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ABSTRACT

This study presents an assessment of the levels of air pollution emanating from natural gas combustion at the Rumaila Combined Cycle Power
Plant (CCPP) in Basrah City by using a Gaussian dispersion model, with results at distance of 100, 500 and 1000 m for the pollutants CO, SO,,
NO, and particulate matters (PM). Data on atmospheric stability assessments were taken from meteorological stations in Basrah Governorate that
belong to the Iraqi Ministry of Agriculture. The study determined the emission rates from the five stacks of the plant and the wind speed, wind
direction at stack height, and Turner-Pasquill stability classes for the wet conditions of 2023/2024. The following are the maximum pollutant
concentrations emanating from the stacks: CO was 186 pg.m? at 100 m, 6 pg.m™ at 500 m, and 2.5 pg.m? at 1000 m; SO- was 0.5 pg.m™ at 100
m, 0.05 pg.m? at 500 m, and 0.01 pg.m> at 1000 m; NO was 0.07 pg.m at 500 m and 0.03 pg.m™ at 1000 m; PM was 11 pg.m3 at 100 m, 0.4
pg.m> at 500 m, and 0.15 pg.m* at 1000 m. All of these measurements are well below national ambient air quality standards, which means that

the Rumaila power plant is not locally deleterious to the air quality.
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Air pollution results from noxious substances in the air
that have adverse effects on human health and the environment.
Criterial pollutants consist of ozone (O,), nitrogen dioxide (NO,),
sulfur dioxide (SO,), carbon monoxide (CO), PM,,, and PM
which linger without natural attenuation and are able to cause many
health risks (Abdel-Razzaq et al., 2023). The intrinsic connection
between the atmosphere and pollution impacts the composition of
the atmosphere, climate, and environmental quality. The Surface
Boundary Layer (SBL), which is situated few meters above the land
surface, is very important for the exchange of energy, dispersion
of pollutants, and meteorological processes. Being 10% of the
Atmospheric Boundary Layer (ABL), SBL undergoes turbulence
and vertical mixing that make it impulsive to a large variety of
weather systems and distribution of pollutants curtailing climate
dynamics and ecosystem stability (Khadir ez al., 2024; Anand and
Pal, 2023; Wu et al., 2021).

Speaking technically, natural gas is mostly methane and
considered by 20"-century analysts as a clean energy source that

dampens climate change and promotes sustainable development
by reducing PM (Wang et al., 2024). Combustion of natural gas
results in much lower levels of CO2, NOx, and SO, compared to
coal; CO emissions range from 0.1-0.5 g.kWh'! compared to 1.0-3.0
g.kWh! for coal (Karmaker et al., 2020). Natural gas combustion
typically results in 50-60% less NOx than coal and drastically fewer
particulates.

In their paper dated (Vandani et a/., 2016) made it clear that
efficiencies of approximately 60% separate Combined Cycle Power
Plants (CCPPs) from the much less efficient single-cycle plants.
Typically, emissions from natural gas combined heat and power
plants come under the National Ambient Air Quality Standards
information provided by Ghosh et al, (2023). Particularly in the
Rumaila area of Basrah, Iraq, air quality is badly compromised
due to raised levels of PM, and PM,, which has significant
health implications for respiratory and cardiovascular diseases
among others, aggravated by the industrial activities (Talib and
Zainab, 2021). Both formation and distribution of fine particulate
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matter are strongly dependent on humidity, chemical reactions are
enhanced that produce HNO, and H,SO, both key components in
the formation of fine particles. Water droplets can act as coagulation
centers for pollutants, leading to an increase in particle size and time
spent in the atmosphere. High humidity also reduces wind speeds,
which could otherwise disperse the pollutants (Wang et al., 2022).
These findings underscore the need for the challenges of air quality
to be addressed by interdisciplinary methods (Jasim et al., 2018).
The research will study the wet period, from October 2023 to May
2024, as described by (Al-Muhyi and Aleedani, 2022) and assess
how in a moist climate variation in solar radiation affect dispersion
of pollutants, and, through this Earth’s energy balance, temperature
gradients, and wind patterns. In most cases, along with low wind,
high humidity is a major factor in the dispersion of pollution. NOx
and SO, are turned into acids, which are more harmful to aquatic
ecosystems and vegetation. High humidity increases the rate at
which the surrounding infrastructure of a power plant corrodes.
This leads to increased chances of leaks for pollutants. The Rumaila
combined cycle power plant (RCCPP) is one of the major actions
for sustainable energy.

This research paper will assess the emissions of CO,
SO,, NO, and PM from the RCCPP and use a simplified Gaussian
dispersion model to calculate pollutant concentrations at distances of
100, 500, and 1000 meters under different meteorological conditions.
This can then be compared to assess its environmental impact and
local air quality over the area. Such data are of prime importance in
the definition of regions where permissible concentration standards
may be exceeded.

MATERIALS AND METHODS
Study area

Rumaila combined cycle power plant (RCCPP),
commissioned by the Iraqi Ministry of Electricity in 2015 and
expanded in 2018 with the addition of two steam units, is a state-of-
the-art power generation facility. Developed and operated by Kar
Investment Company at north Rumaila within Al-Zubair District,
Basrah Governorate, Iraq, which is about 50 km west of Basrah city
center (30.5444375° N, 47.4049375° E) spanning 1,000 m by 900 m
in the desert region rich in oil resources.

The RCCPP integrates both simple and combined cycle
technologies for effective power generation. There are five simple
cycle operated gas turbines and two combined cycle units for optimal
energy recovery had made up this configuration. In the combined
cycle configuration, heat recovery steam generators are used for the
recovering of waste heat which is thrown off from gas turbines. The
steam generators use the heat to convert water from the river, which
in this case is a branch from Karma Ali River, which known as Abu
Abdullah canal located to the north of Shatt al-Arab (30.5699198°
N, 47.6985041° E). The produced steam will be used to run other
turbines which will increase the over plant output. Liquid discharge
from the power plant is into Shatt al-Basrah Canal (30.5187625°
N, 47.7224844° E). A total installed capacity of 3,180 MW was
engineered for the RCCPP to be maximized for energy efficiency
with minimum possible impact on the environment, as shown in Fig.
1 Power Plant location in Basrah Governorate.

December 2024

Automatic weather station

The Model 110-WS-25 meteorological instrument is
designed for real-time atmospheric monitoring and data acquisition.
It is equipped with a standard suite of sensors to measure six
critical meteorological parameters: wind speed, wind direction,
air temperature, relative humidity, barometric pressure and
precipitation. In addition, the system allows for the integration
of additional sensors to expand its measurement capabilities. The
station, managed by the Iraqi Ministry of Agriculture, is located in
Burjesia, Al-Zubair district, with geographic coordinates of 30.28°
N latitude and 47.05° E longitude. It is located approximately 26
km from the RCCPP, as shown in Fig. 2a. The study covered the
wet season, which are eight months starting from October 2023 and
ending in May 2024,

Gaseous monitoring device

The PS7400 Gaseous Analyzer, manufactured in China,
provides detailed analysis of flue gas components and is widely
utilized for continuous monitoring in industries such as metallurgy,
chemicals, building materials, waste treatment, incineration, and
thermal power generation. At the RCCPP, this system is employed
to monitor emissions resulting from the continuous operation and
substantial natural gas consumption powering five simple cycle
gas turbines. The plant releases flue gases through five stacks, each
equipped with pollution sensors. The PS7400 system measures
concentrations of (CO, SO,, NO, PM), as well as operational
parameters including temperature, pressure, humidity, and gas
flow, as illustrated in Fig. 2b. The system includes analytical
instrumentation, gas sampling equipment, a sample gas line, sample
gas condensation equipment, and a condensate drainage system.

Dispersion Gaussian model

Gaussian model is one of the earliest models in solving
air pollution problems is the as the pollutants under consideration
are close to normal in their propagation. The Gaussian atmospheric
dispersion model is based on the essential aspect of predicting
pollutant concentration and distribution levels at receptor locations
downwind emanating from point sources. It works with the prime
assumption of being able to forecast pollutant dispersion based on
the prevailing meteorological conditions and describes uniformly
turbulent behaviour for the dispersion of pollutants which are being
released into flow. Accurate predictions require as inputs accurate
emission rates, wind speed at the source, and atmospheric stability;
diurnal and seasonal variation of each of those parameters is known
for an accurate prediction needed as input. In the study, surface-level
pollutant concentrations were estimated using a modified Gaussian
equation. Equation is based on the stipulation that modifications to
the conventional Gaussian model were made for accurate prediction
of ground-level concentration and evaluation of impact on human
health and vegetation. To apply the Gaussian dispersion equation,
the following parameters are required:

Emission rate

Emission rate is a description of how much of a
pollutant is released per unit time and is key to predicting pollutant
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Fig. 1: Location of RCCPP, (a) Basrah city within RCCP lactation,
(b) RCCPP photo with its five stacks, (¢) RCCPP location
from satellite.

concentrations at receptor downwind locations. Usually expressed
in units such as tonnes per year, grams per second or kilograms per
hour, this parameter is of fundamental importance to air quality
modelling via its indication of source strength and influence on
dispersion prediction in Gaussian plume models. At the RCCPP,
stack gas exit velocities were measured for five stacks (60 meters
high, 7.5 meters diameter) during the wet conditions. These
velocities were then used in Eq. 1, which represent the volumetric
flow rate of the stack (Beychok, 1994):

(M

Where (Es) is Volumetric gas flow rate within the stack (m?.s™"), (D)
is Diameter of the stack (m), (Vs) is Exit velocity from the stack
(m.sh).

Adjustment to the flue gas flow rate must be made for
moisture content and standard atmospheric conditions. It is done by
the equation:

@

Where (P actual) is the actual internal pressure (in the stack)
measured in ATM, (T actual) is the actual internal temperature
(in the stack) measured in Kelvin. The emission rate in grams per
second (g.s!) for certain gas in g.m™ at the stack was given as by the
following equation (Beychok, 1994):

3)
Where (C) is denotes the concentration of the gas at the stack.
Wind power

In the lower part of the earth’s boundary layer (the surface
layer), the wind speed increases with height and exhibits a strong
gradient near the ground. Thus, to describe the wind speed at the
top of the stack, it’s often calculated by a simple power law, by
following equation (Anad et al., 2022):
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Fig. 2: Dataset sources, (a) 110-WS-25 standard weather station, (b)
PS7400 system.

“4)

Where (Uz) is Wind speed at height z (m.s™"), (Ur) is Wind
speed at reference height (m.s™), (zr) is Reference height at which
wind speed is measured, (o) is Exponent reflecting surface roughness
and atmospheric stability, with a value of 1/7 for neutral conditions
over non-rough surfaces, rising to 0.25 in urban environments. A
value of 1/7 was used in the study for a stack height of 60 meters
(Liu et al., 2024).

Atmospheric stability

The vertical response of air parcels, influenced by
gradients in solar radiation and wind speed (Anad et al., 2022),
affects vertical motion and turbulence within the boundary layer,
impacting aerosol and water vapor dispersion Stable conditions,
characterized by low wind speeds and limited vertical mixing,
lead to pollutant accumulation at the surface and deteriorated air
quality. Conversely, unstable conditions, typically associated
with sunny weather, promote extensive vertical mixing due to
elevated temperatures and prolonged daylight, enhancing pollutant
dispersion (Mahmood et al., 2023). Atmospheric stability is
assessed using the Pasquill classification system, which categorizes
conditions into six distinct classes: very unstable (A), unstable (B),
slightly unstable (C), neutral (D), slightly stable (E), and very stable
(F). This classification takes into account various factors, including
cloud cover, wind speed, and solar radiation. The Pasquill-Gifford
(PG) chart was utilized to analyze meteorological data, specifically
daily averages of solar radiation and wind speed, facilitating the
evaluation of stability within the study area (Edokpa et al., 2017),
see Table 1.

Dispersion coefficients

In Gaussian plume models, the dispersion coefficients
(0z and oy) are critical for estimating pollutant concentrations
downwind of an emission source. These coefficients describe
the dispersion of the plume in the horizontal oy and vertical oz
directions. Specifically, oy represents the horizontal dispersion
while oz represents the vertical dispersion. Both coefficients are
standard deviations characterizing the spatial distribution of the
plume. Their determination is based on stability class curves as
shown in Fig. 3. By projecting the horizontal downwind distance
onto these curves, oy and oz are calculated according to the
atmospheric stability (Ogbozige, 2023).
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Table 1: Pasquill-Gifford (PG) day time classification scheme

December 2024

Wind Speed (at 10

Day time solar insolation

Radiation overcast

m) (m/s) Strong Moderate Slight
> 600 (W.m?) 300 — 600 (W.m?) <300 (W.m?)
<2 A A-B B C
2-3 A-B B C C
3-5 B B-C C C
5-6 C C-D D D
> 6 C D D D
2. Reduced Evaporation: During autumn, winter, and early

Fig. 3: Dispersion coefficient curve for 6z and oy.

Modified Gaussian

In the study, surface-level pollutant concentrations were estimated
using a modified Gaussian equation. Equation is based on the
stipulation that modifications to the conventional Gaussian model
were made for accurate prediction of ground-level concentration and
evaluation of impact on human health and vegetation, as outlined in
Equation (Brusca, 2016):

®)

Where (Q) is represents the emission rate of each pollutant, (U) is
wind speed at the top of a stack, (oy, 0z sigma-y and sigma-z) is the
horizontal and vertical dispersion coefficients.

RESULTS AND DISSECTIONS
Daily variations in weather conditions

Climatic data collected at the Burjesia meteorological
station included measurements of relative humidity, wind direction
and speed, air temperature and solar radiation (Fig. 4). During the
wet conditions, average solar radiation ranged from 150 to 200
W.m?2, with significant decreases to 23 to 37 W.m? on certain days
from December to March. Air temperatures varied between 15 and
23 °C, with maximum values of 32 °C in October and 37 °C in May.
Wind speeds averaged between 2.5 and 3.5 m.s™!, with a minimum
of 1.5 m.s™! recorded in October and a maximum of about 4.8 m.s~
"in February, March, April and May. Relative humidity varied
between 50% and 70%, with significant decreases to around 23%
in early October and late May. So, the increase in relative humidity
at Basrah during the wet season (October to May) is due to various
meteorological and environmental factors as follows:

1. Close to the Arabian Gulf and Shatt al-Arab River, which
allow the penetration of humid marine air masses especially
during cooler months.

spring, as a result of cooler temperatures and this period is
characterized by occasional rainfall and increased cloud cover
that helps in increasing the atmospheric moisture. So, less
water evaporation and more precipitation and water remain in
the atmosphere for longer periods of time.

Daily variations on the pollutants data (CO, SO,, NO, and PM)

Continuous emissions monitoring systems (PS7400
Flue Gaseous System), equipped with sensors positioned within
the stack of the Rumaila Combined Cycle Power Plant (RCCPP),
recorded average daily concentrations of pollutants CO, SO2, NO,
and PM in mg.m? throughout the wet conditions of 2023/2024.
Daily measurements, illustrated in Fig. 5, indicated average
CO concentrations ranging from 75 to 80 mg.m?, with a notable
decrease to 101.89 mg.m™ in May, because by May: temperatures’
daily mean values oscillate between 23°C and 37°C, while levels
of humidity drop from 73% in the initial days to 15% by the end.
This necessitates more air conditioning, which is a key driver of
increased electricity demand. Because Basrah depends fully on the
national grid for uninterrupted power, the Rumaila Power Plant and
other regional plants have to burn more natural gas in turbines: this
is needed to meet the higher demands, especially in now-coming
summertime, when it gets hotter and the cooling demand increases
further. SO, concentrations varied between 18 and 35 mg.m?, also
with a notable decrease to 0.65 mg.m™ in end of April and beginning
of May, because the purity of natural gas used is not of high quality
in that period of the season. while NO levels ranged from 7 to 7.5

mg.m, and PM concentrations fluctuated between 6 and 7.5 mg.m
3

Calculating the concentrations of gaseous C0O, SO, NO, and PM
volumetric flow rate

Fig. 6 depicts the volumetric emission rates measured
under standard conditions (20°C and 1 atm) by Eq. 1, ranging
from 500 to 650 kg.h'!, in order to the condition inside the stack
not standard we used Eq. 2. Corrections for variations in moisture
content, pressure in atm unit, and temperature in kelvin unit inside
the stack were applied for conversion of emission rates from kg.h'!
to g.s”!, yielding emission rates of 0.2 to 0.7 g.s”'. The conversion of
emission rates from kg.h! to g.s™! is imperative for several reasons.
Emission measurements tend to be more precise when expressed
in smaller units, such as g.s”!, which is particularly significant in
environmental applications that demand a high level of detail.
Furthermore, many environmental standards and regulations
specify emission limits in g.s!, making this conversion essential for
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Fig. 4: Daily atmospheric elements, (a) solar radiation, (b) air
temperature, (c) wind speed, (d) relative humidity, within
wet conditions.

Fig. 5: Daily average concentration of pollutants CO, SO2, NO, and
PM within wet conditions.

Fig. 6: Volumetric flow rate corrected based on Eq. 2.

compliance evaluations. Moreover, analyzing the initial dispersion
of'the emission plume is crucial for understanding pollutant behavior
from point sources, such as stacks, and is vital for accurately
assessing concentrations of air pollutants.

Pollutant emission rates: CO, SO,, NO, and PM

The estimation of emission rates of carbon monoxide (CO),
sulfur dioxide (SO2), nitrogen monoxides (NO), and particulate
matter (PM) was made through Eq. 3 which included the use of
pollutant concentrations in a unit mg.m? with the dry volumetric
emission rate. This critical adjustment is to have accurate modeling
of pollutant dispersion. The emission rates were determined as: CO:
12 - 50 g.s"S02: 0.02 — 0.1 g.s"NO: 0.06 — 0.7 g.s' PM: 0.02 g.s°
!, as shown in Fig. 7. Among these pollutants, CO emissions are
clevated because of methane, the primary component of natural gas,
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Fig. 7: CO, SO,, NO, and PM emission rates as determined by Eq. 3.

Fig. 8: wind speed at stack height.

Fig. 9: 0z and oy for three distances (100, 500, 1000 m).

and incomplete combustion due to either insufficient oxygen or low
combustion temperatures. Inadequate ventilation with combustion
systems further enhances levels of CO.

Wind speed at stack nozzle

Determining wind speed at the stack height of 60 meters
is crucial for assessing pollutant concentrations. This measurement
employs the exponential engineering wind law, as described in
Eq. (4). This approach is particularly applicable to the RCCPP,
situated in a flat desert region characterized by minimal surface
roughness in the Rumaila Desert area of Al-Zubair District, Basrah
Governorate. Analysis reveals a significant difference between
wind speeds at 1 meter above ground and at the stack outlet. Data
indicate that peak wind gusts were recorded at the end of the wet
conditions, reaching approximately 4.8 m.s!. This increase in wind
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Fig. 10: CO concentration predictions for each day at distances
100, 500 and 1000 m within wet conditions.

Fig. 12: NO concentration predictions for each day at distances 100,
500 and 1000 m within wet conditions.

speed correlates with rising temperatures, extended daylight hours,
and decreasing humidity beginning in late February. These climatic
factors collectively contribute to the observed gradual increase in
wind speed during this period, as illustrated in Fig. 8.

Dispersion coefficients (cz and cy)

In this study, the atmospheric stability class was
determined to be Class C (slightly unstable conditions), as indicated
by Table 1, based on daily wind speed and solar radiation data. Using
the stability class C curves from Fig. 3, we performed interpolation
to calculate the vertical and lateral dispersion coefficients (0z and
oy) at three specific distances: 100 meters, 500 meters, and 1000
meters from the RCCPP. The calculated dispersion coefficients
are detailed in Fig. 9, which demonstrates that both (oz and oy)
increase with increasing distance from the RCCPP. This trend
reflects the dispersion characteristics of the atmospheric pollutants
as they travel away from the emission source.

Application of simplified Gaussian equation

During the wet conditions of October 2023 to May 2024,
concentrations of pollutants (CO, SO,, NO, PM) were estimated at
distances of 100 m, 500 m, and 1000 m from the RCCPP stacks.
Using Eq. (5) alongside the dispersion coefficients (oz and oy)
from Fig. 9 and the emission rates for each pollutant, we calculated

December 2024

Fig. 11: SO, concentration predictions for each day at distances 100,
500 and 1000 m within wet conditions.

Fig. 13: PM concentration predictions for each day at distances 100,
500, and 1000 m within wet conditions.

the pollutant concentrations. To account for emissions from all five
stacks at the RCCPP, the calculated concentrations were multiplied
by a factor of 5 and converted unit of pollutants in pg.m* in order
to facilitate comparison with national determinants. The results,
depicting daily concentrations for each pollutant at the specified
distances, are shown in Figures 11, 12, 13, and 14. Generally,
concentrations were highest at 100 m, decreased at 500 m, and were
lowest at 1000 m. Notably, CO concentrations peaked at 185 pg.m
at an altitude of 100 meters in October because during this period
people are constantly consuming air conditioning devices, which
requires high production from the RCCPP to meet people’s needs.
Despite this peak, most of the CO concentrations remained below
the national ambient air quality standard of 960 pg.m?, as shown in
Fig. 10.

Sulfur dioxide concentrations were assessed at distances
of 100 m, 500 m, and 1000 m from the RCCPP using Eq. (5). The
maximum recorded concentrations were 0.5 pg.m3, 0.05 pg.m3,
and 0.01 pg.m3, respectively. These values are significantly below
the national ambient air quality standard of 150 ug.m for a 24-hour
period, indicating that SO, levels in the vicinity of the RCCPP with
acceptable regulatory limits for air quality, as shown in Fig. 11.

Nitrogen monoxides (NO) concentrations during the wet
conditions were estimated using a simplified Gaussian dispersion
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model at distances of 100 m, 500 m, and 1000 m from the RCCPP.
The highest recorded concentrations were 2.6 pg.m> at 100 m,
decreasing to 0.07 pg.m= at 500 m and 0.03 pg.m at 1000 m. These
values are significantly below the regulatory limit of 200  pg.m?,
as illustrated in Fig. 12, indicating that NO concentrations near the
power plant comply with acceptable air quality standards, as shown
in Fig. 12.

Wet conditions average PM concentrations was estimated
at distances of 100 m, 500 m and 1000 m from the power plant.
The highest recorded concentrations were 11 pg.m3, 0.4 pg.m
35, and 0.15 pg.m?, respectively. These concentrations are well
below the national air quality standards for PM,, and PM, ,, both
by mathematical averages and in practice. The national air quality
standards for PM, and PM, jare 150 pg.m? and 35 pg.m, as shown

in Fig. 13.
CONCLUSIONS

The Rumaila Combined Cycle Power Plant, operational
since 2018, combusts natural gas for base load operation. It processes
approximately 4,500 cubic meters per second and produces 150—
230 MWs of electricity per day. Emissions are released from five 60
m stacks. The current study, the first to characterize pollutant levels
originating from this plant, is restricted to the regular emissions
of combustion processes for natural gas. It is not appropriate for
detailed conditions of pollutant dispersion at this plant stack. Our
evaluation, sampling pollutant levels at different distances from the
stacks, confirmed that the emissions are continually below National
Ambient Air Quality Standards at ground level. This indicates little
environmental impact and is due to the efficient plant design and
stack height, plus location in a remote desert area where surface
winds blow toward the population center an average of only 15
percent of the time and disperse pollutants well before reaching
significant levels. If this low impact is to be retained, then we
recommend implementing a continuous monitoring program to
determine the influence of meteorological conditions on dispersion.
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