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MODELING OF OIL SPILL DISPERSION TO IMPROVE MANAGEMENT 
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PORT RAJEE, IRAN   
 

 
By  

 

Mehrnaz Farzingohar 

 

May 2014  

 

 

Chair: Associate Professor. Zelina Zaiton Ibrahim, PhD  

Faculty: Environmental Studies 

 

In the transfer of oil products from tanker to terminal the oil may spill from ruptured 

pipes, corroded valves and connectors and old equipment which may pollute water and 

air. Rajaee Port in the Persian Gulf is an important terminal for the Bandar Abbas Oil 

Refining Company (BAORCO). The major goals of this study are the identification of 

risk areas from trajectory and fate of the oil spills to the management system for 

contingency plans to protect the local environment. Two models are used. The General 

NOAA Oil Modeling Environment (GNOME) model is used for oil spill pollution in the 

sea and the Areal Location Of Hazardous Atmosphere (ALOHA) is applied to identify 

the trajectory of the evaporated oil spill through the air. The results from both models 

were analysed to determine the location of risk areas through the water and air around 

the spill. Previous studies of water and sediment samples analysis were compared and 

used to verify and validate the model results. The North east of Qeshm Island and the 

east of Rajaee Port were identified as the high risk areas. The results are used to improve 

plans which are implemented by BAORCO in order to reduce the negative 

environmental impacts.  
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PEMODELAN TUMPAHAN MINYAK SERAKAN MENCARUM DENGAN 

SISTEM PENGURUSAN UNTUK PERLINDUNGAN ALAM SEKITAR PADA 

RAJAEE PELABUHAN, IRAN 
 

Oleh 

Mehrnaz Farzingohar 

Mei 2014 

Pengerusi:  Professor Madya. Zelina Zaiton Ibrahim, PhD  

Fakulti: Pengajian Alam Sekitar  
 

Dalam pemindahan produk minyak daripada kapaltangki ke  terminal, minyak mungkin 

akan tertumpah dari paip pecah, injap dan penyambung yang berkarat, dan peralatan 

lama, yang boleh mencemarkan air dan udara. Pelabuhan Rajaee di Teluk Parsi adalah   

sebuah terminal penting bagi syari kat miniyak Bandar Abbas (BAORCO). Matlamat 

utama kajian  ini adalah untuk mengenalpasti kawasan berisiko tinggi menggunakan 

trajektori dan takdir tumpahan dan penyambangan kepada system. Pengurusan untuk 

pelan luar jangkaan dalam melindungi alam sekitar tempatan. Dua model digunakan. 

Model General NOAA Oil Modeling Environment (GNOME) digunakan untuk 

pencemaran tumpahan minyak di laut manakala Areal Location Of Hazardous 

Atmosphere (ALOHA) digunakan untuk mengenal pasti trajektori tumpahan minyak 

sejat  melalui udara. Keputusan daripada kedua-dua model telah dianalisis untuk 

menentukan lokasi kawasan risiko melalui air dan udara di sekeliling tumpahan. Analisis 

sampel air kajian lalu dan sedimen dari  telah dibandingkan dengan kajian ini dan 

digunakan untuk mengesahkan keputusan model. Kawasan timur lalut Pulau Qeshm dan 

kwasan Pelabuhan Rajaee dikenalpasti sebagai kawasan berisiko tinggi. Keputusan 

adalah diggunapakai untuk memndu dan menanbahbaila pelan luar jangka yang 

digunakan oleh BAORCO untuk mengurangkan kesan negative alam sekitar. Dalam 

pemindahan produk minyak daripada kapaltangki ke  terminal, minyak mungkin akan 

tertumpah dari paip pecah, injap dan penyambung yang berkarat, dan peralatan lama, 

yang boleh mencemarkan air dan udara. Pelabuhan Rajaee di Teluk Parsi adalah   sebuah 

terminal penting bagi syari kat miniyak Bandar Abbas (BAORCO). Matlamat utama 

kajian  ini adalah untuk mengenalpasti kawasan berisiko tinggi menggunakan trajektori 

dan takdir tumpahan dan penyambangan kepada system. Pengurusan untuk pelan luar 

jangkaan dalam melindungi alam sekitar tempatan. Dua model digunakan. Model 

General NOAA Oil Modeling Environment (GNOME) digunakan untuk pencemaran 

tumpahan minyak di laut manakala Areal Location Of Hazardous Atmosphere 

(ALOHA) digunakan untuk mengenal pasti trajektori tumpahan minyak sejat  melalui 

udara. Keputusan daripada kedua-dua model telah dianalisis untuk menentukan lokasi 
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kawasan risiko melalui air dan udara di sekeliling tumpahan. Analisis sampel air kajian 

lalu dan sedimen dari  telah dibandingkan dengan kajian ini dan digunakan untuk 

mengesahkan keputusan model. Kawasan timur lalut Pulau Qeshm dan kwasan 

Pelabuhan Rajaee dikenalpasti sebagai kawasan berisiko tinggi. Keputusan adalah 

diggunapakai untuk memndu dan menanbahbaila pelan luar jangka yang digunakan oleh 

BAORCO untuk mengurangkan kesan negative alam sekitar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iv 

 

ACKNOWLEDGEMENTS 

 
First and foremost, I would like to express my deep thanks to my lovely daughter for her 

endurance and accompaniment while her childish age spent during my PhD. I am grateful of 

my husband Dr. Mehran Yasemi who encouraged and supported me. I also thankful of my 

mother for all her accompanies during my education from primary to this degree.    

 

A million thanks to my very kind supervisor Assoc Prof Dr. Zelina Zaiton for her continual 

intellectual guidance within study and even staying in Malaysia that I will never forget. I 

would like to express my heartfelt thanks and special gratitude to my committee 

members, Professor Dr Mohammed Ibrahim Hj Mohammed, Associate  Professor Dr 

Ahmad Makmom, Associate Professor Dr Ahmad Savari for their support and helpful 

comments that pointed me in the right direction in this research. 

 

I am very grateful to Bandar Abbas Oil Refining Company, Engineer Amin-Allah 

Eskandari the last Managing Director who gave me this chance in my life for supporting 

and funding my research. I also want to thank of BAORCO personnel Eng. Bijan 

Manouchehri, Eng. Mohsen Ghezavati, Eng. Alireza Bahrampour, Eng. Majid Nasiri 

and Eng. Shahram Ghanizadeh.  

 

I would like to express my deep thanks to Hormozgan University for supporting me as a 

member and this project a special thanks to Associate Professor Dr. Ahmad Nohegar the 

Dean of the Hormozgan University for special support and patience within five years.  

 

I am very grateful to my dear lecturers in UPM and also kind staffs thought my student 

time in UPM.  

 

I also would like to thank to Iran Meteorological Organization, Persian Gulf and Oman 

Sea Ecology Research Institute, Hormozgan Department of Environment, Iran 

Environmental Organization for data and facilities undoubtedly without their assist this 

project never would be completed.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

vi 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows:  

 

  

Zelina Zaiton Ibrahim, PhD 

Associate Professor 

Faculty of Environmental Studies  

Universiti Putra Malaysia 

(Chairman) 

 

Mohammed Ibrahim B.HJ. Mohamed, PhD 

Professor 

Faculty of Environmental Studies  

Universiti Putra Malaysia 

(Member) 

 

Ahmad Makmom Abdullah, PhD 
Associate Professor  

Faculty of Environmental Studies  

Universiti Putra Malaysia 

(Member) 

 

Ahmad Savari, PhD 

Associate Professor  

Faculty of Marine Biology 

Khorramshahr University, Iran 

(Member) 

 

 

 

 

 

 

 

 

 

                                                                      BUJANG BIN KIM HUAT, PhD  
                                                                         Professor and Dean  

                                                                         School of Graduate Studies 

          Universiti Putra Malaysia  

 

                                                                        Date: 

 

 

 

 



© C
OPYRIG

HT U
PM

vii 

 

DECLARATION 

 

 

Declaration by graduate student 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other            

degree at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned            

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia            

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and Innovation) before thesis is published (in the form of 

written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture 

notes, learning modules or any other materials as stated in the Universiti Putra 

Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies) 

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) 

Rules 2012. The thesis has undergone plagiarism detection software. 

 

 

Signature: _______________________         Date: __________________ 

 

 

Name and Matric No.: _________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

ix 

 

TABLE OF CONTENTS 

 

 

                                                                                                                        Page 

 

DEDICATION                                                                                             

ABSTRACT   i  

ABSTRAK   ii 

ACKNOWLEDGEMENTS   iv  

APPROVAL   v 

DECLARATION   vii  

LIST OF TABLES   xiv  

LIST OF FIGURES   xviii  

LIST OF ABBREVIATIONS   xxiii 

 

 

CHAPTER                                                                                                                     1 
     1              INTRODUCTION                                                                                    1 

1.1     Background                                                                                      1 
1.2     Problem Statements ........................................................................ 2 

1.3     Research Objectives ........................................................................ 3 

1.4     Scope and Overview of the Study .................................................. 5 

1.5     Outline of thesis .............................................................................. 5 

 

 

2                   LITERATURE REVIEW 
2.1      Introduction                                                                                     6 
2.2     Oil Spills in the World .................................................................... 6 

2.2.1    Exxon Valdez ........................................................................... 6 
2.2.2    Bah´ia Blanca Estuary (Argentina) ....................................... 7 

2.3      Oil spill in Persian Gulf ................................................................. 8 
2.4      Oil Pollution in Study Area ......................................................... 10 
2.5      Air Pollution in Study Area ......................................................... 14 
2.6      Oil Degradation Steps .................................................................. 16 
2.7      Oil Spill Properties ...................................................................... 18 
2.8      Selection of Oil Types and Properties ......................................... 18 

2.8.1   Viscosity and Kinematic Viscosity ...................................... 19 
2.8.2   Density ..................................................................................... 19 

2.8.3   Chemical Properties ............................................................... 20 

2.8.4   Weather factors ....................................................................... 20 

2.9     Modeling and general procedures ................................................. 20 
2.9.1   MIKE 3 .................................................................................... 22 
2.9.2   OilMap …………..…………………………  ………..……..23 
2.9.3   OSIS (Oil Spill Identification System) ................................ 24 
2.9.4   Oil Spill Contingency and Response (OSCAR) ................. 24 
2.9.5   SL ROSS Oil Spill Model (SLROSM) ................................ 25 
2.9.6   GNOME (General NOAA Oil Modeling Environment) ... 26 



© C
OPYRIG

HT U
PM

x 

 

2.10    Oil Spill Models Advantages and Disadvantages ........................ 29 
2.11    Air Quality Models ...................................................................... 33 

2.11.1    COAMPS (The Coupled Ocean/Atmosphere Mesoscale       

Prediction System) ............................................................. 33 
2.11.2    AIRMAP .............................................................................. 33 
2.11.3    ALOHA (Areal Locations of Hazardous Atmospheres) 34 
2.11.4     Hazard Evaporation ........................................................... 35 
2.11.5    CAMEO and Hazard Exposure ......................................... 36 

2.12     Air Quality Models Advantages and Disadvantages .................. 37 
2.13     Integration of CDOG with GNOME and ALOHA..................... 40 
2.14     Integration GNOME and ALOHA ............................................. 41 
2.15     Study Area Features .................................................................... 41 

2.15.1     Currents ............................................................................... 41 
2.15.2     Wind ................. …………………………………………...42 

2.15.3     Humidity and Rain ............................................................. 43 
2.15.4     Air temperature .................................................................. 43 
2.15.5     Bathymetry.......................................................................... 43 
2.15.6     Heavy Metals due to Oil Pollution in Tanker Terminal 45 
2.15.7     Population ........................................................................... 46 
2.15.8     Marine Ecosystem .............................................................. 48 

2.16     Volume of Oil Spills in the Tanker Terminal ............................. 56 
2.17     Oil Spill Risk Assessment .......................................................... 56 

 

 

 

 3                  MATERIALS AND METHODS ......................................................... 59 
3.1      Introduction .................................................................................. 59 
3.2      Field Study and Data Collection .................................................. 59 
3.3      The GNOME Model .................................................................... 63 
3.4      Equations and Treatment of Oil Spill .......................................... 64 

3.4.1      Oil Degradation and Weathering Processes Formula .... 65 
3.4.2       Prediction of Trajectory .................................................... 68 

3.5      Physical Conditions for GNOME Model .................................... 68 
3.5.1       Location and Map .............................................................. 68 
3.5.2       Current Patterns .................................................................. 69 

3.5.3       Wind data ............................................................................ 70 
3.5.4       Oil Type .............................................................................. 71 
3.5.5       Release Time .....................................................................  71 

3.6      Output (printpicture) .................................................................... 72 
3.7      GNOME Base Scenario ............................................................... 73 
3.8      Method of Water and Sediment Analysis Samples ..................... 75 
3.9      The ALOHA Model ..................................................................... 76 
3.10     ALOHA Theory and Formula .................................................... 76 
3.11     Physical Parameters for ALOHA ............................................... 77 

3.11.1     Location and Map .............................................................. 77 
3.11.2    Time and Date ..................................................................... 78 
3.11.3     Weather Parameters ........................................................... 78 



© C
OPYRIG

HT U
PM

xi 

 

3.11.4     Air Temperature & Ambient Temperature ..................... 78 

3.11.5     Stability ............................................................................... 78 
3.11.6     Cloudy Rate ........................................................................ 79 
3.11.7     Wind Direction and Speed ................................................ 79 
3.11.8     Humidity ............................................................................. 79 
3.11.9     Spill Release Resources Shape......................................... 80 
3.11.10   ALOHA Calculation Option............................................. 80 
3.11.11   Spill Data............................................................................. 80 
3.11.12   Output, Threat Zone Plot .................................................. 80 

3.12    ALOHA Base Scenario ................................................................ 80 
3.12.1    MTBE and Diesel Data ...................................................... 83 
3.12.2    ALOHA Diagrams in ArcGIS ........................................... 84 

3.13    New Approach for GNOME and ALOHA Integration ............... 84 
3.13.1    Application of the Integration Technique ........................ 86 

3.13.2    Input Data for Integration Scenarios ................................ 86 
3.14    Modeling Procedure of GNOME and ALOHA ........................... 87 

3.14.1    Verification, Validation and Calibration .......................... 87 
3.14.2    Sensitivity Analysis ............................................................ 88 

3.15     Modeling Scenarios .................................................................... 88 
3.16     GNOME Scenarios ..................................................................... 89 

3.16.1    GNOME Calibration Scenario .......................................... 89 
3.16.2    Varying Wind Direction ..................................................... 90 
3.16.3    Varying Wind Speed .......................................................... 90 
3.16.4    Varying Wind Speed and Direction.................................. 90 
3.16.5    Oil Spill Time Release Scenarios ..................................... 91 
3.16.6    Yearly Scenarios Base on the Monthly Data (2006) ...... 91 

3.16.7    Varying Oil Type ................................................................ 91 
3.16.8    Varying Oil Volume ........................................................... 92 

3.17    ALOHA Modifications for This Study ........................................ 92 
3.17.1    Varying Wind Speed .......................................................... 93 
3.17.2    Varying Wind Direction ..................................................... 93 
3.17.3    Varying Cloudy Cover ....................................................... 94 
3.17.4     Instantaneous Time ............................................................ 94 
3.17.5    Continuous Time ................................................................. 94 
3.17.6    Varying Air Temperature ................................................... 95 

3.17.7    Cloudy and Cover Relative Humidity .............................. 95 
3.17.8    Monthly Data ....................................................................... 95 

3.18    Combine Condition ...................................................................... 95 
3.19    Summary of all the Modeled Scenarios ....................................... 96 
3.20    Risk Assessment Method ........................................................... 101 
3.21    Contingency Plans for BAORCO .............................................. 102 

 

 

4                   RESULTS ............................................................................................ 103 
4.1       Introduction ............................................................................... 103 
4.2       GNOME Calibration Scenario .................................................. 104 
4.3       GNOME Sensitivity Analysis................................................... 107 



© C
OPYRIG

HT U
PM

xii 

 

4.3.1      Varying Wind Direction ................................................... 107 

4.3.2      Varying Wind Speed ........................................................ 110 
4.3.3      Varying Wind Speed and Direction................................ 112 
4.3.4      Various Time Duration of Release ................................. 113 
4.3.5      Yearly Scenarios Base on the Monthly Data (2006) .... 117 

4.4      Different Oil Type ..................................................................... 122 
4.5      Various Released Volume ......................................................... 123 
4.6      Summary of GNOME Sensitivity Analysis ............................... 124 
4.7      Verification of Obtained Results by Comparing with other Studies .. 124 
4.8      ALOHA Sensitivity Analysis Scenarios .................................... 126 

4.8.1     Various Wind Speed .......................................................... 126 
4.8.2     Wind Direction Changes ................................................... 129 
4.8.3     Cloudy Cover Changes ...................................................... 131 

4.8.4     Different Release Duration (Instantaneous) ................... 132 
4.8.5     Continuous Release............................................................ 133 
4.8.6     Various Air temperature .................................................... 135 
4.8.7     Various Cloudy Cover ....................................................... 136 
4.8.8     Summary of ALOHA Sensitivity Analysis .................... 138 

4.9       Monthly Scenarios with Application of ArcGIS by ALOHA .. 139 
4.10     ALOHA Validation .................................................................. 147 
4.11     Model Combination (Integration) Results ................................ 148 
4.12     Conclusion ................................................................................ 153 

 

 

5                  DISCUSSION ....................................................................................... 154 
5.1 Introduction ............................................................................... 154 

5.2  Oil Pollution Fate and High Risk Areas ................................... 154 
5.3  Project Risk Assessment ........................................................... 155 
5.4       Proposal to Improve Management System for Oil Transmission to   

BAORCO to Reduce Pollution ................................................. 157 
5.5       BAORCO Responses and Improvements to the Study  

Recommendations ..................................................................... 160 
5.6      Recommendation to Management Systems ............................... 163 
5.7      Hormozgan Province Environmental Protection Award ........... 163 

 

 

6                  CONCLUSION AND RECOMMENDATION ................................. 164 
6.1 Summary and Conclusion ............................................................... 164 
6.3 Recommendation for Future Studies .............................................. 166 

 

 

REFERENCES ......................................................................................................... 168 
APPENDICES .......................................................................................................... 187 
BIODATA OF STUDENT                                                                                       200 

LIST Of PUBLICATIONS ...................................................................................... 201 
 

 


	MODELING OF OIL SPILL DISPERSION TO IMPROVE MANAGEMENTSYSTEM FOR ENVIRONMENTAL PROTECTION OFPORT RAJEE, IRAN
	Abstract
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



