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1.0 INTRODUCTION 

 

The RAPID Refinery Cracker Complex was originally designed to produce 

diesel that meet the EURO 5 specifications and MOGAS (motor gasoline) that 

meet EURO 4 specifications. To upgrade and meet the EURO 5 MOGAS 

specifications, the Refinery and Cracker Complex has been expanded to 

include additional units as listed below: 

 

1. 2nd Stage Cracked Naphtha Hydrotreating (CNHT 2) Unit 

2. Etherification Unit Tertiary-Armyl-Methyl-Ether (TAME) Unit 

3. Isomerization Unit 

4. Additional Storage Tanks which consist of: 

 

i. Two Tertiary-Armyl-Methyl-Ether (TAME) storage tanks 

ii. Two Isomerate storage tanks 

iii. One Medium Cracked Naphtha (MCN) storage tank 

 

Besides that, there will be new olefin storage tankages located in the current 

refinery tank farms which consists of: 

 

1. Four mounded bullets for Butadiene Storage 

2. One Ethylene Tank 

3. Four spheres for Propylene Storage 

 

Details of the additional units are described in Volume 1, Chapter 2. This 

additional information report conducted studies to assess the impacts from 

these new process units and tank farms in the Refinery and Cracker 

Complex.
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2.0 STUDY APPROACH AND METHODOLOGY. 

 

The air dispersion study in this Addendum report was conducted in 

accordance with the United States Environmental Protection Agency 

(USEPA) Guideline on Air Quality Models (GAQM; as incorporated in 

Appendix W of 40 CFR Part 51) with AERMOD dispersion model. 

 

The approach and methodology for this study are further detailed out in 

Volume 1, Chapter 3 

 

2.1 Scope of Study 

 

In this Additional Information study, the scope of work focuses on the updated 

and latest available information of the Refinery & Cracker Complex. Among 

the scope of works are; 

 

a) Identify new and update existing sources of air emissions in the 

Refinery and Cracker Complex; 

b) To assess the impacts of these changes by modelling using the same 

AERMOD model. 

c) To assess the latest generated results with the regulatory and/or 

guideline limits to determine the acceptance level. In the event of 

breaches of limits and/or guideline values, modifications of project 

design and/or process parameters for the contributing packages and 

its units within the Refinery and Cracker Complex will be proposed as 

mitigation measures; 

d) To propose mitigation measures to ensure that the residual impacts 

after implementation of the mitigation measures do not pose short- 

and long-term adverse impacts to the physical and human 

environment 
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2.2 Applicable Regulatory Framework 

 

Compliance to the ambient ground level concentration shall be referred to the 

Malaysian Ambient Air Quality Standards, 2013 (Standard 2020) (Table ‎2-1). 

 

Table ‎2-1: Emission Concentration Limit and Malaysian Ambient Air Quality Standards 
2013 (Standard 2020) 

No. Pollutant MAAQG 
MAAQS 2013  

(Standard 2020) 

1. 

Sum of NO and NO2 expressed as NO2 

 1 hour 

 24 hour 

 
 

320 µg/m
3 

75 µg/m
3
 

 
 

280 µg/m
3 

70 µg/m
3 

2. 

Sum of SO2 and SO3 expressed as SO2 

 1 hour 

 24 hour 

 
 

350 µg/m
3 

105 µg/m
3
 

 
 

250 µg/m
3 

80 µg/m
3
 

3. 

CO 

 1 hour 

 8 hour 

 
35,000 µg/m

3 

10,000 µg/m
3
 

 
30,000 µg/m

3 

10,000 µg/m
3
 

4. 

TSP 

 24 hour 

 Annual 

 
260 µg/m

3 

90 µg/m
3
 

 
- 
-
 

5. 

PM10 

 24 hour 

 Annual 

 
150 µg/m

3 

50 µg/m
3
 

 
100 µg/m

3 

40 µg/m
3 

6. 

PM2.5 

 24 hour 

 Annual 

- 
 

35 µg/m
3 

15 µg/m
3 

Note: The previous Malaysian Ambient Air Quality Guidelines (MAAQG) is shown for 

comparison purposes. The Malaysian Ambient Air Quality Standard (MAAQS 2013) 

was introduced in the second quarter of 2015   

 

Hydrogen Chloride, Ammonia, Mercury, Hydrogen Sulphide and VOCs are 

identified to be present in the emission sources and modelled for the 

dispersion. Since these pollutants do not have compliance limits under the 

Malaysian Ambient Air Quality Standards 2013 (Standard 2020), these 

parameters will be assessed under Health Impact Assessment (Volume 2, 

Appendix 2). 

 

The regulatory compliance for stack emissions limit shall be designed to 

meet the emission limit as specified in the Clean Air Regulation (CAR) 2014 
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that is applicable for the refinery and cracker operation. Table ‎2-2 shows the 

emission limits applicable for refineries. However, for the EURO 5 MOGAS 

and Olefin Storage Tankages, the emissions do not fall under any of the 

source types. Nevertheless, the fugitive emission from both of the units are to 

be‎ minimized‎ in‎ accordance‎ to‎ the‎ DOE‎ Malaysia’s‎ guidance‎ document‎

entitled‎ “Best Available Techniques Guidance Document on Storage and 

Handling of Petroleum Products”. 

 

Table ‎2-2: Clean Air Regulation 2014 - Oil and Gas Industries: Refineries (All Sizes); 
Natural Gas Processing and Storage; Storage and Handling of Petroleum Products. 

SOURCE POLLUTANT LIMIT VALUE MONITORING 

Claus plant Sulphur Recovery > 95% periodic 

Catalytic cracking 

Total PM 40 mglm3 continuous 

Sum of S02 and S03, 
expressed as S02 

1200 mglm3 continuous 

Calcination Total PM 40 mglm3 continuous 

Notes: 
1. Gases and vapors of organic substances such as hydrogen and hydrogen sulphide which escape 

from pressure relief fittings and blow-down systems shall be fed into a gas collecting system. 
2. The collected gases shall be combusted in process furnaces if this is feasible. If this is not 

feasible, the gases shall be fed into a flare. 
3. Waste gases continually produced by processing systems and waste gases occurring during the 

regeneration of catalysts, inspections and cleaning operations shall be fed into a post-combustion 
facility, or equivalent measures to reduce emissions shall be applied. 

4. Gaseous and vaporous organic compounds shall be indicated as total organic carbon. 
5. Fugitive emissions of volatile organic substances shall be minimized according to the respective 

Best Available Techniques Economically Achievable Guidance Document. 
6. For compliance check a "Leakage Detection and Repair Program" shall be implemented as 

outlined in the Guidance Document on Leak Detection and Repair Program for Oil and Gas 
Industries in a manner as specified and approved by the Director General. 

 
 

2.3 Identification of Sensitive Receptors 

 

The identified sensitive receptors are shown in Volume 1, Chapter 3 and 

Chapter 4. 
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2.4 Sources of Air Emission 

 

Sources of air emissions captured in this Additional Information report 

includes the following 

 

a) Emission sources from the EURO 5 MOGAS Units and Olefins 

Storage Tankages 

b) Emission Sources from the Refinery Cracker Complex  

c) Emission Sources from RAPID Complex which include the 

Petrochemical Complex, Utilities and Pengerang Cogeneration Plant. 

 

The list of emission sources are tabulated in Table ‎2-3. The data from other 

RAPID components and the model set up for the emission sources are 

assumed to be the same and remain unchanged in the air dispersion model 

setup. 



 

ADDITIONAL INFORMATION TO THE DEIA REFINERY AND PETROCHEMICAL INTEGRATED DEVELOPMENT (RAPID) 
PROJECT, PENGERANG JOHOR, 2012 TO INCLUDE EURO 5 MOGAS AND OLEFIN TANK UNITS 

 APPENDIX 1 
GASEOUS DISPERSION STUDY 

 

 

Page | 6 

Table ‎2-3: List of Air Emission Sources Identified for RAPID Complex 

No. Process Unit Source ID Description 

A. Refinery Cracker Complex 

1.  Residue Fluidised Catalytic Cracking RFCC1 Flue Gas Vent 

2.  RFCC2 Flue Gas Vent 

3.  
Crude Distillation Unit 

CDU1 Crude Heater 

4.  CDU2 Crude Heater 

5.  

Atmospheric Residue Desulphurization Unit 

ARDS1 Reactor Heater 

6.  ARDS2 Reactor Heater 

7.  ARDS3 Fractionator Feed Heater 

8.  ARDS4 Reactor Heater 

9.  ARDS5 Reactor Heater 

10.  ARDS6 Fractionator Feed Heater 

11.  Diesel Hydrotreating Unit DHT1 Heater 

12.  Kerosene Hydrotreating Unit KHT1 Heater 

13.  

Cracked Naphtha Hydrotreating Unit 

CNHT1 Heater 

14.  
CNHT2 

(source from EURO5 MOGAS unit) 
Heater 

15.  Naphtha Hydrotreating Unit NHT1 Heater 

16.  

Continuous Catalytic Reformer 

CCR1 Heater 

17.  CCR2 Heater 

18.  CCR3 Heater 

19.  CCR4 Heater 

20.  CCR5 Vent 

21.  

Hydrogen Production Unit 

HPU1 Heater 

22.  HPU2 Heater 

23.  HPU3 Heater 

24.  HPU4 Degasifier Vent 

25.  HPU5 Degasifier Vent 

26.  HPU6 Degasifier Vent 

27.  HPU7 CO2 stripper vent 

28.  Acid Flare System AF1 Acid Flare 

29.  Refinery Flare System RF1 Main Flare 

30.  

Sulphur Recovery Unit  

SRU1 Wet Scrubber 

31.  SRU2 Wet Scrubber 

32.  SRU3 Wet Scrubber 

33.  

Sulphur Solidification Units 

SSU1 Flue Gas Vent 

34.  SSU2 Flue Gas Vent 

35.  SSU3 Flue Gas Vent 

36.  SSU4 Flue Gas Vent 

37.  SSU5 Flue Gas Vent 

38.  

Steam Cracker Complex 

SCC1 Cracking Heater (normal) 

39.  SCC2 Cracking Heater (normal) 

40.  SCC3 Cracking Heater (normal) 

41.  SCC4 Cracking Heater (normal) 

42.  SCC5 Cracking Heater (normal) 

43.  SCC6 Cracking Heater (decoking) 

44.  PGH1 PGH Second Stage Reactor Vent 

45.  SCCF1 Flare 

46.  Refinery Tank Farm RTFF1 Flare 

47.  Olefin Storage CF1 Cold Flare 

B. Petrochemical Complex 

1.  EOEG Thermal Oxidiser TOX1 Thermal Oxidiser 

2.  Polymer Tank Farm Thermal Oxidiser TOX4 Thermal Oxidiser 

3.  SCC Tank Farm Thermal Oxidiser TOX6 Thermal Oxidiser 

4.  PP Regenerative Thermal Oxidiser TOX7 Thermal Oxidiser 

5.  C4-INA Boiler BOILER1 Boiler 

6.  Petrochemical Common Flare PCF1 Flare 

7.  C4-INA Flare C4-INA Flare Flare 

C. Pengerang Cogeneration Plant (PCP) 

1.  HRSG Main Stack PCP1 Vent 

2.  HRSG Main Stack PCP2 Vent 

3.  HRSG Main Stack PCP3 Vent 

4.  HRSG Main Stack PCP4 Vent 

D. Utilities 

1.  Boilers HP Stack Utilities1 Vent 

2.  Boilers HP Stack Utilities2 Vent 

3.  Boilers HHP Stack Utilities3 Vent 
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2.5 Modelling Scenarios 

 

Modelling was conducted for cumulative emissions from all process units in 

the Refinery and Cracker Complex and cumulative emissions from the 

Refinery and Cracker Complex and all RAPID components. Three operating 

condition scenarios, namely normal, abnormal and emergency operating 

condition were assessed.  

 

2.5.1 Normal Operating Condition Scenario 

 

 Normal Scenario is based on normal operating conditions with 

emissions meeting or below stipulate emission limits from all sources; 

 Data input is based on design data input for continuous emissions 

when plants are in operation with normal design conditions.  

 RAPID Complex design philosophy ensures that VOCs and acid 

gases containing toxic pollutants are combusted at the thermal 

oxidizers or acid flare to ensure only traces of these pollutants are 

released into the atmosphere and meeting compliance and health 

limit. All vents during the emergency conditions (pressure built 

up/fire/power failure event) are routed to the flare system. 

 

2.5.2 Abnormal Operating Condition Scenario 

 

 Abnormal scenario is based on only one emission control failure event 

at a time or based on the worst-case pollutant load released from a 

selected failure event. 

 During abnormal operation of Refinery Cracker Complex process 

units, waste gasses are release to the atmosphere and this is 

expected to be temporary, thus modelling shall be modelled for 1 hour 

averaging time for all parameters. 
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2.5.3 Emergency Operating Condition Scenario 

 

 Emergency scenario is based on full load of the refinery flare in the 

event of total failure of all emission controls in the refinery and all 

untreated emissions are directed to the refinery flare. There is no 

venting of untreated gaseous pollutants. 

 Operating philosophy for all RAPID facilities shall be that during fire 

and power failure cases, all vented emissions shall be routed to the 

flare system. 

 For the selection of the emergency air dispersion modeling scenario 

shall be one flare failure at a time and selection of the worst-case 

scenario will be from the highest flare load. The highest flare load shall 

be the refinery flare. 

 Study had been made by considering Refinery flare in the event where 

there is general electrical power failure where the load is coming from 

refinery flare and acid flare load.  

 Model data input for refinery flare stack are as below: 

 

Height:   92 meters 

Diameter:  2.13 meters 

Exit Velocity:  20 m/s (default value) 

Exit Temperature: 1000‎⁰C‎(default value) 

Volume flow rate: 21,503,453 Nm3/hr. 

Pollutant Emission Rate (g/s):  

 PM10:  608.3 

 PM2.5:   365.0 

 NO2:   492.9 

 CO:   2682.2 

 SO2:   6366.0 

 NMVOC:  5397.2 

 H2S:   69.3 

 

During emergency operation of Refinery Cracker Complex, the waste gasses 

are flared and this is expected to be temporary, thus the modelling shall be 
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modelled for 1 hour averaging time for all parameters. This assumption 

represents the most conservative estimation of emergency operation. 

 

Other RAPID components remain as in normal operating condition when 

other RAPID components are included in the cumulative emissions modelling 

assessment.   

 

2.5.4 Model Setup 

 

AERMOD Version 15181 was used in this Additional Information study. 

AERMOD is a refined dispersion model for simple and complex terrain for 

receptors within 50 km of a modelled source.  AERMOD is a steady-state 

plume model. In the stable boundary layer (SBL), it assumes the 

concentration distribution to be Gaussian in both the vertical and horizontal 

planes. In the convective boundary layer (CBL), the horizontal distribution is 

also assumed to be Gaussian, but the vertical distribution is described with a 

bi-Gaussian probability density function (pdf).   

 

Additionally,‎in‎the‎CBL,‎AERMOD‎treats‎“plume‎lofting,”‎whereby‎a‎portion‎of‎

plume mass, released from a buoyant source, rises to and remains near the 

top of the planetary boundary layer (PBL) before becoming mixed into the 

CBL. AERMOD also tracks any plume mass that penetrates into the elevated 

stable layer, and then allows it to re-enter the boundary layer when and if 

appropriate.  For sources in both the CBL and the SBL, AERMOD treats the 

enhancement of lateral dispersion resulting from plume meander.  

 

AERMOD incorporates current concepts about flow and dispersion in 

complex terrain. Where appropriate, the plume is modelled as either 

impacting and/or following the terrain, thus AERMOD removes the need for 

defining complex terrain regimes.  All terrain is handled in a consistent and 

continuous manner while considering the dividing streamline concept in stably 

stratified conditions.  
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2.5.5 Modelling Input Data  

 

The inputs in the model set up include the followings: 

 Emission sources 

 Emission rate 

 Meteorological data 

 Local terrain and receptor grid 

 Sensitive receptor locations. 

 

For this study, five years of hourly meteorological data (surface and upper air 

data) for the years 2010 to 2014 generated by the Mesoscale Meteorological 

Model (MM5) was used in the modelling. 

 

The effect of terrain on dispersion was accounted in the study. 

 

A multi-tier receptor grid extending up to 15 km from the RAPID boundary 

embedded with 11 sensitive receptors was used for this modelling exercise. 

The sensitive receptors with its coordinates are listed in Volume 1, Chapter 3 

and Chapter 4. 

 

2.5.6 Emission Sources and Characteristics 

 

Tabulated below in Table ‎2-4 – Table ‎2-6 are the source characteristics of 

the Refinery and Cracker Complex and other RAPID components emission 

sources used in the dispersion modelling. 
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Table ‎2-4: Inventory of Current Air Pollution Sources and Emission Characteristics for the RAPID Refinery Cracker Complex (Normal Operation) 

No 
Source 

ID 
Description 

Stack 
Height 

(m) 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(⁰C) 

Volume Flow 
Rate (Nm

3
/hr) 

UTM Coordinate (Zone 48 N) 
(m) 

Emission Rate (g/s) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S 

1 RFCC1 Flue Gas Stack 109 4.5 14.58 60.55 683,313 407078.30 151599.36 1.5 0.460 46.4 32.0 25.0 - - - - 

2 RFCC2 Flue Gas Stack 109 4.5 14.58 60.55 683,313 407308.57 151599.36 1.5 0.460 46.4 32.0 25.0 - - - - 

3 CDU1 Crude Heater 67 2.87 12.27 201 164,621 407293.38 151114.65 0.089 0.089 2.9 1.0 0.572 - - - - 

4 CDU2 Crude Heater 67 2.87 12.27 201 164,621 407293.38 151066.95 0.089 0.089 2.9 1.0 0.572 - - - - 

5 ARDS1 Reactor Heater 61.5 1.15 12.51 164 29,229 407136.48 151467.32 0.019 0.019 0.389 0.2 0.100 - - - - 

6 ARDS2 Reactor Heater 61.5 1.15 12.51 164 29,229 407019.64 151466.58 0.019 0.019 0.389 0.2 0.100 - - - - 

7 ARDS3 
Fractionator Feed 
Heater 

50 0.65 8.64 178 6,249 407022.33 151249.38 0.008 0.008 0.169 0.1 0.044 - - - - 

8 ARDS4 Reactor Heater 61.5 1.15 8.68 164 20,280 406963.68 151466.59 0.019 0.019 0.389 0.2 0.100 - - - - 

9 ARDS5 Reactor Heater 61.5 1.15 8.68 164 20,280 407192.46 151467.33 0.019 0.019 0.389 0.2 0.100 - - - - 

10 ARDS6 
Fractionator Feed 
Heater 

50 0.65 8.64 178 6,249 407200.33 151249.39 0.008 0.008 0.169 0.1 0.044 - - - - 

11 DHT1 
Diesel Hydrotreating 
(DHT)  

47.6 1.68 7.62 254 31,509 407623.24 151616.53 0.016 0.010 1.4 - 0.200 - 0.069 - - 

12 KHT1 
Kerosene 
Hydrotreating (KHT)  

39.85 0.88 13 325 12,998 407626.81 151726.48 0.007 0.004 0.060 - 0.086 - 0.029 - - 

13 CNHT1 
Cracked Naphtha 
Hydrotreating (CNHT) 

51 0.66 15 348 8,124 407626.81 151831.96 0.004 0.003 0.350 - 0.052 - 0.018 - - 

14 CNHT2 
Cracked Naphtha 
Hydrotreating (CNHT) 
– EURO5 MOGAS unit 

51 0.66 15 348 9,623 407717.05 151757.31 0.011 0.011 0.744 0.117 0.031 - 0.022 - - 

15 NHT1 
Naphtha Hydrotreating 
(NHT)  

38.3 0.88 12 315 12,203 407593.93 151892.74 0.006 0.004 0.517 - 0.078 - 0.027 - - 

16 CCR1 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - 

17 CCR2 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - 

18 CCR3 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - 
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No 
Source 

ID 
Description 

Stack 
Height 

(m) 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(⁰C) 

Volume Flow 
Rate (Nm

3
/hr) 

UTM Coordinate (Zone 48 N) 
(m) 

Emission Rate (g/s) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S 

19 CCR4 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - 

20 CCR5 
Continuous Catalytic 
Reformer (CCR) 

23.2 0.64 0.46 44 344 407661.00 151948.88 - - - - - - - - - 

21 HPU1 
Hydrogen Production 
(HPU) 

45 2.75 20.1 150 277,435 407510.45 151421.28 - - 4.8 2.5 0.260 - 0.586 - - 

22 HPU2 
Hydrogen Production 
(HPU) 

45 2.75 20.1 150 277,435 407605.62 151421.21 - - 4.8 2.5 0.260 - 0.586 - - 

23 HPU3 
Hydrogen Production 
(HPU) 

45 2.75 20.1 150 277,435 407707.59 151421.15 - - 4.8 2.5 0.260 - 0.586 - - 

24 HPU4 
Hydrogen Production 
(HPU) 
Degasifier Vent 

21.2 0.08 10.224 40 161 407476.60 151491.27 - - - 0.527 - 0.002 - - - 

25 HPU5 
Hydrogen Production 
(HPU) 
Degasifier Vent 

21.2 0.08 10.224 40 161 407571.68 151491.21 - - - 0.527 - 0.002 - 0.045 - 

26 HPU6 
Hydrogen Production 
(HPU) 
Degasifier Vent 

21.2 0.08 10.224 40 161 407667.65 151491.15 - - - 0.527 - 0.002 - 0.045 - 

28 HPU7 
Hydrogen Production 
(HPU) 
CO2 stripper vent 

22.2 0.25 22 50 3,286 407621.66 151342.13 - - - 1.4 - - - 0.045 - 

29 SRU1 SRU Unit 1 105 2.5 8.38 74.3 116,419 407213.08 152216.63 - - 10.3 2.3 3.4 - - - 0.167 

30 SRU2 SRU Unit 2 105 2.5 8.38 74.3 116,419 407312.43 152216.63 - - 10.3 2.3 3.4 - - - 0.167 

31 SRU3 SRU Unit 3 105 2.5 8.38 74.3 116,419 407417.96 152216.63 - - 10.3 2.3 3.4 - - - 0.167 

32 SSU1 SSU Unit 1 12.1 0.39 15.32 80 5,096 407711.37 152231.87 - - - - 0.083 - - - - 

33 SSU2 SSU Unit 2 12.1 0.39 15.32 80 5,096 407711.37 152217.22 - - - - 0.083 - - - - 

34 SSU3 SSU Unit 3 12.1 0.39 15.32 80 5,096 407711.37 152201.93 - - - - 0.083 - - - - 

35 SSU4 SSU Unit 4 12.1 0.39 15.32 80 5,096 407711.37 152190.08 - - - - 0.083 - - - - 

36 SSU5 SSU Unit 5 12.1 0.39 15.32 80 5,096 407711.37 152178.23 - - - - 0.083 - - - - 

37 SCC1 
Cracking Heater 
(normal) 

59.2 3.3 10.1 112.85 220,067 406166.00 151560.20 0.145 0.116 8.6 2.6 - - - - - 

38 SCC2 
Cracking Heater 
(normal) 

59.2 3.3 10.1 112.85 220,067 406166.00 151541.20 0.145 0.116 8.6 2.6 - - - - - 
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No 
Source 

ID 
Description 

Stack 
Height 

(m) 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(⁰C) 

Volume Flow 
Rate (Nm

3
/hr) 

UTM Coordinate (Zone 48 N) 
(m) 

Emission Rate (g/s) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S 

39 SCC3 
Cracking Heater 
(normal) 

59.2 3.3 10 105.85 221,913 406166.00 151522.00 0.147 0.117 8.7 2.6 - - - - - 

40 SCC4 
Cracking Heater 
(normal) 

59.2 3.3 10 105.85 221,913 406166.00 151502.50 0.147 0.117 8.7 2.6 - - - - - 

41 SCC5 
Cracking Heater 
(normal) 

59.2 3.3 10 105.85 221,913 406165.90 151483.10 0.147 0.117 8.7 2.6 - - - - - 

42 SCC6 
Cracking Heater 
(decoking) 

59.2 3.3 11.1 299.85 162,926 406165.90 151463.70 1.8 1.8 7.5 1.8 - - - - - 

 
 

Table ‎2-5: Inventory of Emission Sources Form Other RAPID Complex Components 

No 
Source 

ID 
Description 

Stack Height 
(m) 

Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temperature 
(C) 

UTM Coordinate (Zone 48 N) 
(m) 

UTM Coordinate (Zone 48 N) (m) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S 

A. Petrochemical Complex 

1 TOX1 EOEG Thermal Oxidiser 30 1 8 200 405246.36 151618.80 0.126 0.072 1.0 3.2 - - - - - 

2 TOX4 
Polymer Tank Farm Thermal 
Oxidiser 

45 1 8 200 405747.31 150913.71 0.136 0.078 1.0 3.4 - - - - - 

3 TOX6 
SCC Tank Farm Thermal 
Oxidiser 

45 1 8 200 406021.25 151809.11 0.136 0.078 1.0 3.4 - - - - - 

4 TOX7 
PP Regenerative Thermal 
Oxidiser 

45 1 8 200 406028.56 150538.71 0.136 0.078 1.0 3.4 - - - - - 

5 BOILER1 C4 INA Boiler 25 1.3 9.84 150 406034.75 151157.79 0.316 0.180 2.4 8.0 - - - - - 

6 FLARE1 C4 INA Flare 100 0.6 20 
Note2

 1000 
Note2

 406072.84 151145.05 - - 19.6 106.8 - - - - - 

7 PCF1 Petrochemical Common Flare 125 1.5 20 
Note2

 1000 
Note2

 406036.41 152179.97 - - 0.083 0.483 - - - - - 

B. Pengerang Cogeneration Plant (PCP) 

1 PCP1 HRSG Main Stack 40 8.5 51.48 680 408283.40 152056.60 2.2 2.2 43.5 27.4 1.1 - - - - 

2 PCP2 HRSG Main Stack 40 8.5 51.48 680 408239.58 152056.60 2.2 2.2 43.5 27.4 1.1 - - - - 

3 PCP3 HRSG Main Stack 40 8.5 51.48 680 408102.58 152056.60 2.2 2.2 43.5 27.4 1.1 - - - - 

4 PCP4 HRSG Main Stack 40 8.5 51.48 680 408054.81 152056.60 2.2 2.2 43.5 27.4 1.1 - - - - 

C. Utilities 

1 Utilities1 Boilers HP 68 2.5 8.82 270 406503.95 151668.69 0.081 0.081 5.0 0.811 0.203 - - - - 

2 Utilities2 Boilers HP 68 2.5 8.82 270 406544.47 151669.23 0.081 0.081 5.0 0.811 0.203 - - - - 

3 Utilities3 Boilers HHP 83 3.5 12.69 144 406464.34 151668.7 0.297 0.297 5.0 3.0 0.747 - - - - 

Note:  

Note1: Effective flare calculation 

Note2: Default value 
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Table ‎2-6: Inventory of Current Air Pollution Sources and Emission Characteristics for the RAPID Refinery Cracker Complex (Abnormal Operation) 

No 
Source 

ID 
Description 

Stack 
Height 

(m) 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(⁰C) 

Volume Flow 
Rate 

(Nm
3
/hr) 

UTM Coordinate (Zone 48 N) 
(m) 

Emission Rate (g/s) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S UHC* 

1 RFCC1 Flue Gas Stack 
Note1

 109 4.5 18.23 289.94 596,455 407078.30 151599.36 22.4 7.010 41.9 27.9 700 - - - - - 

2 RFCC2 Flue Gas Stack 109 4.5 14.58 60.55 683,313 407308.57 151599.36 1.5 0.460 46.4 32.0 25.0 - - - - - 

3 CDU1 Crude Heater 67 2.87 12.27 201 164,621 407293.38 151114.65 0.089 0.089 2.9 1.0 0.572 - - - - - 

4 CDU2 Crude Heater 67 2.87 12.27 201 164,621 407293.38 151066.95 0.089 0.089 2.9 1.0 0.572 - - - - - 

5 ARDS1 Reactor Heater 61.5 1.15 12.51 164 29,229 407136.48 151467.32 0.019 0.019 0.389 0.2 0.100 - - - - - 

6 ARDS2 Reactor Heater 61.5 1.15 12.51 164 29,229 407019.64 151466.58 0.019 0.019 0.389 0.2 0.100 - - - - - 

7 ARDS3 
Fractionator Feed 
Heater 

50 0.65 8.64 178 6,249 407022.33 151249.38 0.008 0.008 0.169 0.1 0.044 - - - - - 

8 ARDS4 Reactor Heater 61.5 1.15 8.68 164 20,280 406963.68 151466.59 0.019 0.019 0.389 0.2 0.100 - - - - - 

9 ARDS5 Reactor Heater 61.5 1.15 8.68 164 20,280 407192.46 151467.33 0.019 0.019 0.389 0.2 0.100 - - - - - 

10 ARDS6 
Fractionator Feed 
Heater 

50 0.65 8.64 178 6,249 407200.33 151249.39 0.008 0.008 0.169 0.1 0.044 - - - - - 

11 DHT1 
Diesel Hydrotreating 
(DHT) 

Note1
 

47.6 1.68 11.7 508 32,649 407623.24 151616.53 0.017 0.01 1.5 - 0.209 - 0.071 - - - 

12 KHT1 
Kerosene 
Hydrotreating (KHT)  

39.85 0.88 13 325 12,998 407626.81 151726.48 0.007 0.004 0.060 - 0.086 - 0.029 - - - 

13 CNHT1 
Cracked Naphtha 
Hydrotreating (CNHT) 

51 0.66 15 348 8,124 407626.81 151831.96 0.004 0.003 0.350 - 0.052 - 0.018 - - - 

14 CNHT2 

Cracked Naphtha 
Hydrotreating (CNHT) 
– EURO5 MOGAS 
unit 

51 0.66 15 348 9,623 407717.05 151757.31 0.011 0.011 0.744 0.117 0.031 - 0.022 - - - 

15 NHT1 
Naphtha Hydrotreating 
(NHT)  

38.3 0.88 12 315 12,203 407593.93 151892.74 0.006 0.004 0.517 - 0.078 - 0.027 - - - 

16 CCR1 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - - 

17 CCR2 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - - 

18 CCR3 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - - 
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No 
Source 

ID 
Description 

Stack 
Height 

(m) 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(⁰C) 

Volume Flow 
Rate 

(Nm
3
/hr) 

UTM Coordinate (Zone 48 N) 
(m) 

Emission Rate (g/s) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S UHC* 

19 CCR4 
Continuous Catalytic 
Reformer (CCR) 

66 1.95 7.5 174.7 52,051 407661.00 151956.00 0.025 0.015 3.3 - 0.311 - 0.107 - - - 

20 CCR5 
Continuous Catalytic 
Reformer (CCR) 

23.2 0.64 0.46 44 344 407661.00 151948.88 - - - - - - - - - - 

21 HPU1 
Hydrogen Production 
(HPU) 

Note1
 

45 2.75 10.3 150 142,168 407510.45 151421.28 - - 9.2 2.2 0.299 - 0.586 - - - 

22 HPU2 
Hydrogen Production 
(HPU) 

Note1
 

45 2.75 10.3 150 142,168 407605.62 151421.21 - - 9.2 2.2 0.299 - 0.586 - - - 

23 HPU3 
Hydrogen Production 
(HPU) Note1 

45 2.75 10.3 150 142,168 407707.59 151421.15 - - 9.2 2.2 0.299 - 0.586 - - - 

24 HPU4 
Hydrogen Production 
(HPU) 
Degasifier Vent 

21.2 0.08 10.224 40 161 407476.60 151491.27 - - - 0.527 - 0.002 - - - - 

25 HPU5 
Hydrogen Production 
(HPU) 
Degasifier Vent 

21.2 0.08 10.224 40 161 407571.68 151491.21 - - - 0.527 - 0.002 - 0.045 - - 

26 HPU6 
Hydrogen Production 
(HPU) 
Degasifier Vent 

21.2 0.08 10.224 40 161 407667.65 151491.15 - - - 0.527 - 0.002 - 0.045 - - 

27 HPU7 
Hydrogen Production 
(HPU) 
CO2 stripper vent 

22.2 0.25 22 50 3,286 407621.66 151342.13 - - - 1.4 - - - 0.045 - - 

28 AF1 
Acid Flare System 
Note1

 
92 1.83 20 1000 40,630 406610.19 152213.44 0.497 0.298 0.214 1.2 6.0 - 1.9 - - - 

29 SRU1 SRU Unit 1 Note1 105 2.5 10.7 352 82,618 407213.08 152216.63 - - 14.6 3.2 4.9 - - - 0.222 - 

30 SRU2 SRU Unit 2 105 2.5 8.38 74.3 116,419 407312.43 152216.63 - - 10.3 2.3 3.4 - - - 0.167 - 

31 SRU3 SRU Unit 3 105 2.5 8.38 74.3 116,419 407417.96 152216.63 - - 10.3 2.3 3.4 - - - 0.167 - 

32 SSU1 SSU Unit 1 12.1 0.39 15.32 80 5,096 407711.37 152231.87 - - - - 0.083 - - - - - 

33 SSU2 SSU Unit 2 12.1 0.39 15.32 80 5,096 407711.37 152217.22 - - - - 0.083 - - - - - 

34 SSU3 SSU Unit 3 12.1 0.39 15.32 80 5,096 407711.37 152201.93 - - - - 0.083 - - - - - 

35 SSU4 SSU Unit 4 12.1 0.39 15.32 80 5,096 407711.37 152190.08 - - - - 0.083 - - - - - 

36 SSU5 SSU Unit 5 12.1 0.39 15.32 80 5,096 407711.37 152178.23 - - - - 0.083 - - - - - 
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No 
Source 

ID 
Description 

Stack 
Height 

(m) 

Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temperature 

(⁰C) 

Volume Flow 
Rate 

(Nm
3
/hr) 

UTM Coordinate (Zone 48 N) 
(m) 

Emission Rate (g/s) 

X Y PM10 PM2.5 NO2 CO SO2 NH3 NMVOC Methanol H2S UHC* 

37 SCC1 
Cracking Heater 
(normal) 

59.2 3.3 10.1 112.85 220,067 406166.00 151560.20 0.145 0.116 8.6 2.6 - - - - - - 

38 SCC2 
Cracking Heater 
(normal) 

59.2 3.3 10.1 112.85 220,067 406166.00 151541.20 0.145 0.116 8.6 2.6 - - - - - - 

39 SCC3 
Cracking Heater 
(normal) 

59.2 3.3 10 105.85 221,913 406166.00 151522.00 0.147 0.117 8.7 2.6 - - - - - - 

40 SCC4 
Cracking Heater 
(normal) 

59.2 3.3 10 105.85 221,913 406166.00 151502.50 0.147 0.117 8.7 2.6 - - - - - - 

41 SCC5 
Cracking Heater 
(normal) 

59.2 3.3 10 105.85 221,913 406165.90 151483.10 0.147 0.117 8.7 2.6 - - - - - - 

42 SCC6 
Cracking Heater 
(decoking) 

59.2 3.3 11.1 299.85 162,926 406165.90 151463.70 1.8 1.8 7.5 1.8 - - - - - - 

43 SCCF1 SCC Flare 
Note1

 150 2.2 0.241 1000 708 406000.00 152230.00 2.2 2.8 1.4 5.6 - - - - - - 

44 PGH1 
PGH Second Stage 
Reactor 

Note1
 

34.4 0.976 33.7 479.85 32925 405905.00 151635.00 - - - - 39.2 - - - - - 

45 RTFF1 
Refinery Tank Farm 
Flare 

Note1
 

24 0.4572 20 1000 2536 406831.06 149597.35 - - 35.0 - 733.0 - - - 8.0 72.0 

46 CF1 
Olefin Storage Cold 
Flare 

Note1
 

24 0.4572 20 1000 2536 406893.14 149657.04 - - 5.7 30.8 - - - - - - 

Note: 
Note1: Abnormal operation 
UHC*: unburnt hydrocarbon 
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2.6 Model Output 

 

The following iso-contours were generated in accordance with MAAQS, 2013 

requirements and other reference values as shown in Table ‎2-7 below. 

 

Table ‎2-7: Modelling Parameters and Averaging Times 

Parameter Averaging Time 

TSP Maximum 24-hour and annual average incremental concentration 

PM10 Maximum 24-hour and annual average incremental concentration 

PM2.5 Maximum 24-hour and annual average incremental concentration 

NO2 Maximum 1-hour and 24-hour average incremental concentration 

CO Maximum 1-hour and 8-hour average incremental concentration 

SO2 Maximum 1-hour and 24-hour average incremental concentration 

NH3 Maximum 1-hour, 8-hour and 24-hour average incremental 
concentration 

H2S Maximum 1-hour, 8-hour and 24-hour average incremental 
concentration 

VOC Maximum 1-hour, 8-hour and 24-hour average incremental 
concentration 

 
When there is non-compliance of NO2 to the MAAQS, 2013 (2020) limit for 

cumulative emissions, the multi-tier approach as recommended by the United 

States Environmental Protection Agency (USEPA, 2011) will be adopted. The 

multi-tier approach is elaborated as follows: 

 

Tier 1: Assumes full conversion of NO to NO2 and if the predicted 

concentration exceeds the regulatory NO2 guideline, the Tier 2 

approach will be used. 

 

Tier 2: Applies the ambient ratio of NO2/ NOx (nitrogen oxides) to Tier 

1 results with the use of 0.80 as a default ambient ratio for the 1-hour 

average NO2 standard without additional justification; and 

 

Tier 3: Is a detailed screening method selected on a case-by-case 

basis. Detailed screening technique such as the OLM (Ozone Limiting 

Method) and PVMRM (Plume Volume Molar Ratio Method) options 

within AERMOD default in-stack ratio of NO2/NOx with 0.50 in the 

absence of more appropriate source-specific information on in-stack 

ratios. For OLM, the default background ozone level of 40 ppb was 
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selected. The refined Tier 3 modelling has also been set up to model 

for results within the 98th percentile in accordance to the USEPA 

NAAQS 1-hour NO2 modelling procedure. 

 

The 24 hours average NO2 GLC is not available for Tier 3 when performing 

refined modelling (with percentiles) due to the limitation of the modelling 

setup. 

 

It is to be emphasised that the prescribed standard for 1-hour averaging time 

for NO2 in the MAAQS 2013 (2020) is more stringent than the previous 

superseded MAAQG i.e. from 320 µg/ m3 to 280 µg/m3. Hence, the 

prescribed standard for this current additional information study is more 

stringent in relation to the RAPID DEIA 2012 assessment. 

 

3.0 MODELLING RESULTS 

 

Modelling was conducted for cumulative emission from the Refinery and 

Cracker Complex and cumulative emissions for the whole RAPID Complex for 

the three scenarios described above. The results of the modelling are 

presented below. 

 

3.1 Emission from the new EURO 5 MOGAS Units and Olefin Storage Tank 

a) Normal 

 

 For normal operating conditions, modelling findings indicate all 

pollutants emitted from EURO5 MOGAS expansion meets the 

Malaysia Ambient Air Quality Standards (MAAQS) Standard 

2020 at all identified sensitive receptor locations. Vent is 

routed from the CHNT2 heater unit to atmosphere from this 

emission source; 

 There is no continuous emission source from Olefin Storage 

tankages as vent is routed to either the Cold Flare or routed to 

the Refinery Tank Farm Flare. The cold flare system is a 
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compression system that is dedicated to collect vents from 

pressurized ethylene storage system to be released 

intermittently. Hence, this dispersion will be considered under 

abnormal and emergency scenario. 

 

b) Abnormal 

 

 No abnormal emission modeling conducted for EURO 5 

MOGAS unit. Vent is routed to CHNT2 Unit to be treated 

before discharged to atmosphere from this emission source;  

 During abnormal operation, the emission source from Olefin 

Storage tankages as vent is routed to Cold Flare located within 

the Olefin Storage Tank boundary. The predicted GLCs of CO 

is below the required respective MAAQS (Standard 2020) at all 

receptors for the maximum 1 hour average concentration while 

the predicted maximum GLC of NO2 exceeds the stipulated 

limit but it is located within the RAPID Complex. 
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Table ‎3-1 Predicted Incremental GLC and Cumulative GLC for EURO 5 MOGAS Unit (Normal Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

 

EURO 5 MOGAS 

Pollutant: PM10 

24 hrs Average 

Limit: 100 g/m
3
 

Tg. Pengelih 24 

0.034 

(Bukit Pengerang) 

0.0012 24.0 

Pengelih Naval Base 24 0.0339 24.0 

Kg. Pengerang 36 0.0019 36.0 

Kg. Sg. Kapal 25 0.0068 25.0 

Taman Rengit Jaya 38 0.0050 38.0 

Kg. Sg. Buntu 28 0.0039 28.0 

Kg. Bukit Buloh 31 0.0017 31.0 

Kg. Sg. Rengit 20 0.0014 20.0 

Kg. Bukit Gelugor 22 0.0015 22.0 

Kg. Lepau 35 0.0017 35.0 

Kg. Pasir Gogok 20 0.0011 20.0 

 

EURO 5 MOGAS 

Pollutant: PM10 

Annual Average 

Limit: 40 g/m
3
 

Tg. Pengelih NM 

0.004 

(Within RAPID) 

0.00003 NA 

Pengelih Naval Base NM 0.00050 NA 

Kg. Pengerang NM 0.00004 NA 

Kg. Sg. Kapal NM 0.00034 NA 

Taman Rengit Jaya NM 0.00032 NA 

Kg. Sg. Buntu NM 0.00026 NA 

Kg. Bukit Buloh NM 0.00014 NA 

Kg. Sg. Rengit NM 0.00009 NA 

Kg. Bukit Gelugor NM 0.00007 NA 

Kg. Lepau NM 0.00011 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Pasir Gogok NM 0.00004 NA 

 

EURO 5 MOGAS 

Pollutant: PM2.5 

24 hrs Average 

Limit: 35 g/m
3
 

Tg. Pengelih NM 

0.034 

(Bukit Pengerang) 

0.0012 NA 

Pengelih Naval Base NM 0.0339 NA 

Kg. Pengerang NM 0.0019 NA 

Kg. Sg. Kapal NM 0.0068 NA 

Taman Rengit Jaya NM 0.0050 NA 

Kg. Sg. Buntu NM 0.0039 NA 

Kg. Bukit Buloh NM 0.0017 NA 

Kg. Sg. Rengit NM 0.0014 NA 

Kg. Bukit Gelugor NM 0.0015 NA 

Kg. Lepau NM 0.0017 NA 

Kg. Pasir Gogok NM 0.0011 NA 

 

EURO 5 MOGAS 

Pollutant: PM2.5 

Annual Average 

Limit: 15 g/m
3
 

Tg. Pengelih NM 

0.004 

(Within RAPID) 

0.00003 NA 

Pengelih Naval Base NM 0.00050 NA 

Kg. Pengerang NM 0.00004 NA 

Kg. Sg. Kapal NM 0.00034 NA 

Taman Rengit Jaya NM 0.00032 NA 

Kg. Sg. Buntu NM 0.00026 NA 

Kg. Bukit Buloh NM 0.00014 NA 

Kg. Sg. Rengit NM 0.00009 NA 

Kg. Bukit Gelugor NM 0.00007 NA 

Kg. Lepau NM 0.00011 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Pasir Gogok NM 0.00004 NA 

 

EURO 5 MOGAS 

Pollutant: NO2 
Tier1 

1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

25.8 

(Bukit Pengerang) 

0.824 5.8 

Pengelih Naval Base <5 25.8 30.8 

Kg. Pengerang <5 1.2 6.2 

Kg. Sg. Kapal <5 1.7 6.7 

Taman Rengit Jaya <5 2.0 7.0 

Kg. Sg. Buntu <5 1.8 6.8 

Kg. Bukit Buloh <5 1.8 6.8 

Kg. Sg. Rengit ND 1.6 1.6 

Kg. Bukit Gelugor <5 1.6 6.6 

Kg. Lepau <5 1.9 6.9 

Kg. Pasir Gogok ND 1.1 1.1 

 

EURO 5 MOGAS 

Pollutant: NO2 
Tier1 

24 hrs Average 

Limit: 70 g/m
3
 

Tg. Pengelih NM 

2.3 

(Bukit Pengerang) 

0.083 NA 

Pengelih Naval Base NM 2.3 NA 

Kg. Pengerang NM 0.125 NA 

Kg. Sg. Kapal NM 0.454 NA 

Taman Rengit Jaya NM 0.333 NA 

Kg. Sg. Buntu NM 0.262 NA 

Kg. Bukit Buloh NM 0.111 NA 

Kg. Sg. Rengit NM 0.092 NA 

Kg. Bukit Gelugor NM 0.102 NA 

Kg. Lepau NM 0.115 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Pasir Gogok NM 0.072 NA 

 

EURO 5 MOGAS 

Pollutant: SO2 

1 hr Average 

Limit: 250 g/m
3
 

Tg. Pengelih <5 

1.1 

(Bukit Pengerang) 

0.034 5.0 

Pengelih Naval Base <5 1.076 6.1 

Kg. Pengerang <5 0.051 5.1 

Kg. Sg. Kapal <5 0.071 5.1 

Taman Rengit Jaya <5 0.082 5.1 

Kg. Sg. Buntu <5 0.076 5.1 

Kg. Bukit Buloh <5 0.076 5.1 

Kg. Sg. Rengit ND 0.067 0.1 

Kg. Bukit Gelugor <5 0.066 5.1 

Kg. Lepau <5 0.078 5.1 

Kg. Pasir Gogok ND 0.046 0.0 

 

EURO 5 MOGAS 

Pollutant: SO2 

24 hrs Average 

Limit: 80 g/m
3
 

Tg. Pengelih NM 

0.095 

(Bukit Pengerang) 

0.003 NA 

Pengelih Naval Base NM 0.095 NA 

Kg. Pengerang NM 0.005 NA 

Kg. Sg. Kapal NM 0.019 NA 

Taman Rengit Jaya NM 0.014 NA 

Kg. Sg. Buntu NM 0.011 NA 

Kg. Bukit Buloh NM 0.005 NA 

Kg. Sg. Rengit NM 0.004 NA 

Kg. Bukit Gelugor NM 0.004 NA 

Kg. Lepau NM 0.005 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Pasir Gogok NM 0.003 NA 

 

EURO 5 MOGAS 

Pollutant: CO 

1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

4.1 

(Bukit Pengerang) 

0.130 NA 

Pengelih Naval Base NM 4.1 NA 

Kg. Pengerang NM 0.193 NA 

Kg. Sg. Kapal NM 0.270 NA 

Taman Rengit Jaya NM 0.308 NA 

Kg. Sg. Buntu NM 0.288 NA 

Kg. Bukit Buloh NM 0.286 NA 

Kg. Sg. Rengit NM 0.254 NA 

Kg. Bukit Gelugor NM 0.250 NA 

Kg. Lepau NM 0.296 NA 

Kg. Pasir Gogok NM 0.172 NA 

 

EURO 5 MOGAS 

Pollutant: CO 

8 hrs Average 

Limit: 10,000 g/m
3
 

Tg. Pengelih <100 

1.1 

(Bukit Pengerang) 

0.032 100.0 

Pengelih Naval Base <100 1.1 101.1 

Kg. Pengerang <100 0.050 100.1 

Kg. Sg. Kapal <100 0.148 100.1 

Taman Rengit Jaya <100 0.116 100.1 

Kg. Sg. Buntu <100 0.090 100.1 

Kg. Bukit Buloh <100 0.044 100.0 

Kg. Sg. Rengit ND 0.035 0.0 

Kg. Bukit Gelugor <100 0.031 100.0 

Kg. Lepau <100 0.052 100.1 

Kg. Pasir Gogok ND 0.023 0.0 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

 

EURO 5 MOGAS 

Pollutant: NMVOC 

1 hr Average 

Limit: NA 

Tg. Pengelih NM 

0.764 

(Bukit Pengerang) 

0.024 NA 

Pengelih Naval Base NM 0.764 NA 

Kg. Pengerang NM 0.036 NA 

Kg. Sg. Kapal NM 0.051 NA 

Taman Rengit Jaya NM 0.058 NA 

Kg. Sg. Buntu NM 0.054 NA 

Kg. Bukit Buloh NM 0.054 NA 

Kg. Sg. Rengit NM 0.048 NA 

Kg. Bukit Gelugor NM 0.047 NA 

Kg. Lepau NM 0.056 NA 

Kg. Pasir Gogok NM 0.032 NA 

 

EURO 5 MOGAS 

Pollutant: NMVOC 

8 hrs Average 

Limit: NA 

Tg. Pengelih NM 

0.201 

(Bukit Pengerang) 

0.006 NA 

Pengelih Naval Base NM 0.201 NA 

Kg. Pengerang NM 0.009 NA 

Kg. Sg. Kapal NM 0.028 NA 

Taman Rengit Jaya NM 0.022 NA 

Kg. Sg. Buntu NM 0.017 NA 

Kg. Bukit Buloh NM 0.008 NA 

Kg. Sg. Rengit NM 0.007 NA 

Kg. Bukit Gelugor NM 0.006 NA 

Kg. Lepau NM 0.010 NA 

Kg. Pasir Gogok NM 0.004 NA 

 EURO 5 MOGAS Tg. Pengelih NM 0.067 0.002 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Pollutant: NMVOC 

24 hrs Average 

Limit: NA 

Pengelih Naval Base NM (Bukit Pengerang) 0.067 NA 

Kg. Pengerang NM 0.004 NA 

Kg. Sg. Kapal NM 0.013 NA 

Taman Rengit Jaya NM 0.010 NA 

Kg. Sg. Buntu NM 0.008 NA 

Kg. Bukit Buloh NM 0.003 NA 

Kg. Sg. Rengit NM 0.003 NA 

Kg. Bukit Gelugor NM 0.003 NA 

Kg. Lepau NM 0.003 NA 

Kg. Pasir Gogok NM 0.002 NA 
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Table ‎3-2 Predicted Incremental GLC and Cumulative GLC for Olefin Storage Tank (Abnormal Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

 

Olefin Storage 
Tank 

Pollutant: NO2 
Tier1 

1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

308.1 

(Within RAPID) 

9.7 14.7 

Pengelih Naval Base <5 128.7 133.7 

Kg. Pengerang <5 12.0 17.0 

Kg. Sg. Kapal <5 30.0 35.0 

Taman Rengit Jaya <5 25.4 30.4 

Kg. Sg. Buntu <5 21.5 26.5 

Kg. Bukit Buloh <5 38.6 43.6 

Kg. Sg. Rengit ND 16.2 16.2 

Kg. Bukit Gelugor <5 13.5 18.5 

Kg. Lepau <5 24.4 29.4 

Kg. Pasir Gogok ND 14.1 14.1 

 

Olefin Storage 
Tank 

Pollutant: CO 

1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

1814.0 

(Western RAPID Boundary) 

99.1 NA 

Pengelih Naval Base NM 714.3 NA 

Kg. Pengerang NM 112.1 NA 

Kg. Sg. Kapal NM 172.8 NA 

Taman Rengit Jaya NM 160.9 NA 

Kg. Sg. Buntu NM 132.1 NA 

Kg. Bukit Buloh NM 222.2 NA 

Kg. Sg. Rengit NM 111.3 NA 

Kg. Bukit Gelugor NM 87.7 NA 

Kg. Lepau NM 147.5 NA 

Kg. Pasir Gogok NM 84.8 NA 
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3.2 Cumulative Refinery and Cracker Complex 

 

a) Normal 

 

 For normal operating conditions, the max ground level 

concentration (GLC) for all criteria pollutants are below the 

MAAQS Standard 2020 except for NO2 where the GLC limit is 

exceeded at Bukit Pelali (1-hour average) and Bukit 

Pengerang (24-hour average) as shown in Table ‎3-7. However, 

with regard to sensitive receptors, all pollutants meet the 

Malaysia Ambient Air Quality Standards (MAAQS) Standard 

2020 at these identified sensitive receptor locations. 

 The NO2 Tier 1 and NO2 Tier 3 1-hour average GLC of 791.5 

µg/m3 (Bukit Pelali) and 483.1 µg/m3 (Bukit Pelali) respectively 

exceeded the 1 hour averaging limit of 280 µg/m3. With 

percentile analysis of the modelling results of NO2, it is found 

that approximately 0.4 percentile or translated into a probability 

to occur at 7 days in every 5 years operating period that the 

NO2 standard limit is exceeded. 

 The NO2 Tier 1 24-hour average GLC of 98.2 µg/m3 (Bukit 

Pengerang) exceeded the 24 hours averaging limit of 70 

µg/m3. With percentile analysis of NO2, approximately 0.2 

percentile or translated into a probability to occur at 4 days in 

every 5 years operating period that the standard limit is 

exceeded.  

 NO2 emission contribution for each source in the Refinery 

Cracker Complex by percentage is tabulated in Table ‎3-3 and 

Table ‎3-4 shows the NO2 contribution for each Refinery Cracker 

Complex source to the maximum GLC. 

 Predicted concentrations of ammonia (NH3), methanol, 

NMVOC and hydrogen sulphide (H2S) are further assessed in 

the health impact assessment. 
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Table ‎3-3: NO2 Emission Contribution from Sources in the Refinery and Cracker 
Complex 

No. Process Unit 
Source 

ID 

Total of NO2 

emission 

(g/s) 

Total of NO2 

emission load 

(Kg/hr) 

Percentage 

(%) 

1.  Residue Fluidised 

Catalytic Cracking 

RFCC1 46.4 167.0 22 

2.  RFCC2 46.4 167.0 22 

3.  
Crude Distillation Unit 

CDU1 2.9 10.5 1 

4.  CDU2 2.9 10.5 1 

5.  

Atmospheric Residue 

Desulphurization Unit 

ARDS1 0.389 1.4 <1 

6.  ARDS2 0.389 1.4 <1 

7.  ARDS3 0.169 0.6 <1 

8.  ARDS4 0.389 1.4 <1 

9.  ARDS5 0.389 1.4 <1 

10.  ARDS6 0.169 0.6 <1 

11.  
Diesel Hydrotreating 

Unit 
DHT1 1.4 5.0 1 

12.  
Kerosene Hydrotreating 

Unit 
KHT1 0.060 0.2 <1 

13.  Cracked Naphtha 

Hydrotreating Unit 

CNHT1 0.350 1.3 <1 

14.  CNHT2 0.744 2.7 <1 

15.  
Naphtha Hydrotreating 

Unit 
NHT1 0.517 1.9 

<1 

16.  

Continuous Catalytic 

Reformer 

CCR1 3.3 12.0 2 

17.  CCR2 3.3 12.0 2 

18.  CCR3 3.3 12.0 2 

19.  CCR4 3.3 12.0 2 

20.  CCR5 - - 0 

21.  

Hydrogen Production 

Unit 

HPU1 4.8 17.4 2 

22.  HPU2 4.8 17.4 2 

23.  HPU3 4.8 17.4 2 

24.  HPU4 - - 0 

25.  HPU5 - - 0 

26.  HPU6 - - 0 

27.  HPU7 - - 0 

28.  

Sulphur Recovery Unit 

SRU1 10.3 37.1 5 

29.  SRU2 10.3 37.1 5 

30.  SRU3 10.3 37.1 5 

31.  

Sulphur Solidification 

Units 

SSU1 - - 0 

32.  SSU2 - - 0 

33.  SSU3 - - 0 

34.  SSU4 - - 0 

35.  SSU5 - - 0 
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No. Process Unit 
Source 

ID 

Total of NO2 

emission 

(g/s) 

Total of NO2 

emission load 

(Kg/hr) 

Percentage 

(%) 

36.  

Steam Cracker 

Complex 

SCC1 8.6 30.9 4 

37.  SCC2 8.6 30.9 4 

38.  SCC3 8.7 31.2 4 

39.  SCC4 8.7 31.2 4 

40.  SCC5 8.7 31.2 4 

41.  SCC6 7.5 27.0 4 

TOTAL 212.9 766.5 100 

 
 

Table ‎3-4: NO2 Contribution to the Maximum GLC 

Pollutant Process Unit 
Maximum 

Concentration 
(µg/m3) 

Location 

NO2 Tier 1 - 1 
hour 

RFCC, LTU and PRU 134.3 Within RAPID 

CDU, ARDS, HCDU and FOS 85.9 Bukit Pelali 

DHT, KHT, CNHT, CCR and HPU 691.9 Note1 Bukit Pelali 

SRU and SSU 72.9 Within RAPID 

SCC 470.7 Bukit Pelali 

Refinery Tank Farm - - 

Olefin Storage Tankages - - 

EURO5 MOGAS 25.8 Bukit Pengerang 

NO2 Tier 1 - 
24 hours 

RFCC, LTU and PRU 24.6 Within RAPID 

CDU, ARDS, HCDU and FOS 8.4 Bukit Pelali 

DHT, KHT, CNHT, CCR and HPU 55.2 Note1 Bukit Pengerang 

SRU and SSU 15.6 Within RAPID 

SCC 50.5 Bukit Pengerang 

Refinery Tank Farm - - 

Olefin Storage Tankages - - 

EURO5 MOGAS - - 

NO2 Tier 3 - 1 RFCC, LTU and PRU 89.1 Within RAPID 
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Pollutant Process Unit 
Maximum 

Concentration 
(µg/m3) 

Location 

hour CDU, ARDS, HCDU and FOS 60.7 Bukit Pelali 

DHT, KHT, CNHT, CCR and HPU 396.4 Note1 Bukit Pelali 

SRU and SSU 60.3 Within RAPID 

SCC 243.7 Bukit Pelali 

Refinery Tank Farm - - 

Olefin Storage Tankages - - 

EURO5 MOGAS - - 

Note:  
Note1: Highest concentration 

 
 

b) Abnormal 

 

 During abnormal operation, the predicted GLCs of CO is below 

the required respective MAAQS Standard 2020 at all receptors 

for the maximum 1 hour average concentration. However, 

predicted SO2 concentrations exceed the MAAQS Standard 

2020 at all receptors and the NO2 limit is exceeded at Pengelih 

Naval Base and Kg Bukit Buloh (Table ‎3-8). With particulate 

matter PM10 and PM2.5, the predicted 1-hour average 

concentration is even lower than its 24-hour average limit. 

 During abnormal operation, predicted NMVOC, H2S and UHC 

concentrations are significantly higher (Table ‎3-8) and these 

are assessed in the health impact assessment. 

 Analysis of source contribution of SO2 emissions during 

abnormal operation scenario showed that the Refinery Tank 

Farm emits the highest rate of SO2. (Table ‎3-5).  

 Source apportionment of the predicted highest maximum 1-

hour average ground level concentration of SO2 during 

abnormal operation scenario also showed that the main 

contributor is the Refinery Tank Farm (Table ‎3-6). 
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Table ‎3-5: SO2 Emission Contribution from Sources in the Refinery and Cracker Complex 
during Abnormal Operation 

No. Process Unit 
Source 

ID 

Total of SO2 

emission 

(g/s) 

Total of SO2 

emission load 

(Kg/hr) 

Percentage 

(%) 

1.  Residue Fluidised 

Catalytic Cracking 

RFCC1 
Note1 

700.0 2,520.0 46 

2.  RFCC2 25.0 90 2 

3.  
Crude Distillation Unit 

CDU1 0.572 2.1 <1 

4.  CDU2 0.572 2.1 <1 

5.  

Atmospheric Residue 

Desulphurization Unit 

ARDS1 0.100 0.4 <1 

6.  ARDS2 0.100 0.4 <1 

7.  ARDS3 0.044 0.2 <1 

8.  ARDS4 0.100 0.4 <1 

9.  ARDS5 0.100 0.4 <1 

10.  ARDS6 0.044 0.2 <1 

11.  
Diesel Hydrotreating 

Unit 

DHT1 
Note1 

0.209 0.8 <1 

12.  
Kerosene Hydrotreating 

Unit 
KHT1 0.086 0.3 

<1 

13.  Cracked Naphtha 

Hydrotreating Unit 

CNHT1 0.052 0.2 <1 

14.  CNHT2 0.031 0.11 <1 

15.  
Naphtha Hydrotreating 

Unit 
NHT1 0.078 0.3 

<1 

16.  

Continuous Catalytic 

Reformer 

CCR1 0.311 1.1 <1 

17.  CCR2 0.311 1.1 <1 

18.  CCR3 0.311 1.1 <1 

19.  CCR4 0.311 1.1 <1 

20.  CCR5 - - - 

21.  

Hydrogen Production 

Unit 

HPU1 0.229 0.8 <1 

22.  HPU2 0.229 0.8 <1 

23.  HPU3 0.229 0.8 <1 

24.  HPU4 - - - 

25.  HPU5 - - - 

26.  HPU6 - - - 

27.  HPU7 - - - 

28.  Flare System 
AF1 
Note1 

6.0 21.4 <1 

29.  

Sulphur Recovery Unit 

SRU1 
Note1 

4.9 17.5 <1 

30.  SRU2 3.4 12.4 <1 

31.  SRU3 3.4 12.4 <1 

32.  Sulphur Solidification SSU1 0.083 0.3 <1 
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No. Process Unit 
Source 

ID 

Total of SO2 

emission 

(g/s) 

Total of SO2 

emission load 

(Kg/hr) 

Percentage 

(%) 

33.  Units SSU2 0.083 0.3 <1 

34.  SSU3 0.083 0.3 <1 

35.  SSU4 0.083 0.3 <1 

36.  SSU5 0.083 0.3 <1 

37.  

Steam Cracker 

Complex 

SCC1 - - - 

38.  SCC2 - - - 

39.  SCC3 - - - 

40.  SCC4 - - - 

41.  SCC5 - - - 

42.  SCC6 - - - 

43.  
PGH1 

Note1 
39.2 141.1 3 

44.  
SCCF1 

Note1 
- - - 

45.  Refinery Tank Farm 
RTFF1 

Note1 
733.0 2,638.8 48 

46.  Olefin Storage 
CF1 
Note1 

- - - 

TOTAL 1,519.3 5,463.6 100 

Note: 
Note1: Abnormal operation 
 

Table ‎3-6: SO2 Contribution to the Maximum GLC during Abnormal Operation 

Pollutant Process Unit 
Maximum 

Concentration 
(µg/m3) 

Location 

SO2 - 1 hour 
(Abnormal) 

RFCC, LTU and PRU 295.1 
Eastern 

Boundary of 
RAPID 

CDU, ARDS, HCDU and FOS - - 

DHT, KHT, CNHT, CCR and HPU 60.5 Bukit Pelali 

SRU and SSU 55.1 Bukit Pelali 

SCC 905.4 Bukit Pelali 

Refinery Tank Farm 40,582.8 Note1 Within RAPID 

Olefin Storage Tankages - - 

Note: 
Note1: Highest SO2 concentration contribution 
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c) Emergency 

 

 During emergency operation, the predicted GLCs of CO, SO2 

and NO2 are below the required respective MAAQS Standard 

2020 at all receptors for the maximum 1 hour average 

concentration. (Table ‎3-9). With PM10 and PM2.5, the predicted 

1-hour average concentration is even lower than its 24-hour 

average limit. 

 Predicted NMVOC are lower and H2S concentrations are 

insignificant compared to the Arizona Ambient Air Quality 

Guideline levels (Table ‎3-9). 
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Table ‎3-7: Predicted Incremental GLC and Cumulative GLC for Refinery Cracker Complex (Normal Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 

Refinery Cracker 
Complex 
Pollutant: PM10 
24 hrs Average 

Limit: 100 g/m
3
 

Tg. Pengelih 24 

1.8 

(Bukit Pengerang) 

0.191 24.2 

Pengelih Naval Base 24 0.383 24.4 

Kg. Pengerang 36 0.217 36.2 

Kg. Sg. Kapal 25 0.389 25.4 

Taman Rengit Jaya 38 0.391 38.4 

Kg. Sg. Buntu 28 0.368 28.4 

Kg. Bukit Buloh 31 0.396 31.4 

Kg. Sg. Rengit 20 0.280 20.3 

Kg. Bukit Gelugor 22 0.237 22.2 

Kg. Lepau 35 0.441 35.4 

Kg. Pasir Gogok 20 0.262 20.3 

2 

Refinery Cracker 
Complex 
Pollutant: PM10 
Annual Average 

Limit: 40 g/m
3
 

Tg. Pengelih NM 

0.295 

(Within RAPID) 

0.012 NA 

Pengelih Naval Base NM 0.020 NA 

Kg. Pengerang NM 0.017 NA 

Kg. Sg. Kapal NM 0.053 NA 

Taman Rengit Jaya NM 0.048 NA 

Kg. Sg. Buntu NM 0.037 NA 

Kg. Bukit Buloh NM 0.038 NA 

Kg. Sg. Rengit NM 0.027 NA 

Kg. Bukit Gelugor NM 0.023 NA 

Kg. Lepau NM 0.079 NA 

Kg. Pasir Gogok NM 0.016 NA 

3 

Refinery Cracker 
Complex 
Pollutant: PM2.5 
24 hrs Average 

Limit: 35 g/m
3
 

Tg. Pengelih NM 

1.6 

(Bukit Pengerang) 

0.135 NA 

Pengelih Naval Base NM 0.344 NA 

Kg. Pengerang NM 0.158 NA 

Kg. Sg. Kapal NM 0.256 NA 

Taman Rengit Jaya NM 0.265 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Sg. Buntu NM 0.241 NA 

Kg. Bukit Buloh NM 0.245 NA 

Kg. Sg. Rengit NM 0.178 NA 

Kg. Bukit Gelugor NM 0.151 NA 

Kg. Lepau NM 0.341 NA 

Kg. Pasir Gogok NM 0.159 NA 

4 

Refinery Cracker 
Complex 
Pollutant: PM2.5 
Annual Average 

Limit: 15 g/m
3
 

Tg. Pengelih NM 

0.214 

(Within RAPID) 

0.008 NA 

Pengelih Naval Base NM 0.015 NA 

Kg. Pengerang NM 0.011 NA 

Kg. Sg. Kapal NM 0.032 NA 

Taman Rengit Jaya NM 0.029 NA 

Kg. Sg. Buntu NM 0.023 NA 

Kg. Bukit Buloh NM 0.023 NA 

Kg. Sg. Rengit NM 0.016 NA 

Kg. Bukit Gelugor NM 0.014 NA 

Kg. Lepau NM 0.056 NA 

Kg. Pasir Gogok NM 0.011 NA 

5 

Refinery Cracker 
Complex 
Pollutant: NO2 
Tier1 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

791.5 

(Bukit Pelali) 

67.2 72.2 

Pengelih Naval Base <5 198.7 203.7 

Kg. Pengerang <5 86.1 91.1 

Kg. Sg. Kapal <5 165.0 170.0 

Taman Rengit Jaya <5 123.9 128.9 

Kg. Sg. Buntu <5 91.5 96.5 

Kg. Bukit Buloh <5 163.8 168.8 

Kg. Sg. Rengit ND 121.4 121.4 

Kg. Bukit Gelugor <5 113.0 118.0 

Kg. Lepau <5 146.2 151.2 

Kg. Pasir Gogok ND 79.0 79.0 

6 Refinery Cracker Tg. Pengelih NM 98.2 8.7 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Complex 
Pollutant: NO2 
Tier1 
24 hrs Average 

Limit: 70 g/m
3
 

Pengelih Naval Base NM (Bukit Pengerang) 28.1 NA 

Kg. Pengerang NM 10.3 NA 

Kg. Sg. Kapal NM 19.7 NA 

Taman Rengit Jaya NM 19.6 NA 

Kg. Sg. Buntu NM 17.0 NA 

Kg. Bukit Buloh NM 13.8 NA 

Kg. Sg. Rengit NM 9.5 NA 

Kg. Bukit Gelugor NM 9.9 NA 

Kg. Lepau NM 16.0 NA 

Kg. Pasir Gogok NM 9.5 NA 

7 

Refinery Cracker 
Complex 
Pollutant: NO2 
Tier3 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

483.1 

(Bukit Pelali) 

14.2 19.2 

Pengelih Naval Base <5 122.1 127.1 

Kg. Pengerang <5 20.4 25.4 

Kg. Sg. Kapal <5 78.8 83.8 

Taman Rengit Jaya <5 70.7 75.7 

Kg. Sg. Buntu <5 62.7 67.7 

Kg. Bukit Buloh <5 92.1 97.1 

Kg. Sg. Rengit ND 68.5 68.5 

Kg. Bukit Gelugor <5 63.9 68.9 

Kg. Lepau <5 68.1 73.1 

Kg. Pasir Gogok ND 32.0 32.0 

8 

Refinery Cracker 
Complex 
Pollutant: NO2 99.6 
Percentile 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

254.5 

(Bukit Pelali) 

12.3 17.3 

Pengelih Naval Base <5 30.3 35.3 

Kg. Pengerang <5 17.3 22.3 

Kg. Sg. Kapal <5 56.2 61.2 

Taman Rengit Jaya <5 52.8 57.8 

Kg. Sg. Buntu <5 45.3 50.3 

Kg. Bukit Buloh <5 60.5 65.5 

Kg. Sg. Rengit ND 48.3 48.3 

Kg. Bukit Gelugor <5 36.1 41.1 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Lepau <5 50.8 55.8 

Kg. Pasir Gogok ND 16.3 16.3 

9 

Refinery Cracker 
Complex 
Pollutant: NO2 99.8 
Percentile 
24 hrs Average 

Limit: 70 g/m
3
 

Tg. Pengelih NM 

63.9 

(Bukit Pelali) 

3.6 NA 

Pengelih Naval Base NM 21.7 NA 

Kg. Pengerang NM 4.6 NA 

Kg. Sg. Kapal NM 16.0 NA 

Taman Rengit Jaya NM 14.8 NA 

Kg. Sg. Buntu NM 12.2 NA 

Kg. Bukit Buloh NM 11.4 NA 

Kg. Sg. Rengit NM 8.7 NA 

Kg. Bukit Gelugor NM 7.6 NA 

Kg. Lepau NM 15.5 NA 

Kg. Pasir Gogok NM 7.8 NA 

10 

Refinery Cracker 
Complex 
Pollutant: SO2 
1 hr Average 

Limit: 250 g/m
3
 

Tg. Pengelih <5 

95.6 

(Within RAPID) 

18.8 23.8 

Pengelih Naval Base <5 30.2 35.2 

Kg. Pengerang <5 20.2 25.2 

Kg. Sg. Kapal <5 52.7 57.7 

Taman Rengit Jaya <5 37.4 42.4 

Kg. Sg. Buntu <5 29.1 34.1 

Kg. Bukit Buloh <5 51.2 56.2 

Kg. Sg. Rengit ND 36.9 36.9 

Kg. Bukit Gelugor <5 33.4 38.4 

Kg. Lepau <5 51.5 56.5 

Kg. Pasir Gogok ND 23.9 23.9 

11 

Refinery Cracker 
Complex 
Pollutant: SO2 
24 hrs Average 

Limit: 80 g/m
3
 

Tg. Pengelih NM 

18.0 

(Within RAPID) 

2.2 NA 

Pengelih Naval Base NM 4.5 NA 

Kg. Pengerang NM 2.2 NA 

Kg. Sg. Kapal NM 5.0 NA 

Taman Rengit Jaya NM 4.8 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Sg. Buntu NM 4.2 NA 

Kg. Bukit Buloh NM 4.1 NA 

Kg. Sg. Rengit NM 2.9 NA 

Kg. Bukit Gelugor NM 2.7 NA 

Kg. Lepau NM 5.7 NA 

Kg. Pasir Gogok NM 3.3 NA 

12 

Refinery Cracker 
Complex 
Pollutant: CO 
1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

455.4 

(Eastern side of RAPID) 

31.4 NA 

Pengelih Naval Base NM 74.6 NA 

Kg. Pengerang NM 34.1 NA 

Kg. Sg. Kapal NM 87.3 NA 

Taman Rengit Jaya NM 77.8 NA 

Kg. Sg. Buntu NM 44.1 NA 

Kg. Bukit Buloh NM 455.4 NA 

Kg. Sg. Rengit NM 54.8 NA 

Kg. Bukit Gelugor NM 50.8 NA 

Kg. Lepau NM 72.7 NA 

Kg. Pasir Gogok NM 37.6 NA 

13 

Refinery Cracker 
Complex 
Pollutant: CO 
8 hrs Average 

Limit: 10,000 g/m
3
 

Tg. Pengelih <100 

204.8 

(Within RAPID) 

9.6 109.6 

Pengelih Naval Base <100 26.5 126.5 

Kg. Pengerang <100 8.5 108.5 

Kg. Sg. Kapal <100 21.5 121.5 

Taman Rengit Jaya <100 41.5 141.5 

Kg. Sg. Buntu <100 20.6 120.6 

Kg. Bukit Buloh <100 204.8 304.8 

Kg. Sg. Rengit ND 11.5 11.5 

Kg. Bukit Gelugor <100 9.9 109.9 

Kg. Lepau <100 22.4 122.4 

Kg. Pasir Gogok ND 10.6 10.6 

14 Refinery Cracker Tg. Pengelih NM 1.6 0.088 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Complex 
Pollutant: NH3 
1 hr Average 
Limit: NA 

Pengelih Naval Base NM Within RAPID 0.036 NA 

Kg. Pengerang NM 0.099 NA 

Kg. Sg. Kapal NM 0.189 NA 

Taman Rengit Jaya NM 0.311 NA 

Kg. Sg. Buntu NM 0.138 NA 

Kg. Bukit Buloh NM 1.036 NA 

Kg. Sg. Rengit NM 0.103 NA 

Kg. Bukit Gelugor NM 0.091 NA 

Kg. Lepau NM 0.130 NA 

Kg. Pasir Gogok NM 0.067 NA 

15 

Refinery Cracker 
Complex 
Pollutant: NH3 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

0.828 

Within RAPID 

0.023 NA 

Pengelih Naval Base NM 0.005 NA 

Kg. Pengerang NM 0.025 NA 

Kg. Sg. Kapal NM 0.066 NA 

Taman Rengit Jaya NM 0.141 NA 

Kg. Sg. Buntu NM 0.056 NA 

Kg. Bukit Buloh NM 0.535 NA 

Kg. Sg. Rengit NM 0.017 NA 

Kg. Bukit Gelugor NM 0.019 NA 

Kg. Lepau NM 0.025 NA 

Kg. Pasir Gogok NM 0.024 NA 

16 

Refinery Cracker 
Complex 
Pollutant: NH3 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

0.302 

Within RAPID 

0.008 NA 

Pengelih Naval Base NM 0.002 NA 

Kg. Pengerang NM 0.011 NA 

Kg. Sg. Kapal NM 0.027 NA 

Taman Rengit Jaya NM 0.043 NA 

Kg. Sg. Buntu NM 0.020 NA 

Kg. Bukit Buloh NM 0.188 NA 

Kg. Sg. Rengit NM 0.006 NA 

Kg. Bukit Gelugor NM 0.006 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Lepau NM 0.008 NA 

Kg. Pasir Gogok NM 0.008 NA 

17 

Refinery Cracker 
Complex 
Pollutant: Methanol 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

33.3 

(Within RAPID) 

1.804 NA 

Pengelih Naval Base NM 0.740 NA 

Kg. Pengerang NM 2.030 NA 

Kg. Sg. Kapal NM 3.850 NA 

Taman Rengit Jaya NM 6.337 NA 

Kg. Sg. Buntu NM 2.812 NA 

Kg. Bukit Buloh NM 21.148 NA 

Kg. Sg. Rengit NM 2.103 NA 

Kg. Bukit Gelugor NM 1.855 NA 

Kg. Lepau NM 2.645 NA 

Kg. Pasir Gogok NM 1.359 NA 

18 

Refinery Cracker 
Complex 
Pollutant: Methanol 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

16.9 

(Within RAPID) 

0.476 NA 

Pengelih Naval Base NM 0.100 NA 

Kg. Pengerang NM 0.507 NA 

Kg. Sg. Kapal NM 1.344 NA 

Taman Rengit Jaya NM 2.887 NA 

Kg. Sg. Buntu NM 1.135 NA 

Kg. Bukit Buloh NM 10.917 NA 

Kg. Sg. Rengit NM 0.349 NA 

Kg. Bukit Gelugor NM 0.394 NA 

Kg. Lepau NM 0.510 NA 

Kg. Pasir Gogok NM 0.498 NA 

19 

Refinery Cracker 
Complex 
Pollutant: Methanol 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

6.2 

(Within RAPID) 

0.159 NA 

Pengelih Naval Base NM 0.033 NA 

Kg. Pengerang NM 0.229 NA 

Kg. Sg. Kapal NM 0.552 NA 

Taman Rengit Jaya NM 0.885 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Sg. Buntu NM 0.406 NA 

Kg. Bukit Buloh NM 3.836 NA 

Kg. Sg. Rengit NM 0.117 NA 

Kg. Bukit Gelugor NM 0.132 NA 

Kg. Lepau NM 0.170 NA 

Kg. Pasir Gogok NM 0.166 NA 

20 

Refinery Cracker 
Complex 
Pollutant: NMVOC 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

42.2 

(Bukit Pelali) 

1.087 NA 

Pengelih Naval Base NM 15.255 NA 

Kg. Pengerang NM 1.964 NA 

Kg. Sg. Kapal NM 1.967 NA 

Taman Rengit Jaya NM 2.051 NA 

Kg. Sg. Buntu NM 1.885 NA 

Kg. Bukit Buloh NM 2.219 NA 

Kg. Sg. Rengit NM 2.084 NA 

Kg. Bukit Gelugor NM 1.865 NA 

Kg. Lepau NM 1.853 NA 

Kg. Pasir Gogok NM 1.714 NA 

21 

Refinery Cracker 
Complex 
Pollutant: NMVOC 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

9.6 

(Bukit Pengerang) 

0.228 NA 

Pengelih Naval Base NM 6.060 NA 

Kg. Pengerang NM 0.265 NA 

Kg. Sg. Kapal NM 0.866 NA 

Taman Rengit Jaya NM 0.794 NA 

Kg. Sg. Buntu NM 0.658 NA 

Kg. Bukit Buloh NM 0.444 NA 

Kg. Sg. Rengit NM 0.364 NA 

Kg. Bukit Gelugor NM 0.379 NA 

Kg. Lepau NM 0.516 NA 

Kg. Pasir Gogok NM 0.305 NA 

22 Refinery Cracker Tg. Pengelih NM 3.2 0.136 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Complex 
Pollutant: NMVOC 
24 hrs Average 
Limit: NA 

Pengelih Naval Base NM (Bukit Pelali) 2.033 NA 

Kg. Pengerang NM 0.184 NA 

Kg. Sg. Kapal NM 0.471 NA 

Taman Rengit Jaya NM 0.464 NA 

Kg. Sg. Buntu NM 0.360 NA 

Kg. Bukit Buloh NM 0.188 NA 

Kg. Sg. Rengit NM 0.149 NA 

Kg. Bukit Gelugor NM 0.142 NA 

Kg. Lepau NM 0.206 NA 

Kg. Pasir Gogok NM 0.115 NA 

23 

Refinery Cracker 
Complex 
Pollutant: H2S 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

4.2 

(Within RAPID) 

1.240 NA 

Pengelih Naval Base NM 0.791 NA 

Kg. Pengerang NM 1.007 NA 

Kg. Sg. Kapal NM 1.430 NA 

Taman Rengit Jaya NM 1.266 NA 

Kg. Sg. Buntu NM 1.312 NA 

Kg. Bukit Buloh NM 1.711 NA 

Kg. Sg. Rengit NM 1.281 NA 

Kg. Bukit Gelugor NM 1.307 NA 

Kg. Lepau NM 2.351 NA 

Kg. Pasir Gogok NM 0.972 NA 

24 

Refinery Cracker 
Complex 
Pollutant: H2S 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

2.4 

(Within RAPID) 

0.155 NA 

Pengelih Naval Base NM 0.165 NA 

Kg. Pengerang NM 0.134 NA 

Kg. Sg. Kapal NM 0.428 NA 

Taman Rengit Jaya NM 0.367 NA 

Kg. Sg. Buntu NM 0.339 NA 

Kg. Bukit Buloh NM 0.384 NA 

Kg. Sg. Rengit NM 0.302 NA 

Kg. Bukit Gelugor NM 0.216 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Lepau NM 0.625 NA 

Kg. Pasir Gogok NM 0.243 NA 

25 

Refinery Cracker 
Complex 
Pollutant: H2S 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

0.907 

(Within RAPID) 

0.096 NA 

Pengelih Naval Base NM 0.094 NA 

Kg. Pengerang NM 0.087 NA 

Kg. Sg. Kapal NM 0.170 NA 

Taman Rengit Jaya NM 0.145 NA 

Kg. Sg. Buntu NM 0.136 NA 

Kg. Bukit Buloh NM 0.153 NA 

Kg. Sg. Rengit NM 0.120 NA 

Kg. Bukit Gelugor NM 0.110 NA 

Kg. Lepau NM 0.253 NA 

Kg. Pasir Gogok NM 0.083 NA 

Note: 

All concentration unit in g/m
3
 

NM = Not monitored 
NA = Not Available 
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Table ‎3-8: Predicted Incremental GLC and Cumulative GLC for Refinery Cracker Complex (Abnormal Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 

Refinery Cracker 
Complex 
Pollutant: PM10 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

35.1 

(Bukit Pelali) 

6.3 NA 

Pengelih Naval Base NM 16.5 NA 

Kg. Pengerang NM 6.1 NA 

Kg. Sg. Kapal NM 11.7 NA 

Taman Rengit Jaya NM 9.9 NA 

Kg. Sg. Buntu NM 7.6 NA 

Kg. Bukit Buloh NM 12.1 NA 

Kg. Sg. Rengit NM 9.9 NA 

Kg. Bukit Gelugor NM 9.4 NA 

Kg. Lepau NM 11.7 NA 

Kg. Pasir Gogok NM 7.7 NA 

2 

Refinery Cracker 
Complex 
Pollutant: PM2.5 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

13.3 

(Bukit Pengerang) 

2.5 NA 

Pengelih Naval Base NM 3.3 NA 

Kg. Pengerang NM 2.4 NA 

Kg. Sg. Kapal NM 4.5 NA 

Taman Rengit Jaya NM 4.1 NA 

Kg. Sg. Buntu NM 2.9 NA 

Kg. Bukit Buloh NM 4.5 NA 

Kg. Sg. Rengit NM 3.5 NA 

Kg. Bukit Gelugor NM 3.5 NA 

Kg. Lepau NM 4.0 NA 

Kg. Pasir Gogok NM 2.7 NA 

3 

Refinery Cracker 
Complex 
Pollutant: NO2 
Tier1 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

2073.8 

(Within RAPID) 

81.7 86.7 

Pengelih Naval Base <5 923.4 928.4 

Kg. Pengerang <5 90.5 95.5 

Kg. Sg. Kapal <5 208.6 213.6 

Taman Rengit Jaya <5 187.7 192.7 

Kg. Sg. Buntu <5 157.1 162.1 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Bukit Buloh <5 295.3 300.3 

Kg. Sg. Rengit ND 119.2 119.2 

Kg. Bukit Gelugor <5 112.5 117.5 

Kg. Lepau <5 170.2 175.2 

Kg. Pasir Gogok ND 106.8 106.8 

4 

Refinery Cracker 
Complex 
Pollutant: SO2 
1 hr Average 

Limit: 250 g/m
3
 

Tg. Pengelih <5 

40582.8 

(Within RAPID) 

1298.9 1303.9 

Pengelih Naval Base <5 16620.7 16625.7 

Kg. Pengerang <5 1542.3 1547.3 

Kg. Sg. Kapal <5 3740.9 3745.9 

Taman Rengit Jaya <5 3436.2 3441.2 

Kg. Sg. Buntu <5 2865.0 2870.0 

Kg. Bukit Buloh <5 5397.5 5402.5 

Kg. Sg. Rengit ND 2051.7 2051.7 

Kg. Bukit Gelugor <5 1700.7 1705.7 

Kg. Lepau <5 3056.3 3061.3 

Kg. Pasir Gogok ND 1890.4 1890.4 

5 

Refinery Cracker 
Complex 
Pollutant: CO 
1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

1814.0 

(Western Boundary of 
RAPID) 

99.1 NA 

Pengelih Naval Base NM 714.5 NA 

Kg. Pengerang NM 112.1 NA 

Kg. Sg. Kapal NM 173.2 NA 

Taman Rengit Jaya NM 160.9 NA 

Kg. Sg. Buntu NM 132.1 NA 

Kg. Bukit Buloh NM 455.5 NA 

Kg. Sg. Rengit NM 111.3 NA 

Kg. Bukit Gelugor NM 87.7 NA 

Kg. Lepau NM 147.8 NA 

Kg. Pasir Gogok NM 84.9 NA 

6 
Refinery Cracker 
Complex 

Tg. Pengelih NM 57.3 

(Bukit Pelali) 

1.9 NA 

Pengelih Naval Base NM 26.0 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Pollutant: NMVOC 
1 hr Average 
Limit: NA 

Kg. Pengerang NM 2.5 NA 

Kg. Sg. Kapal NM 3.3 NA 

Taman Rengit Jaya NM 2.6 NA 

Kg. Sg. Buntu NM 2.8 NA 

Kg. Bukit Buloh NM 3.6 NA 

Kg. Sg. Rengit NM 2.7 NA 

Kg. Bukit Gelugor NM 2.3 NA 

Kg. Lepau NM 3.4 NA 

Kg. Pasir Gogok NM 2.4 NA 

7 

Refinery Cracker 
Complex 
Pollutant: H2S 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

456.1 

(Within RAPID) 

24.5 NA 

Pengelih Naval Base NM 182.3 NA 

Kg. Pengerang NM 31.3 NA 

Kg. Sg. Kapal NM 45.8 NA 

Taman Rengit Jaya NM 50.1 NA 

Kg. Sg. Buntu NM 39.9 NA 

Kg. Bukit Buloh NM 62.8 NA 

Kg. Sg. Rengit NM 29.1 NA 

Kg. Bukit Gelugor NM 22.1 NA 

Kg. Lepau NM 38.4 NA 

Kg. Pasir Gogok NM 22.0 NA 

8 

Refinery Cracker 
Complex 
Pollutant: UHC 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

4104.6 
(Within RAPID) 

220.8 NA 

Pengelih Naval Base NM 1640.3 NA 

Kg. Pengerang NM 282.0 NA 

Kg. Sg. Kapal NM 412.0 NA 

Taman Rengit Jaya NM 450.5 NA 

Kg. Sg. Buntu NM 358.8 NA 

Kg. Bukit Buloh NM 565.5 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Sg. Rengit NM 261.9 NA 

Kg. Bukit Gelugor NM 198.7 NA 

Kg. Lepau NM 345.2 NA 

Kg. Pasir Gogok NM 198.3 NA 

Note: 

All concentration unit in g/m
3
 

NM = Not monitored 
NA = Not Available  
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Table ‎3-9: Predicted Incremental GLC and Cumulative GLC for Refinery Cracker Complex (Emergency Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Emergency Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 

Refinery Cracker 
Complex 
Pollutant: PM10 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

11.5 

(Ocean – Southern of 
RAPID) 

8.7 NA 

Pengelih Naval Base NM 9.5 NA 

Kg. Pengerang NM 7.6 NA 

Kg. Sg. Kapal NM 9.5 NA 

Taman Rengit Jaya NM 8.8 NA 

Kg. Sg. Buntu NM 8.1 NA 

Kg. Bukit Buloh NM 9.1 NA 

Kg. Sg. Rengit NM 9.9 NA 

Kg. Bukit Gelugor NM 10.2 NA 

Kg. Lepau NM 9.0 NA 

Kg. Pasir Gogok NM 9.9 NA 

2 

Refinery Cracker 
Complex 
Pollutant: PM2.5 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

6.9 

(Ocean – Southern of 
RAPID) 

5.2 NA 

Pengelih Naval Base NM 5.7 NA 

Kg. Pengerang NM 4.6 NA 

Kg. Sg. Kapal NM 5.7 NA 

Taman Rengit Jaya NM 5.3 NA 

Kg. Sg. Buntu NM 4.9 NA 

Kg. Bukit Buloh NM 5.5 NA 

Kg. Sg. Rengit NM 5.9 NA 

Kg. Bukit Gelugor NM 6.1 NA 

Kg. Lepau NM 5.4 NA 

Kg. Pasir Gogok NM 6.0 NA 

3 

Refinery Cracker 
Complex 
Pollutant: NO2 
Tier1 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

9.3 

(Ocean – Southern of 
RAPID) 

7.1 12.1 

Pengelih Naval Base <5 7.7 12.7 

Kg. Pengerang <5 6.2 11.2 

Kg. Sg. Kapal <5 7.7 12.7 

Taman Rengit Jaya <5 7.1 12.1 

Kg. Sg. Buntu <5 6.6 11.6 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Emergency Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Bukit Buloh <5 7.4 12.4 

Kg. Sg. Rengit ND 8.0 8.0 

Kg. Bukit Gelugor <5 8.2 13.2 

Kg. Lepau <5 7.3 12.3 

Kg. Pasir Gogok ND 8.1 8.1 

4 

Refinery Cracker 
Complex 
Pollutant: SO2 
1 hr Average 

Limit: 250 g/m
3
 

Tg. Pengelih <5 

120.4 

(Ocean – Southern of 
RAPID) 

91.1 96.1 

Pengelih Naval Base <5 99.7 104.7 

Kg. Pengerang <5 80.0 85.0 

Kg. Sg. Kapal <5 99.3 104.3 

Taman Rengit Jaya <5 92.2 97.2 

Kg. Sg. Buntu <5 84.7 89.7 

Kg. Bukit Buloh <5 95.5 100.5 

Kg. Sg. Rengit ND 103.3 103.3 

Kg. Bukit Gelugor <5 106.5 111.5 

Kg. Lepau <5 93.8 98.8 

Kg. Pasir Gogok ND 104.1 104.1 

5 

Refinery Cracker 
Complex 
Pollutant: CO 
1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

50.7 

(Ocean – Southern of 
RAPID) 

38.4 NA 

Pengelih Naval Base NM 42.0 NA 

Kg. Pengerang NM 33.7 NA 

Kg. Sg. Kapal NM 41.8 NA 

Taman Rengit Jaya NM 38.9 NA 

Kg. Sg. Buntu NM 35.7 NA 

Kg. Bukit Buloh NM 40.3 NA 

Kg. Sg. Rengit NM 43.5 NA 

Kg. Bukit Gelugor NM 44.9 NA 

Kg. Lepau NM 39.5 NA 

Kg. Pasir Gogok NM 43.8 NA 

6 
Refinery Cracker 
Complex 

Tg. Pengelih NM 102.1 

(Ocean – Southern of 

77.3 NA 

Pengelih Naval Base NM 84.5 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Emergency Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Pollutant: NMVOC 
1 hr Average 
Limit: NA 

Kg. Pengerang NM RAPID) 67.9 NA 

Kg. Sg. Kapal NM 84.2 NA 

Taman Rengit Jaya NM 78.2 NA 

Kg. Sg. Buntu NM 71.8 NA 

Kg. Bukit Buloh NM 81.0 NA 

Kg. Sg. Rengit NM 87.6 NA 

Kg. Bukit Gelugor NM 90.3 NA 

Kg. Lepau NM 79.6 NA 

Kg. Pasir Gogok NM 88.2 NA 

7 

Refinery Cracker 
Complex 
Pollutant: H2S 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

1.3 

(Ocean – Southern of 
RAPID) 

0.992 NA 

Pengelih Naval Base NM 1.085 NA 

Kg. Pengerang NM 0.871 NA 

Kg. Sg. Kapal NM 1.081 NA 

Taman Rengit Jaya NM 1.004 NA 

Kg. Sg. Buntu NM 0.922 NA 

Kg. Bukit Buloh NM 1.040 NA 

Kg. Sg. Rengit NM 1.125 NA 

Kg. Bukit Gelugor NM 1.160 NA 

Kg. Lepau NM 1.022 NA 

Kg. Pasir Gogok NM 1.133 NA 

Note: 

All concentration unit in g/m
3
 

NM = Not monitored 
NA = Not Available 
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3.3 Cumulative RAPID Complex 

 

For the cumulative RAPID Complex modelling, only the common air pollutants 

that are emitted by all RAPID components are assessed for the three 

scenarios described above. 

 

a) Normal 

 

 The max ground level concentration (GLC) for all criteria 

pollutants are below the MAAQS 2013 (IT 2020) except for 

NO2 where the GLC limit is exceeded at Bukit Pelali for the 1-

hour average and Bukit Pengerang for the 24-hour average 

(Table ‎3-11). However, at the sensitive receptors, all pollutants 

meet the Malaysia Ambient Air Quality Standards (MAAQS) 

Standard 2020 at these identified sensitive receptors.  

 The NO2 Tier 1 and NO2 Tier 3 1-hour average GLC of 806.7 

µg/m3 (Bukit Pelali) and 523.0 µg/m3 (Bukit Pelali) exceeded 

the 1 hour average limit of 280 µg/m3. With percentile analysis 

of modelling results, approximately 0.5 percentile or translated 

into probability to occur at 9 days in every 5 years operating 

period that the standard limit is exceeded. 

 The NO2 Tier 1 24-hour average GLC of 114.5 (Bukit 

Pengerang) exceeded the 24 hours averaging limit of 70 µg/m3 

at approximately 0.3 percentile or translated into a probability 

to occur at 5 days in every 5 years operating period. Tabulated 

below are the predicted gaseous concentrations at the 

sensitive and discrete receptors along with the contours of the 

predicted gaseous concentrations in the 5-km radius receptor 

grid. 
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Table ‎3-10: NO2 Emission Contribution from Each Complex in RAPID 

No. Sources 
Total of NO2 

emission rate (g/s) 

Total of NO2 
emission load 

(Kg/hr) 

Percentage 
(%) 

1.  
Refinery Cracker 
Complex 

212.9 766.5 50 

2.  Petrochemical Complex 26.1 94.1 6 

3.  
Pengerang 
Cogeneration Plant 
(PCP) 

174.0 626.4 41 

4.  Utilities 15 54.0 4 

TOTAL 428.1 1541.0 100 

 
 

b) Abnormal 

 

 During abnormal operation, the predicted GLCs of CO is below 

the required respective MAAQS Standard 2020 at all receptors 

for the maximum 1 hour average concentration. However, 

predicted SO2 concentrations exceed the MAAQS Standard 

2020 at all receptors and the NO2 limit is exceeded at Pengelih 

Naval Base and Kg Bukit Buloh. (Table ‎3-12). With PM10 and 

PM2.5, the predicted 1-hour average concentration is even 

lower than its 24-hour average limit. 

 

c) Emergency 

 

 During emergency operation, the predicted GLCs of CO, SO2 

and NO2 are below the required respective MAAQS Standard 

2020 at all receptors for the maximum 1 hour average 

concentration. (Table ‎3-13). With PM10 and PM2.5, the 

predicted 1-hour average concentration is even lower than its 

24-hour average limit. 
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Table ‎3-11: Predicted Incremental GLC and Cumulative GLC for Cumulative RAPID Complex (Normal Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 

Cumulative RAPID 
Complex 
Pollutant: PM10 
24 hrs Average 

Limit: 100 g/m
3
 

Tg. Pengelih 24 

3.3 

(Bukit Pengerang) 

0.339 24.3 

Pengelih Naval Base 24 2.5 26.5 

Kg. Pengerang 36 0.467 36.5 

Kg. Sg. Kapal 25 0.544 25.5 

Taman Rengit Jaya 38 0.531 38.5 

Kg. Sg. Buntu 28 0.476 28.5 

Kg. Bukit Buloh 31 0.513 31.5 

Kg. Sg. Rengit 20 0.428 20.4 

Kg. Bukit Gelugor 22 0.361 22.4 

Kg. Lepau 35 0.666 35.7 

Kg. Pasir Gogok 20 0.381 20.4 

2 

Cumulative RAPID 
Complex 
Pollutant: PM10 
Annual Average 

Limit: 40 g/m
3
 

Tg. Pengelih NM 

0.496 

(Within RAPID) 

0.023 NA 

Pengelih Naval Base NM 0.080 NA 

Kg. Pengerang NM 0.032 NA 

Kg. Sg. Kapal NM 0.081 NA 

Taman Rengit Jaya NM 0.077 NA 

Kg. Sg. Buntu NM 0.064 NA 

Kg. Bukit Buloh NM 0.063 NA 

Kg. Sg. Rengit NM 0.047 NA 

Kg. Bukit Gelugor NM 0.042 NA 

Kg. Lepau NM 0.126 NA 

Kg. Pasir Gogok NM 0.031 NA 

3 Cumulative RAPID Tg. Pengelih NM 2.5 0.244 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Complex 
Pollutant: PM2.5 
24 hrs Average 

Limit: 35 g/m
3
 

Pengelih Naval Base NM (Bukit Pengerang) 1.6 NA 

Kg. Pengerang NM 0.321 NA 

Kg. Sg. Kapal NM 0.361 NA 

Taman Rengit Jaya NM 0.361 NA 

Kg. Sg. Buntu NM 0.314 NA 

Kg. Bukit Buloh NM 0.339 NA 

Kg. Sg. Rengit NM 0.296 NA 

Kg. Bukit Gelugor NM 0.253 NA 

Kg. Lepau NM 0.491 NA 

Kg. Pasir Gogok NM 0.267 NA 

4 

Cumulative RAPID 
Complex 
Pollutant: PM2.5 
Annual Average 

Limit: 15 g/m
3
 

Tg. Pengelih NM 

0.331 

(Within RAPID) 

0.017 NA 

Pengelih Naval Base NM 0.052 NA 

Kg. Pengerang NM 0.023 NA 

Kg. Sg. Kapal NM 0.054 NA 

Taman Rengit Jaya NM 0.052 NA 

Kg. Sg. Buntu NM 0.045 NA 

Kg. Bukit Buloh NM 0.044 NA 

Kg. Sg. Rengit NM 0.034 NA 

Kg. Bukit Gelugor NM 0.031 NA 

Kg. Lepau NM 0.090 NA 

Kg. Pasir Gogok NM 0.023 NA 

5 

Cumulative RAPID 
Complex 
Pollutant: NO2 Tier1 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

808.3 

(Bukit Pelali) 

81.0 86.0 

Pengelih Naval Base <5 281.4 286.4 

Kg. Pengerang <5 103.0 108.0 

Kg. Sg. Kapal <5 181.5 186.5 

Taman Rengit Jaya <5 141.0 146.0 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Sg. Buntu <5 99.9 104.9 

Kg. Bukit Buloh <5 175.6 180.6 

Kg. Sg. Rengit ND 133.3 133.3 

Kg. Bukit Gelugor <5 127.8 132.8 

Kg. Lepau <5 161.9 166.9 

Kg. Pasir Gogok ND 92.2 92.2 

6 

Cumulative RAPID 
Complex 
Pollutant: NO2 Tier1 
24 hrs Average 

Limit: 70 g/m
3
 

Tg. Pengelih NM 

115.5 

(Bukit Pengerang) 

10.9 NA 

Pengelih Naval Base NM 41.8 NA 

Kg. Pengerang NM 13.2 NA 

Kg. Sg. Kapal NM 21.4 NA 

Taman Rengit Jaya NM 21.2 NA 

Kg. Sg. Buntu NM 18.9 NA 

Kg. Bukit Buloh NM 16.1 NA 

Kg. Sg. Rengit NM 12.1 NA 

Kg. Bukit Gelugor NM 12.2 NA 

Kg. Lepau NM 18.5 NA 

Kg. Pasir Gogok NM 12.1 NA 

7 

Cumulative RAPID 
Complex 
Pollutant: NO2 Tier3 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

526.9 

(Bukit Pelali) 

18.5 23.5 

Pengelih Naval Base <5 178.9 183.9 

Kg. Pengerang <5 24.8 29.8 

Kg. Sg. Kapal <5 86.5 91.5 

Taman Rengit Jaya <5 77.5 82.5 

Kg. Sg. Buntu <5 71.4 76.4 

Kg. Bukit Buloh <5 100.5 105.5 

Kg. Sg. Rengit ND 77.4 77.4 

Kg. Bukit Gelugor <5 75.5 80.5 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Lepau <5 73.0 78.0 

Kg. Pasir Gogok ND 41.1 41.1 

8 

Cumulative RAPID 
Complex 
Pollutant: NO2 99.5 
Percentile 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

256.0 

(Bukit Pelali) 

16.0 21.0 

Pengelih Naval Base <5 48.7 53.7 

Kg. Pengerang <5 22.1 27.1 

Kg. Sg. Kapal <5 57.3 62.3 

Taman Rengit Jaya <5 54.1 59.1 

Kg. Sg. Buntu <5 46.6 51.6 

Kg. Bukit Buloh <5 62.1 67.1 

Kg. Sg. Rengit ND 53.2 53.2 

Kg. Bukit Gelugor <5 41.1 46.1 

Kg. Lepau <5 56.2 61.2 

Kg. Pasir Gogok ND 20.4 20.4 

9 

Cumulative RAPID 
Complex 
Pollutant: NO2 99.7 
Percentile 
24 hrs Average 

Limit: 70 g/m
3
 

Tg. Pengelih NM 

66.9 

(Bukit Pelali) 

4.4 NA 

Pengelih Naval Base NM 25.9 NA 

Kg. Pengerang NM 5.9 NA 

Kg. Sg. Kapal NM 16.0 NA 

Taman Rengit Jaya NM 15.2 NA 

Kg. Sg. Buntu NM 13.7 NA 

Kg. Bukit Buloh NM 13.3 NA 

Kg. Sg. Rengit NM 10.6 NA 

Kg. Bukit Gelugor NM 9.4 NA 

Kg. Lepau NM 17.1 NA 

Kg. Pasir Gogok NM 9.9 NA 

10 
Cumulative RAPID 
Complex 

Tg. Pengelih <5 
91.0 

19.3 24.3 

Pengelih Naval Base <5 30.3 35.3 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Pollutant: SO2 
1 hr Average 

Limit: 250 g/m
3
 

Kg. Pengerang <5 (Within RAPID) 20.7 25.7 

Kg. Sg. Kapal <5 53.6 58.6 

Taman Rengit Jaya <5 38.0 43.0 

Kg. Sg. Buntu <5 29.4 34.4 

Kg. Bukit Buloh <5 51.9 56.9 

Kg. Sg. Rengit ND 37.4 37.4 

Kg. Bukit Gelugor <5 33.9 38.9 

Kg. Lepau <5 51.8 56.8 

Kg. Pasir Gogok ND 24.4 24.4 

11 

Cumulative RAPID 
Complex 
Pollutant: SO2 
24 hrs Average 

Limit: 80 g/m
3
 

Tg. Pengelih NM 

16.6 

(Within RAPID) 

2.2 NA 

Pengelih Naval Base NM 4.6 NA 

Kg. Pengerang NM 2.3 NA 

Kg. Sg. Kapal NM 5.1 NA 

Taman Rengit Jaya NM 4.9 NA 

Kg. Sg. Buntu NM 4.3 NA 

Kg. Bukit Buloh NM 4.2 NA 

Kg. Sg. Rengit NM 3.0 NA 

Kg. Bukit Gelugor NM 2.8 NA 

Kg. Lepau NM 5.8 NA 

Kg. Pasir Gogok NM 3.3 NA 

12 

Cumulative RAPID 
Complex 
Pollutant: CO 
1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

569.8 

(Eastern side of RAPID) 

50.1 NA 

Pengelih Naval Base NM 569.8 NA 

Kg. Pengerang NM 77.7 NA 

Kg. Sg. Kapal NM 104.1 NA 

Taman Rengit Jaya NM 85.3 NA 

Kg. Sg. Buntu NM 64.5 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Bukit Buloh NM 455.4 NA 

Kg. Sg. Rengit NM 87.7 NA 

Kg. Bukit Gelugor NM 76.4 NA 

Kg. Lepau NM 86.0 NA 

Kg. Pasir Gogok NM 48.7 NA 

13 

Cumulative RAPID 
Complex 
Pollutant: CO 
8 hrs Average 

Limit: 10,000 g/m
3
 

Tg. Pengelih <100 

205.0 

(Within RAPID) 

12.8 112.8 

Pengelih Naval Base <100 164.1 264.1 

Kg. Pengerang <100 16.8 116.8 

Kg. Sg. Kapal <100 27.9 127.9 

Taman Rengit Jaya <100 41.5 141.5 

Kg. Sg. Buntu <100 21.5 121.5 

Kg. Bukit Buloh <100 205.0 305.0 

Kg. Sg. Rengit ND 22.1 22.1 

Kg. Bukit Gelugor <100 15.8 115.8 

Kg. Lepau <100 27.1 127.1 

Kg. Pasir Gogok ND 17.7 17.7 

14 

Cumulative RAPID 
Complex 
Pollutant: NH3 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

1.6 

Within RAPID 

0.088 NA 

Pengelih Naval Base NM 0.036 NA 

Kg. Pengerang NM 0.099 NA 

Kg. Sg. Kapal NM 0.189 NA 

Taman Rengit Jaya NM 0.311 NA 

Kg. Sg. Buntu NM 0.138 NA 

Kg. Bukit Buloh NM 1.036 NA 

Kg. Sg. Rengit NM 0.103 NA 

Kg. Bukit Gelugor NM 0.091 NA 

Kg. Lepau NM 0.130 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Pasir Gogok NM 0.067 NA 

15 

Cumulative RAPID 
Complex 
Pollutant: NH3 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

0.828 

Within RAPID 

0.023 NA 

Pengelih Naval Base NM 0.005 NA 

Kg. Pengerang NM 0.025 NA 

Kg. Sg. Kapal NM 0.066 NA 

Taman Rengit Jaya NM 0.141 NA 

Kg. Sg. Buntu NM 0.056 NA 

Kg. Bukit Buloh NM 0.535 NA 

Kg. Sg. Rengit NM 0.017 NA 

Kg. Bukit Gelugor NM 0.019 NA 

Kg. Lepau NM 0.025 NA 

Kg. Pasir Gogok NM 0.024 NA 

16 

Cumulative RAPID 
Complex 
Pollutant: NH3 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

0.302 

Within RAPID 

0.008 NA 

Pengelih Naval Base NM 0.002 NA 

Kg. Pengerang NM 0.011 NA 

Kg. Sg. Kapal NM 0.027 NA 

Taman Rengit Jaya NM 0.043 NA 

Kg. Sg. Buntu NM 0.020 NA 

Kg. Bukit Buloh NM 0.188 NA 

Kg. Sg. Rengit NM 0.006 NA 

Kg. Bukit Gelugor NM 0.006 NA 

Kg. Lepau NM 0.008 NA 

Kg. Pasir Gogok NM 0.008 NA 

17 
Cumulative RAPID 
Complex 
Pollutant: Methanol 

Tg. Pengelih NM 
33.3 

(Within RAPID) 

1.804 NA 

Pengelih Naval Base NM 0.740 NA 

Kg. Pengerang NM 2.030 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 hr Average 
Limit: NA 

Kg. Sg. Kapal NM 3.850 NA 

Taman Rengit Jaya NM 6.337 NA 

Kg. Sg. Buntu NM 2.812 NA 

Kg. Bukit Buloh NM 21.148 NA 

Kg. Sg. Rengit NM 2.103 NA 

Kg. Bukit Gelugor NM 1.855 NA 

Kg. Lepau NM 2.645 NA 

Kg. Pasir Gogok NM 1.359 NA 

18 

Cumulative RAPID 
Complex 
Pollutant: Methanol 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

16.9 

(Within RAPID) 

0.476 NA 

Pengelih Naval Base NM 0.100 NA 

Kg. Pengerang NM 0.507 NA 

Kg. Sg. Kapal NM 1.344 NA 

Taman Rengit Jaya NM 2.887 NA 

Kg. Sg. Buntu NM 1.135 NA 

Kg. Bukit Buloh NM 10.917 NA 

Kg. Sg. Rengit NM 0.349 NA 

Kg. Bukit Gelugor NM 0.394 NA 

Kg. Lepau NM 0.510 NA 

Kg. Pasir Gogok NM 0.498 NA 

19 

Cumulative RAPID 
Complex 
Pollutant: Methanol 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

6.2 

(Within RAPID) 

0.159 NA 

Pengelih Naval Base NM 0.033 NA 

Kg. Pengerang NM 0.229 NA 

Kg. Sg. Kapal NM 0.552 NA 

Taman Rengit Jaya NM 0.885 NA 

Kg. Sg. Buntu NM 0.406 NA 

Kg. Bukit Buloh NM 3.836 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Sg. Rengit NM 0.117 NA 

Kg. Bukit Gelugor NM 0.132 NA 

Kg. Lepau NM 0.170 NA 

Kg. Pasir Gogok NM 0.166 NA 

20 

Cumulative RAPID 
Complex 
Pollutant: NMVOC 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

42.2 

(Bukit Pelali) 

1.087 NA 

Pengelih Naval Base NM 15.255 NA 

Kg. Pengerang NM 1.964 NA 

Kg. Sg. Kapal NM 1.967 NA 

Taman Rengit Jaya NM 2.051 NA 

Kg. Sg. Buntu NM 1.885 NA 

Kg. Bukit Buloh NM 2.219 NA 

Kg. Sg. Rengit NM 2.084 NA 

Kg. Bukit Gelugor NM 1.865 NA 

Kg. Lepau NM 1.853 NA 

Kg. Pasir Gogok NM 1.714 NA 

21 

Cumulative RAPID 
Complex 
Pollutant: NMVOC 
8 hrs Average 
Limit: NA 

Tg. Pengelih NM 

9.6 

(Bukit Pengerang) 

0.228 NA 

Pengelih Naval Base NM 6.060 NA 

Kg. Pengerang NM 0.265 NA 

Kg. Sg. Kapal NM 0.866 NA 

Taman Rengit Jaya NM 0.794 NA 

Kg. Sg. Buntu NM 0.658 NA 

Kg. Bukit Buloh NM 0.444 NA 

Kg. Sg. Rengit NM 0.364 NA 

Kg. Bukit Gelugor NM 0.379 NA 

Kg. Lepau NM 0.516 NA 

Kg. Pasir Gogok NM 0.305 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

22 

Cumulative RAPID 
Complex 
Pollutant: NMVOC 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

3.2 

(Bukit Pelali) 

0.136 NA 

Pengelih Naval Base NM 2.033 NA 

Kg. Pengerang NM 0.184 NA 

Kg. Sg. Kapal NM 0.471 NA 

Taman Rengit Jaya NM 0.464 NA 

Kg. Sg. Buntu NM 0.360 NA 

Kg. Bukit Buloh NM 0.188 NA 

Kg. Sg. Rengit NM 0.149 NA 

Kg. Bukit Gelugor NM 0.142 NA 

Kg. Lepau NM 0.206 NA 

Kg. Pasir Gogok NM 0.115 NA 

23 

Cumulative RAPID 
Complex 
Pollutant: H2S 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

4.2 

(Within RAPID) 

1.240 NA 

Pengelih Naval Base NM 0.791 NA 

Kg. Pengerang NM 1.007 NA 

Kg. Sg. Kapal NM 1.430 NA 

Taman Rengit Jaya NM 1.266 NA 

Kg. Sg. Buntu NM 1.312 NA 

Kg. Bukit Buloh NM 1.711 NA 

Kg. Sg. Rengit NM 1.281 NA 

Kg. Bukit Gelugor NM 1.307 NA 

Kg. Lepau NM 2.351 NA 

Kg. Pasir Gogok NM 0.972 NA 

24 

Cumulative RAPID 
Complex 
Pollutant: H2S 
8 hrs Average 

Tg. Pengelih NM 

2.4 

(Within RAPID) 

0.155 NA 

Pengelih Naval Base NM 0.165 NA 

Kg. Pengerang NM 0.134 NA 

Kg. Sg. Kapal NM 0.428 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Normal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Limit: NA Taman Rengit Jaya NM 0.367 NA 

Kg. Sg. Buntu NM 0.339 NA 

Kg. Bukit Buloh NM 0.384 NA 

Kg. Sg. Rengit NM 0.302 NA 

Kg. Bukit Gelugor NM 0.216 NA 

Kg. Lepau NM 0.625 NA 

Kg. Pasir Gogok NM 0.243 NA 

25 

Cumulative RAPID 
Complex 
Pollutant: H2S 
24 hrs Average 
Limit: NA 

Tg. Pengelih NM 

0.907 

(Within RAPID) 

0.096 NA 

Pengelih Naval Base NM 0.094 NA 

Kg. Pengerang NM 0.087 NA 

Kg. Sg. Kapal NM 0.170 NA 

Taman Rengit Jaya NM 0.145 NA 

Kg. Sg. Buntu NM 0.136 NA 

Kg. Bukit Buloh NM 0.153 NA 

Kg. Sg. Rengit NM 0.120 NA 

Kg. Bukit Gelugor NM 0.110 NA 

Kg. Lepau NM 0.253 NA 

Kg. Pasir Gogok NM 0.083 NA 

Note: 

All concentration unit in g/m
3
 

NM = Not monitored 
NA = Not Available 
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Table ‎3-12: Predicted Incremental GLC and Cumulative GLC for RAPID Complex (Abnormal Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 

Cumulative RAPID 
Complex 
Pollutant: PM10 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

35.1 
(Bukit Pelali) 

7.2 NA 

Pengelih Naval Base NM 22.8 NA 

Kg. Pengerang NM 7.0 NA 

Kg. Sg. Kapal NM 12.6 NA 

Taman Rengit Jaya NM 11.0 NA 

Kg. Sg. Buntu NM 8.2 NA 

Kg. Bukit Buloh NM 13.0 NA 

Kg. Sg. Rengit NM 10.5 NA 

Kg. Bukit Gelugor NM 10.2 NA 

Kg. Lepau NM 12.0 NA 

Kg. Pasir Gogok NM 8.4 NA 

2 

Cumulative RAPID 
Complex 
Pollutant: PM2.5 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

14.7 
(Bukit Pengerang) 

3.1 NA 

Pengelih Naval Base NM 13.6 NA 

Kg. Pengerang NM 3.1 NA 

Kg. Sg. Kapal NM 5.1 NA 

Taman Rengit Jaya NM 4.8 NA 

Kg. Sg. Buntu NM 3.6 NA 

Kg. Bukit Buloh NM 5.1 NA 

Kg. Sg. Rengit NM 4.0 NA 

Kg. Bukit Gelugor NM 4.1 NA 

Kg. Lepau NM 4.6 NA 

Kg. Pasir Gogok NM 3.3 NA 

3 

Cumulative RAPID 
Complex 
Pollutant: NO2 
Tier1 
1 hr Average 

Limit: 280 g/m
3
 

Tg. Pengelih <5 

2073.8 
(Within RAPID) 

87.4 92.4 

Pengelih Naval Base <5 931.1 936.1 

Kg. Pengerang <5 95.0 100.0 

Kg. Sg. Kapal <5 208.7 213.7 

Taman Rengit Jaya <5 188.0 193.0 

Kg. Sg. Buntu <5 158.5 163.5 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Bukit Buloh <5 295.3 300.3 

Kg. Sg. Rengit ND 127.2 127.2 

Kg. Bukit Gelugor <5 121.6 126.6 

Kg. Lepau <5 175.8 180.8 

Kg. Pasir Gogok ND 112.1 112.1 

4 

Cumulative RAPID 
Complex 
Pollutant: SO2 
1 hr Average 

Limit: 250 g/m
3
 

Tg. Pengelih <5 

40582.8 
(Within RAPID) 

1298.9 1303.9 

Pengelih Naval Base <5 16620.7 16625.7 

Kg. Pengerang <5 1542.3 1547.3 

Kg. Sg. Kapal <5 3740.9 3745.9 

Taman Rengit Jaya <5 3436.2 3441.2 

Kg. Sg. Buntu <5 2865.0 2870.0 

Kg. Bukit Buloh <5 5397.5 5402.5 

Kg. Sg. Rengit ND 2051.7 2051.7 

Kg. Bukit Gelugor <5 1700.7 1705.7 

Kg. Lepau <5 3056.3 3061.3 

Kg. Pasir Gogok ND 1890.4 1890.4 

5 

Cumulative RAPID 
Complex 
Pollutant: CO 
1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

1814.1 
(Western Boundary of 

RAPID) 

99.5 NA 

Pengelih Naval Base NM 744.4 NA 

Kg. Pengerang NM 112.1 NA 

Kg. Sg. Kapal NM 174.5 NA 

Taman Rengit Jaya NM 160.9 NA 

Kg. Sg. Buntu NM 142.3 NA 

Kg. Bukit Buloh NM 455.6 NA 

Kg. Sg. Rengit NM 111.3 NA 

Kg. Bukit Gelugor NM 93.5 NA 

Kg. Lepau NM 184.9 NA 

Kg. Pasir Gogok NM 107.1 NA 

6 
Cumulative RAPID 
Complex 
Pollutant: NMVOC 

Tg. Pengelih NM 
57.3 

(Bukit Pelali) 

1.9 NA 

Pengelih Naval Base NM 26.0 NA 

Kg. Pengerang NM 2.5 NA 



 

ADDITIONAL INFORMATION TO THE DEIA REFINERY AND PETROCHEMICAL INTEGRATED DEVELOPMENT (RAPID) 
PROJECT, PENGERANG JOHOR, 2012 TO INCLUDE EURO 5 MOGAS AND OLEFIN TANK UNITS 

 APPENDIX 1 
GASEOUS DISPERSION STUDY 

 

 

Page | 67 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Abnormal Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 hr Average 
Limit: NA 

Kg. Sg. Kapal NM 3.3 NA 

Taman Rengit Jaya NM 2.6 NA 

Kg. Sg. Buntu NM 2.8 NA 

Kg. Bukit Buloh NM 3.6 NA 

Kg. Sg. Rengit NM 2.7 NA 

Kg. Bukit Gelugor NM 2.3 NA 

Kg. Lepau NM 3.4 NA 

Kg. Pasir Gogok NM 2.4 NA 

7 

Cumulative RAPID 
Complex 
Pollutant: H2S 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

456.1 
(Within RAPID) 

24.5 NA 

Pengelih Naval Base NM 182.3 NA 

Kg. Pengerang NM 31.3 NA 

Kg. Sg. Kapal NM 45.8 NA 

Taman Rengit Jaya NM 50.1 NA 

Kg. Sg. Buntu NM 39.9 NA 

Kg. Bukit Buloh NM 62.8 NA 

Kg. Sg. Rengit NM 29.1 NA 

Kg. Bukit Gelugor NM 22.1 NA 

Kg. Lepau NM 38.4 NA 

Kg. Pasir Gogok NM 22.0 NA 

8 

Cumulative RAPID 
Complex 
Pollutant: UHC 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

4104.6 
Within RAPID) 

220.8 NA 

Pengelih Naval Base NM 1640.3 NA 

Kg. Pengerang NM 282.0 NA 

Kg. Sg. Kapal NM 412.0 NA 

Taman Rengit Jaya NM 450.5 NA 

Kg. Sg. Buntu NM 358.8 NA 

Kg. Bukit Buloh NM 565.5 NA 

Kg. Sg. Rengit NM 261.9 NA 

Kg. Bukit Gelugor NM 198.7 NA 

Kg. Lepau NM 345.2 NA 

Kg. Pasir Gogok NM 198.3 NA 
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Note: 

All concentration unit in g/m
3
 

NM = Not monitored. NA = Not Available 

Table ‎3-13: Predicted Incremental GLC and Cumulative GLC for Cumulative RAPID Complex (Emergency Operation) 

No Scenario Receptor 
Baseline 

(Oct 2012) 

Emergency Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

1 

Cumulative RAPID 
Complex 
Pollutant: PM10 
1 hr Average 

Limit: 100 g/m
3
 

Tg. Pengelih NM 

21.7 
(Bukit Pengerang) 

8.9 NA 

Pengelih Naval Base NM 21.7 NA 

Kg. Pengerang NM 7.8 NA 

Kg. Sg. Kapal NM 10.0 NA 

Taman Rengit Jaya NM 9.2 NA 

Kg. Sg. Buntu NM 8.3 NA 

Kg. Bukit Buloh NM 9.3 NA 

Kg. Sg. Rengit NM 10.1 NA 

Kg. Bukit Gelugor NM 10.5 NA 

Kg. Lepau NM 9.4 NA 

Kg. Pasir Gogok NM 10.2 NA 

2 

Cumulative RAPID 
Complex 
Pollutant: PM2.5 
1 hr Average 

Limit: 35 g/m
3
 

Tg. Pengelih NM 

12.4 
(Bukit Pengerang) 

5.4 NA 

Pengelih Naval Base NM 12.4 NA 

Kg. Pengerang NM 4.7 NA 

Kg. Sg. Kapal NM 6.1 NA 

Taman Rengit Jaya NM 5.7 NA 

Kg. Sg. Buntu NM 5.0 NA 

Kg. Bukit Buloh NM 5.6 NA 

Kg. Sg. Rengit NM 6.2 NA 

Kg. Bukit Gelugor NM 6.4 NA 

Kg. Lepau NM 5.8 NA 

Kg. Pasir Gogok NM 6.2 NA 

3 
Cumulative RAPID 
Complex 

Tg. Pengelih <5 
165.0 

15.7 20.7 

Pengelih Naval Base <5 165.0 170.0 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Emergency Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Pollutant: NO2 Tier1 
1 hr Average 

Limit: 280 g/m
3
 

Kg. Pengerang <5 (Bukit Pengerang) 17.0 22.0 

Kg. Sg. Kapal <5 18.1 23.1 

Taman Rengit Jaya <5 19.8 24.8 

Kg. Sg. Buntu <5 16.2 21.2 

Kg. Bukit Buloh <5 20.3 25.3 

Kg. Sg. Rengit ND 19.4 19.4 

Kg. Bukit Gelugor <5 21.0 26.0 

Kg. Lepau <5 24.5 29.5 

Kg. Pasir Gogok ND 15.8 15.8 

4 

Cumulative RAPID 
Complex 
Pollutant: SO2 
1 hr Average 

Limit: 250 g/m
3
 

Tg. Pengelih <5 

120.5 
(Ocean – Southern of 

RAPID) 

91.2 96.2 

Pengelih Naval Base <5 99.8 104.8 

Kg. Pengerang <5 80.1 85.1 

Kg. Sg. Kapal <5 99.5 104.5 

Taman Rengit Jaya <5 92.4 97.4 

Kg. Sg. Buntu <5 84.8 89.8 

Kg. Bukit Buloh <5 95.6 100.6 

Kg. Sg. Rengit ND 103.5 103.5 

Kg. Bukit Gelugor <5 106.7 111.7 

Kg. Lepau <5 94.1 99.1 

Kg. Pasir Gogok ND 104.2 104.2 

5 

Cumulative RAPID 
Complex 
Pollutant: CO 
1 hr Average 

Limit: 30,000 g/m
3
 

Tg. Pengelih NM 

546.4 
(Bukit Pengerang) 

42.7 NA 

Pengelih Naval Base NM 546.4 NA 

Kg. Pengerang NM 47.3 NA 

Kg. Sg. Kapal NM 57.7 NA 

Taman Rengit Jaya NM 65.8 NA 

Kg. Sg. Buntu NM 52.3 NA 

Kg. Bukit Buloh NM 53.2 NA 

Kg. Sg. Rengit NM 49.8 NA 

Kg. Bukit Gelugor NM 51.3 NA 

Kg. Lepau NM 82.4 NA 
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No Scenario Receptor 
Baseline 

(Oct 2012) 

Emergency Operating Scenario 

Max Incremental (µg/m
3
) Receptor Incremental (µg/m

3
) Cumulative GLC (µg/m

3
) 

Kg. Pasir Gogok NM 50.1 NA 

6 

Cumulative RAPID 
Complex 
Pollutant: NMVOC 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

102.1 
(Ocean – Southern of 

RAPID) 

77.3 NA 

Pengelih Naval Base NM 84.5 NA 

Kg. Pengerang NM 67.9 NA 

Kg. Sg. Kapal NM 84.2 NA 

Taman Rengit Jaya NM 78.2 NA 

Kg. Sg. Buntu NM 71.8 NA 

Kg. Bukit Buloh NM 81.0 NA 

Kg. Sg. Rengit NM 87.6 NA 

Kg. Bukit Gelugor NM 90.3 NA 

Kg. Lepau NM 79.6 NA 

Kg. Pasir Gogok NM 88.2 NA 

7 

Cumulative RAPID 
Complex 
Pollutant: H2S 
1 hr Average 
Limit: NA 

Tg. Pengelih NM 

1.3 
(Ocean – Southern of 

RAPID) 

0.992 NA 

Pengelih Naval Base NM 1.085 NA 

Kg. Pengerang NM 0.871 NA 

Kg. Sg. Kapal NM 1.081 NA 

Taman Rengit Jaya NM 1.004 NA 

Kg. Sg. Buntu NM 0.922 NA 

Kg. Bukit Buloh NM 1.040 NA 

Kg. Sg. Rengit NM 1.125 NA 

Kg. Bukit Gelugor NM 1.160 NA 

Kg. Lepau NM 1.022 NA 

Kg. Pasir Gogok NM 1.133 NA 

Note: 

All concentration unit in g/m
3
 

NM = Not monitored 
NA = Not Available 
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4.0 CONCLUSION 

 

For gaseous emission, the normal operations of EURO5 MOGAS expansion 

indicate that it meets the MAAQS 2013 Standard 2020 limits for all pollutants. 

No abnormal operation for EURO5 MOGAS modelled. As for Olefin Storage 

tankages, no normal continuous emission from it as the vent will be routed to 

either the Cold Flare or Refinery Tank Farm Flare. Under abnormal operation, 

the cold flare modelling result shows the predicted GLCs of CO is below the 

required respective MAAQS Standard 2020 at all receptors for the maximum 

1 hour average concentration while the predicted maximum GLC of NO2 

exceeds the stipulated limit but it is located within the RAPID Complex. While 

under emergency operation, the predicted GLCs of CO, SO2 and NO2 are below the 

required respective MAAQS (Standard 2020) at all receptors and the predicted 

maximum 1 hour average concentration for the prescribed parameters were 

well within the MAAQS Standard 2020. 

 

During normal operations based on cumulative emissions from all process 

units in the Refinery and Cracker Complex, predicted ground level 

concentrations (GLC) of all pollutants except NO2 are within the Malaysia 

Ambient Air Quality Standards (MAAQS) Standard 2020 limits. NO2 

concentrations exceeded the limit only at Bukit Pelali (1-hour average) and 

Bukit Pengerang (24-hour average) for less than 0.4% of the time which is 

equivalent to less than 7 days over a 5-year period. Predicted concentrations 

of ammonia (NH3), methanol, NMVOC and hydrogen sulphide (H2S) are 

insignificant and are further assess in the health impact assessment. With the 

inclusion of cumulative emissions from other RAPID components, modelling 

findings indicated no issue of concern except for NO2 where the NO2 level 

exceeds the MAAQS 2013 (Standard 2020) limit. Results indicated that the 

maximum GLC takes place at Bukit Pelali and Bukit Pengerang for the normal 

operating conditions and three locations at sensitive receptor located 

surrounding the RAPID Complex i.e. Pengelih Naval Base, Sg Rengit and Kg 

Bukit Buloh will have NO2 level marginally exceeding the MAAQS 2013 

(Standard 2020). 
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With abnormal operating conditions, which is temporary and transient, 

predicted CO, PM10 and PM2.5, concentrations are within the required limits. 

However, SO2 and NO2 concentrations exceed the MAAQS Standard 2020 

for the maximum 1 hour average concentration. A similar set of results and 

conclusions are arrived at with the inclusion of other RAPID components. 

 

During an emergency, operating condition when emissions are totally flared, 

predicted concentrations of CO, SO2 and NO2 are below the required 

respective MAAQS Standard 2020 at all receptors for the maximum 1 hour 

average concentration and for comparison purposes, predicted 1-hour 

average PM10 and PM2.5 concentrations are even below its 24-hour average 

limit. A similar set of results and conclusions are arrived at with the inclusion 

of other RAPID components. 
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SUB-APPENDIX 1A: INDIVIDUAL UNITS AIR DISPERSION CONCENTRATION 

CONTOUR 
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SCALE: 1:200,000 

0  5 km 

Figure 1: Predicted Incremental Ground Level Concentration for PM10 During Normal Operation for EURO5 MOGAS (Maximum 24 hours Average in µg/m
3
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 2:  Predicted Incremental Ground Level Concentration for PM10 During Normal Operation for EURO5 MOGAS (Maximum Annual Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 3:  Predicted Incremental Ground Level Concentration for PM2.5 During Normal Operation for EURO5 MOGAS (Maximum 24 hours Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 4:  Predicted Incremental Ground Level Concentration for PM2.5 During Normal Operation for EURO5 MOGAS (Maximum Annual Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 5:  Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for EURO5 MOGAS (Maximum 1 hour Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 6:  Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for EURO5 MOGAS (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 7:  Predicted Incremental Ground Level Concentration for SO2 During Normal Operation for EURO5 MOGAS (Maximum 1 hour Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 8:  Predicted Incremental Ground Level Concentration for SO2 During Normal Operation for EURO5 MOGAS (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 9:  Predicted Incremental Ground Level Concentration for CO During Normal Operation for  EURO5 MOGAS (Maximum 1 hour Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 10:  Predicted Incremental Ground Level Concentration for CO During Normal Operation for EURO5 MOGAS (Maximum 8 hours Average in µg/m
3
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SCALE: 1:200,000 

0  5 km 

Figure 11:  Predicted Incremental Ground Level Concentration for NMVOC During Normal Operation for EURO5  MOGAS (Maximum 1 hour Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 12:  Predicted Incremental Ground Level Concentration for NMVOC During Normal Operation for EURO5 MOGAS (Maximum 8 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 13:  Predicted Incremental Ground Level Concentration for NMVOC During Normal Operation for EURO5 MOGAS (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 14:  Predicted Incremental Ground Level Concentration for NO2 Tier1 During Abnormal Operation for Olefin Storage (Maximum 1 hour Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

 

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 15:  Predicted Incremental Ground Level Concentration for CO During Abnormal Operation for Olefin Storage (Maximum 1 hour Average in µg/m3) 
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SUB-APPENDIX 1B: CUMULATIVE AIR DISPERSION CONCENTRATION 

CONTOUR 



 

ADDITIONAL INFORMATION TO THE DEIA REFINERY AND PETROCHEMICAL INTEGRATED DEVELOPMENT (RAPID) PROJECT, PENGERANG JOHOR, 2012 TO INCLUDE EURO 5 
MOGAS AND OLEFIN TANK UNITS 

 APPENDIX 1 
GASEOUS DISPERSION STUDY 

 
 

 

Page | APP-1 
AERMOD View - Lakes Environmental Software 

  

 

 

SCALE: 1:200,000 

0  5 km 

Figure 1:Predicted Incremental Ground Level Concentration for PM10 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 24 hours Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 2: Predicted Incremental Ground Level Concentration for PM10 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum Annual Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 3: Predicted Incremental Ground Level Concentration for PM2.5 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 24 hours Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 4: Predicted Incremental Ground Level Concentration for PM2.5 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum Annual Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 5: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 6: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  Refinery Cracker Complex (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 7: Predicted Incremental Ground Level Concentration for NO2 Tier3 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 8: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  Refinery Cracker Complex (Maximum 99.6 Percentile 1 hour Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 9: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  Refinery Cracker Complex (Maximum 99.8 Percentile 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 10: Predicted Incremental Ground Level Concentration for SO2 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m
3
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 11: Predicted Incremental Ground Level Concentration for SO2 During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 24 hours Average in µg/m3) 
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AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 12: Predicted Incremental Ground Level Concentration for CO During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 13: Predicted Incremental Ground Level Concentration for CO During Normal Operation for Cumulative Refinery Cracker Complex (Maximum 8 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 14: Predicted Incremental Ground Level Concentration for PM10 During Normal Operation for Cumulative RAPID Complex (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 15: Predicted Incremental Ground Level Concentration for PM10 During Normal Operation for Cumulative RAPID Complex (Maximum Annual Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 16: Predicted Incremental Ground Level Concentration for PM2.5 During Normal Operation for Cumulative RAPID Complex (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 17: Predicted Incremental Ground Level Concentration for PM2.5 During Normal Operation for Cumulative RAPID Complex (Maximum Annual Average in µg/m3) 



 

ADDITIONAL INFORMATION TO THE DEIA REFINERY AND PETROCHEMICAL INTEGRATED DEVELOPMENT (RAPID) PROJECT, PENGERANG JOHOR, 2012 TO INCLUDE EURO 5 
MOGAS AND OLEFIN TANK UNITS 

 APPENDIX 1 
GASEOUS DISPERSION STUDY 

 
 

 

Page | APP-18 
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SCALE: 1:200,000 

0  5 km 

Figure 18: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  RAPID Complex (Maximum 1 hour Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 19: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative RAPID Complex (Maximum 24 hours Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 20: Predicted Incremental Ground Level Concentration for NO2 Tier3 During Normal Operation for Cumulative RAPID Complex (Maximum 1 hour Average in µg/m3) 
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SCALE: 1:200,000 

0  5 km 

Figure 21: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  RAPID Complex (Maximum 99.5 Percentile 1 hour Average in µg/m3) 
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Figure 22: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Normal Operation for Cumulative  RAPID Complex (Maximum 99.7 Percentile 24 hours Average in µg/m3) 
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Figure 23: Predicted Incremental Ground Level Concentration for SO2 During Normal Operation for Cumulative  RAPID Complex (Maximum 1 hour Average in µg/m3) 
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Figure 24: Predicted Incremental Ground Level Concentration for SO2 During Normal Operation for Cumulative RAPID Complex (Maximum 24 hours Average in µg/m3) 



 

ADDITIONAL INFORMATION TO THE DEIA REFINERY AND PETROCHEMICAL INTEGRATED DEVELOPMENT (RAPID) PROJECT, PENGERANG JOHOR, 2012 TO INCLUDE EURO 5 
MOGAS AND OLEFIN TANK UNITS 

 APPENDIX 1 
GASEOUS DISPERSION STUDY 

 
 

 

Page | APP-25 
AERMOD View - Lakes Environmental Software 

  

 
 

 

SCALE: 1:200,000 

0  5 km 

Figure 25: Predicted Incremental Ground Level Concentration for CO During Normal Operation for Cumulative RAPID Complex (Maximum 1 hour Average in µg/m3) 
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Figure 26: Predicted Incremental Ground Level Concentration for CO During Normal Operation for Cumulative RAPID Complex (Maximum 8 hours Average in µg/m3) 
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Figure 27: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Abnormal Operation for Olefin Storage Tankages (Maximum 1 hour Average in µg/m3) 
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Figure 28: Predicted Incremental Ground Level Concentration for CO During Abnormal Operation for Olefin Storage Tankages (Maximum 1 hour Average in µg/m3) 
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Figure 29: Predicted Incremental Ground Level Concentration for PM10 During Abnormal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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Figure 30: Predicted Incremental Ground Level Concentration for PM2.5 During Abnormal Operation for  Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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Figure 31: Predicted Incremental Ground Level Concentration for NO2 Tier1 During Abnormal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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Figure 32: Predicted Incremental Ground Level Concentration for CO During Abnormal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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Figure 33: Predicted Incremental Ground Level Concentration for H2S During Abnormal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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Figure 34: Predicted Incremental Ground Level Concentration for NMVOC During Abnormal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 
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Figure 35: Predicted Incremental Ground Level Concentration for UHC During Abnormal Operation for Cumulative Refinery Cracker Complex (Maximum 1 hour Average in µg/m3) 


