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Abstract

The aim of this research is to study the emission and dispersion of pollutants (HC, CO, NOsx,
SPM) from the elevated flares in three situations of South Gas Company for Liquefied Petroleum
Gas (LPG) production in Al-Basrah Governorate in Iraq. These three situations are Khor Al-Zubair
plant, North Al-Rumaila Plant, and Storage Complex. The number of flares in the situations are
5, 3, and 2 flares respectively.

A mathematical model formulated in a computer program written in visual basic language was
utilized in finding the ground level concentrations of pollutants HC, CO, NOy, and SPM emitted
from the elevated flares of the three situations; the concentrations were found at selected sites inside
and outside of each situation at different distances.

The programmed model takes into consideration all the meteorological conditions (wind speed,
wind direction, ambient temperature, and atmospheric stability) which may take place at the study
region.

The emission rates of the pollutants which are emitted from the elevated flares are found
depending on the laboratory analysis of gas compositions send to the flares , also by utilizing the
modern EPA methods for determination the emission rates.

The results of research illustrate the meteorological cases which are more effect in causing the
maximum ground level concentrations of pollutants especially the unstable atmospheric conditions
and wind speed.

On the other hand, the programmed model is utilized to find the concentrations of hydrocarbons
(HC), propane (C3Hs) , and butane (C4H10) which are released from flare column to the atmosphere
in case of combustion failure of these gases, at areas adjacent to the situations of flares.

Keywords: Elevated flares, combustion, emissions, dispersion, modeling.

Introduction the waste gases discharged from routine

Air pollution is a dangerous problem facing production operations. Elevated flare is a one
human in the daily life, and it is caused great type of flares, it is a vertical pipe opened from
harmful which may cause death especially its top supplied with igniters. The waste or
when it is higher than the critical discharged gases are burned with atmospheric
environmental limits of pollutants . air at the tip of flare stack. The sending of

The industrial activities contribute largely these gases and burning them in flares lead to
in air pollution; one of these activities is the emitting the pollutants and discharging them to
petroleum industries including the atmosphere,  the concentrations level of these
manufacture of liquefied petroleum gas pollutants depending on the type of burned
(LPG).@34 gases and flare efficiency® * . There are

The flares system is safety equipment some factors effects in the efficiency of
necessary in petroleum plants. Flares are combustion process in flares such as heating
designed to avoid the uncontrolled emissions. value, velocity of gases entering to flare,
It is used for two cases related strongly with meteorological conditions and its effects on
safety, one of them is during the unstable the flame size ® " ®. In order to increase the
operations such as start-up, shut-down of unit combustion efficiency, the steam or air is used
operations; the second case is to management as assistant in flares, which create a turbulent
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mixing, and better contact between carbon and
oxygen. @ 39

EPA studies conducted in the early 1980’s
do not take into account environmental factors
that may affect flares efficiency. There is no

suggestion (in the EPA studies) that
combustion efficiencies may depend on
parameters that influence flame size, and

consequently heat released, such as stack
velocities and wind speeds.“? A recent study
conducted by research scientists in Canada and
published in the Journal of the Air and Waste
Management Association (JAWMA), noted
that these factors can greatly influence the
ability of flares to destroy pollutants sent
through  vapor  streams. Specifically,
researchers found that wind speed played a
significant role in determining combustion
efficiency. According to study, wind speed
greatly impacts the size of the flame
“decreased in flame size occur in a significant
manner with increasing stoichiometric mixing
ration, wind speed, and stack exit

Velocity”.(ll’lz)
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elevated flares. Table (1) shows the design
data of flares in the three situations of South
Gas Company. The main air pollutants which
are produced from burning of hydrocarbonic
gases in flares are: Hydrocarbons (HC),
Carbon Monoxide (CO), Nitrogen Oxides
(NOy), Suspended  Particulate  Matter
(SPM).®3 The emission rates of these
pollutants depend on two main factors: the
waste gas composition sent to the flare and the
combustion efficiency.®

The programmed mathematical model which
applied in the present paper was developed by
Al-Rubai ) for prediction of SO, , NO,, CO,
and suspended particulate matter (SPM)
ground level concentration and its dispersion
from the stacks of Al-Daura oil refinery in
Irag. This model gives good agreement with
the measured concentrations. The model
overpredict SO, concentrations within a factor
of 1.4, while the model underpredict NO,
within a factor of 1.5 , CO within a factor of
2.2 and SPM within a factor of 1.3.

Table (1)
The design data of elevated flares in the three situations (Khor Al-Zubair Plant, North
Al-Rumaila Plant , and Storage Complex ) of the South Gas Company.

Number

Situation of Elares

Type of flare

Khor Al-

Zubair

Dry Flares

Flow
Rate of
Gases
which
burned in
flare
(ton/hr)

Temperature
of Gases
entering to
flare stack

Diameter
of Flare
Stack

(m)

Molecular
Weight

(°C)

-80 to +80

Plant Wet Flares

North Al- | Dry Flares

Rumaila

Plant Wet Flares

Low Pressure
Flares (LPF)

Storage
Complex High
Pressure
Flares (HPF)

The flares in South Gas Company at the
three situations are classified as unassisted
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In the present paper, some modification
making for the model developed by
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Al-Rubai™ and the modified model utilized to
find the concentrations of HC, CO, NOy, and
SPM in ambient air, and the pollutants
dispersion from the elevated flares of three
situations of South Gas Company in the south
of Irag. The paper will take into account the
factors that more effect in the predicted
concentration, especially the atmospheric
stability and wind speed.

Determination of Emission Rate

The  studyof  flare emissions requires
determination of emission rate of each
pollutant resulting from the combustion
process before dispersing it in atmosphere.
The two main problems being in determination
of flare emissions are: © 314
1- Difficulty of determination exactly the

composition of gases, which send to flares

because the flares are not routine process.

Also the type and amount of gases are

changed from time to other.

2- Difficulty of measuring the composition
of gases or pollutants which are resulted at
the end of flare or flame, this is mean that
flares are not submitted to traditional test
methods of emissions.

There are few attempts achieved to
determination the flare emission. The recent
tests of EPA determined the emission factors
of pollutants emitted from flares as shown in
Table (2).®314

Table (2)
The Emission factors of pollutants emitted
from flares.

Emission
Pollutant Factor
(kg/10° kJ)

Hydrocarbons (HC)”
Carbon Monoxide (CO)
Nitrogen Oxides (NOy)

Suspended Particulate
Matter (SPM)

* Total hydrocarbons measured as equivalent to methane.
** Suspended particulate matter measured in units of mg/m®.

Tables (3), (4), and (5) show the results of
laboratory analysis of gases sent to the flares.
The analysis achieved by using Gas
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chromatography  device.  This  analysis
achieved for all types of gases sent to the
flares of the three situations (Khor Al-Zubair
plant, North Al-Rumaila plant, Storage
Complex) The volume percentage of each type
of gases is the average of four samples
analysis. The results of analysis adapted in
calculations of density, volumetric flow rate,
and heating value of gases. The emission rate
is calculated for each pollutant (HC, CO, NOX,
SPM) in units of kilogram per hour (kg / hr)

by using the following equation:®*%

Ex=EFx*Q oo (1)

where:
Ex: emission rate of pollutant x, (kg/hr).
EFx: emission factor of pollutant x, (kg/10° kJ)
Q: average heating value of fuel (gases),
(kJ/hr),

calculated from the following equation:

Q=V*H. i, (2) , where :
V : volumetric flow rate of gases in flare
stack (m*/hr).
H : heating value of gases, (kJ/m® of fuel).

Table (6) shows the emission rates of
pollutants HC, CO, NOx, and SPM.



Hatam Asal Gzar

Table (3)
The average volume percentage of gases sent to the flares of Khor Al-Zubair Plant.

Type of hydrocarbonic gases

(Dry Gas) (Broad-cut) (Feed Gas)

average average average
Components components Components
(% Volume) (% Volume) (% Volume)

Table (4)
The average volume percentage of gases sent to the flares of North Al-Rumaila Plant.

Type of hydrocarbonic gases

(Dry Gas) (Feed Gas)

Components average (% Volume) Components average(%o Volume)
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Table (5)
The average volume percentage of gases sent to the flares in Storage Complex.

Type of hydrocarbonic gases

Propane

Butane

Components average (% Volume)

Components average(% Volume)

Table (6)

The emission rates of pollutants emitted from the flares of Khor Al-Zubair Plant , North Al-Rumaila Plant ,

and Storage Complex, of the South Gas Company.

Number
of Flares

Type of

Situation Flares

Dry Flare Dry Gas

Mass Flow
Rate of Gases
which Burned

in one Flare

(ton/hr)

. . 1n8
Rate of Heating Emission Rate of one Flare* 10

Value of Gases

Entering to Flares ng /sec

* 10% (kJ/hr)

CoO NOx

Khor
Al-Zubair
Plant

Broad cut

Wet Flare

Feed Gas

North Dry Gas

Dry Flare

Al-Rumaila

Plant Feed Gas

Wet Flare

High
Pressure
Flare (HPF)

Propane

Storage Butane

Complex Low

Pressure
Flare (LPF)

Propane

Butane

Modeling of dispersion air pollutants
emitted from flares:

a mathematical model formulating in a
computer program written in visual basic
language using Gaussian equation is utilized
to investigate the dispersion process and
distribution of pollutants (HC, CO, NOy, SPM)
emitted from the elevated flares of the three
situations. The programmed model finds the
concentration of pollutants at selected sites

inside and outside of the three situations.
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Gaussian equation (equation 3) is used in
the programmed mathematical model to find
the ground level concentrations of gaseous
pollutants HC, CO, NOx. (1:12:16)

oo 2]
y-z y 4

where:




C: concentration of pollutant emitted from
flare, (ug /m?).

Q: emission rate of pollutant emitted from
flare, (ug /sec).

u: average wind speed (m/sec).

oYy, oz : horizontal and vertical dispersion
coefficient (m).

x:  down wind distance (m).

y: cross wind distance (m).

H: effective height (m), where H = hs + Ah

hs:

height of flare stack (m).
Ah: plume rise (The height from the end of
flare stack to the midline of the emitted
smoke), (m).

The units of calculated concentration (C )
from equation 3 convert from (ug /m°) to ppm
by dividing the concentration value by
conversion factor of the pollutants.

The suspended particulate matter (SPM)
emitted from flare differs than the gaseous
pollutant, the SPM follows down to ground
under the effect of gravity; it is reach ground
surface and can not return to the atmosphere
by wind. The following equation is used in a
programmed mathematical model to find the
concentration of SPM in ambient air. (2 10)

chll{m {Z(HV/)} H
2nuc o, 2 |(o, o,

where :

Qp: emission rate of SPM from flare (g /sec).
Vt: settling velocity of SPM (m/sec).
Z: height above ground surface (m).

Application of the Model:

The value of each pollutant concentration
at each site is calculated as hourly average
(hourly average ground level concentration)
and the total concentration is the sum of the
concentrations from all sources (flares). These
concentrations found at selected sites at areas
around the flares. Selection of the sites (sites
which the concentrations are calculated) was
according to the prevailing wind direction at
the study area (north-west), and some sites are
selected inside the plant to find the pollutants
concentrations which are arrived to the
workers in plant. The selected sites are at
different distances from flares in order to
determine the distribution of pollutants in
areas around the flares or plant. The
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concentration is calculated supposing that all
flares in the plant are operated with larger
amount of burning gases.

Program Input Data:

Emission rate of pollutants:

The emission rate of pollutant (Q) from
each point source (flare) required to the model.
Table (6) shows the emission rates of the
pollutants HC, CO, NOx, and SPM.

Meteorological Data:

The programmed model finds the pollutant
concentrations at all weather conditions that
may take place at the study region. These
conditions imply submitting carefully selected
meteorological data and adapted the actual
meteorological conditions at the study region
recorded by Al-Basrah Meteorological Station,
to be defined in terms of PGT (Passquill-
Gifford-Turner) and ASME (American Society

for Mechanical Engineers) stability categories.
(15,17, 18)

Wind speed and direction:

At each site, the pollutant concentration is
calculated at upper and lower limit of wind
speed defining each stability category. Such a
technique provides a way to obtain a range
defined by a maximum and minimum limit
concentration values that may take place for
each expected weather condition.

As mentioned previously the selection of
sites depends on the prevailing wind direction
which is north-west, Therefore, the selected
sites will be at downwind (south-east) of
flares.

On the other hand, some sites are selected
at the direction where the pollutants arrive to
the workers in plant, also at the direction of
residential area of workers (site number 11).
Each site is selected in a way that the pollutant
can be reach by wind to this site from
concentration of all flares by wind. As shown
in Figs. (1), (2), and (3).
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Fig. (1) : Sketch illustrates the selected sites which the ground level
concentration are calculated, when the pollutants are emitted from flares of

Khor Al-Zubair Plant. Wind directions are: (a) North-West (prevailing wind direction) ,

(b) East, (c) South —West (for calculating the pollutants concentrations at site
residential area of the workers).

= wet flare

A dry flare
® site which the ground level concentration is calculated.
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Prevailing wind
direction (NW)

Rumaila Plant

(@)

N
360°
W E
270° 90°
S
180°

North Al-
Rumaila

Wind direction
(Sw)

10

Fig.(2) : Sketch illustrates the selected sites which the ground level concentration are
calculated, when the pollutants are emitted from flares of North Al-Rumaila Plant. Wind
directions are: (a) North-West (prevailing wind direction) , (b) South —West.

" et flare

A dryflare
@ site which the ground level concentration is calculated.
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Prevailing wind 270° 90°
direction (NW)
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|
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u High pressure flares (HPF). 4
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@ Site which the ground level concentration is calculated 5

b
(b) 10
[ ]
Storage
Complex
. - - -
" High pressure flares (HPF). Wind direction
A Low pressure flares (LPF). (SE)
@ Site which the ground level concentration is calculated

Fig. (3): Sketch illustrates the selected sites which the ground level concentration are calculated,
when the pollutants are emitted from flares of Storage Complex,
Wind directions are: (a) North-West (prevailing wind direction) ,
(b) South —East.
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Atmospherics Stability:

In order to take into account all expected
meteorological conditions Table (7), the
concentrations are calculated at 24
meteorological cases defined in 12 stability
classes, six of them (A, B, C, D, E, F) occur
in summer and the other six. Occur in winter.

Hatam Asal Gzar

Also the concentrations are calculated at
the upper and lower wind speed at each
stability class. The ASME classification for
the stability; defined to what is represented in
PGT system ™ 9 js used to find the
concentrations at all selected sites.

Table (7)
The meteorological conditions defined in 24 cases.

PGT
stability

ASME
stability

Meteorological
Case No.

Wind speed at 10 m

upper limit (m/sec)
r

Ambient
temperature

(°C)

Very

unstable

OO | N|oojon| || DN|F

[EEN
o

Unstable

[E=Y
[E=Y

=
N

=
w

H
o

Neutral

=
ol

=
»

[E=Y
~

=
00]

=
©

N
o

Stable

N
[ixe

N
N

N
w

N
~
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Dispersion coefficients (oy, o7):

The ASME system is used for calculating
the dispersion coefficients (oy, oz) for plume
emitted from each flare. A grid system for
each plant (situation) map is designed to
determine the distances in geographic
coordinate and then to be used in finding the
down wind distance (x) and cross wind
distance (y) between each pollution source
(flare) and the site which the ground level
concentrations are calculated. The equation of
ASME system for calculating the dispersion
coefficients (oy, oz) are: 519

oy =AX°

c;=Bx°

where A, B, and p are constants.

Effective Height (H):

As mentioned previously the effective
height (H) is the sum of flare stack height and
plume rise (4h).

Briggs (1975) formula is wused for
calculating plume rise (4h). @ 2% The reasons
which are led to the selection of Briggs (1975)
formula for calculating the plume rise in the
mathematical model are:

- Suitable and recommended for calculating
plume rise of multiple adjacent stacks
or flares (multiple point sources).

- Takes into consideration the flare
temperature and ambient temperature.

- Takes into consideration the down wind
distance (x).

- The Briggs formula can be applied for all
meteorological conditions.

Results and Discussion

The pollutants concentrations are found
at different distances from the flares of Khor
Al-Zubair plant, North Al-Rumaila plant, and
Storage Complex separately, at 24 cases of
meteorological conditions.

The results illustrate that the meteoro-
logical cases  which the  maximum
concentrations of pollutants occurred at most
sites are cases number 2, 6, 9, and 10
(the cases of meteorological conditions are
defined in Table (7)). Also some maximum
concentrations at some sites are happened at
case number 14. The most maximum
concentrations are occurred at unstable
atmospheric conditions because of the resulted

Vol.12 (4), December, 2009, pp.38-57
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mathematical effects of interaction factors
which are wind speed, effective height, and
horizontal and vertical dispersion coefficients.
Figs. from (4) to (7) illustrate the change and
distribution of pollutants (HC, CO, NOX,
SPM) concentrations with distance at the
meteorological cases which the maximum
pollutants concentrations are occurred.

The greatest dispersion of plume which
resulted from the flare occurs when the
atmosphere is most unstable, while the lowest
dispersion of plume occurs when the
atmosphere is most stable. The greatest
dispersion causes more dilution of pollutant
and this will happened at certain down wind
distances which may bring the pollutant
concentrations to be detected at ground
surface. While the lowest dispersion which
occurs at stable conditions causes low dilution
of pollutant and the ground level
concentrations may be detected at farther
distances.

Recent studies indicates that flares achieve
high combustion efficiency only under optimal
conditions such as low wind speed, and only if
they are properly maintained and large enough
to handle high waste volume. Companies
assume the flare combustion process will
destroy 98-99 % of the hazardous air
pollutants entrapped in the waste gas stream.
But the 98-99 % destruction efficiency rate
assumes that certain meteorological conditions
are also being met. Most important of these for
flame destruction efficiency is the wind speed
surrounding the flare, which influences the
flares flame size. When the flame size is less
than optimal, flare do not burn as efficiently
and therefore destroy less of the pollutant than
would be destroyed using standard a 98-99 %
destruction efficiency rate. Also the high wind
speed produces smaller flame size therefore
less efficient combustion by flare occurs.

The ground level concentrations are
calculated at all atmospheric stability classes
which are considered to be happened at both
dominated seasons through the year summer
and winter. Relatively, no distinguished
difference between the concentration.

In case of combustion failure, the gases
which are sent to flare stack will be emitted
from the top of stack to atmosphere without
combustion, these Gases (or pollutants) are:



-The mixture of hydrocarbons (HC) is emitted
from flare stacks of Khor Al-Zubair plant and
North Al-Rumaila plant.

-Propane (C3Hg) and butane (C4Hi) are
emitted from flare stacks of the Storage
Complex.

To determine and study the ground level
concentrations of the gaseous pollutants in
ambient air, the programmed mathematical
model is used to find these concentrations in
areas around the flare stacks at different
distances at 24 cases of meteorological
conditions. The results show that the
maximum concentrations of HC, CsHg, and
CsHip in most sites occur at unstable
atmospheric conditions (case number 1, 2, 9).
Also some of the maximum concentrations at
some sites occur in neutral atmospheric
conditions (case number 14). The Figs. from
(8 to (11) illustrate the change and
distribution of pollutants concentrations with
distance at the meteorological cases which the
maximum concentrations are occurred.

Conclusion

The emission of pollutants; HC, CO, NOy,
and SPM ; and dispersion from flares are
studied in this paper. A Gaussian plume model
was utilized to find the ground level
concentrations of the above pollutants for the
three situations (factories) of South Gas
Company in Iraq. The emission of pollutants;
HC, CO, NOx, and SPM ; and dispersion
from flares are studied in this paper. A
Gaussian plume model was utilized to find the
ground level concentrations of the above
pollutants for the three situations (factories) of
South Gas Company in Irag.

The meteorological data which are entered
to the model were carefully selected to be
comprehensive and represent all the cases of
expected meteorological conditions that may
take place at the study region. The data were
adopted on the recorded meteorological
information by Al-Basrah Meteorological
Station near the study region. The stability
categories related to wind speed of PGT and
ASME systems were utilized to define the 24
cases which they selected as a meteorological
condition required to the programmed model.
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The results indicate that the maximum
concentrations occur at unstable atmospheric
conditions.
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Fig.(4): The change and distribution of concentrations of HC , CO, NOx , SPM emitted
from combustion of hydrocarbon mixture in flares , with distance, (a) south-east of Khor
Al- Zubair Plant (b) north-west of flares inside and outside of Khor Al- Zubair Plant, at the
meteorological cases which the maximum concentrations at the sites are occurred
(cases number 6, 9, 10).
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Fig. (5): The change and distribution of concentrations of HC, CO , NOx , SPM emitted
from combustion of hydrocarbon mixture in flares , with distance, (a) south-east of flares of
Al-Rumaila Plant (b) north-east inside and outside of Al-Rumaila Plant, at the
meteorological cases which the maximum concentrations at the sites are occurred
(cases number 6 , 9, 14).
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Storage Complex (south-east of flares), (b) north-west of flares inside and outside of the
Storage Complex, at the meteorological cases which the maximum concentrations

at the sites are occurred (cases number 2, 9, 14).
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Fig.(7): The change and distribution of concentrations of C4Hjo, CO, NOx, SPM emitted
from combustion of butane in flares , with distance, (a) south-east of the Storage Complex
(south-east of flares), (b) north-west of flares inside and outside the Storage Complex,
at the meteorological cases which the maximum concentrations at the sites are occurred
(cases number 2, 14).
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Fig. (8): The change and distribution of hydrocarbons concentration emitted from flare
stacks in case of combustion failure, with distance at the meteorological cases which the
maximum concentrations at the sites are occurred (cases number 2, 9, 14). (a) south-east of
Khor Al-Zubair Plant (south-east of flares), (b) east of flares inside and outside of Khor
Al-Zubair Plant.
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Fig.(9): The change and distribution of hydrocarbons concentration emitted from flare
stacks in case of combustion failure, with distance at the meteorological cases which the
maximum concentrations at the sites are occurred (cases number 2, 14). (a) south-east of

North Al-Rumaila Plant, (b) North-east of flares inside and outside of North
Al-Rumaila Plant.

120
100

=lu] \‘;
&0 = -

40 e

20 ERRE
o+

120

100
s0
50
40 -

20 jf _\h““‘~____

o+

C3H3 concentration (PPM)
C3H8 concentration (PPM}

distance from Tlares (mj}

s00 1000 1500 2000 2500

(@)

so0 1000 As00 2000 2500

distance from flares {mj}

(b)

Fig.(10): The change and distribution of propane (CsHg ) concentration emitted from flare
stacks in case of combustion failure, with distance at the meteorological cases which the
maximum concentrations at the sites are occurred (cases number 1, 2). (a) south-east of

Storage Complex (south-east of flares), (b) North-west of flares inside and outside of

Storage Complex.
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Fig. (11): The change and distribution of butane (C4H10 ) concentration emitted from flare
stacks in case of combustion failure, with distance at the meteorological cases which the
maximum concentrations at the sites are occurred (cases number 1, 2). (a) south-east of

Storage Complex (south-east of flares), (b) North-west of flares inside and outside of
Storage Complex.

Table (8)
The maximum concentrations of pollutants in ambient air , which are emitted from combustion of
hydrocarbon gas mixture in flares , and the maximum concentrations of pollutants in case of
combustion failure at the top of flare stack in khor Al-Zubair Plant.

Maximum ground level concentrations
Pollutants emitted from the combustion of hydrocarbonic gases
(HC) in flares HC in case of combustion
HC CO NOy SPM failure (PPM)
(PPM) (PPM) (PPM) (ug/m)

1916.59
1432.16
966.60
948.20
978.16
2568.54
1609.75
996.35
1040.98
1001.69
1480.18

O (N|o|o||w|N|fF—

Table (9)
The maximum concentrations of pollutants in ambient air , which are emitted from combustion of
hydrocarbon gas mixture in flares , and the maximum concentrations of pollutants in case of
combustion failure at the top flare stack in North Al-Rumaila Plant.

Maximum ground level concentrations
Pollutants emitted from the combustion of hydrocarbonic gases
Site No. (HC) in flares HC in case of combustion
HC (6{0) NOy SPM failure (PPM)
(PPM) (PPM) (PPM) (ug/m?)

1966.39
929.41
889.44
771.39
658.20
1793.64
836.90
522.65
469.87
377.03

1
2
3
4
5
6
7
8
9

[Eny
o
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Table (10)

The maximum concentrations of pollutants in ambient air , which are emitted from
combustion of propane (CsHs) in flares , and the maximum concentrations of propane in case

Site No.

of combustion failure at the top of flare stack in Storage Complex.

Maximum ground level concentrations

Pollutants emitted from the combustion of Cz;Hg

CsHs in case of combustion
failure

in flares

CsHg
(PPM)

CO

NOy SPM (PPM)
(ug/m?)

Table (11)

The maximum concentrations of pollutants in ambient air , which are emitted from
combustion of butane (C4H1o) in flares , and the maximum concentrations of butane in case of
combustion failure at the top of flare stack in Storage Complex.

Maximum ground level concentrations

Pollutants emitted from the combustion of C4Hj,

C,4Ho in case of combustion
failure

in flares

C4Hyo
(PPM)

(6{0)

NO, SPM (PPM)
(Mg/m?)
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