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Abstract

In normal condition, the petroleum refinery plant in Sriracha, Chonburi, Thailand emits 38.05 g/s of SO; into the

environment. However, if there is a power outage, the same refinery plant emits 16911 g/s of SO; into the atmosphere .

The ALOHA model was used to simulate the SO dispersions in summer, rainy season, and winter .The results show that

the SO, concentrations greater than 0.075 ppm (allowable ambient SO, concentration) can spread longer than 10 km .

The comparison between the simulated and measured results shows that the error of ALOHA model prediction is

17.63%.
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Introduction

Petroleum refinery processes can emits SO, into the
atmosphere causing air pollution. Sources of SO from
refinery processes include: combustion of fuels containing
sulfur, flares, catalytic cracking unit regenerators, treating
units, and decoking operations [1]. In case of power
outage the refinery processes will stop running
immediately. Large amount of SO, will be released into
the environment.

Power outage can occur anytime without warning.
Earthquake, landslide, storm, or any human induced
accidents can induce the power outage. Once it occurs, a
catastrophe is inevitable. For example, on 14 October
2016, the Suncor refinery plant in Colorado, USA
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accidental released a total of 34.29 tonnes of SO into the
environment due to the power outage [2]. Nearby
communities were evacuated for safety. Therefore,
knowing in advance the areas affected by the SO, released
from petroleum refinery in case of power outage is very
important. It is, therefore, the purpose of this study to
simulate the dispersion of SO, concentrations from the
petroleum refinery due to power outage. The petroleum
refinery plant in this study is located at Sriracha, Chonburi
province, Thailand as shown in the following Figure 1.
Coordinates of the study area are 47P 704770 E, 1448624
N or 100.888728%E, 13.096967°N or 1002 53' 19" E, 13°
5'49" N. Land uses in the study area are mainly urban and
water body. The elevation of the area is about 0.5 m above
the mean sea level (MSL).
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Figure 1 :Study area at Sriracha, Chonburi province, Thailand.

The model ALOHA was used in this study to simulate
the SO; dispersions. The ALOHA is a simple and widely
used air quality model. It is also approved by the United
States Environmental Protection Agency (EPA) as a good
and simple model to predict the dispersion of gases.
Several studies have shown that the ALOHA model can
successfully be used to predict pollutant dispersions in
the environment. For example, Salam demonstrated a
success use of the ALOHA model to predict SO
dispersions from a phosphate fertilizer facility located at
El-Menya Governorate, Egypt [3]. Bariha et al. [4] used
ALOHA and PHAST software to simulate the accidental
scenario caused by an explosion of a LPG truck in Kannur,
Kerala, India [4]. Results of the fireball, jet flame radiation
and explosion overpressure agree well with the actual
loss reported from the site. Hui and Guoning [5] used the
ALOHA model to simulate the accidental leaking of
natural gas from a pipeline in Natural Gas Power
Generation Co., Ltd [5]. The results provide bases and
decisions for the pipelines plan, construction of natural
gas power plant and the spatial location of the town.

In this study, the simulated results by using the ALOHA
show that if there is a power outage, the petroleum
refinery processes will stop running suddenly and release
SO; concentrations into the atmosphere, very much
greater than the allowable ambient concentration.
According to the National Ambient Air Quality Standards,
(NAAQS), the ambient SO, concentration must not exceed
0.075 ppm for 1 hour [6]. The results show that if there is
a power outage the released SO, greater than the
allowable ambient can spread more than 10 km from the
source.
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Methodology

The basic equation used in the ALOHA model is the
Gaussian equation as follow ]7:[

2
Lexp y —

Ty 2 2
2nuo o, 20, 20

where c is the simulated SO, concentration (g/m3); Q is
the SO emission rate (g/s); u is the wind speed (m/s); H
is the height of the SO; plume above the stack base. The x,
y, z are the coordinates of the receptor. The x-axis follows
the wind direction, y-axis and z-axis are in the horizontal
and vertical planes respectively and both are
perpendicular to the wind direction (x-axis). The origin of
the x, y, z axes is at the stack base. The oy and oz are
dispersion functions in y and z directions respectively
where more detail can be found in [8].

The Suncor incidence on 14 October 2016 released
34.29 tonnes of SO; into the environment due to the
power outage [2]. If it took one hour to fix the problem
and stop the release, then the SO, emission rate was
34.29x1000000/3600 = 9525 g/s. The Suncor refinery
had the capacity of 98,000 barrels per day of crude oil [8].
For normal operation, the petroleum refinery plant in this
study has the capacity of 174,000 barrels per day and
emits 38.05 g/s of SOz [9]. The stack height is 100 m
above the ground surface. If there is a power outage
similar to the Suncor case, the petroleum refinery in this
study will release about 9525/98000x174000 = 16911
g/s of SOz into the atmosphere.
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The simulations were done for all seasons. There are 3
seasons in Thailand: summer (15 February to 15 May),
rainy season (15 May to 15 October), and winter (15
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meteorological data used in the simulation consist of wind
speed, wind direction cloud cover, ambient temperature
and relative humidity as shown in the following Table 1.

October to 15 February) (Figure 2) [10]. The
Season Wind speed(m/s) Blowing Cloud cover Temp. (2C) | Relative humidity (%)
from
Summer 1.55 SwW 5 29.11 76
Rain 1.73 WSW 7 28.79 78
Winter 1.75 NE 4 27.23 74

Table 1: Meteorological data of the study area [10].

S ABCDEF
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A
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— —

0.00 ~ <5.40km/fh
540 ™ <8.86kmfh

C 8.86 <16.09km/h

D 16.09 ~ ¢24.95km/h
E 2495 <34 60km/h
'F 3480~  kmjh

Summer

Rainy season

Figure 2: Wind rose for summer, rainy season, and winter [10].

Winter

Results

After using the ALOHA model, the simulated SO

the power outage are shown in the following Figures 3-5 .
Note that the ALOHA model can simulate not more than

dispersions in summer, rainy season, and winter due to

10 km from the source .

T greater than 0.075 ppm (more than 10 km)
= greater than 0.0075 ppm (more than 10 km)
| greater than 0.00075 ppm (more than 10 km)

Figure 3: SO; dispersions in summer due to power outage.
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- greater than 0.075 ppm (more than 10 km)
L greater than 0.0075 ppm (more than 10 km)
:l greater than 0.00075 ppm (more than 10 km)

Figure 4 :SO; dispersions in rainy season due to power outage.

''''' |

- greater than 0.075 ppm (more than 10 km)
L greater than 0.0075 ppm (more than 10 km)
=] greater than 0.00075 ppm (more than 10 km)

Figure 5 :SO; dispersions in winter due to power outage.

The results show that if the power outage occurs, then
most of the time SO, concentration greater than the
allowable ambient concentration will covers the areas
northeast of the petroleum refinery plant. The safe areas
from the high SO; concentrations should be in the north
and south of the petroleum refinery plant.
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Verification

It is impossible to test the model output with the SO,
actually released from the petroleum refinery due to the
power outage because it is impossible to know in advance
when the outage will occur. The simulated SO
concentrations were tested with the measured values
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near the petroleum refinery plant operating normally to

measuring station was selected at 2 km northeast

verify the results. The SO, measurements were done on (downwind) of the petroleum refinery plant. The
20 July 2017 during 09:00 to 15:00 by using a mobile air measured results are shown in the following Table 2.
quality laboratory as shown in the following Figure 6. The
Figure 6 :A mobile air quality laboratory.
Wind speed Wind Cloud Temp. RH Calculated | Measured Error
Time (m/s) direction cover (°C) (%) SOz (ppm) | SO (ppm) (ppm)
(h)
10-Sep 1.39 NE 9 28.3 77 0.058 0.075 0.017
11-Oct 1.57 NE 9 29.9 78 0.055 0.06 0.005
12-Nov 1.75 NE 8 30.1 78 0.068 0.069 0.001
13-Dec 1.44 NE 8 30.3 79 0.056 0.042 0.014
13-14 1.13 NE 8 30.5 80 0.062 0.05 0.012
14-15 1.13 NE 9 30.4 80 0.062 0.05 0.012
Average 0.058 0.01

Table 2: Simulated and measured SO, concentrations.

The average measured value and error are 0.058 and
0.010 ppm respectively .Therefore the error is
0.010x100/0.058 =17.63 .%]lt can be concluded for this
study that the error of the ALOHA model output is
17.63 %
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