographical Information System (GIS) is a computer based information system that enables 

capturing, modelling, manipulation, retrieval, analysis, and presentation of geographically 

referenced data [Aronoff, 1991 as cited by Rahmatizadeha et al., 2002]. The basic advantage of this 

science and technology is its ability to manage and integrate with the present database and for 

spatial analysis such as (overlay, buffering and zoning) which provides an environmental alarming 

system [Rahmatizadeha et al., 2002]. By doing air quality modelling in a GIS environment, the 

output of the pollutant records can be obtained as spatial records in the form of map layers, which 
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can visualize real objects by vector and raster data formats together with graphs and multimedia 

presentations [Matejicek et al., 2002]. 

 

THE COMPUTERIZED SYSTEM FOR INTEGRATED AIR POLLUTION MODELLING 

AROUND OIL REFINERIES (CSIAPMAOR): 

 

 The designed model provides options to model point source emissions from stacks present 

at industrial areas. The basic equation governing the phenomena is the straight-line, steady-state 

Gaussian plume equation for a continuous air pollution elevated source [Kiely, 1997]: 

 

  

                                        

  

                                                                                                                                                           (1) 

      

 

 

 

Where: C (x, y, z) is the concentration of pollutant (g/
3m ) at a receptor located at (x, y, z), x is 

downwind distance from the source point (m), y is crosswind distance from the plume centreline 

(m), z is height above ground level (m), Q is pollutant emission rate (g/s), U is mean wind speed at 

release height (m/s), eH  is the effective height of release of the point source (m), σy and σz are 

horizontal and vertical standard deviations of the emission distribution (m). 

 
Softwares Used in the CSIAPMAOR Model 

The CSIAPMAOR program was designed using Visual Basic (version 6.0) as the basic 

programming language and as a control tool for integrating the system with auxiliary models. These 

auxiliary softwares are Ms Access, Ms Excel for storing output results, ArcMap (GIS) (version 8.1) 

for Georeference of the base map, in addition for drawing TINs layers to show the spatial variation 

in the contaminant levels over the area under study, Surfer (version 7.0) for drawing contour maps 

of the sensitivity analysis. 

 

Features and Capabilities of the Designed Model  

 The model can be used to predict short-term concentrations (for periods of 24 hours or less) 

for pollutants SO2, NO2, CO and Particulates resulted from a point source or from 

multisources, instantaneously. 

 The model offers three options for computing wind speed profile: rural, urban, and stability 

(Smith equation) wind speed profile. 

 The model offers flexibility to select either rural or urban dispersion parameters, depending 

on the characteristics of the source location. Three options for rural dispersion coefficients: 

PGT, Briggs, and Martin equation, and just one option for urban condition (Briggs 

equation), are available. 

 The model can estimate maximum hourly concentration, in addition to the location of the 

receptor and the hour at which it happens. 

  The model can perform contribution analysis for each point source to the overall maximum 

concentration. 

 The model has an option of drawing hourly concentration for continuous emitting from 

multisources as 3D TINs layer or as a contour map to show the influence of the different 

concentration levels extended over a base map of the area around these sources. 



R. H. Al-Suhaili                                                                  Integrated System for Air Pollution around Refineries 

M. S. Al-Khafaji 

 

 4021 

  The model has option for displaying hourly concentration emitting from each stack with 

center-line downwind distance by a bar chart. 

 The model can determine the required calibration factor between the model results and a set 

of measured values. 

 The model provides tabular printed outputs with many options  

 The model has option to test sensitivity of the Gaussian model to the variation in its 

parameters by four options for stability class, wind speed, stack properties (exit velocity, 

exit temperature, physical height, emission rate) and rural versus urban area. 

 

The model built here, has the following limitations: 

 Estimate pollutants emitted from elevated point source. 

 Valued for non-reactive pollutant only. 

 The effect of momentum force in plume rise is neglected and only buoyancy force is 

considered. 

 Particulates are limited for spherical shape only. 

 All pollutants are totally reflected.          

 

 
APPLICATION OF THE DESIGNED MODEL: CASE STUDY AL-DOURA OIL 

REFINERY 

           

The model has been used first for a Cartesian receptor grid with 25 meters for a small area of 

(1700m × 1700m) with origin point (0 E, 0 N) in the lower left corner of the area. The (UTM) 

coordinates of this point are (446100.73 E, 3680688.62 N) as shown in Figure (1). This area covers 

all stacks of AL-Doura Oil Refinery in addition to the two sites (receptors) where measured data are 

available for the designed model validation; dense grid is used because these receptors are very 

close to AL-Doura Oil Refinery. The model is then used for a Cartesian receptor grid with 100 

meters for a large area of (14000m × 11000m) as shown in Figure (1) to cover all the area 

surrounding the refinery in the eastern south direction. The origin point (0 E, 0 N) of this area with 

corresponding UTM coordinates are (443382.21 E, 3672874.80 N). The second application of the 

model to such an area is used to show the impact of the refinery on the large adjacent areas using 

contour maps which clarify the maximum concentrations and the contribution of each stack on this 

maximum concentration.  

The model is applied using two cases, the first case with stability wind speed profile (Smith 

equation) using three equations for calculating the dispersion coefficients of the rural area (PGT 

equation, Briggs equation and Martin equation), the second case with rural wind speed profile using 

the same equations for the dispersion coefficients to select which case will be suitable to represent 

the case study. 
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Fig (1) Boundaries of the Small and Large Area for Which the Model was Applied 

 

 

 

 

 

 

 

 

 

 

 

Comparison of the Model Results with the Measured Concentrations 
The results obtained from the model application have been compared to the observations of 

the hourly concentrations measured at sites 1, and 2 for periods from (15
th

  to 21
st
  August 1997 at 

site 1) and (23
rd

  to 29
th

 August 1997 at site 2) as measured by AL-Rubai (1998). 

 

Index of Agreement (IOA) 

 

 

                                                                                                                    

                                                                                                                                                           (2) 

 

 

 

Boundary of small area 

Stacks of AL-Doura refinery  

Site 1  

Site 2  

Boundary of large area 

Origin point  
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IOA is a measure of the degree to which the observed values have been accurately estimated by the 

model. IOA is sensitive towards differences between observed and predicted values as well as to 

certain changes in proportionality, and represent more consistent measure of the performance. IOA 

= 0 indicates no agreement, IOA = 1 indicates perfect agreement [Willmott, 1981 as cited in 

Awasthi et al., 2006 and Luhar et al., 2004]. 

 

Table (1) Index of Agreement (IOA) for Sites 1, and 2, Near AL – Doura Oil Refinery 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source Contribution Analysis 

Contribution analysis represents the contribution of a particular source to the overall 

concentration in a certain location (receptor point). Recognizing the source contribution information 

is important to many short term modelling analyses. For the designed model, contribution of each 

point source (stack) of the AL-Doura oil refinery to the overall maximum concentration for each 

pollutant are found by applying the model for the large area (14000 m × 11000 m). The designed 

model uses Briggs equation for dispersion coefficients in the rural area with rural wind speed 

profile and meteorological data reported at (15
th

-21
st
 August 1997) and (23

rd
-29

th
 August 1997) 

from AL-Rubai, 1998, with a receptor height 1.5 m. The model finds the maximum concentration 

within the specified period by the user.  

 

Table (2) Maximum Hourly Concentration of the Pollutants Emitted from Multisources of 

AL-Doura Oil Refinery in August, 1997 

day 

Max. hourly 

concentration 

for SO2 (ppm) 

Max. hourly 

concentration for 

NO2 (ppm) 

Max. hourly 

concentration for 

CO (ppm) 

Max. hourly 

concentration for 

Particulate (µg/ 3m ) 

with background con. 

15 0.454 0.076 1.379 45.617 

16 0.474 0.089 1.751 47.682 

17 0.446 0.073 1.243 45.603 

18 0.474 0.079 1.391 46.319 

Wind 

speed 

profile 

Dispersion 

coefficients 

No. of  

Site 

Index Of Agreement (IOA) 

SO2 NO2 CO Particulates 

Stability 

profile 

(Simth 

equation) 

PGT equation 
Site 1 0.84 0.66 0.68 0.61 

Site 2 0.88 0.75 0.74 0.56 

Briggs 

equation 

Site 1 0.87 0.69 0.72 0.64 

Site 2 0.89 0.78 0.75 0.58 

Martin 

equation 

Site 1 0.84 0.66 0.68 0.61 

Site 2 0.88 0.75 0.74 0.56 

Rural 

profile 

P-G-T 

equation 

Site 1 0.84 0.66 0.69 0.55 

Site 2 0.88 0.76 0.76 0.57 

Briggs 

equation 

Site 1 0.86 0.69 0.73 0.63 

Site 2 0.90 0.80 0.79 0.60 

Martin 

equation 

Site 1 0.85 0.69 0.69 0.57 

Site 2 0.88 0.76 0.77 0.57 
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19 0.489 0.088 1.842 47.944 

20 0.473 0.076 1.589 46.312 

21 0.449 0.082 1.495 46.129 

23 0.482 0.083 1.586 47.479 

24 0.404 0.071 1.397 44.058 

25 0.433 0.073 1.375 45.084 

26 0.462 0.077 1.365 46.540 

27 0.474 0.085 1.556 46.953 

28 0.459 0.086 1.672 46.897 

29 0.481 0.085 1.627 47.924 

 

Table (2) indicates that the maximum hourly concentration of the most pollutants had 

occurred in 19
th

 August 1997. Maximum hourly concentration for SO2 has occurred at the hour 

15:00 pm, and for NO2 has occurred at the hour 19:00 pm, and for CO has occurred at the hour 

18:00 pm, and for Particulates has occurred at the hour 15:00 pm. These maximum values have 

resulted for the following case: meteorological data, stability class (C), north-west wind direction, 

and wind speed vary from (2-4) m/s. 

 

 

 

 

  

 

 

 

   

 

 

 

 

 

Figure (2) Contribution Analysis for SO2 in the 19
th

 August 1997 at                                                   

a Site with Coordinates (4300, 8500) from the Origin Point 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Contribution Analysis for NO2 in the 19
th

 August 1997 at a                                           

Site with Coordinates (4700, 8500) from the Origin Point 
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Figure (4) Contribution Analysis for CO in the 19
th

 August 1997 at a Site                                      

with Coordinates (4700, 8300) from the Origin Point 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) Contribution Analysis for Particulates with Background Concentration                              

 

in the 19
th

 August 1997 at a Site with Coordinates (4300, 8500) from the Origin Point 

TINs layer of the hourly concentrations resulted from the multisources in 19
th

 August 1997 

illustrating resulted different concentrations levels extended through the eastern south area (mostly 

agricultures) surrounding AL-Doura oil refinery. 
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Figure (6) Contour Map for SO2 Concentration Levels, Resulting from Stacks of AL-Doura 

Refinery in 19
th

 August 1997 at 15:00 pm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7) Contour Map for NO2 Concentration Levels, Resulting from Stacks of AL-Doura 

Refinery in 19
th

August 1997at 19:00 pm 
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Figure (8) Contour Map for CO Concentration Levels, Resulting from Stacks of AL-Doura Oil 

Refinery in 19
th

 August 1997 at 18:00 pm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (9) Contour Map for Particulates Concentration Levels with Background Concentration, 

Resulting from Stacks of AL-Doura Refinery in 19/8/1997at 15:00 pm 
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*  SENSITIVITY ANALYSIS 
A sensitivity analysis is the process of establishing the effect of changing the value of an input 

variable on the model output [Carbon, 2004]. This analysis is performed using the designed model 

in order to find the effect of different parameters on the dispersion of the pollutants. 

 

The Base Case 

The input data of the options of Sensitivity Analysis are selected depending on the results of 

the contribution analysis. This analysis indicates that, stack number 6 of the AL-Doura oil refinery 

is responsible for the largest contribution to the maximum hourly concentrations for SO2, NO2, CO 

and Particulates. Meteorological data which cause the maximum hourly concentration for SO2 

(higher concentration than allowable) at 19
th

 August 1997 at hour 15:00 pm is selected for 

sensitivity analysis. 

Sensitivity Analysis for Stability Classes 

The effect of atmospheric stability on the hourly concentrations with low wind speed is shown in 

Figure (10). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (10) Sensitivity Analysis of SO2 with Stability Classes Variation 

 

This figure indicate that, the worst weather case condition for dispersion of pollutants with 

low wind speed is a winter day or an overcast night that is characterized by a slightly stable 

atmosphere (class E) with distance far away from the source. The other critical weather condition is 

sunny day (class A) with distance near from the source. Class E with wind speed equal to 0.89 m/s 

is considered as a critical weather case and will be named such hereafter.  

 

Sensitivity Analysis for Wind Speed 

Different values of wind speed are selected to show the influence of the wind speed with 

low turbulence in reducing the maximum concentration for critical weather (class E, 0.89 m/s) 

which represents the base case. 
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Figure (11) Sensitivity Analysis of SO2 with Wind Speed Variation 

 

The effects of wind speed work in two opposite directions are:  

- Increasing wind speed will decrease plume rise, thus increases ground level concentrations; which 

are observed near from the source.  

- increasing wind speed will increase mixing, thus decreasing ground level concentration ,this case 

is observed far away from the source. 

Sensitivity Analysis for Stack Properties 

The important parameters for the stacks represent (exit velocity (Vs), exit temperature (Ts), 

physical height (Hs), and emission rate (Qs)) are selected. The sensitivity analysis is done by 

varying one of these properties at each run in order to examine its influence of each one in reducing 

the concentrations of pollutants. Three cases are selected for each parameter:  

- Case 1 (influence of exit velocity on the hourly concentration) 

Three cases are selected, Vs1=7.4 m/s which represents the base case (stack 6), Vs2= 11.1 m/s (1.5 

Vs1) and Vs3 =14.8 m/s (2 Vs1). 

- Case 2 (influence of exit temperature on the hourly concentration) 

Three cases are selected, Ts1 =603 k which represents the base case (stack 6), Ts1= 904.5 k (1.5 

Ts1) and Ts3 =1206 k (2 Ts1). 

- Case 3 (influence of physical height on the hourly concentration) 

Three cases are selected, Hs1 =30 m which represents the base case (stack 6), Hs2 = 45 m (1.5 Hs1) 

and Hs3 =60 m (2 Hs1). 

- Case 4 (influence of emission rate on the hourly concentration) 

Three cases are selected for emission rate of the SO2, Qs1=198.01 g/s which represents the base 

case (stack 6), Qs2= 132.007 g/s (Qs1/1.5) and Qs3 =99.005 g/s (Qs1/2). 
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Figure (12) Sensitivity Analysis of 1.5 the Base Case for Vs1, Ts1, and Hs1 and 1/1.5 for Qs1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (13) Sensitivity Analysis of 2 the Base Case for Vs1, Ts1, and Hs1 and 1/2 for Qs1 
 

These Figures indicate the followings: 

- Near the point source, physical height and exit velocity have higher effect on reducing hourly 

concentrations for the two cases of increasing these parameters by 50% and 100%. 

- Far away from the source, reduction in the emission rate by a factor of 1.5 of the base case (Q/1.5) 

has decreased the hourly concentrations. While, if an increase in the physical height to twice of its 

value results in higher effect than the emission rate. 

 

Sensitivity Analysis for Urban Area versus Rural Area 

This analysis is done by taking the critical weather case (class E and wind speed is equal to 

0.89 m/s) as a base case. Sensitivity analysis applies for two cases, case 1 (rural wind speed profile 

and Briggs dispersion coefficient for rural area) and case 2 (urban wind speed profile and Briggs 

dispersion coefficient for urban area).  
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Figure (14) Sensitivity Analysis of SO2 with Rural Versus Urban 

 

The urban area has a large effect in increasing pollution near from source; this may be due 

to that, these types of area have more available sensible heat from solar surface heating and 

combustion sources that destabilize the surface layer of air causing mixing of the plume gases to the 

ground close to the source. 

 

CONCLUSIONS 

 

 Briggs equation for dispersion coefficients with rural wind speed profile has been found to be 

most suitable prediction combination for the particular sites chosen for the study; this case has 

yielded a large index of agreement (error- free predictions). 

 The maximum hourly concentrations at the day time during period 15
th

 -21
st
 and 23

rd
 -29

th
 

August 1997 for all pollutants indicate that: first maximum hourly concentrations for all 

pollutants happen under meteorological conditions including slightly unstable (class C) with wind 

speed varying from (2-10) m/s and with effects of stacks 6 and 2 of AL-Doura oil refinery. These 

two stacks have maximum contribution on the overall maximum concentration for the pollutant in 

addition to the effects of stacks 7 and 3.  

 The most important observations that can be deduced from sensitivity analysis are: 

 The effect of turbulence on the reduction of concentrations of pollutants indicated that the worst 

case weather condition for dispersion of pollutants is characterized by a slightly stable atmosphere 

(class E).  

 The effect of point source properties with low wind speed and turbulence indicates that the 

physical height and emission rate has higher effect to reduce maximum hourly concentration of 

critical weather case (class E, 0.89 m/s) when increasing these parameters by 50% and 100% base 

case (stack 6).  
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