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ABSTRACT

The aim of this study is to estimate the toxic gas dispersion by using
consequences modelling software which is Areal Location of Hazardous Atmosphere,
ALOHA version 5.4.7 at one of chemical plant in Teluk Kalong Industrial Area,
Kemaman, Terengganu for the whole year starting from January to December of
2016.The result of this study have been analyzed with a view to determine the threat
zone and estimate toxic gas dispersion which is the release of sulfuric acid from the
storage tank from the source point for the worst case. Analysis of 12 simulations of
toxic gas dispersion for the whole year has also been done to assess the damage
potential of such events. It is revealed that toxic gas dispersion poses a great risk as it
can disperse up to 1.3 miles not to only workers but also to the public. The study
highlights the need for having safe evacuation route at the risky area in chemical plant.
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ABSTRAK

Tujuan kajian ini dijalankan adalah untuk menganggarkan jarak penyebaran gas
berbahaya iaitu asid sulfurik dengan menggunakan kesan perisian pemodelan iaitu Areal
Lokasi Atmosphere Berbahaya, ALOHA versi 5.4.7 di salah sebuah kilang kimia di
Kawasan Industri Teluk Kalong Kemaman, Terengganu sepanjang tahun ini bermula
dari Januari hinga Disember 2016. Kajian ini telah dianalisis untuk menentukan zon
ancaman dan menganggarkan penyebaran gas toksik. Analisis 12 simulasi penyebaran
gas toksik sepanjang tahun ini juga telah dilakukan untuk menilai potensi bahaya yang
akan mengancam pekerja dan juga penduduk yang tinggal berdekatan. la mendedahkan
bahawa penyebaran gas toksik menimbulkan risiko besar. Faktor ini diambil Kira
daripada jarak penyebaran sulfuric acid yang paling jauh iaitu pada bulan Disember.
Daripada analisis yang dilakukan, asik sulfurik boleh tersebar sejauh 1.3 batu
bersamaan dengan 2.09 kilometer. Radius penyebaran asik berbahaya ini tidak hanya
mengancam pekerja tetapi juga kepada orang ramai. Kajian ini menekankan keperluan
untuk mempunyai laluan pemindahan selamat di kawasan berisiko di kilang kimia.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

In most developing countries, one of the contributor of the industrial sector
growth is chemical industry. It gives important contributions to the economic
development. In Asian countries including Malaysia, the increasing demand for
chemical products has resulted in the rise of manufacturing sector. The overall chemical
production in the Asia-Pacific region is forecast to increase by 5.2% by 2015 and
afterwards (World of Chemicals, 2015). One of the cluster which is in developing stage
is chemical industry including major chemical sector located in Teluk Kalong,
Kemaman (MIDA, 2017).

As the growth of the chemical sector rise, the other aspect that should be greatly
concerned is chemical safety-related. In industry, there are high potential for major
accident events (MAE), where the problem become more serious with the increasing
production, storage and use of hazardous substances. Chemical accident such as
chemical release can cause catastrophic consequences not only to the employees but
also to residents and the environment as the dispersion of the toxic gas will become
worst as the wind speed increase (Faisal and Abbasi, 1999).

At any processing plant, process safety becomes the most crucial factor in
ensuring the safety of the plant. It focuses on preventing fires, explosions and accidental
chemical releases in chemical process facilities or other facilities dealing with hazardous
materials such as refineries, and oil and gas (onshore and offshore) production
installations (Daniel and Joseph, 2002). Unexpected releases of toxic, reactive, or
flammable liquids and gases in processes involving hazardous chemicals have been

reported for many years and continue to occur in various industries.



In this regard, chemical plant in general has a high risk for developing accidents.
As such, in reaction of such disaster, the workers and residents that is living nearby
need to take shelter in a safer place within short period of time. Hence, the evacuation
routes that safe from the incident need to be figured out (Vania et al.,2012). Evacuation
route is a major part of Emergency Response and Planning which itself a part of Process
Safety Management. Hence, a proper action should be taken to avoid the catastrophic
incident from happening.

1.2 Motivation

Recently, major accident in chemical plant had been frequently reported in
Malaysia. On September 16, 2016, there was a chlorine explosion in a chemical plant.
The explosion sent a stinging odor to the air and had caused the residents suffered itchy
throats and severe coughs accompanied by a burning sensation in their throats. Not only
that, some workers of the plant had been diagnosed suffers from pneumonia. (The Star
Online, 2016). On the next cases, on August 16 2016, two workers were killed in
ammonia leak in a chemical plant located in Sipitang, Sarawak (Malaymail Online,
2016).

According to the Chris Kilbourne, workers need to be trained well to stay safe
from the gas leak. He also added that the workers need to be trained to escape from the
gas leakage area. However, the area of gas leakage cannot be discovered in a short time,
unlike fire explosion, gas dispersion cannot be detected earlier due to its color. Hence,
there is a need for a simulation of gas leakage before the incident occur. This will help
the person in charge during the day of the incident to give a safe command to the other

workers to escape to a safer place and the affected area will be avoided.

1.3 Problem Statement

Emergency Response and Preparedness (ERP) is to provide safe and proper
operations at the workplace. It includes emergency response plan which is the actions
taken in the initial minutes during an accident occur. This plan is very crucial as it can
save lives of workers and also public by preparing the plan for the evacuation during the
day of the accident (Ralph, 1990). In the study area, it is found out that there are no

evacuation routes has been planned and it will only be decided by the person in charge



at the plant. Accident is an unexpected event which cannot be predicted when and where
it will occur. Hence, it is a crucial need for an evacuation planning especially in
chemical industry which is dealing with hazardous substances. Thus, potential threat
needs to be identified first (Moura et al., 2016).

1.4 Objectives

The following are the objectives of this research:

1)  To identify the potential hazards from the sulfuric acid dispersion at the chemical
plant.

2) To study the downwind concentration of the sulfuric acid for the impact on the
toxic release from the storage tank.

3) To develop the evacuation routes for the sulfuric acid release.

1.5  Scopes of Study

The following are the scopes of this research:

1) Process Safety Concept is the main principle and it is carried out in a chemical
facility.

2) Process hazard analysis specifically using the Areal Location of Hazardous
Atmospheres (ALOHA) software as our consequence modelling approach; thus
to predict any incident which might occur.

3) Elements such as the route planned, incident command post and assembly area are

taken into consideration for a safe emergency evacuation.



CHAPTER 2

LITERATURE REVIEW

2.1  Process Safety Management

The major objective of Process Safety Management (PSM) for hazardous
chemicals is to prevent unwanted releases of hazardous chemicals especially into
locations that could expose employees and others to serious hazards. An effective
process safety management program requires a systematic approach to evaluating the
whole chemical process (Daniel and Joseph, 2002). Using this approach, emergency
response and preparedness is considered in the evaluation. Thus, we seek to evaluate the

safe emergency evacuations in the context of a toxic release.

2.1.1 Emergency Response Planning

The actions to be taken by the employees must be addressed by each are to take
when there is an unwanted release of highly hazardous chemicals. Emergency
preparedness is the employer's third line of defense that will be relied upon along with
the ability to control the release of chemical which is the second line of defense. Control
releases and emergency preparedness will take place when the first line of defense to
operate and maintain the process and contain the chemicals fails to stop the release as
prescribed by the OSHA (2013).

Chao and Henshaw (2001) states that when developing an emergency action
plan, some responsible person must be selected to lead and coordinate your emergency
plan and evacuation. It is imperative that employees know who the coordinator is and
understand that person has the authority to make decisions during emergencies.

An Emergency Response Plan (ERP) is an important method for dealing with
different types of accidents, such as fires, explosions, toxic releases, earthquakes,
floods, typhoons, and landslides as stated by Tseng, Kuo, Liu and Shu (2008).
Kowalski said (as cited by Tseng et al. 2008) it also is crucial reducing impact of
disaster, preparing, responding, and restoring. ERP can be used for various types of

accidents to decrease the degree of hazard efficiently. Fitzgerald said (as cited by Tseng



et al. 2008) in case an accident occurs instead of being exacerbated, an emergency
system, safety equipment, and manpower should be integrated in order to cope most
effectively and efficiently.

2.2 Hazards of Sulfuric Acid

Sulphuric acid (98%) is a hazardous substances and highly corrosive. If it is exposed to
metal, it will cause the corrosion and will lead to permanent damage and might cause a
serious damage to health by prolonged exposure. For long term effect, it may cause
cancer by inhalation. The following table shows the hazard of the sulphuric acid to our
health.



Table 2.1: Material safety data sheet of Sulfuric Acid (Nicholas, 1999)

Hazards

Description

Health Effect

First Aid Measurement

Eye Contact

The solution is accidentally

sprayed into the eye.

1) Burning
2) Pain and blurring to the eye

1) Quickly and gently removes
the excess acid off the face.

2) Immediately  flush  the
contaminated eye with
lukewarm, gently flowing
water for at least 30
minutes with eyelid open.

3) Quickly transfer the victim
to the hospital.

Inhalation

Accidentally inhale the toxic

release containing sulphuric

acid.

1) Nose throat
2) Lung irritation
3) Coughing
4) Wheezing

1) Removes source of
exposure or evacuate the
victim from exposure area
to fresh air and keep
comfortable for breathing.

2) Call a doctor or seek
medical treatment if not

feeling well.




Accidentally ingest the solution

Ingestion

1) Burning and pain in the

mouth.

1) Have victim rinse mouth
thoroughly with water

2) Rinse the mouth with water
again

3) Quickly  transport  the
victim to an emergency
care facility and bring a
copy of material Safety of
Data Sheet (MSDS)

Sulphuric acid can cause serious corrosion to the storage tank by pitting and cracking and thus lead to the damage of storage tank ().The
corrosion is dependent on the factor of temperature, concentration and activity of tank and purity of acid. The plant used in this study area is using
the sulphuric acid with the highest concentration which is 98%. There are lot of causes which will lead to the release of toxic gas from storage
tank. Most of the causes are caused by the age deterioration, corrosion and seismic motion (). According to the James (2005), natural disaster can

be one of the factor which will result in catastrophic acid spills. The following table below shows the recent cases involving gas release reported

in Malaysia and all over the world.




Table 2.2: The recent cases involving gas release in Malaysia and worldwide

Type of Release

Date

Location

Description

Source

Environmental Release

12 August 2016

Menglembu, Perak

Storage tank containing hydrogen fluoride
had accidentally release a quite huge
amount of that toxic gas to the atmosphere.
This has caused the residents living at the
close area having nausea and had a burning
throat cause by the inhalation of that toxic
gas. Not only that, 2 workers of that plant
had been diagnosed from having
pneumonia also due to the excessive

inhalation of hydrogen fluoride.

The Star Online,
2016

Environmental Release

16 December 2016

Kuala Sipitang, Sarawak

The leakage of the ammonia from the
storage tank to the atmosphere at a
PETRONAS plant in Sipitang had killed 2
of their workers while 18 others injured.
This is due to the huge ammonia
dispersion. This shows how dangerous the
toxic gas dispersion can cause to human
health.

Malay  Borneo
Online, 2016




Environmental Release

September 27, 2012

Gyeongsangbuk,South

Korea

Korea is a developed country and some
might think that its technology will turn
the incident like toxic dispersion into an
impossible thing to happen. Whatever it is,
a huge leakage of Hydrogen fluoride from
a storage tank caused 5 workers were
Killed immediately and 18 others were
injured. During the day of the incident, it is
reported that a relatively long time was
required to plan the immediate activities,
treatment and evacuation. This cause more
than 3600 residents of Gu-mi city sought
medical treatment for rashes, nausea, chest
pain and sore eyes. This incident proves
the importance of having the right
evacuation routes which will ensure the
safety by simulating the toxic dispersion

using consequences modelling software.

Kwanghee et al.,
2015

Environmental Release

August 14, 2016

Geismar, Los Angeles

Leakage from a storage tank containing

thousand meter cubic of sulfuric acid at

ISSS,2016
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Honeywell Plant occurred. The release
cause about 1500 residents and worker to
be evacuated to a safer place. As a plant
that has a storage tank stored huge amount
of toxic acid, a consequence modelling is
supposed to be simulated before an
incident of release occur. This will help the
management to predict which area will be
affected




2.3 Consequences Modelling

Risk assessment in chemical process industry is a very important issue for
safeguarding human and the ecosystem from damages caused to them. Consequence
assessment is an integral part of risk assessment. Major accidents around the world have
impacted fatalities, economic losses and damage to environment. Various action have
been taken to curb the regularity of such accident as low as reasonably practicable
(ALARP). Moreover, chemical industry remains the major high risk industry
worldwide; the hazards associated with it are that of fire, explosion and toxic chemical
release. As such, the consequence modelling aims to quantify the negative impacts
when a hazardous event takes place as stated by (Arunraj and Maiti, 2009).

In the market right now, there are widely available software packages available
for the purpose of consequence and risk assessment in chemical industries. Chiefly
among them are MOSEC, HAZDIG and DOMIFFECT from Khan and Abbasi (1999).
Yet in this, the ALOHA software developed by the Environmental Protection Agency of
the United States (USEPA) shall be instead used for the purpose of this study. The main
attractive points of this software is it is widely available and used for the low cost of

zero dollars.

2.3.1 Dispersion

The term dispersion is often used by modelers to include advection (moving)
and diffusion (spreading). In a case of a dispersing vapor cloud, it will generally move
(advect) in a downwind direction and the spread (diffuse) will be in a crosswind and
vertical direction (crosswind is the direction perpendicular to the wind). A gas is called
a heavy gas once the cloud of gas is denser or heavier than air and can also spread
upwind to a small extent (EPA and NOAA, 2007)

Modelers find these air dispersion models are central to predicting hazard zones
associated with toxic or flammable gas clouds. The concentration of a pollutant can be
determined by using these models to predict how, once it has been released into the air,
varies with time and position. ALOHA provides information about the concentration
and duration of exposure, but does not resolve the probability that an exposed individual

will be injured.
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Assael and Kakosimos (2010) characterized every leak dispersion as either
continuus or instantaneous source as dependent on time duration. Moreover, according
to them lethal concentration 1 or LC1 (mg/m3 air) is represented by the concentration of
a toxic substance in the air, which is possibly cause death to one percent population, by

the inhalation for over thirty minutes of exposure time.

2.3.2 Atmospheric Stability Classes

As stated by Jones, Lehr, Simecek-Beatty and Reynolds (2013) the rate of
dispersion of a pollutant cloud is impacted by the atmospheric turbulence. Stability as a
concept is often used to characterize the property of the low-lying atmosphere that
governs the vertical movement of air. Specifically, stability refers to the tendency of the
atmosphere to resist or enhance vertical motion and thus turbulence.

In cases of like a stable atmosphere which inhibits the vertical mixing; a neutral
atmosphere neither enhances nor inhibits vertical mixing; and an unstable atmosphere
increases vertical mixing and turbulence. Solar radiation has a large role in atmospheric
stability. During the day where there is strong solar radiation, the ground warms and
warms the low-lying air; the warm air rises generating eddies and a high level of
turbulence.

Pasquill (1961) defined six atmospheric stability classes which is now usually
called the Pasquill-Gifford-Turner stability classes. The classes range from A to F with
each represent a different degree of atmospheric turbulence. On the neutral stability
condition is represented by stability class D. Classes A, B, and C, are where the unstable
conditions are at; with respect to atmospheric stability where A is extremely unstable, B
is moderately unstable, and C is slightly unstable. The stability classes E and F represent
increasingly stable atmospheric conditions. Below is Figure 1 which demonsrates the

Pasquill-Gifford-Turner stability classes.
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Table 2.3: The Pasquill-Turner stability classes against Solar Insolation
(Jones et al.,2013)

Wind Speed Day Night
At 10 meters (m/s) Solar Insolation Cloud Cover
Strong | Moderate | Slight >50% <50%
<2 A A-B B E F
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

2.3.3 Surface Roughness

Surface roughness otherwise known as terrain/layout affect the vertical wind
profile, but also generate turbulence within the wind field as defined by Jones, Lehr,
Simecek-Beatty and Reynolds (2013). Topography and large structures also affect the
velocity field and turbulence as the wind moves around and over these features.

In the case of determination of dispersion parameters surface roughness is used.
Briggs employed only two surface roughness category. The first is urban which directly
corresponds to large ground roughness and he rural which corresponds to small surface
roughness. The ALOHA software would choose by default rural classification if the

ground roughness is less than 20cm.

2.3.4 Level of Concerns

Level of Concern or Threat zone is defined NOAA (2016) as a threshold value
for a hazard (toxicity, flammability, thermal radiation, or overpressure)as in this study it
focuses on toxic release; the LOC is usually the value above which a threat to people or
property may exist. as ALOHA uses three tiered scenarios for LOCs as stated by the
ALOHA Example Scenarios (2015). The three levels or areas are red, orange and
yellow zone which indicate areas where the LOCs exceeded at same point after
chemical release began in descending order respectively. The guidelines used by
ALOHA are Acute Exposure Guideline Levels (AEGLs), Emergency Response
Planning Guidelines (ERPGs), Protective Action Criteria for Chemicals (PACs) and
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Immediately Dangerous to Life and Health (IDLH) to indicate the LOC. By default

AEGLs is used but it changes according to local authority.

24 Emergency Evacuation

In the actual occurrence of hazard or any emergency, Emergency evacuations
are conducted immediately to relocate of people away from the threat. Examples
includes but does not limit to the small scale evacuation of a building due to a storm or
fire and to the large scale evacuation of a district because of a flood, bombardment or
approaching weather system like a hurricane, typhoon or tornado. In situations
involving hazardous materials or possible contamination, evacuees may be
decontaminated prior to being transported out of the contaminated area.

Chao and Henshaw (2001) states that when developing an emergency plan, to
avoid confusion, injury, and property damage it is imperative that a clear chain of
command exists. Furthermore, specific evacuation routes, procedures and exits be
established and the installation designated people for the shutdown of critical operations
during an evacuation.

The effectiveness of the egress systems of a building or facility relies on its size,
complexity and use as well as the condition of its occupants can as stated by Tubbs and
Meacham (2007). Speaking of occupants Kiinzer (2016) seeks to demystify myths on
evacuation in her Myths of Evacuation article like people do not run into smoke yet in
actuality they are not discouraged by the hazard and run through it none the same. Or
that the myth of people panic usually in an evacuation, though studies have shown that

this occurs rarely.
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2.4.1 Escape Route

Emergency escape route or as defined in the OSHA (2002) simply termed route
is the " means the route that employees are directed to follow in the event they are
required to evacuate the workplace or seek a designated refuge area.

To permit prompt evacuation of employees and other building occupants during
an emergency, at least two routes are needed. The route must also permit maximum
occupant load for each floor served. Moreover, exit doors or discharges must go on
beyond where the exit is located and must be blocked at that level by doors, partitions or
other effective means that clearly indicate the direction of travel leading to the exit
discharge.

Wind direction or air circulation is the essential factor that may affect the toxic
gas release direction. The circular shape of the Earth is responsible for the uneven
absorption of solar energy from the surface of atmosphere as stated by Assael and
Kakosimos (2010). The wind direction might also induce cross flows of toxic release
which may hinder egress along the escape as such facility layout must take into
consideration of wind direction and placement of storage tanks that house these toxic

substances into account.

2.4.2 Incident Post Command

The Incident Command System (ICS) is a standardized approach to the
command, control and coordination of emergency response providing a common
hierarchy within which responders from multiple agencies can be effective. The
Incident Post Command itself is the location on scene from which all incident planning
and tactical operations are directed. In an emergency incident there should only be one
to keep all distraction and misinformation away according to Cole and St Helena
(2001).

However, there may be other support areas such as staging area for emergency
personnel the Emergency Operation Center (EOC) or its equivalent at which the
Emergency Response Team may reside to wait for further information in response of
the incident.

The Incident Commander is the person is ultimately responsible for all activities

that take place at an incident, including the development and implementation of
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strategic decisions and the ordering and releasing of resources as stated (Roberts, 2001)
and is the one responsible and is stationary at the post.

Gas dispersion as stated can move sporadically due to wind direction and surface
roughness according to Jones, Lehr, Simecek-Beatty and Reynolds (2013). It is only
logical that there is a possibility that it might reach the command post if it is unfortunate
enough. The effect would catastrophic as the chain of command will be disrupted as
they themselves succumbed to the effects of the toxic release and therefore incapable of
directing and coordinating the emergency efforts whether in deploying search and
rescue operations or handling communications. This possibility could be negated with
proper facility layout analysis which is done in this study whereby the command post is
placed strategically away from danger yet accessible to personnel.

2.4.3 First Aid Station

The station is established in order to provide supplies or its major component is
to give medical aid during major emergency events, disaster response situations, or
military operations. The personnel includes medical practitioner like physicians, general
doctor, nurse, technician and others. It often places emergency medical equipment such
scalpel, bandages, anesthetics, medical drugs and others.

First Aid Courses should be given to specific person in charge in order to
facilitate quick first aid emergency within the facility as they can lead the firs aid
station. Training for first aid is offered by the nationally recognized and private
educational organizations like The Red Crescent and NIOSH. First-aid courses should
be individualized to the needs of the workplace. Some of the noted program elements
may be optional for a particular plant or facility as stated (OSHA, 2006).

The First Aid station is a vital key in the emergency and response operations,
without it victims of the accident cannot receive treatment which they are in need of.
Should there be gas release near it, the personnel and victims would suffer the
consequences. Thus, the first aid station needs to be shielded of, or partitioned or even
conducted in an enclosed room separate devoid of possibility of being affected by toxic

release.
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2.4.4 Assembly Area

Usually referring to an area outside the facility or near it which is adequately far
away from the source of incident, dangerous occurrences, explosions, fire and so on
designated beforehand by the HSE Manager or Incident Post Commander. This area is
the neutral zone whereby workers affected can be safe from danger and can also as a
place of refuge awaiting rescue personnel if it is in the building.

Accounting for all employees following an evacuation is critical. Confusion in
the assembly areas are inevitable is incorrectly handled and can lead to delays in
rescuing anyone trapped in the building, or lead to unnecessary and dangerous search-
and-rescue operations. Thus, a head count must be taken after evacuation and establish a
method for accounting non-employees like suppliers and customers. Therefore, wait for
rescue or plan for further evacuations should the accident escalates as stated by Chao
and Henshaw (2001)

The assembly area must be filled with people when the toxic plumes reaches it,
it could very well cause hundreds of fatalities due to exposure. Such a thing can be
averted by the right placement of the assembly. Position it in an open and large area

away from the source.

25 Safe Evacuation Route

Nobody expects an emergency or disaster — especially one that affects them,
their employees, and their business personally. Yet the simple truth is that emergencies
and disasters can strike anyone, anytime, and anywhere as stated by Chao and Henshaw
(2001). Thus, this is where this study comes in whereby the assessment of evacuation on
the facility which includes the facility layout analysis, past accidents investigation,
dispersion of toxic release and at the end the safe emergency evacuation of all personnel
of the facility.
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CHAPTER 3

METHODOLOGY

3.1 Introduction To Material
The study of the toxic release dispersion from the storage tank in a chemical
plant involves one type of substances only which is sulphuric acid. Observation
around the chemical plant and the interview session also have been conducted at the
study area to collect the data needed for the study. Table 3.1 and Table 3.2 show the
details of the storage tank and the material properties respectively.

Table 3.1: Storage Tank Information

Material Tank Volume Orientation Numbe

Sulfuric Acid 10,000m® 1

Vertical

Table 3.2: Material Properties

Properties Sulfuric Acid
Molecular Weight (g/mol) 98.08
Freezing Point (°C) -3
Boiling Point (°C) 158.54
Critical Pressure (kPa) 12942.62
Critical Temperature (°C) 317.76
Heat Capacity, Cpgas (J/kg.K) 949
Heat Capacity, Cpiiq (J/kg.K) 5.2
AEGL-1 (mg/m?®) 0.2
AEGL-2 (mg/m®) 8.7
AEGL-3 (mg/m®) 160
ERPG-1 (mg/m®) 2
ERPG-2 (mg/m®) 10

ERPG-1 (mg/m?) 120
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3.2 Workflow

In order to predict the consequences of the sulfuric acid dispersion to the carried
out at the plant site to get the overview of the plant. The location of the storage tank
containing sulfuric acid has been identified and data was collected. At the same time,
the atmospheric data has been retrieved from meteorology department for January until
December 2016. For Teluk Kalong Industrial Area, the wind speed and wind direction
is measured from Kuala Terengganu station.

Hence, the atmospheric data that has been using in the simulation is based on
measurement from Kuala Terengganu station. The atmospheric information can be
reviewed in Appendix A. Then, all data collected has been used in the simulation by
using Areal Location of Hazardous Atmosphere software version 5.4.7. 12 results of
simulation has been produced. Out of 12, only 1 result has been chosen which indicates
the worst case of sulfuric acid dispersion.

Worst case result is indicated by the highest concentration of toxic gas being
dispersed. But as for this cases, all the simulations has the same maximum
concentration which is 0.2mg/m°. Hence, the worst case was considered for the highest
concentration that affect the workers, residents and public facility such as road (Daniel
and Joseph, 2002). Based on the result of worst case, the affected area by the sulfuric
acid dispersion has been identified and evacuation routes has been developed. The
figure below shows the overall steps taken for this study from the beginning.



Specific location in plant is
chosen

Data from site are collected
through interview and
walkthrough observation at the
plant site

.

Py

12 days of atmospheric data

starting from January 2016 to

December 2016 on the 15th

day each month are retrieved

from Meteorology Department
of Malaysia

\

-
|
sulfuric acid dispersion on each

The area affected due to

month are determined

the year of 2016 has been

~
Th simulation for 12 days on
selected day on each month in
carried out using ALOHA

_

All data are inserted into the
ALOHA software

Figure 3.1: The overall steps
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|

The results in the form of |
graphical image from ALOHA
are exported to the MARPLOT

\1

The image from satellite which
the area has been affected by
the sulfuric acid release from

the storage tank are
determined

7 ™
The worst case which is the
highest which has the longest
travel distance along all the
simulations has been selected
and evacuation routes has
been proposed

3.3  Areal Locations of Hazardous Atmospheres (ALOHA) version 5.4.6

ALOHA otherwise known as the Areal Locations of Hazardous was jointly

developed by the Office of Emergency Management of the United Stated
Environmental Protection Agency (EPA) and Emergency Response Division of
National Oceanic and Atmospheric Administration (NOAA) and ALOHA 5.4.6 is the
most recent version. It is a computer modelling software which deals with estimating
the movement and dispersion of hazardous chemical gases. Through ALOHA, the rates
at which the gases may escape into the atmosphere for example from leaking gas pipes,
storage tanks and silos can be predicted. Hence, after an accidental chemical release,
ALOHA can predict the dispersion of a hazardous chemical gas cloud formed from it
(Thoman et al., 2006).

Typically, it is often used by Process Safety Managers to measure the risk
associated with thermal radiation from fires, toxic air hazards from toxic gas release and
blast effects from explosions to human population. The software is able to predict the
area within which a person might experience serious health risks from coming in

contact with certain concentrations of a toxic gas. Hence, it is called the level of
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concern, or LOC or in other studies can be equivalent to exposure limit. ALOHA can
also be used to predict the area where a flammable gas may explode. Through ALOHA
the researcher can predict the dispersion of a hazardous gas cloud using the physical
characteristics of the released chemical and the real-time circumstances of the release
scenario. Therefore, using its extensive chemical library and release equations, the
software proceeds to solve the release problem and provides the graphical results in an
easy-to-use form (Tseng et al., 2012).

Figure 3.2 below displays the simplest forms of the steps needed to run the
ALOHA software. To run the software, the user may need to estimate some inputs as
they will not have all the input information and will have to. Within ALOHA itself are
checks to make sure that some of these inputs are reasonable or consistent with other

inputs. Moreover, ALOHA also has an extensive help system.

- Y 4

Threat zone area is

Location for the
simulation is added to the
ALOHA library

o

Va

Time is set to 'set
constant time' and the
date for each of the data
collected is set

N a

Decided the type of the
building and whether it is
sheltered or unsheltered

Source information
regarding the storage
tank data are inserted

p

displayed at the affected
area of sulfuric acid
release

Atmospheric data
collected previously from
Meteorology Department

of Malaysia are inserted

/ o

The threat zone area is
exported to the
MARPLOT

The chemical is specified
into the ALOHA library

Figure 3.2: Steps for running ALOHA software
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I onasas - 0 X
Fie it SteData Seilp Diply Shaing Hep

ALOHA® 5.4.6
Developed by

Office of Emergency Managen EPA

and
~ Emergency Response Division, NOAA

Figure 3.3: Interface of ALOHA 5.4.7 for Windows

3.3.1 Choosing a Location, Date & Time and a Chemical

Figure 3.3 is the main window for ALOHA 5.4.6 modelling software known as
the Text Summary, all information that will be entered into the ALOHA 5.4.6 will
appear in this window as a summary. First, location will be selected from the Site Data
menu. A Location Information (Figure 3.4) dialog will appear with a list of the names of
cities included in ALOHA’s location library. All location within ALOHA’s location
library is within the territory of the USA, to add other country information, a few data
should be added in the Location Input (Figure 3.5).

From SiteData, Date & Time will be selected and a Date and Time Options
dialog box appears (Figure 3.6). Either use a constant time or use the default Internal
Clock. The source of all figures come from the ALOHA software itself.



Figure 3.4: Main Window of ALOHA 5.4.7

Location Information

ABERDEEN, MARYLAND ~ |

Select

ABILENE, TEXAS
AIKEN, SOUTH CAROLINA
ALAMEDA, CALIFORNIA

Cancel

ALBANY, NEYY YOHRK
ALBANY, OREGON
Al EXANDRIA BAY, NEW YORK

Add

ALEXANDHIA, LOUISIANA
ALEXANDRIA, VIHGINIA

Modify

ALLEN, TEXAS
AMBLEHR., PENNSYLYANIA
AMES, 10WA

Delete

AMESBURY,. MASSACHUSETTS
AMACONMDA, MONTANMA
ANAHEIM, CALIFORNIA o

Help

Figure 3.5: Location Information



Location Input

Enter full location name:

Location is

24

. . - o=
Is location in a U.5. state or territory ? Select state or territory

e In U.5. " MNotin U.S.
AlLABAMA ~
Enter approximate elewvation ALASKA
Elevwation is | f« ft  m ARLZONA
ARKANSAS
Enter a roximate location CALIFORNIA
PP COLORADO
deg. min. CONMECTICUT
. DELAVWARE
« N T 5
Latitude | | DIST OF COLUMBIA
Longitude | | T E W

Figure 3.6: Location Input

Date and Time Options

“ou can either use the computer's internal clock for the model's date
and time, or set a constant date and time.

" Use internal clock f» Seta constant time

Input a constant date and time :

Month Day Year Hour Minute
5 n 2016 16 57
m-12] [1-31) (1900 -...] [0- 23] [0 -59]

Ok Cancel | Help |

Figure 3.7: Date and Time Option
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Chemical Information

f* Pure Chemicals

Wiews:

_Somiene
ACETALDEHYDE Cancel |
ACETIC ACID, GLACIAL
ACETIC AMHYDRIDE
ACETONE Add

ACETONME CYAMNOHYDRIN
ACETONITRILE

ACETOPHENONE Modify |

ACETYL BROMIDE

ACETYL CHLORIDE

ACETYLENE Delete |
ACETYLENE TETRABROMIDE

ACROLEIN v Help |

Figure 3.8: Chemical Information (Pure Chemicals)

Chemical Information

" Pure Chemicals

* Solutions
AQUEQUS AMMORNIA

Yiew:

HYDROCHLORIC ACID Cancel
HY'DROFLUOQRIC ACID

NITRIC ACID

OLEUM

Solution Strength: %% [by Weight]

The percentage of ammonia in solution.
Allowable range is 0 to 30 percent.

Help

Figure 3.9: Chemical Information (Solutions)

The month, day, year, hour and minute for the scenario is entered if a set of
constant time is chosen. The time must be entered in the form of the 24-hour time
system.

Select Chemical from the SetUp menu to choose the chemical which is to
be released. The dialog box of chemical information appears with a list of chemicals in
ALOHA’s chemical library. Pure Chemicals (Figure 3.7) or Solutions (Figure 3.8) is
chosen for either category. Click on the name of the chemicals to be chosen after the

chemical category, and then Select is clicked.



3.2.2 Entering Weather Information and Ground Roughness

In the SetUp menu, Atmospheric option is chosen and then User Input is
selected. The first Atmospheric Options dialog box appears (Figure 3.9). Wind Speed,
Wind direction, Measurement Height above ground, Ground roughness and Cloud
Cover data need to be filled or selected. After clicking OK for the first Atmospheric

Options dialog box,

and the data needs to be filled or to be choosed are air temperature, Stability Class,

Inversion Height Options and Humidity, then click OK. The source of all figures come

the second Atmospheric Options dialog box (Figure 3.10) appears

from the ALOHA software itself.

Arrmospheric Opticons

Welind Speed is

Welind is from

=

®1

Measurement Height abowe ground is:
—

T knots = mmph o ometersfsec

|| Help
Enter degrees true or text [e.g- ESE])

Help I
O T enter wvalue -

T feet

|3 = meters

S

Ground Roughness
= Open Country.

is :

Help

— =
— Urban or Forest TR Input Roughness [Za] -
O Open Yater
Select Cloud Cower : Help I
= \\@' e \‘S' S
@ e — O ¢ enter walue © =
™ - o= - T o - 10)
complete Ppartiy clear
cCOoOwer cloudwy
O I Cancel

Figure 3.10: Atmospheric Options (First)

Atmospheric Cptions 2

Air Temperature is : Degrees i~ F R Help
Stability Class is & Help £ Ll Ll = D & Owerride
Inwversion Height Options are : Help
i
= MNo Inwversion " Inwersion Present. Height is : | (—~ :Z:ers

Select Humidity : Help

e AED s Y

o o = - f‘ OR ¢ enterwalue : [go o
wet medium dry (O - 100)
OK I Cancel

Figure 3.11: Atmospheric Options (Second)
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3.2.3 Describing the Release

In the SetUp menu, point to Source, then select one from the four scenarios;
Direct (Figure 3.11), Puddle (Figure 3.12, Figure 3.12 and Figure 3.14), Tank (Figure
3.15, Figure 3.16, Figure 3.17, Figure 3.18 and Figure 3.19) or Gas pipeline (Figure
3.20, Figure 3.21, and Figure 3.22). All the data needed in all scenarios must completed,
otherwise a warning dialog box will appear.

The source strength information entered and the results of ALOHA’s source
strength calculation will appear in Text Summary. ALOHA 5.4.6 will estimate the
Evaporation Rate or Burn Rate. Source Strength is chosen from the Display menu to
see the Source Strength graph (Figure 3.23) for scenarios that had been chosen. The

source of all figures come from the ALOHA software itself.

Direct Source

Select source strength units of mass or volume: Help
T grams ¢ kilograms ~ pounds  tons[2.000 Ibs)
¢ cubic meters T liters " cubic feet  gallons

Select an instantaneous or continuous source: Help

= Instantaneous source ¢ Continuous source

Enter the amount of pollutant ENTERING THE ATMOSPHERE: Help

I 1 pounds

Enter source height = feet Help
[0 if ground source]): ~ meters

OK I Cancel |

Figure 3.12: Direct Source

Type of Puddle

Scenario:
Puddle of a flammable chemical.

Twpe of Puddle
f« Ewaporating Puddle
7 Burning Puddle [Pool Fire]

Potential hazards from flammable chemical evaporating from puddle:
- Downwind toxic effects
-%Wapor cloud flash fire

- DOwerpressure [blast force] from wvapor cloud explosion

oK I Cancel Help
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Figure 3.13: Puddle Input (First)

Puddlile Input

i area I
Puddle — diameter is: |

Select one and enter appropriate data

VYolume of puddle

Average depth of puddle
Mass of puddle

= gallons — liters

Yolume is: I . .
T cubic feet cubic meters
I oK I Cancel | Help

Figure 3.14: Puddle Input (Second)

Srowund Type., Ground and Puddle Temperature

Select growandad Tyope e eI
Default soil [select thi=s if anknosesn]
Carrecre e
Sandy dry soil
PAOi=st samaadys =soail
T tes

Inmput ground Termperatisre _ Help |
Use mbir temperature [select this §if uanksossn]

Ground tempoeratare i= [ = = —

Impuat initial puddle temMmperatusre Helgp |
= Use ground temperature [select this if anknossn)

< Ll e air termperatusre

< Imitial puddle Toemperature is I = (=3

| o= [

Figure 3.15: Ground Type, Ground and Puddle Temperature

Tank Size and Orientation

Select tank type and

orientation:
Vartical cytindar

Morizontal cylinder

—

Enter two of three values:

diameter [

~ feet
length

wvolume < gallons
Cancel l Help

Figure 3.16: Tank Size and Orientation
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Chemical State and Temperature

Enter state of the chemical:
¢ Tank contains ligquid
Tank contains gas only

Unknown

Enter the temperature within the tank:

L

Chemical stored at ambient temperature

<~ Chemical stored at degrees

O I Cancel |

Figure 3.17: Chemical State and Temperature

Mass or Pressure of Gas

Enter sither tank pressure OR amount of gas

mmHg

atm

The tank pressure is = .
psia

Pa

pounds
tons[2000 Ibs)
kilograms

cu ft at STP
cu m at STP

Help

Figure 3.18: Mass or Pressure of Gas

Type of Tank Failure

{ Scenario:
Tank containing a flammable gas.

L Twvpe of Tank Failure:
= Leaking tank. chemical is not burning as it escapes into the atmosphere
7 Leaking tank. chemical is burning as a jet fire

—

FPotential hazard=s from flammable chemical which is not burning a=s it leaks
from tank:

- Downwind toxic effects

- Vapor cloud flash fire

- Owverpressure [bilast force] from wvapor cloud explosion

O I

Figure 3.19: Type of Tank Failure



Area and Type of Leak

Seclect the shape that best represents the shape of
the opening thhrough which the pollutant is ex<iting

[ 1
—_——tcnath——————

= Chrcular opening ¢ Rectangular opening

inches
I' feet
Opening diameter: =
centimeters
meters

leak through a hole or short pipefvralve?

L E=2
7 Short pipefroalve

~ Hole

oK | _ Cancer |

Help

Figure 3.20: Area and Type of Leak

Type of Gas Pipeline Failure

Scenario:
Fipeline of a flammable gas.

As the chemical escapes from the pipe. the gas
=~ Not Burning
¢ Burning [Jet Fire)
Potential hazards from flammable gas which is not burning as it escapes
from pipeline:
- Downwind toxic effects
- Vapor cloud flash fire

- Owverpressure [blast force] from wvapor cloud explosion

Cancel Help

Sas Pipeline Input
Imput pipe diameter

Diameter is I

Input pipe length

Fipe length is I

The unbroken end of the pipe is
infinite tank source

~ connected to

¢ closed off

Select pipe roughness
= Smooth Pipe
< Rough FPipe

O

Figure 3.22: Gas Pipeline Input
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Pipe Pressure and Hole Size
Input pipe pressure

Pressure is I

Input pipe temperature

~ Unknown [assume ambient]

" Temperature is |BD

Hole size equals pipe diameter.

Figure 3.23: Pipe Pressure and Hole Size

3.2.4 Checking the Model Settings

To choose whether to make Gaussian or heavy gas dispersion computation,
information about the properties of the chemicals and the amount of chemical released
is used. The Calculation Option is selected from the SetUp menu and the dialog box of
Calculation Options (Figure 3.24) appears. Choose either one of the three options and
click OK. From the Display menu, Display Options is to be selected and Display
Options dialog box appears (Figure 3.25). Output Units may be chosen either in English

units or Metric units.

Calculation Options

Select the Spreading Algorithm for Downwind
Dispersion:

* Let AL OHA decide [select this if unsure]
i~ Use Gaussian dispersion only

" Use Heawvy Gas dispersion only

0K Cancel Help

Figure 3.24: Calculation Options
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Display Options

Select Output Units:
f* English units
¢ Metric units

OK Cancel Help

Figure 3.25: Display Options

3.2.5 Choosing LOCs and Creating a Threat Zone Estimate

Threat Zone is to be chosen from the Display menu and a Hazard to Analyze
dialog box appears. ALOHA 5.4.6 can help to model three possible hazardous scenarios
which are either toxic area, blast area or flammable area. The three scenarios needs to be
chosen in the Hazard to Analyze dialog box (Figure 3.26).

ALOHA uses AEGL (Acute Exposure Guideline Level), ERPG (Emergency
Response Planning Guideline), PAC (Protective Action Criteria) and IDLH
(Immediately Dangerous to Life or Health) or the user himself can specify the Level of
Concern (LOC) of the scenario. There are three LOC in the Toxic Level of Concern
dialog box (Figure 3.27), which are Red Threat Zone, Orange Threat Zone and Yellow
Threat Zone. Show wind direction confidence lines can be chosen either only for
longest threat zone or for each threat zone. OK is clicked and ALOHA will display a
threat zone (Figure 3.28, Figure 3.29, Figure 3.30 and Figure 3.31) estimate for the
specific scenario entered.

Hazard To Analy=ze

Scenario:
Flammable chemical escaping from tank.
Chemical is NOT on fire.

Choose Hazard to Analy=ze:

= Toxic Area of Vapor Cloud

" Flammable Area of YVapor Cloud

" Blast Area of Yapor Cloud Explosion

Ok I Cancel | Help |

Figure 3.26: Hazard to Analyze
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Toxic Level of Concern

Select Toxic Lewvel of Concern:

Red Threat Zone

LOC: AEGL-3 [60 min): A000 pprn -

Orange Threat Zone

LOC: |AEGL-Z (60 min): 800 ppm -

rellow Threat Zone
LOC: |[AEGL-1 (60 min): 52 ppm -

Show wind direction confidence lines:
= only for longest threat Zone
¢ for each threat zone

oK |

Figure 3.27: Toxic Level of Concern

3.4 Data

The figure 3.28 until figure 3.51 show the text summary for January, February,
March, April, May, June, July, August, September, October, November and December
which will be shown after the data has been put to run the ALOHA.

[ Text Surmmary [::].El E3

SITE DATA: -
Location: KUALR TERENGGANUT, MATAYSTR
Building &ir Exchanges Per Hour: 0.60 (unsheltered single storied)
Time: Januwary 15, 2016 1300 hours 5T (user specified)

CHEMICATL DATAZ:
Chemical Name: SULFURIC ACID Molecular Weight: 98.08 g/mol
AEGL-1 (€0 min): 0.2 mg/ (cu m) AEGL-2 (80 min): 2.7 mg/ (cu m) LAEGL-3 (60 min): 160 mg/ (cu
Imbient Boiling Point: 317.1° F
Vapor Pressure at Ambient Temperature: 7.44e-005 atm
Ambient Saturation Concentration: 74.5 ppm or 0.0074%

ATHMOSPHERIC DATA: (MANUAL TNPUT OF DATAR)
Wind: 2.6 meters/second from 070° true at 3 meters

m

Ground Roughness: urban or forest Cloud Cover: 7 tenths
Lir Temperature: 29.8° C Stability Class: C
Ho Inversion Height Relative Humidity: 83%

SCURCE STRENGTH:
Leak from hole in wvertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 2%.6° C
Chemical Mass in Tank: 43,668 tons Tank is 80% full

Circular Opening Diameter: 4 inches

Cpening iz 0 meters from tank bottom

Ground Type: Default soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 7.85 pounds/min
(averaged over a minute or more)

Total Amount Released: 321 pounds

Hote: The chemical escaped as a liquid and formed an ewvaporating puddle.

AT.CHA limited the spreading puddle diameter to 219 yards.

Figure 3.28: Text Summary for January (Site Data, Chemical Data, Atmospheric Data)



7 Text Summary

Wind: .6 meters/second from 070° truse at 3 meters

Ground Roughness: urban or forest Cloud Cowver: 7 tenths
Zir Temperature: 29.6° C Stability Class: C

No Inversion Height Relative Humiditcy: 83T

SOURCE STRENGTH:
Leak from hole in wertical cylindrical tank
Flammakle chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters
Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 29.6° C
Chemical Mass in Tank: 43,668 toms Tank is 80% full

Circular Opening Diameter: 4 inches

Cpening is 0 meters from tank botctom

Ground Type: Default soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Average Sustained Release Rate: 7.85 pounds/min
{averaged owver a minute or more)

Total Amount Released: 321 pounds

Note: The chemical escaped as a ligquid and formed an evaporating puddle.

ALOHAL limited the spreading puddle diameter to 212 yards.

THREAT ZONE

Model Run: Gaussian

Red : 109 yvards ——- (160 mgy/ (cwm m) = AEGL-3 [60 min])

HMote: Threat zone was not drawn because dispersion predictioms are
unreliakble for lengths less than the maxXximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Crange: 102 wards ——— (8.7 mgy,/ (cu m) = AEGL-Z [60 min])

Wote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

¥Yellow: 1346 wvards —-—— (0.2 mgs/(cu m) = AEGL-1 [60 min])

m

Figure 3.29: Text Summary for January (Source Strength and Threat Zone)

[T Text Summary
SITE DATR:
Location: EKURLAE TERENGGANUT, MALAYSIR
Building Air Exchanges Per Hour: 0.90 {(unsheltered single storied)
Time: February 15, 2016 1700 hours 5T (user specified)

CHEMICAL DATR:
Chemical Name: SULFURIC ACID Molecular Weight: 98.08 g/mol
AEGL-1 (60 min): 0.2 mg/ (cu m) REGL-2 (60 min): 8.7 mg/ (cu m) REGL-3 (60 min): 160 mg/ (cu
Lmbient Boiling Point: 317.1° F
WVapor Pressure at Ambient Temperature: 8.17=2-005 atm
Imkbient Saturation Concentration: 81.7 ppm or 0.0082%

LTMCSPHERIC DATA: (MANUAL INPUT CF DATRZ)
Wind: 4.3 meters/second from 050° true at 3 meters

Ground Roughness: urban or forest Cloud Cover: T tenths
Lir Temperature: 30.4° C Stabkility Class: D
Ho Inversion Height Belative Humidity: 73%

SCURCE STRENGTH:
Leak from hole in wvertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 30.4° C
Chemical Mass in Tank: 43,596 tons Tank i= 80% full

Circular Cpening Diameter: 4 inches

Cpening i=s 0 meters from tank bottom

Ground Type: Default soil

Ground Temperature: sgual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 9.29 pounds/min
(averaged over a minute or more)

Total Amount Released: 420 pounds

Note: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHA limited the spreading puddle diameter to 219 yards.

4 L1 3
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Figure 3.30: Text Summary for February (Site Data, Chemical Data, Atmospheric
Data)



[ Text Summary 3
Wind: 4.3 meters/second from 050° true at 3 meters -
Ground Roughness: urban or forestc Cloud Cowver: 7 tenths
BRir Temperature: 30.4° C Stability Class: D
No Inversion Height Relative Humidity: 73%

SCQURCE STRENGTH:

Leak from hole in wvertical cylindrical tank

Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 30.4° C

Chemical Mass in Tank: 43,596 tons Tank is 80% full

Circular Opening Diameter: 4 inches

Cpening i=s 0 meters from tank bottom

Ground Type: Defaunlt soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average S5ustained Release Rate: 9.29 pounds/min
({averaged over a minute or more)

Total Amount Released: 420 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHA limited the spreading puddle diameter to 219 yards. i

THREAT ZCNE:

Model Run: Gaussian

Red : 108 yards —-—- (160 mg/(cu m) = REGL-3 [60 min])

Note: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Orange: 114 vards ——- (8.7 mg/(cu m) = REGL-2 [60 min])

Hote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 wyards

Yellow: 1757 wyards ——— (0.2 mg/ (cu m) = BEGL-1 [&0 min])

< i +

Figure 3.31: Text Summary for February (Source Strength and Threat Zone)

=7 Text Summary 23
| sITE DATA: -
Location: KURLAR TERENGGRANU, MALAYSIL
Building Air Exchanges Per Hour: 0.8 (unsheltered single storied)
Time: March 15, 201& 0100 hours 5T (user specified)
CHEMICAL DATZ:
Chemical MName: SULFURIC ACID Molecular Weight: 98.08 g/mol
LREGL-1 (60 min): 0.2 mg/ (cu m) LREGL-2 (60 min): 8.7 mg/ (cu m) LEGL-3 (60 min): 160 mg/ (cu

Ambient Boiling Point: 317.1° F
Vapor Pressure at Ambient Temperature: 9.27e-005 atm
Zmbient Saturation Concentration: 92.8 ppm or 0.0093%

ATMCOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 3.7 meters/second from 060° true at 3 meters

m

Ground Roughness: urban or forest Cloud Cowver: 7 tenths
Lir Temperature: 31.5° C Stability Class: D
No Inversion Height Relative Humidity: S8%

SCURCE STREMGTH:
Leak from hole in wvertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 31.5° C
Chemical Mass in Tank: 43,497 tons Tank is 80% full

Circular Opening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =oil

Ground Temperature: egqual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Awverage Sustained Release Rate: 7.76 pounds/min
(averaged over a minute or more)

Total BEmount Released: 357 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

AT.OHA limited the spreading puddle diameter to 219 wyards.

Figure 3.32: Text Summary for March (Site Data, Chemical Data, Atmospheric Data)




T Text Surnmary =3
Leak from hole in wertical cylindrical tank -
Flammakle chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 31.5° C

Chemical Mass in Tank: 43,497 tons Tank i= 80% full

Circular Cpening Diameter: 4 inches

Cpening i=s 0 meters from tank bottom

Ground Type: Default =soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Lwverage Sustained Release Rate: 7.76 pounds/min
(averaged over a minute or more)

Total Bmount Released: 357 pounds

Note: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHA limited the spreading puddle diameter to 219 yards.

THREAT ZONE:

Model Run: Gaussian

Red : 109 yards —-- (160 mg/(cu m) = AEGL-3 [60 min]

Hote: Threat zone was not drawn because dispersion predictions are
unreliakle for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 21% yards

Orange: 112 yards ——— (8.7 mg/(cu m) = REGL-2 [&0 min]) =

Hote: Threat zone was not drawn because dispersion predictions are
unreliakle for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Yellow: 1722 wyards —--—— (0.2 mg/(cu m) = RAEGL-1 [60 min])

THREAT AT POINT:

Concentration Estimates at the point:

East: 10,596 miles South: 2,392 miles

The point selected is upwind of the source.

The concentration is zero.

“ T +

Figure 3.33: Text Summary for March (Source Strength and Threat Zone)

_ Text Summary EI 8

| sTTE DaTA: -
Location: KUALR TERENGGRANU, MALAYSIA
Building Air Exchanges Per Hour: 0.61 (unsheltered single storied)
Time: April 15, 2016 1300 hours 5T (user specified)

CHEMICAL DATA:
Chemical Hame: SULFURIC ACID Molecular Weight: 98.08 g/mol
AEGL-1 (60 min): 0.2 mg/ (cu m) AEGL-2 (60 min): 8.7 mg/ (cu m) AEGL-3 (60 min): 160 mg/ (cu
Imbient Boiling Point: 317.1° F
Vapor Pressure at Ambient Temperature: 1.00e-004 atm
Imbient Saturation Concentration: 101 ppm or 0.010%

m

ATMCOSPHERIC DATA: (MANOAL INPUT COF DATR)
Wind: 2.5 meters/second from 060° true at 3 meters

Ground Roughness: urban or forest Cloud Cower: 5 tenths
Lir Temperature: 32.2° C Stability Class: C
No Inversion Height Relative Humidity: 73%

SCURCE STRENGTH:
Leak from hole in wvertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 32.2° C
Chemical Mass in Tank: 43,434 tons Tank i=s 80% full

Circular Cpening Diameter: 4 inches

Cpening i=s 0 meters from tank bottom

Ground Type: Default =soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 12.5 pounds/min
(averaged over a minute or more)

Total Amount Released: 430 pounds

HNote: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHA limited the spreading puddle diameter to 219 yards.

Figure 3.34: Text Summary for April (Site Data, Chemical Data, Atmospheric Data)
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Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid

Chemical Mass in Tank: 43,434 tons Tank is 850% full

Circular Cpening Diameter: 4 inches

Cpening i= 0 meters from tank bottom

Ground Type: Default soil

Ground Temperature: sgual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Average Sustained Release Rate: 12.5 pounds/min
(averaged owver a minute or more)

Total Amount Released: 490 pounds

Internal Temperature: 32.

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

ATLCOHA limited the spreading puddle diameter to 219 wyards.

THREART ZONE:
Model Run: Gaussian
Red : 109 yards —-—- (160 mg/ (cu m) = AEGL-3 [60 min])

Note: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.

Maximum diameter of the puddle: 219 yards
Crange: 123 yards ——— (8.7 mg/(cu m) = REGL-Z [60 min])

Hote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.

Maximum diameter of the puddle: 219 wyards
Yellow: 1.0 miles ——- (0.2 mg/ (cu m) = AEGL-1 [60 min])

THREEAT AT POINT:
Concentration Estimates at the point:

Downwind: 1.87 miles Off Centerline: 0.019 miles

Warning: Higher concentrations occur after the first hour.
Max Concentration: (in the first hour)

Cutdoor: 0.0603 mg/ (cu m)

Indoor: 0.0117 mg/ (cu m)

1

Figure 3.35: Text Summary for April (Source Strength and Threat Zone)

7] Text Summary

SITE DATR:
Location: KUALL TERENGGANU, MALAYSIAL

Building Air Exchanges Per Hour: 0.66 (unsheltered single storied)

Time: May 15, 2016 1600 hours ST (user specified)

CHEMICAL DATA:

Chemical MName: SULFURIC ACID Molecular Weight: S98.08

AFGL-1 (60 min): 0.2 mg/ (cu m) AFEGL-2 (60 min): 8.7 mg/ (cu m)

Ambient Boiling Point: 317.1° F

WVapor Pressure at hAmbient Temperature: 1.16e—-004 atm

Ambient Saturation Concentration: 116 ppm or 0.012%
ATHMOSPHERIC DATA: (MANUAL INPUL OF DATA)

Wind: 2.8 meters/second from 050° true at 3 meters

Ground Roughness: urban or forest Cloud Cover: 2 tenths

Ajir Temperature: 33.5° C Stability Class: C

No Inversion Height Relatiwve Humidity: &2%
SOURCE ESTRENGTH:

Leak from hole in wertical cylindrical tank

Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Wolume: 10000 cublic meters

Tank contains liguid

Chemical Mas=s in Tank: 43,318 tons Tank is 80% full

Circular Cpening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =oil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Lwverage Sustained Release Rate: 12.1 pounds,/min
(averaged over a minute or more)

Total Amount Released: 513 pounds

g/mol
AFRGL-3

Internal Temperature: 33.5° C

HNote: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHAR limited the spreading puddle diameter to 219 yards.

« 1

(60 mimn) :

160 mgs (cua

m

m

Figure 3.36: Text Summary for May (Site Data, Chemical Data, Atmospheric Data)
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Tank Diameter: 23 meters Tank Length: Z24.1 meters -
Tank Volume: 10000 cubic meters
Tank contains liguid Internal Temperature: 33.5° C
Chemical Mass in Tank: 43,318 tons Tank is 80% full
Circular Opening Diameter: 4 inches
Cpening is 0 meters from tank bottom
Ground Type: Default soil
Ground Temperature: eqgqual to ambient
Max Puddle Diameter: Unknown
Release Duration: ALOHA limited the duration to 1 hour
Max Bverage Sustained Release Rate: 12.1 pounds/min
{averaged over a minute or more)
Total Amount Released: 513 pounds
Hote: The chemical escaped as a liguid and formed an evaporating puddle.
ATOHAR limited the spreading puddle diameter to 21% yards.
THEEAT ZCHE:
Model Run: Gaussian
Red : 109 wards —-- (160 mg/(cu m) = RAEGL-3 [60 min])
Mote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 vards
Crange: 114 yards —-—— (8.7 mg/(cu m) = AEGL-2 [&0 min])
Note: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle. =
HMaximum diameter of the puddle: 219 yards 0
Yellow: 165% yards --- (0.2 mg/(cu m) = BREGL-1 [60 min])
THEEAT AT POINT:
Concentration Estimates at the point:
Downwind: 1.02 miles Off Centerline: 0.0035 miles
Warning: Higher concentrations occur after the first hour.
Max Concentration: (in the first hour)
Cutdoor: 0.175 mg/ (cu m)
Indoor: 0.0517 mg/ (cu m)
< 1 +
Figure 3.37: Text Summary for May (Source Strength and Threat Zone)
=71 Text Surnmary (= | = e
Location: HKUALA TERENGGANU, MATLAYSTH -
Building Air Exchanges Per Hour: 0.77 (unsheltered single storied)
Time: June 15, 2016 0500 hours 5T (user specified)
CHEMICAL DATA:
Chemical Name: SULFURIC ACID Molecular Weight: 98.08 g/mol
AEGL-1 (60 min): 0.2 mg/ (cu m) AEGL-2 (60 min): 8.7 mg/ (cu m) AFEGL-3 (60 min): 160 mg/ (cu
Ambient Boiling Point: 317.1° F
Vapor Pressure at Ambient Temperature: 5.41e-005 atm
Ambient Saturation Concentration: 54.2 ppm or 0.0054%
ATMOSPHERIC DATA: (MANUAL INFUI OF DATH)
Wind: 3.7 meters/second from 330° true at 3 meters
Ground Roughnes=s: urban or forest Cloud Cower: 7 tenths
Lir Temperature: 26.3%° C Stability Class: D
HNo Inversion Height Belative Humidity: B85%
SOURCE STRENGTH:
Leak from hole in wvertical cylindrical tank -
Flammable chemical escaping from tank (not burning) 3
Tank Diameter: 23 meters Tank Length: 24.1 meters
Tank Volume: 10000 cubic meters
Tank contains liguid Internal Temperature: 26.3° C
Chemical Mass in Tank: 43,916 tons Tank i=s 80% £full
Circular Opening Diameter: 4 inches
Cpening is 0 meters from tank bottom
Ground Type: Default soil
Ground Temperature: egual to ambient
Max Puddle Diameter: Unknown
Release Duration: ALOHA limited the duration to 1 hour
Max Awverage Sustained Release Rate: 4.62 pounds/min
(averaged over a minute or more)
Total BEmount Released: 212 pounds
Note: The chemical escaped as a liguid and formed an evaporating puddle.
ALOHA limited the spreading puddle diameter to 219 wyards.
] I r

Figure 3.38: Text Summary for Jun (Site Data, Chemical Data, Atmospheric Data)



[ Text Summary
Wind: 3.7 meters/second from 330° true at 3 meters

Ground Roughness: urban or forest Cloud Cowver: 7 tenths
Lir Temperature: 26.32° C Stakbility Class: D
Ho Inversion Height Relative Humiditcy: B85%

SCURCE STRENGTH:
Leak from hole in wertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains ligquid Internal Temperature: 26.3° C
Chemical Mass in Tank: 43,916 tons Tank i= 80% full

Circular Cpening Diameter: 4 inches

Cpening i=s 0 meters from tank bottom

Ground Type: Default =soil

Ground Temperature: egqual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 4.62 pounds/min
(averaged over a minute or more)

Total Emount Released: 212 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHA limited the spreading puddle diameter to 219 yards.

THREAT ZCHNE:

Model Run: Gaussian

Bed : 109 yards -—— (160 mg/ (cu m) = AEGL-3 [60 min]

Hote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Crange: 102 vards —--—-— (8.7 mg/ (cu m) = REGL-2 [60 min]

Note: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Yellow: 1186 wyards ——— (0.2 mg/(cu m) = REGL-1 [60 min])

m

Figure 3.39: Text Summary for Jun (Source Strength and Threat Zone)

[ Text Summary = | e S

SITE DATA:
Location: KUALA TERENGGANU, MALAYSIA
Building Air Exchanges Per Hour: 0.84 (unsheltered single storied)
Time: July 15, 2016 1300 hours 5T (user specified)

CHEMICAL DATH:
Chemical Name: SULFURIC ACID Molecular Weight: 8.08 g/mol
AEGL-1 (60 min): 0.2 mg/ (cu m) AEGL-2 (60 min): 8.7 mg/ (cu m) AEGL-3 (60 min): 160 mg/ (cu
mbient Boiling Point: 317.1° F
Vapor Pressure at Ambient Temperature: 6.86e-005 atm
Ambient Saturation Concentration: 8.6 ppm or 0.0069%

ATMCOSPHERIC DATA: (MANUAL INPUT OF DATR)
Wind: 4 meters/second from 030° true at 3 meters

Ground Roughness: urban or forest Cloud Cower: 7 tenths
Air Temperature: 28.39° C Stability Class: D
HNo Inversion Height Relative Humidity: 84%

SCOURCE STRENGTH:
Leak from hole in wertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 28.8° C
Chemical Mass in Tank: 43,732 tons Tank is 80% full

Circular Cpening Diameter: 4 inches

Cpening i=s 0 meters from tank bottom

Ground Type: Defaunlt soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Mamx Lverage Sustained Release Rate: 11.2 pounds/min
{averaged owver a minute or more)

Total Amount Released: 455 pounds

HNote: The chemical escaped as a liguid and formed an evaporating puddle.

ALOHA limited the spreading puddle diameter to 219 wvards.

4 e L3

Figure 3.40: Text Summary for July (Site Data, Chemical Data, Atmospheric Data)

m
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Tank Diameter: 23 meters Tank Length: 24.1 meters -~
Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 28.9° C

Chemical Mass in Tank: 43,732 tons Tank is 80% full

Circular Cpening Diameter: 4 inches
Cpening is 0 meters from tank bottom
Ground Type: Default =soil
Ground Temperature: egqual to ambient
Max Puddle Diameter: Unknown
Release Duration: ALCHA limited the duration to 1 houar
Max Average Sustained Release Rate: 11.2 pounds/min
(averaged over a minute or more)
Total Amount Released: 455 pounds
HNote: The chemical escaped az a liguid and formed an evaporating puddle.
ALCHA limited the spreading puddle diameter to 2129 wyards.

THREAT ZONE:

Model Run: Gaussian

Red : 109 wards ——— (160 mg/ (cu m) = AEGL-3 [60 min]

HNote: Threat zone was not drawn because dispersion predictions are
unreliakble for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Orange: 130 yards ——— (8.7 mg/(cu m) = AEGL-2 [60 min])

Note: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 2139 yards

Yellow: 1.2 miles ——— (0.2 mg/ (cu m) = AEGL-1 [&0 min])

m

THREART AT POINT:
Concentration Estimates at the polint:
Downwind: 1.18 miles Off Centerline: 0 miles
Warning: Higher concentration=s occur after the first hour.
Max Concentration: (in the first hour)
Cutdoor: 0.201 mg/ (cu m)
Indoor: 0.0716 mg/ (cu m)

T

Figure 3.41: Text Summary for July (Source Strength and Threat Zone)

= Text Summary - |o]

SITE DATZ:
Location: EUALR TERENGGANU, TERENGGANU, MALAYSILD
Building Air Exchanges Per Hour: 0.69 (unsheltered single storied)
Time: August 15, 2016 1600 hours 5T (user specified)

CHEMICAL DATLA:

Chemical MName: SULFURIC ACID Molecular Weight: 98.10 g/mol
Default LOC-1: 2 mg/ (cu m) Default LOC-2: 10 ppm Defauwlt LOC-3: 120 mg/ (cu m)
AEGL-1 (60 min): 0.2 mg/ (cu m) AEGL-2 (60 min): 8.7 mg/(cu m) AEGL-3 (60 min): 160 mg/(cu m)

Zmbient Boiling Point: 317.1° F
Vapor Pressure at Ambient Temperature: 9,93e-005 atm
Ambient Saturation Concentration: 99.3 ppm or 0.0099%

ATMOSPHERIC DATA: (MANUAL INFUT CF DATH)
Wind: 3 meters/second from 090° true at 3 meters

Ground Roughness: urban or forest Cloud Cover: 7 tenths

Lir Temperature: 32.1° C Stability Class: D

No Inversion Height Relative Humidity: 73%
SCURCE STRENGTH: - (SELECT SCURCE)

Figure 3.42: Text Summary for August (Site Data, Chemical Data, Atmospheric Data)
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Tank Diameter: 23 meters Tank Length: 24.1 meters -
Tank Volume: 10000 cubic meters
Tank contains liguid Internal Temperature: 32.1° C
Chemical Mass in Tank: 43,443 tons Tank is 80% full
Circular Opening Diameter: 4 inches
Cpening is 0 meters from tank bottom
Ground Type: Default so0il
Ground Temperature: egual to ambient
Max Puddle Diameter: Unknown
Releaze Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 9.85 pounds/min

(averaged over a minute or more)
Total Emount Released: 426 pounds
Note: The chemical escaped as a liguid and formed an evaporating puddle.
ALCHA limited the spreading puddle diameter to 219 yards.
THREAT ZONE:
Model Run: Gaussian
Red : 102 wards —-—— (160 mg/{cu m) = AEGL-3 [60 min])
Note: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards
Orange: 141 wyards ——— (8.7 mg/(cu m) = AEGL-2Z [&0 min])
Note: Threat =zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle. =
Maximum diameter of the puddle: 2193 yards 0
¥Yellow: 1.3 miles —--— (0.2 mg/(cu m) = AEGL-1 [60 min])
THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 1.18 miles Cff Centerline: 0 miles
Warning: Higher concentrations occur after the first hour.
Max Concentration: (in the first hour)
Cutdoor: 0.235 mg/ (cu m)
Indooxr: ©0.072 mg/ (cu m)
] n +
Figure 3.43: Text Summary for August (Source Strength and Threat Zone)
[ Text Summary E3
SITE DATL: -~
Location: EUALR TERENGGANU, MALAYSIA
Building Air Exchanges Per Hour: 0.58 (unsheltered single storied)
Time: September 15, 2016 1200 hours ST (user specified)
CHEMICARL DATA:
Chemical Wame: SULFURIC ACID Molecular Weight: 38.08 g/mol
AEGL-1 (60 min): 0.2 mg/{(cu m) AEGL-2 (60 min): 8.7 mg/ (cu m) BREGL-3 (60 min): 160 mg/ (cu

Ambient Boiling Point: 317.1° F
WVapor Pressure at Ambient Temperature: 2.17e-005 atm
Ambient Saturation Concentration: 21.7 ppm or 0.0092%

ATHMCSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2.4 meters/second from 080° true at 3 meters

Ground Roughness: urban or forest Cloud Cower: 7 tenths
Air Temperature: 31.4° C Stability Class: C
HNo Inversion Height Relative Humidity: 63%

SOURCE STRENGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters
Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 31.4° C
Chemical Mass in Tank: 43,506 tons Tank is 80% full

Circular Cpening Diameter: 4 inches

Cpening is 0 meters from tamk bottom

Ground Tvpe: Default soil

Ground Temperature: egqual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Average Sustained Release Rate: 9.47 pounds/min
(averaged over a minute or more)

Total Amount Released: 380 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

ALCHA limited the spreading puddle diameter to 219 wyards.

m

Figure 3.44: Text Summary for September (Source Strength and Threat Zone)
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Tank Diameter: 23 meters Tank Length: 24.1 meters -
Tank Volume: 10000 cubic meters

Tank contains liquid Internal Temperature: 31.4° C

Chemical Mass in Tank: 43,506 tons Tank i=s 80% full

Circular Cpening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =soil

Ground Temperature: sgual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 9.47 pounds/min
(averaged over a minute or more)

Total Amount Released: 380 pounds

HNote: The chemical escaped as a liguid and formed an evaporating puddle.

AT.CHR limited the spreading puddle diameter to 219 wyards.

THREAT ZCHNE:

Model Run: Gaussian

Red : 109 yards -—— (160 mg/(cu m) = AEGL-3 [60 min])

HNote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maxXimum diameter of the puddle.
Maximam diameter of the puddle: 219 yards

Orange: 108 wards ——— (8.7 mg/(cu m) = REGL-2 [60 min])

Hote: Threat zone wWas not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximam diameter of the puddle: 219 yards

¥ellow: 1572 yards ——- (0.2 mg/(cu m) = AEGL-1 [60 min])

m

THREAT AT PCINT:
Concentration Estimates at the point:
Downwind: 1.33 miles Off Centerline: 0 miles
Warning: Higher concentrations occur after the first hour.
Max Concentration: (in the first hour)
Cutdoor: 0.0916 mg/ (cu m)
Indoor: ©0.0211 mg/ (cu m)

4 | 1 LS

Figure 3.45: Text Summary for September (Source Strength and Threat Zone)

[ Text Summary
SITE DATA: -
Location: EKUALA TERENGGANU, MATLAYSTR
Building Air Exchanges Per Hour: 0.71 (unsheltered single =toried)
Time: October 15, 2016 1500 hours 5T (user specified)

CHEMICAL DATL:
Chemical Wame: SULFURIC ARCID Molecular Weight: 98.08 g/mol
LEGL-1 (60 min): 0.2 mg/ (cu m) AEGL-2 (60 min): &.7 mg/ (cu m) LEGL-3 (60 min): 160 mg/ (cu
Imbient Boiling Point: 317.1° F
Wapor Pressure at Ambient Temperature: £.56e—-005 atm
Zmbient Saturation Concentration: 85.6 ppm or 0.0086%

m

ATHMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 3.2 meters/second from 060° true at 3 meters

Ground Roughness: urban or forest Cloud Cower: 7 tenths
Zir Temperature: 30.8° C Stabkility Class: C
HNo Inversion Height Relatiwve Humidity: &67%

SOURCE STRENGTH:
Leak from hole in wvertical cylindrical tank
Flammable chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 30.8° C |
Chemical Mass in Tank: 43,560 tons Tank is 80% full

Circular Opening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Tvpe: Default soil

Ground Temperature: equal to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 9.72 pounds/min
(averaged over a minute or more)

Total Amount Released: 410 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

ATCHA limited the spreading puddle diameter to 219 wyards.

Figure 3.46: Text Summary for October (Source Strength and Threat Zone)




[ Text Summary 23
Flammable chemical escaping from tank (not burning) s
Tank Diameter: 23 meters Tank Length: 24.1 meters
Tank Volume: 10000 cubic meters
Tank contains liguid Internal Temperature: 30.8° C
Chemical Mas= in Tank: 43,580 tons= Tank i= 80% full

Circular Opening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =soil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Awverage Sustained Release Rate: 9.72 pounds/min
(averaged over a minute or more)

Total hmount Released: 410 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

AT.CHE limited the =spreading puddle diameter to 219 yards.

THREAT ZONE:

Model Run: Gaussian

Red : 109 wards —-—- (160 mg/ (cu m) = AEGL-3 [60 min])

Hote: Threat zone was not drawn because dispersion predictions are
unreliakbhle for lengths les=s than the maximom diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Orange: 102 vards ——— (8.7 mg/ {cu m) = AEGL-2 [&0 min])

Note: Threat zone was not drawn because dispersion predictions are
unreliakle for lengths less than the maximum diameter of the puddle.
Maximuam diameter of the puddle: 219 yards

Yellow: 1350 wyards ——— (0.2 mg/(cu m) = RAEGL-1 [60 min])

m

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 1,355 wvards Cff Centerline: 4.67 yards
Max Concentration:
Outdoor: 0.19%9 mg/ (cu m)
Indoor: 0.0673 mg/(cu m)

Figure 3.47: Text Summary for October (Source Strength and Threat Zone)

7 Test Surmmary £
| sITE DaTA:
Location: KURLAR TERENGGRNU, MORLAYSIL
Building Air Exchanges Per Hour: 0.85 (unsheltered single storied)
Time: November 15, 2016 0100 hours 5T (user =pecified)
CHEMICARL DATH:
Chemical Name: SULFURIC ACID Molecular Weight: 8.08 g/mol
LEGL-1 (60 min): 0.2 mg/ (cu m) LEGL-2 (60 min): 8.7 mys (cu m) AEGL-3 (60 min): 160 mg/ (cu
Lmbient Boiling Point: 317.1° F
Wapor Pressure at Bmbient Temperature: 8.56e-005 atm
AZmbient Saturation Concentration: 85.6 ppm or 0.0086%
ATMOCSPHERIC DATA: (MANUAL TWNPUT OF DATR)
Wind: 4 meters/second from 050° true at 3 meters
Ground Roughness: urban or forest Cloud Cowver: 7 tenths
Lir Temperature: 30.8° C Stability Class: D
No Inversion Height Relative Humidity: 70%
SCURCE STREMGTH:
Leak from hole in vertical cylindrical tank
Flammable chemical escaping from tank {(not burning)
Tank Diameter: 23 meters Tank Length: 24.1 meters
Tank Volume: 10000 cubic meters
Tank contains ligquid Internal Temperature: 30.8° C
Chemical Mass in Tank: 43,560 tons Tank i=z 820% full
Circular Cpening Diameter: 4 inches
Cpening is 0 meters from tank bottom
Ground Type: Defaulr zoil
Ground Temperature: egqual to ambient
Max Puddle Diameter: Unknown
Release Duration: ALOHA limited the duration to 1 hour
Max LAverage Sustained Release Rate: 7.74 pounds/min
(averaged over a minute or more)
Total Amount Released: 356 pounds
Note: The chemical esecaped as a liguid and formed an evaporating puddle.
ATCHAE limited the spreading puddle diameter to 219 yards.
F] 1 2

Figure 3.48: Text Summary for November (Source Strength and Threat Zone)

m




[ Tesxt Summary E3
Wind: 4 meters/second from 050° true at 3 meters -
Ground Roughness: urban or forest Cloud Cowver: 7 tenths
Lir Temperature: 30.8° C Stability Class: D
HNo Imversion Height Relative Humidity: 70%

SOURCE STRENGTH:

Leak from hole in wvertical cylindrical tank

Flammalble chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 30.8° C

Chemical Mass in Tank: 43,560 tons Tank iz 80% full

Circular Opening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =oil

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 7.74 pounds/min
(averaged over a minute or more)

Total Amount Released: 356 pounds

Hote: The chemical escaped as a ligquid and formed an evaporating puddle.

AT.OHA limited the spreading puddle diameter to 219 yards. A

THREAT ZONE:

Model Run: Gaussian

Red : 109 wards --- (160 mg/ (cu m) = AEGL-3 [60 minl)

Mote: Threat =zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Orange: 109 wyards —--——- (8.7 mg/ (cu m) = AEGL-2 [60 min])

HNote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximom diameter of the puddle.
Maximum diameter of the puddle: 219 yards

Yellow: 1630 wyards ——— (0.2 mg/(cu m) = AREGL-1 [60 min])

. [ T - r

Figure 3.49: Text Summary for November (Source Strength and Threat Zone)

[T Text Surnmary E3

| sITE DaTA: -
Location: KUALA TERENGGANT, MALAYSIA
Building Air Exchanges Per Hour: 0.70 (unsheltered single storied)

Time: December 15, 201& 1500 hours ST (user specified)

CHEMICAIL DATA:

Chemical Mame: SULFURIC ACID Molecular Weight: 98.08 g/mol

AFGL-1 (60 min): 0.2 mg/ (cu m) LFEGL-2 (60 min): 8.7 mg/ (cu m) LAFGL-3 (60 min): 160 mg/ (cu

Ambient Boiling Point: 317.1° F

Vapor Pressure at Ambient Temperature: 9.062-005 atm

Ambient Saturation Concentratiomn: 20.7 ppm or 0.0091%

ATMOSPHERIC DATA: (MAMNUAL INPUT CF DATR) =
Wind: 3.1 meters/second from 060° true at 3 meters
Ground Roughness: urban or forest Cloud Cower: 7 tenths
Lir Temperature: 31.3° C Stability Class: D
No Inmversion Height Relative Humidity: 64%

SCURCE STRENGTH:

Leak from hole in wertical cylindrical tank

Flammakble chemical escaping from tank (not burning)

Tank Diameter: 23 meters Tank Length: 24.1 meters

Tank Volume: 10000 cubic meters

Tank contains liguid Internal Temperature: 31.3° C

Chemical Mass in Tank: 43,515 tons Tank i= 80% full

Circular Opening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =oil

Ground Temperature: egual to ambient

Max FPuddle Diameter: Unknown

Release Duration: ALCOHA limited the duration to 1 hour

Max Average Sustained Release Rate: 2.7 pounds/min
[averaged over a minute or more)

Total Amount Released: 413 pounds

Note: The chemical escaped as a ligquid and formed an evaporating puddle.

AT.OHA limited the spreading puddle diameter to 219 wvards.

<[ 1 N 3

Figure 3.50: Text Summary for December (Source Strength and Threat Zone)



[ Text Summary
Tank Diameter: 23 meters Tank Length: 24.1 meters
Tank Volume: 10000 cubic meters
Tank contains liguid Internal Temperature: 31.3° C
Chemical Mass in Tank: 43,515 tons Tank is 80% full

Circular Cpening Diameter: 4 inches

Cpening is 0 meters from tank bottom

Ground Type: Default =so0il

Ground Temperature: egual to ambient

Max Puddle Diameter: Unknown

Release Duration: ALCHA limited the duration to 1 hour

Max Lverage Sustained Release Rate: 2.7 pounds/min
(averaged over a minute or more)

Total Amount Released: 413 pounds

Hote: The chemical escaped as a liguid and formed an evaporating puddle.

ATOHA limited the spreading puddle diameter to 219 wyards.

THREAT ZONE:

Model Run: Gaussian

Red : 109 wards —--- (160 mg/ (cu m) = AEGL-3 [60 minl)

Hote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maximum diameter of the puddle.
Maximum diameter of the puddle: 219 wyards

Orange: 138 yards —-—-— (8.7 mg/(cu m) = AEGL-2 [60 min])

Hote: Threat zone was not drawn because dispersion predictions are
unreliable for lengths less than the maxXimum diameter of the puddle.
Maximum diameter of the puddle: 219 wyards

Yellow: 1.3 miles ——— (0.2 mg/(cu m) = AEGL-1 [60 min])

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 1.28 miles Off Centerline;: 0.0053 miles
Warning: Higher concentrations occur after the first hour.
Max Concentration: (in the first hour)
Cutdoor: 0.19%8 mg/ (cu m)
Indoor: 0.0598 mg/ (cu m)

m

Figure 3.51: Text Summary for December (Source Strength and Threat Zone)
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In this section, the result of simulation from ALOHA for January until

December are shown. Toxic threat zone of the affected area from the source point has

been determined and presented in satellite image.

4.2

Radius of Toxic Dispersion

4.2.1 January

[ »] Toxic Threat Zone
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vards
greater than 160 mg/({cu m) (AEGL-3 [60 min]) (not drawn)
greater than 8.7 mg/(cu m) (AEGL-2 [60 min]) (not drawn)
[ ] greater than 0.2 mg/(cu m) (AEGL-1 [60 min])}

wind direction confidence lines

Figure 4.1: Toxic Threat Zone for January
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Figure 4.2: Toxic Dispersion Area for January

January 2016 has the wind speed with 2.8 m/s and the amount of the release was
estimated for about 321 pounds. The highest distance for the toxic dispersion is 1346
yards. Figure 4.2 shows the toxic dispersion area indicated by the yellow zone. From the
figure, the affected area are mostly covered by the forest and far from the residential
area while only few area of the plant is affected. The other plants are totally safe from

the toxic dispersion.
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4.2.2 February

[ »] Toxic Threat Zone EI@
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greater than 8.7 mg/(cu m) (AEGL-2 [60 min]) (not drawn)
[ ] greater than 0.2 mg/(cu m} (AEGL-1 [60 min]}
— —  wind direction confidence lines

Figure 4.3: Toxic Threat Zone for February
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Figure 4.4: Toxic Dispersion Area for February
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February 2016 has the highest wind speed with 4.3 m/s and the amount of the
release was estimated for about 420 pounds. The highest distance for the toxic
dispersion is 1757 yards. Figure 4.4 shows the toxic dispersion area indicated by the
yellow zone. From the figure, the toxic dispersion from the storage tank affected almost
whole area of the study area and the other plants which is Perwaja Steel plant and also
the public road used to connect the Kemaman Supply Base (KSB) with the Teluk

Kalong Industrial Area.

4.2.3 March
["#] Toxic Threat Zone EI@
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miles
greater than 160 mg/(cu m) (AEGL-3 [60 min]) (not drawn)
greater than 8.7 mg/(cu m) (AEGL-2 [60 min]) (not drawn)
[ ] greater than 0.2 mg/(cu m) (AEGL-1 [60 min])

wind direction confidence lines

Figure 4.5: Toxic Threat Zone for March
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Figure 4.6: Toxic Dispersion Area for March

March 2016 has the wind speed with 3.7 m/s and the amount of the release was
estimated for about 357 pounds. The highest distance for the toxic dispersion is 1722
yards. Figure 4.6 shows the toxic dispersion area indicated by the yellow zone. From the
figure, the toxic dispersion affected all the area of our study area and also the public
road used to connect the Kemaman Supply Base (KSB) with the Teluk Kalong

Industrial Area.
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4.2.4 April
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1
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Figure 4.7: Toxic Threat Zone for April
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Figure 4.8: Toxic Dispersion Area for April
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April 2016 has the wind speed with 2.5 m/s and the amount of the release was
estimated for about 490 pounds. The highest distance for the toxic dispersion is 1 mile.
Figure 4.8 shows the toxic dispersion area indicated by the yellow zone. From the
figure, the toxic dispersion affected all the area of our study area and also the public
road used to connect the Kemaman Supply Base (KSB) with the Teluk Kalong
Industrial Area.

425 May
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greater than 8.7 mg/(cu m) (AEGL-2 [60 min]) (not drawn)

[ ] greater than 0.2 mg/(cu m) (AEGL-1 [60 min])
— —  wind direction confidence lines

Figure 4.9: Toxic Threat Zone for May
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Figure 4.10: Toxic Dispersion Area for May
May 2016 has the wind speed with 2.8 m/s and the amount of the release was
estimated for about 513 pounds. The highest distance for the toxic dispersion is 1659
yards. Figure 4.10 shows the toxic dispersion area indicated by the yellow zone. From
the figure, the toxic dispersion affected all the area of our study area, small area of
Perwaja Steel plant and also the public road used to connect the Kemaman Supply Base
(KSB) with the Teluk Kalong Industrial Area.
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4.2.6 June
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— — wind direction confidence lines

Figure 4.11: Toxic Threat Zone for June
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Figure 4.12: Toxic Dispersion Area for June
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June 2016 has the wind speed with 3.7 m/s and the amount of the release was
estimated for about 212 pounds. The highest distance for the toxic dispersion is 1186
yards. Figure 4.12 shows the toxic dispersion area indicated by the yellow zone. From
the figure, the toxic dispersion affected small area of our study area, and part of Perwaja
Steel plant and also the public road used to connect the Kemaman Supply Base (KSB)

with the Teluk Kalong Industrial Area.

4.2.7 July
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wind direction confidence lines

Figure 4.13: Toxic Threat Zone for July
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Figure 4.14: Toxic Dispersion Area for July

July 2016 has the wind speed with 4 m/s and the amount of the release was
estimated for about 455 pounds. The highest distance for the toxic dispersion is 1.2
miles. Figure 4.14 shows the toxic dispersion area indicated by the yellow zone. From
the figure, the toxic dispersion affected part of our study area, public road used to
connect the Kemaman Supply Base (KSB) with the Teluk Kalong Industrial Area 2

other plant area which are Perwaja Steel and Schlumberger WTA.
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4.2.8 August
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Figure 4.15: Toxic Threat Zone for August
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August 2016 has the wind speed with 3 m/s and the amount of the release was
estimated for about 426 pounds. The highest distance for the toxic dispersion is 1.3
miles. Figure 4.16 shows the toxic dispersion area indicated by the yellow zone. From
the figure, the toxic dispersion affected all the area of our study area and also the public
road used to connect the Kemaman Supply Base (KSB) with the Teluk Kalong
Industrial Area.

4.2.9 September
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Figure 4.17: Toxic Threat Zone for September
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Figure 4.18: Toxic Dispersion Area for September
4.2.10 October
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Figure 4.19: Toxic Threat Zone for October
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Figure 4.20: Toxic Dispersion Area for October

September 2016 has the wind speed with 2.4 m/s and the amount of the release
was estimated for about 380 pounds. The highest distance for the toxic dispersion is
1572 yards. Figure 4.10 shows the toxic dispersion area indicated by the yellow zone.
From the figure, the toxic dispersion affected all the area of our study area and other

area rea safe from the dispersion.
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4.2.11 November
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Figure 4.21: Toxic Threat Zone for November
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November 2016 has the wind speed with 4 m/s and the amount of the release
was estimated for about 356 pounds. The highest distance for the toxic dispersion is
1630 yards. Figure 4.22 shows the toxic dispersion area indicated by the yellow zone.
From the figure, the toxic dispersion affected all the area of our study area and only

small area of Perwaja Steel plant.

4.2.12 December
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Figure 4.23: Toxic Threat Zone for December



63

KAWASAN
PERINDUSTRIAN
TELOKYKALONG

ntsman Tioxide plant

‘,‘H‘ 4 é;k%

\

IPUNG
'KUANG

Figure 4.24: Toxic Dispersion Area for December

December 2016 has the wind speed with 3.1 m/s and the amount of the release
was estimated for about 413 pounds. The highest distance for the toxic dispersion is 1.3
miles. Figure 4.24 shows the toxic dispersion area indicated by the yellow zone. From
the figure, the toxic dispersion affected all the area of our study area, small area of
Perwaja Steel plant and also the public road used to connect the Kemaman Supply Base
(KSB) with the Teluk Kalong Industrial Area. The other road is the road which is

heading to the city of Kemaman.

4.3  Worst Case Scenario

Worst case result is indicated by the highest concentration of toxic gas being
dispersed. But as for this cases, all the simulations has the same maximum
concentration which is 0.2mg/m°. Hence, the worst case was considered for the highest
dispersion area that affect the workers, residents and public facility such as road (Daniel
and Joseph, 2002). Based on the result of worst case, the affected area by the sulfuric
acid dispersion has been identified and evacuation routes has been developed.
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Figure 4.25 and Table 4.1 below show the trend of the indoor and outdoor
concentration from minutes of O till 60. As time increase, the concentration of the
sulfuric acid will also increase until it achieves the concentration limit. This finding
shows the mutual result with the other study in journal of accident modelling and
analysis in process industries where the concentration of the gas release shows the same
trend as time increase (Faisal et al.,2014). This result prove that time is playing a vital
role in the evacuation process during the day of the incident. Hence, the evacuation
routes that safest and takes the shortest time to the safer place will be the most

favorable.

[ el Concentration at Point EI@

mg/(cu m)

0.2 AEGL-1 (60 min)

0.15 -

0 10 20 30 40 50 60
minutes
— Qutdoor Concentration

...... Indoor Concentration
At Point: Downwind: 1.28 miles Off Centerline: 0.0093 miles

Figure 4.25: Concentration at Point

Table 4.1: The trend of sulfuric acid concentration for indoor and outdoor

Time (min) Concentration of the
sulfuric acid release (mg/m?)
Indoor Outdoor

0 0 0

10 0 0.01

20 0.005 0.03

30 0.015 0.12

40 0.03 0.17

50 0.05 0.19

60 0.06 0.2
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Figure 4.26: Threat Zone on Teluk Kalong Industrial Area Map
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Figure 4.27: Threat Zone on Teluk Kalong Industrial Area Map (Zoom In)
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Figure 4.26 and 4.27 show the toxic threat zone generated by ALOHA Software
in the map of Google Earth. Yellow zone in the figure indicates the area that was
affected by the release of sulfuric acid. All the analyzed data in the text summary was
exported to the Google Earth by included the exact coordinate of the selected
petrochemical plant. With the wind speed of 3.1 meter per second from 060 degrees at
5.2 meter height above the ground and has D atmospheric stability class which is stable.
The radius of wind confidence line which is the longest distance travelled due to the
release from the source point is 1.3 miles which is equal to 2.09 kilometer.

The toxic gas disperses to the atmosphere 2.09 kilometer with the wind
prevailing at 060 degrees. The yellow zone affects several area almost all area in the
study area and also several public roads. The roads affected is the road heading to the
rest of the industrial area, which are Schlumberger and Kemaman Supply Base. Another
road that is being affected is the road heading to the residents area which are Kampung
Bukit Kuang and Kampung Sungai Terjun. It is also the road which shortest distance

from the study area to Chukai City.

4.4  Proposed Emergency Evacuation Plan for Adjacent Areas
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Figure 4.28: Proposed Safe Evacuation Route
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Figure 4.28 represent the safe evacuation route for the adjacent affected area.
The arrows show the safe direction which free from the sulfuric acid dispersion. Based
on the wind prevalence during the day, the safe evacuation route to exit the radius of
wind confidence line is by following the arrow. The blue arrow indicates the safe road
that should be taken which heading to the Route 3/AH18. The orange arrows indicates
the evacuation route for the workers. This road will be heading to Chukai city which
will avoid the yellow zone. The purple arrow will be evacuation route which will be
taking the same route as orange route while the white arrow is the evacuation route that

will be heading to Kampung Bukit Kuang.
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Figure 4.29: Unsafe route
Figure 4.29 show the unsafe route for affected area. There are several roads that
affected from the sulfuric acid dispersion and need to be closed from the public usage.
The red arrows show the unsafe route or road. The area that is located within the yellow
line should be avoided during the day of the incident to avoid the inhalation of that toxic
gas which will cause a health effect to those who are accidentally inhaled the released

gas.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

From the study, it is found out that sulfuric acid dispersion from the storage tank
in a chemical plant can create an event with hazards potential. The simulation using the
hole opening for about 4 inches shows the area of the dispersion can be spread up to 1.3
miles or equal to 2.09km. The event will be more serious if there will be a huge opening
at the sulfuric acid storage tank and the area of the dispersion will be wider than the
simulated result.

December has been chosen as the worst case of the dispersion. This is due to
longest distance of the toxic dispersion. The downwind concentration for the sulfuric
acid release is increasing as time increase. The highest concentration is recorded at the
time of 60 minutes which is 0.2mg/m*. Meanwhile, the threat zone is determined by the
yellow zone which has the radius of 1.3 miles. Based on the data findings, it can be
concluded that the radius of sulfuric acid dispersion affect the adjacent facilities use by
public and other petrochemical plants in the Teluk Kalong Industrial Area. Based from

this result, the evacuation route was proposed where the affected area will be avoided.
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5.2 Recommendation

As for recommendation, in order to prevent the Major Accident Event (MAE)
occurrence in petrochemical plant industry, the role of facility management is essential
to ensure the facility is safe from MAE towards workers, public and environment. The
management need to ensure adequate inspection and maintenance of the system and
process plant. Management also can install High Level Overfill Prevention Switch at the
tank to indicate when the liquid in the tank reaches a dangerously high condition.
Besides, management need to ensure the tanks are installed with the Temperature
Sensor, Radar Level Gauge and Tank Side Monitor to prevent leakage of toxic material
from the tank. In addition, to improve off-site and on-site emergency evacuation
planning in Teluk Kalong Industrial Area, management need to fully cooperate with

other authority including Fire and Rescue Department.
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