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ABSTRACT

The purpose of this research is to study the emission and dispersion of hydrogen sulfide gas (H
2
S) from

elevated flare in Aghajary compression station. This flare is used only during shut-down or start-up.
This flare has ignition system, when the feed gas discharged to the flare will be ignited by sparks. It is
very likely that the ignition system does not work or ignition is delayed. In this situation H

2
S may

come down to the ground level and if it's concentration be greater than 8 ppm it can endanger human
health and lead to death. Gaussian-based dispersion models are widely used to estimate local pollution
levels. The accuracy of such models depends on stability classification schemes as well as plume rise
equations. A general plume dispersion model for a point source emission, based on Gaussian plume
dispersion equation, was developed. A mathematical model formulated in a computer program writ-
ten in Pascal language was utilized in finding the ground level concentrations of H

2
S emitted from the

elevated flare and final results compare with PHAST software results.

INTRODUCTION

Air pollution is dangerous problem facing humans,
and it caused great harmful which may cause death
especially when it is higher than the critical environ-
mental limits of pollutants. Oil and gas activities is
one of the most important pollution source and very
toxic gas emitted in environment in this industry. A
large number of oil reservoirs have hydrogen sulfide
gas in their components. H2S during the oil process-
ing is separated from oil, if there are processing facili-
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ties sent to refinery otherwise discharge to flare for
burning, as well as in shut down and stat up usually
gas sent to flare. The flares system is safety equipment
necessary in petroleum plants. Flares are designed to
avoid the uncontrolled emissions. It is used for two
cases related strongly with safety, one of them is dur-
ing the unstable operations such as start-up, shut-
down of unit operations; the second case is to man-
agement the waste gases discharged from routine pro-
duction operations. Elevated flare is a one type of
flares, it is a vertical pipe opened from its top sup-
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plied with igniters.
The waste or discharged gases are burned with

atmospheric air at the tip of flare stack.Aghajary com-
pression station is located in south of Iran, it's flare is
elevated type with ignition system and during un-
controlled process or in shut down and start-up is
used.In this investigation dispersion of H2S emitted
from this flare at ignition failure has been study.
Gaussian model written in Pascal language and
PHAST software is used for gas dispersion study .
The programmed model and software model takes into
consideration the meteorological conditions (wind
speed, ambient temperature, and atmospheric stabil-
ity) which may take place at the study region. Accord-
ing to OSHA standard the maximum H2S allowable
ground level concentration(MGLC) for 8 hours work-
ing is 8 ppm and for 10minutes is 20-50 ppm and 100
ppm dangerous for life Health immediately. Table1
shows the feed gas composition and specifications of
flare and ambient condition are shown in Table 2.

One of the research at this case belong to Hatam
Asal Gzar and Khamaal Muhsin Kseer (2009) in this
research they studied pollution emission and disper-
sion from several flare in Iraq by using Gaussian
model. Seema Awasthi, Mukesh Khare and Prashant
Gargav (2006) studied the pollution dispersion of
power plant flare by using Gaussian model.

Theoretical Basis of dispersion air pollutants emit-
ted from flares

Mathematical model formulating in a computer pro-
gram written in Pascal language using Gaussian equa-
tion is utilized to investigate the dispersion process
and distribution of pollutants (H2S) emitted from the
elevated flare. With Gaussian equation(1) the ground
level concentrations of H2S is determined.

Table 1. feed gas composition and specifications of flare

Composition/spec. Mas fraction

C1 0.8327
C2 0.0692
C3 0.0316
C4 0.104 +

N2 0.0210
CO2 0.0263
H2S 0.0088
T(C) 38
MW 19.67
Height of flare(m) 70
Diameter(mm) 1067
FLOW RATE(MMSCFD) 620

Table 2. Ambient condition

Parameter Quantity

Average ambient temperature (oC) 24.5
Average ambient wind velocity (m/s) 4
Average ambient humidity(%) 46

(1)

Where,
C : Air pollutant concentration in mass per volume
(g/m3)
Q : Pollutant emission rate in mass per time (g/s)
u : Wind speed at point of release (m/s)
y : Crosswind direction standard deviation of the con-
centration distribution at downwind distance x
z : Vertical direction standard deviation of the con-
centration distribution at downwind distance

x
y : Horizontal distance from plume centerline (m)
H : Effective height of the centerline of the pollutant
plume
z : Vertical distance from the ground level (m)

The Maximum Ground Level Concentration
(MGLC) is usually of interest. It will occur at some
downwind distance right below the centerline of the
plume ( y = 0, z = 0) then Eq. ( 1) is reduced to:

(2)

Correlation for MGLC

Using Eq. (2) to calculate MGLC requires one to gener-
ate repetitious solution. In order to approximate
MGLC, without calculating Eq. (2), many times a cor-
relation formula has been generated by using the
MGLC graph presented in the Workbook is been used].
The values of the constants are listed in Table 3.

(3)

Where,
(Cu/Q)max : maximum ground level concentration
a,b,c,d : Coefficients for a given stability condition
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(20)

Where p is the wind profile exponent. Values of p
may be provided by the user as a function of stability
category and wind speed class.

RESULTS AND DISCUSSION

Comparison  between computer program model and
PHAST model is with neutral stability condition is
presented in figure 5 and 6. There is good match
between the two models and maximum deviation is
about 11%. As is clear from these graphs after short
distance from flare concentration become 1/3 and after
that With a lower slope decreases As well as with
increasing wind velocity mixing length decreases too.

Fig. 4 H2S centerline concentration with u=4 m/s

Fig. 5 H2S centerline concentration with u=8 m/s

As previously mentioned, it is very important we
find MGLC for this purpose 32 different cases defined.
Each case has special  meteorological conditions with
45 and 70(m)  flare height. We look for with which
condition MGLC is greater than 8 ppm until necessary
instruction to be considered. For reach our goal three
stability condition, very unstable, neutral and very
stable with various wind velocity are considered. All
of these condition occur during the year. Tables 5 and
6 are shown MGLC and it’s distance(xmax) for two
flares.

As results at neutral condition for two flare MGLC
is zero and in this condition operators have enough
time to stop the operation  and for other weather
condition, A(very unstable)  and G(very stable) MGLC
not zero but concentration flare with 70 m height not
greater than 8 ppm thus operator do not do any thing
but it is better to end the operation for the first time.
The height of Aghajary flare is 70 m and another flare
with 45 m height consider for second alternative, if it
is possible the height of flare reduced however, for
second flare MGLC equal 8 and in situation 8 hours
existing for reaction.

Other important result is, increasing wind velocity
in very unstable(A) condition decrease the xmax  and
MGLC but in very stable(G) condition wind velocity
increasing, decrease MGLC and increase xmax.

Table 5. Maximum ground level concentration for
Aghajary flare

Case Flare Weather Wind MGLC xmax
height category velocity

01 70 A 4 5 345
02 8 3 308
03 10 3 268
04 20 5 284
05 D 4 0 —
06 8 0 —
07 10 o —
08 20 0 —
09 G 4 7 640
10 8 3 10500
11 10 1 7200
12 20 0 —

Table 6. Maximum ground level concentration for flare
with 45 m height

Case Flare Weather Wind MGLC xmax
height category velocity

13 45 A 4 5 335
14 8 3 300
15 8 10 160
16 8 20 105
17 D 0 4 —
18 0 8 —
19 0 10 —
20 G 20 0 —
21 G 4 8 3979
22 1 8 2000
23 1 10 5980
24 0 20 —

Contour of  H2S distributing at several cases are
shown in following Figures.

Other results that can be achieved graphs about
mixing length and downwind distance, at A,D and G
weather conditions with increasing wind velocity
mixing length is reduced but for cloud length at A
condition reduction is seen and at D and G increasing.
Generally, maximum cloud height in the neutral
weather condition and minimum in the very stable
condition, cloud height in the very stable condition is
very greater than other conditions at a equal wind
velocity an minimum was occurred at very unstable
condition.

Because of the gas reached to the ground level at
stability condition A and G, study other rang of wind
velocity were important Therefore the problem was
resolved for wind velocity less than 4 m/s and the
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Fig. 6 H2S distributing at case 01

Fig. 7 H2S distributing at case 05

Fig. 8 H2S distributing at case 09

Fig. 9 H2S distributing at case 03

results are shown in Table 7.
As is clear from the results at stability condition A

with decreasing wind velocity MGLC decreased and
xmax increased but the important results obtained at th
G stability. In very stable condition with decreasing
wind velocity MGLC increase quickly and very close
to the flare (xmax=49 m) MGLC be 100 ppm and this
mean is death for each alive creature.

Fig. 10 H2S distributing at case 07

Fig. 11 H2S distributing at case 11

Fig. 12 H2S distributing at case 25

Fig. 13 H2S distributing at case 26

For further information some contour from critical
cases are given below.
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