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Abstract

An understanding of the dispersion and level ofssions source of atmospheric pollutants;
whether point, area or volume sources, is requwadform policies on air pollution and day-
to-day predictions of pollution level. Very few dias have carried out simulations of the
dispersion pattern and ground-level concentratibpaiutants emitted from real-world gas
flares. The limited availability of official datanogas flares from the oil and gas industries
makes accurate dispersion calculations difficuking ADMS 5 and AERMOD, this study
assessed the sensitivity of dispersion and groewel-lconcentration of pollutants from gas
flares in the Niger Delta to prevailing meteorolmaicondition; fuel composition; and flare
size. Although, during the non-WAM (West African Nepon) months (November and
March), the simulated ground-level concentratiohgalutants from a single flare are lower,
the dispersion of pollutants is towards both tHand and coastal communities. In the WAM
months, the ground-level concentrations are higinerare dispersed predominantly over the
inland communities. Less buoyant plumes from smdleres (lower volume flow rates)
and/or flaring of fuel with lower heat content risun higher ground-level concentrations in
areas closer to the flare. Considering the hugebeurof flares scattered around the region, a
mitigation of the acute local pollution level woueé to combine short stacks flaring at lower
volume flow rates to enhance the volume flow rateacsingle exhaust, and hence, the

buoyancy of the plume exiting the stack.

Main finding

Flare and fuel characteristics significantly affethe dispersion pattern and ground-level

concentration of pollutants. There is greater pafoh dose during the non-WAM months.
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1 Introduction

Poor air quality is a persistent problem in majtes and industrialised regions of the world.
This problem poses significant threat to the emmment, plants and humans. Gaseous and
particulate air contaminants have been stronglgelinwith health problems in human and
animals (Gryparis et al., 2004; Kampa and Casta2@38; Pope Ill, 2000; Pope Il et al.,
2002; Pope Ill and Dockery, 2006), poor yield iamgk (Adole, 2011; Dung et al., 2008) and
climate forcing (IPCC, 2013). These pollutants emdtted by different sources which could
be classified as eitharatural or anthropogenic. The nature and size of the sources vary
significantly, and hence, the nature and quanfitye pollutants they emit. As a result of the
varying nature of the sources, air pollutants ateased into the ambient air at different rates

and varying conditions.

With an estimated daily production of 2.7 millioarkels, Nigeria is currently ranked™2n
the list of crude oil producing nations of the vab(ODPEC, 2015). In Nigeria, the exploration
and exploitation of crude oil has contributed, im $small measure, to degradation of the
environment of the oil producing communities and'sening air quality of the West Africa
sub-region (Ana et al., 2012; Anomohanran, 2012nddat al., 2008; Fawole et al., 2017).
The Niger Delta, the oil producing region of Nigericontains over 300 active flare sites
scattered around residential communities and famdd (Elvidge et al., 2015), where over a
guarter of the annual total natural gas produasdiared (Fawole et al., 2016a; Ite and Ibok,
2013). In 2008, it was estimated that about 13libbicubic meter (bcm) of natural gas was
flared in the region (Elvidge et al., 2009). Rennetes of exploration sites, non-availability of
market, and inadequate piping to transport the &r@ssome of the reasons for the continuous

and persistent gas flaring in the region. Gasrtars a prominent source of carbon monoxide
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(CO), carbon dioxide (C£), NOx (NO+NGQ;), soot (predominantly black carbon (BC)) and
poly aromatic hydrocarbon (PAH), especially in mibducing regions of the world (Ana et

al., 2012; Johnson et al., 2013; USEPA, 2011; USERA?2).

The geometry of flares - height, inclination andrdeter - differs from one flow station to
another. These geometry plays a prominent rolééndispersion of emissions from flares
(Turner, 1994; Zannetti, 2013). Emissions from higimperature combustion processes, such
as power generation, industrial facilities, and démes have much higher release
temperatures compared to the ambient air. On tledase from their stacks, these high
temperatures make them highly buoyant. The combefégtt of both the buoyancy and
momentum of emissions from the stack causes thagto rise above the initial height of the
stack and enhances near-source dispersion (Ary@0)1®ue to their uniqgue nature and
feature; such as, buoyancy of hot plume, dispersfamissions from this class of emission

sources differs from passive sources (MoE Ont2009).

The composition of natural gas varies significarittm one flow station to another. These
varying compositions play prominent roles in thenboistion parameters of the gas (Fawole
et al., 2016a). Combustion parameters such ascbe#tnt, net heat released, buoyancy flux
and momentum flux are major determinants of themgluise and, hence, the dispersion

pattern and trend of emissions from gas flares.

Prevailing meteorology is of utmost importance e tdispersion of emission from any

emission source. Wind speed, wind direction andoapheric stability play greater roles in

the meandering and dispersion of emission in thenplreleases, whether buoyant or non-
buoyant (Arya, 1999; Zannetti, 2013). The West édrregion, and hence, the Niger Delta,
witnesses strong reversal of wind directions assalt of the movement of the intertropical

convergence zone (ITCZ) and intertropical front) {TSultan and Janicot, 2000; Sultan and
Janicot, 2003) resulting in the West African Monsq@/AM). The WAM months (April —

4
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September) are characterised by heavy rainfallpaedailing south-westerly winds while the
non-WAM months (November — March) are often extrgndry months characterised by
Harmattan (cold and very dry dusty winds) and piegNorth-easterly winds (Marais et

al., 2014).

Atmospheric Dispersion Modelling System (ADMS) isodust state-of-the-science Gaussian
dispersion model developed by the Cambridge Enmental Research Consultant (CERC)
and is on the list of alternative dispersion modesommended by the United State
Environmental Protection Agency (USEPA). The Amanic Meteorological
Society/Environmental Protection Agency Regulatdtgdel (AERMOD) is an advanced
Gaussian-based regulatory air pollution dispersioadel. ADMS and AERMOD are
arguably the most widely used near field dispersimuels within the environmental science
community. Both have been used to simulate thpedsson of pollutants emitted from a
range of source types and validated across a rahgeémospheric and terrain conditions
(Abiye et al., 2016; Carruthers et al., 1997; Conetal., 2011; Heist et al., 2013). ADMS
and AERMOD use Monin—Obukhov similarity to definkeet structure of the planetary
boundary layer and then computes the steady-statessan solutions to describe the
dispersion of pollutants (Heist et al., 201Br details of the runs and meteorological set-up
of the window-based version of AERMOD used in 8tisdy see Abiye et al., (2016).

In this study, using ADMS 5 and window-based verstd AERMOD, we investigate the
impact of prevailing meteorology during the peakiques of the WAM and non-WAM
months, flare size and fuel compositions on theealsion of emissions from gas flares in the
Niger Delta area of Nigeria. In addition to estgbing typical dispersion characteristics for
gas flaring in Nigeria, the study discusses posgifitigation options for the most acute local

pollution.
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Section 2 gives a detailed description of the stsdg and prevailing meteorological
condition at the site. Section 3 presents an intkddpscription of the combustion parameter,
emission factors applied and other experimentahlbbes while section 4 gives a breakdown
of the results from ADMS and AERMOD simulations luging an extensive discussion of

the results and their implications.

2 Study Area

The Niger Delta, situated in the southern part @feNa, is bordered by the Gulf of Guinea
on the South and located between 4.3 2 R7and 4.4 — 95E. All the oil exploration
facilities in Nigeria are located in the Niger RelMore than 900 active oil wells (Osuji and
Onojake, 2004) and over 300 active flares are eattaround the region. According to 2009
estimates, the region’s 75,000 ktandmass is occupied by about 31 million peopleufy,
2013). Figure 1 show the Niger Delta and the locetiof active flares scattered around the
region. Of the 325 active flare sites identifiedtle Nigeria oil field in 2012, 97 (~ 30 %)
rank among the top 1000 largest flares of the 7é@ividual flares identified globally
(Fawole et al., 2016b). From the inception of oipleration over four decades ago, gas
flaring activities in the study area has been aiptamt daily activity in the several flow

stations and rigs.

The quality of ambient air in the study site isuably at its lowest ebb. Last year, there were
incidents of several soot episodes that lastedl&ys in Port-Harcourt, a major city in the
region. Although, there are other sources of allugion in the region, petroleum industries
scattered around the region has been identifigleamajor source of air pollutants (Ede and
Edokpa, 2015). The quality of ambient air in theg®¥i Delta is bad and quite worrisome.
Adoki (2012) found that pollutants in ambient aioand communities in the Niger delta are

2 — 4 times the threshold level recommended by Réderal Environmental Protection
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Agency (FEPA) and Department for Petroleum Resauf@¥R). In a community in the
region, the range of ambient concentration of, 8092.0 — 430 pg/fhas against the 150

ng/nt recommended by the DPR.

Although, most of the flares in the region are i¢ait there are some horizontal flares
scattered around the neighbourhood of some comrasinih horizontal flares, the downwind
dispersal of emission is partially suppressed cosatp#o vertical flares. This will cause an

elevation of ambient level concentrations of aillygants emanating from the flares.

& 1
“Calabar

Google earth

Rank 61

Figure 1. Google Earth imagery showing the Niger Delta. R&tggmarks shows active
flares (KML data for the flare locations are ob&drfrom Elvidge et al. (2015))

3 Experimental design and methodology

This section gives a detailed explanation of thafigoration of the model including the

various combustion parameters and emission facisesl in the simulation. An in-depth
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description of the characteristics of the fuel aftakes and meteorological variable

implemented in the simulation is also carried outhiis section.

The design and methodology adopted for this stgdgimilar to that implemented in the
study by Anejionu et al. (2015). While in their gy Anejionu et al. (2015), tried to assessed
the contributions of the entire identified actidarés in the region to air pollution in the
country, this study tries to understand and assessmpact of monsoonal flow and flare
characteristics on the dispersion pattern of ewmssifrom real-world flares in the Niger
Delta. It also suggested an effective mitigatiomcess that could abate the seemingly

intractable problem of bad air quality associatéith \was flares in the study area.

3.1 Meteorological parameters

The prevailing wind in the region is the north-east monsoonal wind, but during the non-
WAM months the south-westerly winds prevail. Duethie non-availability of adequate in-
situ hourly meteorological data (wind speed, windection, cloud cover and relative
humidity) in the study site, we have used Automa&eadace Observing System (ASOS) data
from a nearby airport in Cotonou, Benin, where isight hourly meteorological data needed

for studies such as this is obtainable.

3.2 Combustion parameters estimates

Simulating the dispersion of emissions from higmperature sources such as gas flares
requires adequate parameterization of the plume (i®ahey and Davies, 1984; MoE

Ontario, 2009; USEPA, 1995b). The following comiwustparameters were computed using
widely accepted methods available from the litewatifa) net heat released;; (b) flame

length,4h; (c) buoyancy fluxFy; (d) momentum fluxF,,; (e) effective diameteDe.

H=mYr fiHi(1—F) oo Q) (Beychok, 1994)
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Ah = 456 x 1073 (4_1%)0'478 ........................ )

Effective stack height =H Ah ........................ 3)
L = nci;’;Ta .............................................. (4)
= % ........................................ (5)

F, = gViR> (T;T) ........................................ (6)

(Beychok, 1994)

(MoE Ontario, 2009)

(USEPA, 1995b)

Equating the buoyancy flux from the flare (hot s®)r(Equation 4) to general buoyancy flux

equation (Equation 6), while keeping other stadlapeeter constant yields the effective stack

diameter:

T, Hy
Dess = 01066 [room X3 i (7)

wherem - total molar flow rate to the flare

fi - volume fraction of each hydrocarbon species©aftel,

H; - net heating value of each hydrocarbon specidseriuel (J/s),

H; — net heat released by the fuel,
H — actual stack height,

F. - fraction of radiative heat loss,
C, — specific heat of dry air (J/kg.K),
T, — ambient temperature (K),

g — acceleration due to gravity (f)s
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Ts — stack exit temperature (K),
Vs — exit velocity (m/s) , and
Rs— stack inner radius (m)

Although the fraction of heat loss depends on tiralwistion condition of the flare, we have,
as recommended by the Alberta Environmental Age(&iperta Environment, 2003),
assumed a heat loss fraction of 25 %. The heatnomf the fuel is calculated from the
enthalpy of formation of its constituent alkane @ps and then reduced by 25 %. The net
heat released by a typical gas flared in oil arglfgdds across the globe varies significantly
due to the large variation in the composition dura gas from one field to another (Fawole

et al., 2016a). Stack and fuel parameter useceisithulation is presented in Table S1.

3.3 Emission factors

In this study, we simulate the dispersion of paitite (black carbon, BC) and gaseous
(carbon monoxide, CO) emissions from typical gampasitions and flare conditions in the
Niger Delta area of Nigeria. We used emission factf 1.6 gn? (Stohl et al., 2013) and
0.0067 kg/kg (EEMS, 2008) for black carbon (BC) aadboon monoxide (CO), respectively.
The dispersion of other gaseous pollutants thatchesically passive on the timescale of
plume dispersion (e.g., GOSO, PAH) will scale linearly according to the ratid their

emission factors to that of CO.

Emissions rate (g/s) & xEFx(1—ﬂ) e eetet e (8) (USEPA, 1995a)

100

where: A — activity rate (in this case, the fuelurne flux (n¥/s))
EF — Emission factor (g/f)

Eff — emission reduction efficiency (%)

10
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In this study, we have assumed flare efficiencpéo75 %, the upper limit of the 68+7 %,

suggested by Leahey et al. (2001) in their stuchsgess the efficiencies of flares.

3.4 Experimental variables

The dispersion models (ADMS and AERMOD) are confgguto assess the impact of the
prevailing meteorology, fuel composition and fla@gpacity (in terms of volume flow flux)
on the dispersion pattern and variation of growsal concentrations of the flares considered
in this study. While ADMS iteratively solves theupie rise calculations, AERMOD uses the
Briggs formula to estimate the plume rise. GrousmEl concentrations discussed in Section

4 are the mean monthly ground-level concentratoartput from the models.

3.4.1 Prevailing meteorology during WAM and non-WAM months

The range of the wind speed is 3.0 — 5.7'raed 1.2 — 4.2 nisduring the WAM and non-
WAM months, respectively. The relatively high meaimd speed during the WAM months
is attributable to sea-breezes from the Gulf ofr@ai Figure 2 shows the wind roses of the
non-WAM (DJF) and WAM (JJA) months considered instlstudy. The wind direction
during the WAM month is predominantly North-eastewhile in the non-WAM months,

they are southerly, northerly and north-westerlies.

To assess the impact of prevailing meteorologyhendispersion of gas flaring emissions, we
considered the dispersion pattern and ground-lesetentrations of CO and BC, for real-
world flares in the Niger Delta during the montHsJaly and August; and December and

January, which are the peaks of the WAM and non-Wggdsons.

3.4.2 Flare capacity (flow rate)

Two (one large and one small) flares in the studsaawere considered in this study.

Globally, these flares are ranked®&nd 363%' out of the over 7000 active flares identified by

11
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Elvidge et al. (2015). For these two flares, thenested total volumes of gas flared in 2012
are 0.278 and 0.0917 billion cubic meters (bcmyifigle et al., 2015). With the assumption
of a constant flow rate, the volume flow rates 8®15 and 2.908 P&*, respectively.
Volume flow rate influences the gas exit velocitydarate of heat released, and hence, the

buoyancy and momentum of the plume exiting theeflar

3.4.3 Fue composition

The composition of natural gas plays significanke ran its thermodynamic properties.
Although, assumed to be predominantly methane,ctiraposition of natural gas varies
significantly across olil fields (Fawole et al., Ba). Using two very different fuels in terms
of composition and density, the impact of fuel casipon on the dispersion of emissions
from gas flares is assessed. The emission factocartion monoxide (CO) used in this study
is given as mass of pollutant per mass of natwaal(gg.kg'), and as such, the density of gas
flared affects the CO emission rates. The commsitinolar mass and density of the natural

gas used are given in Table 1. These compositienst#ained from the literature.

Table 1: Fuel compositions used in this study (given in mpkrcentage)

Less | Denser
dense

CHy4 88.72| 69.58
C.Hs 5.93 0.25
CsHg 1.28 | 12.54
nC4H1o 0.26 2.35
iC4H10 0.26 5.12
NnCsH 12 0.06 5.20
iCsH1o 0.09 2.54
CeH1a 0.06 1.97

C7H 16 0.1 -
N> 0.66 0.24
CO; 2.55 0.21

H.S 0.03 -
Molar mass 18.5 28.6

12



(g/mal)
Density (kg/m®) | 0.75 | 1.2

267

268

269 3.4.4 Plotting of spatial distribution of emissions
270 The ADMS-ArcGIS link option in ArcMap 10.2 is empted to display ADMS outputs of
271 modelled pollutants as transparent filled contaursnap of the region. An area of 80 by 85

272  km around the flare is used as the output grithénnhodel set-up.

13



273

274  Figure 2: Wind roses (a) - (c) Non-WAM months — Dec., Jard keb., respectively and (d) - (f) WAM months A.JJul. and Aug., respectively.
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4 Resultsand discussion

This section presents and discusses the simulabeddylevel concentrations of CO and BC
from the models as well as the impact of these eatnations of pollution level in the region.
The influence of variables of interest on the coricgion and dispersion of emissions from

the flares is also examined and discussed.

4.1 Stack and natural gas parametersused in these ssmulations

The actual stack height, actual stack diameterydoy flux, momentum flux, and effective
height used for the two fuel compositions in theiseulations are given in Table 2. Effective
height, buoyancy flux and momentum flux are estedatising equations (3), (4) and (5),
respectively.

Table 2. Stack and fuel parameters used

Actual Actual Buoyancy | Momentum | Effective
height | diameter flux flux height
(m) m | (m's%) | (m's? (m)
Fud | 20 0.75 638.7 137.7 42.8
Fud 11 20 0.75 1936.3 1265.5 49.4

4.2 Impact of prevailing meteorology

The impact of prevailing meteorology on the diserof emissions from gas flaring during
the highly distinct seasons in the region is makfor a two-year period (2014 and 2015).
Ground-level concentrations and spatial distriugiof the pollutant simulated are plotted on
80 by 85 km grid. The “smaller” flare, with a floflux of 2.908 nis* and less-dense fuel

composition was used to study the impact of metegical variables on pollutant dispersion.

During the non-WAM months studied, that is, Decemdred January, the dispersion of the
emissions is in the direction of both the inland aoastal communities. The mean monthly
ground-level concentration is greater towards tiland communities, probably due to the

15
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higher speed of the north-easterly coastal windpaoed to that of the south-westerly winds
(see Figure 2). This pattern of dispersion is v&milar for the four non-WAM months
modelled. The 90 and 9%' percentile of CO and BC mean monthly ground-level
concentrations are in the range of 0.09 — 0.15Gh6é — 0.20 pg.mand; 0.02 — 0.03 and
0.03 — 0.04 pg.m respectively. The highest ranges of mean montrgund-level
concentration of CO and BC observed during thesetisoare 0.73 - 1.81 pghand 0.15 -
0.36 ug.nt, respectively. As presented in the plots of spaiitribution in Figure 3, during
the non-WAM months, emissions from this stack reaaimore communities, albeit at a lower
level of concentrations compared to the WAM mor{ee Figures 3 and 4), so there will be
higher individual exposures during the WAM monthst greater population dose during the

non-WAM months.

During the peak of the WAM months (July and Augugite emissions are predominantly
dispersed over the inland communities. As preseintéige plots of the spatial distribution of
ground-level concentration (Figure 4) and the palies below, spatial distribution of higher
ground-level concentrations is greater during thresaths owing to the higher wind speeds
in the WAM months compared to the non-WAM montree(section 3.4.1). The 9@nd 9%'
percentile of CO and BC mean monthly ground-lewgloentrations are in the range of 0.02
— 0.11 and 0.2 — 0.25 pghand; 0.02 — 0.04 and 0.04 — 0.05 pg,mespectively. The
highest range of monthly mean ground-level conegioin of CO and BC during these
months are in the ranges 0.62 - 0.99, and 0.12 419.m°, respectively. Plots of spatial
distribution of the pollutants from flares simuldtas non-buoyant emission (a parametric
extreme of flare simulation), during the WAM andnA&/AM months considered are

presented in the supplementary materials (see €3dgbit and S2).

It should be noted that this is just one of ther@®@0 active flares in the study area. Where

dispersion plumes overlap, the combined groundtleoacentration enhancement will be a
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linear sum of the concentration from each overlagplume. Results of these simulations
show the level and pattern of dispersion duringpgbaks of the predominant seasons in the
region. Considering the number and distributionflafes in the region and the spatial
distribution of the level of pollutant ground-levebncentration, the WAM months will be
more severe period of poor air quality around th@munities in the region. During the non-

WAM months, there will be enhanced levels of BC, @@l other greenhouse gases (GHGSs),
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thereby significantly increasing aerosol opticgbtthe(AOD) over the ocean around the Gulf
of Guinea. The surface reflectance over the oceaighly variant and is dependent on the
atmospheric aerosol loading (Jin et al., 2004).ddethe Earth-atmosphere radiative budget

in the region over the ocean might be significaptyturbed during this period.

Modelling flares as a non-buoyant source givesifogmt difference to the monthly mean
ground-level concentrations. For example, for acgipnon-WAM month (Jan. 2015), the
highest range of monthly mean ground-level conegioin of CO and BC are 8.65 - 13.96
ng.m? and 1.73 - 2.79 pg.h respectively. Plots of spatial distribution ofllptants in flare

modelled as non-buoyant sources are given in thplementary material.

4.3 Impact of flare capacity

Flare capacity, that is, the volume flow rate af fhel (ns?) in the stack, is a determinant of
the emission rate (g¥ of pollutants used in modelling the dispersionpoflutants from a
source. The volume flow rate contributes to the mtage of the buoyancy and momentum
flux of the plume as it determines the exit velpaf the fuel into the flame as well as the

heat release rates.

Using the two real-world flares discussed in sec8at.2, the dispersion of CO and BC from
flares of different sizes under the same atmosploamdition was modelled. In Figure 5, "L"

and "S" represent the large and small flare, rasmdg. The higher concentration in the tail

of the dispersion pattern for the “small’ flare €sBigure 5) is as a result of the lower
buoyancy of the plume exiting the stack. The lolm@oyancy is occasioned by the lower exit
velocity of the fuel into the flame. The regionlagher concentration is further downwind in
the large flare (see Figure 5). The highest grdemd} concentration of the two flares differs

by a factor of about 4.
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Instead of flaring gas from stacks at flow statianh low volume flux, two or more of such
flares could be linked up to enhance the volume flate and increasing the stack height, so

as to reduce the ground-level concentrations diifzoits.

4.4 Impact of fuel composition

The composition of natural gas flared affects thwugd-level concentration and dispersion
pattern of emissions from real-world flares. lteats the quantity of radiant heat given off,
effective height and effective diameter, all of whiare essential determinants in the
dispersion of emission from the flare. The thermmadyic parameters calculated from the
two compositions of natural gas considered in shisly are presented in Table 2. The plume
exiting the stack for the fuel with less heat cobigess dense fuel) is less buoyant, and hence
the ground-level concentrations are higher anddib@ance downwind at which this higher
ground-level concentration is observed, is shdtan that for the fuel with the higher heat

content (dense fuel).

Meteorological data for August 2015 is used to gtawhd assess the impact of fuel
composition on the dispersion pattern and groumdtleoncentration of pollutants from real-
world flares in the study area. For the less ddnek the 98' and 95" percentile of CO and
BC ground-level concentrations are 0.11 and 0.2Im{gand 0.02 and 0.04 pgin
respectively. The range of the highest ground-leeagicentration of CO and BC are 0.62 -
0.92 and 0.13 - 0.19 uginrespectively. For the dense fuel, thé'@md 9%' percentile of
CO and BC ground-level concentrations are 0.05Gfmdug.nt, and 0.01 and 0.02 pgin
respectively, while the range of the highest grelawel concentration of CO and BC are

0.14 - 0.17 and 0.03 - 0.04 ug’mespectively.

Although, the range of highest ground-level coneidns of CO and BC for the two fuel

compositions during periods considered in this wtuaries substantially, their §cand 95'
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percentiles of CO and BC ground-level concentretivary by a factor of about 2. A fact,
once again, underpinning the importance of adegkiabsviedge of the composition of the

gas flared in order to be able to quantify its dbution to ambient aerosol loading.

The emission factor for CO used in this study,tated in section 3.3, is dependent on the
density of the fuel. Hence, the emission factoduse the less dense and denser fuel
compositions is 11.02 and 17.63 @ mespectively. Figure 6 and 7 shows the plothef t
spatial distribution of ground-level concentratmfrpollutants emitted from the flare for the
denser and less dense fuel compositions, respictivem Figure 7, the ground-level
concentration within the proximity of the flarehiggher than that for the denser fuel

composition in Figure 6.
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45 AERMOD smulations

AERMOD estimates of BC and CO dispersions in WAMigaAist) and non-WAM (January)
months of 2015 (Figure 8) were compared with UK-ABMrojections for small-flare low-
density fuel source characteristics. Th& @ad 95 percentile of mean monthly ground-level
concentrations of BC and CO for non-WAM month ar@60and 0.09, and 0.18 and 0.29,
respectively. For the WAM month, the values are50d&hd 0.10; and 0.17 and 0.32,
respectively. Although, the predominant ventilatimorridors resulting from the AERMOD
simulation is largely the same with ADMS, its conizations are higher by a factor of 1.5 for
CO and 2.5 for BC in the WAM months. The varianicesstimates from the two models can
be linked to differences in their formulations. AERMOD, if the boundary layer is stable,
only two limits for the horizontal dispersion arensidered: the coherent plume limit
generated by shifting wind and the random plumet lwmhen the plume spread is assumed
uniformly distributed throughout the area (Cimaredt al., 2005; Perry et al., 2005;
Venkatram et al., 2004). It should also be noked surface albedo inputs in this case were
taken from literature values (Jegede et al., 199@&yertheless, AERMOD values were much
lower compared with the non-buoyant source estisnfaten ADMS taking January 2015 as a
typical scenario. This clearly indicates that AERBDI@stimates for pollutants dispersion
from the gas flares are within acceptable limitspaframetric extremes of ADMS (i.e.

buoyant and non-buoyant source estimates).
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(b)

Figure 8: : Modelled (AERMOD) dispersion and monthly mean grlgvel concentrations
of BC and CO for (a) non-WAM (Jan 2015) and (b) WA&August 2015) using fuel with
lower heat content (fuel I).

5 Conclusions

This work assesses the impact of fuel composifi@ne size and meteorological parameter
on the dispersion and ground-level concentratidnsatbon monoxide and black carbon.
Although the actual height and diameter of the-vealld flares used in this study are not
known, we have tried to use values obtained foilainflares in the literature. During the

non-WAM months, emissions are dispersed both tosvdrd communities inland and on the
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coast, though with lesser concentration level caeghdo the WAM months. Hence, higher
individual exposures are experienced during the Wialbhths, but greater population dose
during the non-WAM months. The ground-level concatdn around the inland

communities is higher in the WAM months. The sigraiht impact of prevailing meteorology
on ground-level concentrations and dispersion paté emissions from active flares is also

corroborated by simulations carried out with AERMOD

Rather than use shorter stacks to flare gas at $tatwvons with low volume flow flux, and

hence, strongly enhancing ground-level concentmatiopollutant, it is suggested that two or
more of such stations be linked together to ina¢he volume flow flux. Increasing volume
flow flux increases the buoyancy and momentum fbiixhe plume emanating from such

stacks, and thereby, reducing ground-level conatatrs.
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Highlights

» During monsoonal flow ambient ground-level concentrations are higher and inland.

* Thereishigher individual exposure during the WAM (West African Monsoon)
months.

* Thereis greater population dose during the non-WAM months.

» Flareand fue characteristics play maor rolesin emissions yields from flares.

 Both ADMSand AERMOD are adequate for simulating emissions from gas flares.



