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Estimation of Fugitive Dust Impacts of Open-Pit Mines on Local Air
Quality - A Case Study: Bellavista Gold Mine, Costa Rica
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ABSTRACT: Fugitive dust impacts of Bellavista open-pit gold mine located in Costa Rica was investigated.
The fugitive dust emissions from the gold mine were identified and then quantified using emission factors.
The impacts of the fugitive dust emissions were estimated by means of FDM air quality dispersion model de-
veloped by the USEPA. TSP and PM|,, concentration estimates obtained from the FDM model were com-
pared with the Costa Rican and World Bank air quality standards. The fugitive dust impacts from the gold
mine were found to have relatively insignificant impact in a confined area centered around the mine site.

I INTRODUCTION

Dust is a generic term that describes particulate
matters suspended in the atmosphere. It does not
make any distinction between the size, shape, and
chemical composition of the particulate matters. Fu-
gitive dust refers to dust that is derived from non-
point sources and does not have an easily defined
source. It is formed when particulate matters become
airborne due to turbulent action of the wind, me-
chanical disturbance of fine materials, or release of
gaseous emissions laden with particulate matters in
an unconfined manner.

There are various dust generating activities and
processes in the mining industry. Sources such as
material storage silos, process boilers and heaters,
onsite power generators etc. are the major point
sources in the mining industry. The exhaust gases
emanating from the mining equipment and other ve-
hicles operated within the mine site are mobile
sources of particulate matters. But the most pre-
dominant sources of particulates in the mining in-
dustry are the fugitive dust sources. Fugitive sources
comprise earth moving and material handling opera-
tions, crushing, screening, milling, blasting and
drilling, haul roads, and wind erosion of exposed
surfaces. Fugitive sources are more difficult to con-
trol as compared to point sources.

Mine dust can cause serious nuisance and aes-
thetic deterioration in the surrounding environment
and communities. Fortunately due to relatively large
particulate matter sizes associated with the mining
emissions and the relatively short release height of
the pollutants, such negative impacts are usually
confined in relatively small areas. Within these areas
of impact, fugitive dust may result in damage to the

vegetation and agriculture. The deposited particulate
matter may block the plant leaf stomata hence inhibit
gas exchange, or smother the plant leaf surfaces re-
ducing photosynthesis levels (Environment Austra-
lia, 1998).

Besides the impacts on vegetation, health effects
of particulates on mine personnel and public may
also be significant. The inhalable fraction of dust
(i.e. PMJo, particulate matters of aerodynamic di-
ameters less than 10 |im) passes through the nose
and mouth, and is easily deposited in the trachea and
bronchial section of the lungs. Respirable dust (i.e.
PM,,, particulate matters less than 2.5 um diameter)
penetrates unciliated airways in human lungs, and
lodges in the alveolar region (ISO, 1995). Depend-
ing on the chemical and physical characteristics of
the particulate matters, there may be significant
health effects. Dust containing heavy metals, certain
silica and asbestos forms are known to have in-
creased adverse health effects.

It is important to identify and quantify the fugi-
tive dust emissions and impacts associated with
mining operations early in the planning stage. Such
an approach to mine fugitive dust emissions may
help control the dust emissions and improve envi-
ronmental performance of the proposed mine. Emis-
sion and air dispersion models are widely used to
estimate the fugitive dust emissions and impacts.

* The current study focuses on the investigation of
fugitive dust impacts of an open-pit gold mine in
Costa Rica. The fugitive dust emissions from the
proposed mine were estimated by means of emission
factors. The subsequent atmospheric dispersion of
particulate matter was investigated by means of a
numerical model, FDM, developed by the US Envi-
ronmental Protection AgencyTUSEPA).
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2 PROJECT DESCRIPTION

Bellavista gold mine is situated in the Puntarenas
Province of Costa Rica (Fig. 1). The mine site is lo-
cated approximately 3 km northeast of the town of
Miramar. The fugitive dust impacts of the mine are
of significance for the residents of Miramar and the
forested area northeast of the mine site.

Bellavista gold mine has total mineable reserves
ot 11.2 million tonnes with an estimated project life
ot 10 years. Ore production will be approximately
1.6 million tonnes per year at its maximum capacity.
Gold ore will be mined by conventional open-pit
methods utilizing mid-size earth moving equipment.
Approximately 2.2 million tonnes of waste rock per
yeai will be excavated during the open-pit mining.

Blasting will be conducted daily in the mine pit.
The broken waste rock and ore will be hauled using
50-tonne capacity haul trucks. The waste rock will
be hauled to a stockpile area located approximately
one km northwest of the open-pit (Fig.2). The ore
will be hauled to the stockpile on the south end of
the pit, from where it will be loaded into primary
crushers.

Transport of the ore between the crushers will be
accomplished via conveyors. Lime will be added to
the ore before the secondary crusher to prevent
crusher plug-ups and screen blinding. Following the
tertiary crushers, ore will be placed into either low-
grade or high-grade ore bins. From the ore bin, high-
grade ore will be transferred to the milling plant for
further size reduction. Low-grade ore will be trans-
ferred to the agglomerator where high-grade ore and
cement will be added to form stable agglomerates.
The ore agglomerates will be transported to the
leach pad via overland conveyors feeding a line of
standard portable "grasshopper” conveyors to a
portable long-leg conveyor and a radial stacking
conveyor

Figuie !+ Location of the Proposed Bellavista Gold Mine
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Figuie-2. Mine Site Layout and Major Dust Emission Sources

Cyanide solution pumped from the carbon ad-
sorption-desorption-recovery (ADR) facility will be
applied onto the leach pad. The collected pregnant
leach solution will be sent to the ADR facility to re-
cover precious metals from the pregnant solution.
The gold in the pregnant solution will be removed
by carbon in adsorption columns. The loaded carbon
columns will be stripped of its gold content using a
heated caustic-cyanide solution. The caustic-cyanide
solution will be heated using diesel-fired hot water
boi'x The gold will then be plated out in an elec-
trowinning cell. The gold plating from the cathodes
of the electrowinning cell will be refined into doré
using diesel-fired pot furnace. The spent carbon
from the columns will be regenerated in a diesel-
fired reactivation furnace. Power requirements of the
mine will be met by seven 1000 kW diesel-fired
generators.

3 DUST EMISSIONS AND CONTROLS

Particulate matter emissions will take place during
the construction, operation, and closure phases of
the mine project. The emissions will occur in vary-
ing particulate size ranges. The two size ranges con-
sidered in this study are the inhalable (PM]|,) and
total suspended particulate (TSP) matters. TSP
roughly covers the range of particles with aerody-
namic diameters less than 45 urn. TSP inherently
encompasses the inhalable and respirable tractions,
as well as the coarser fractions. The coarse fraction
of "SP has more of an aesthetic significance than
human health significance. The respirable fraction
(PM, 5) of particulate matter was not considered in
this study since mine dust mostly consists of the
coarse fractions.



3.1 Construction Phase Emission Sources

During the construction phase of the project, which
will last about a year, particulate matter will be re-
leased from the point, mobile, and fugitive sources.
In generd, the nature and spatial orientation of the
emissions during the construction phase will be
similar to the operational phase emissions. The con-
struction activity and pollutant emission rates will be
less than the full-scale mining operation rates.
Therefore, construction phase emissions were not
assessed in detall. It is conservatively assumed that
congtruction phase air emissions and related impacts
would be at most equivalent to the operational phase
emissions and impacts.

3.2 Operation Phase Emission Sources

The emission sources during the mine operation will
be from point, mobile, and fugitive sources. The
magor point sources will be:

- Power generators,

- Desorption column boiler;

- Doré furnace;

- Carbon regeneration furnace;

- Cement and lime silos;

The mgor fugitive dust sources will be:

- Primary, secondary, tertiary crushers/screens,

- Haul and various mine roads;

- Transfer points on the ore conveyors.

- Drilling and blasting in the mine pit;

- Materids handling (loading/unloading, bull-
dozing etc. in/on open-pit, waste rock stockpile,
leach pad, coarse ore stockpile, and various
other material aggregates);

- Wind erosion of the exposed surfaces (i.e. leach
pad, coarse ore stockpile, waste rock stockpile,
etc.)

Mgor mobile sources of air contaminants during the
mine operation will be several 50-tonne haul trucks,
front-end loaders, bulldozers, backhoes, utility
trucks and pickups.

3.3 Closure Phase Emission Sources

The emission sources during the closure phase will
be reclamation activities. The plant buildings will be
demolished and the mine site will be graded and
revegetated. The particulate matter emissions will be
due to surface activities and mobile sources. The
closure phase emissions will be relatively insignifi-
cant and will have short duration.

3.4 Emission Control Measures

The proposed mine will implement several mitiga-
tion measures to reduce air emissions. The proposed
emission control measures and expected control effi-

ciencies are lisged in Table 1. Dugt from the haul
roads, one of the mgor sources of fugitive dust, will
be controlled using water trucks. During the dry pe-
riods, the roads will be kept wet to reduce particulate
matter emissions. The pollution controls listed in
Table 1 achieve efficiencies as high as 99.5%, when
fully implemented.

Table 1 : Air Pollution Control Measures.

Souice Control Effidency
Crushess High pressure waler sprays 90.0 %
Haul loads Dug suppression using water 90.0 %
Conveyors Covers 85.0 %
Silos Dus collector 99.5 %

35 Emission Rate Estimates

Particulate matter emission rates for the operation
phase were estimated using emission factors pub-
lished by the US EPA (IJSEPA, 19953). Emission
factors are pollutant quantity estimates that relate
pollutant generation rate to mine activity levels (e.g.
grams of pollutant per tonnes of materia transferred
or produced). But for some fugitive dust sources,
such as materid handling operations (e.g. bulldoz-
ing, unloading etc.) or wind erosion such a direct
relation may prove difficult to establish. For such
fugitive sources, meteorological conditions (e.g.
wind speed, precipitation) and physical properties of
materias (eg. st and moisture content) are impor-
tant and needs to be addressed to estimate emissions.

Annua operation phase fugitive dust emission es-
timates for the Bellavista gold mine are given in Ta
ble 2. These values reflect the emissions resulting
after the pollution controls listed in Table 1 are im-
plemented. The overall mine TSP emissions are es-
timated to be 114 tonnes/year. PMm emissions (62
tonnes) constitute 54% of TSP emissions. Fugitive
souices constitute 82% and 66% of overall mine
TSP and PM|y emissions, respectively.

Table 2. Annud Fugitive Dugt Emission Estimates.

. PM|, TSP

Source Type (kalyear) (kglyear)
Cement Silo P 10 10
Lime Silo P 2 2
Combustion Sources P 9.215 9.215
Crushers & Screens F 7524 19627
Conveyors F 8750 21.876
Haul Roads F 6,005 16.681
Fit Operations F 1621 6,516
Blagting & Drilling F 13188 16924
Wagte Rock Dump Opeialons F 492 2,078
Leach Pad Ope dlons F 118 663
Ore Stockpile Operations F 608 2410
Wind Erosion F 2219 6,163
Mobile Sources M 11,794  11.7%
Piiint SourcesTotal 9.226 9.227
Fugitive Source.* Total 40.525 92,9M
Overall MineEmissions 61,545 11.1959
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P- Point source; F Fugitive source; M: Mohile source.

The particulate matter emissions due to blasting
and drilling to be conducted in the open-pit consti-
tute 15-20% of the overal mine emissions. Al-
though, these emissions constitute a mgor portion of
the overall emissions, the amount that would be dis-
persed into the surrounding environment will be less
due lo retention of the open-pit. To account for pit
retention effects, Equation 1 is used to estimate the
escape fraction of the fugitive dust generated within
the pit confines (USEPA, 1995b):

PO S n

where;

U, = approach wind speed a 10 m (m/s)
gravitational settling velocity (m/s)
proportionality constant (0.029)
escape fraction for size class i

g
a

€

The particulate matter emission rates presented in
Table 2 were estimated by assuming the maximum
possible mine activity rates. In this manner, worst-
case emission rates were obtained. The mine opera
tionad schedules (e.g. holidays, shift hours, heavy
rain days), as wel as the meteorological conditions
(i.e. wind speed, precipitation) were taken into ac-
count in estimating the emission rates. The particu-
late metter emission rates were obtained from the
uncontrolled emission rates by applying the control
efficiencies listed in Table 1. The uncontrolled over-
dl mine TSP and PMI, emissions are estimated to
be 494 tonnes and 206 tonnes per year, respectively.

4 REGIONAL METEOROLOGY

Detailed meteorologica information about the mine
area is necessary to estimate particulate matter emis-
sion rates and atmospheric dispersion of the emis-
sions. Air quality dispersion models usualy require
hourly meteorological data covering a least one-
year period. In this study, data for the following pa-
rameters were used:

- Wind speed,

- Wind direction,

- Ambient temperature,

- Rainfdl amount,

- Atmospheric stability class.

Wind speed, wind direction, ambient temperature,
and ranfdl amounts are measured parameters,
whereas, atmospheric stability class is a derived pa-
rameter. Atmospheric stability is a measure of the
dispersd potential of the atmosphere. There are
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various methods for estimating the atmospheric sta-
bility. Meteorological Processor for Regulatory
Models (MPRM). developed by the USEPA
(USEPA, 1996) was used to process measured
hourly meteorological data to estimate the atmos-
pheric stability.

Dally rainfal amount and number of days with
rainfdl are required for particulate matter emission
estimation. Days with rainfdl amount greater than
0.25 mm are considered to be wet days where fugi-
tive dust generation is zero. For fugitive dust gen-
eration, a threshold wind speed criterion of 5.4 m/s
is aso applicable. Time periods with wind speeds
higher than this criterion have higher fugitive dust
generation potential.

The meteorological data required for emission
and dispersion estimates was obtained from a newly
established on-site meteorological station. The on-
dte station did not a have complete year's worth of
data, and therefore, was augmented by the Puntare-
nas Station 18 km southwest of the mine site.

The predominant wind directions a the mine site
are north-northeast (NNE) and northeast (NE).
These directions are in agreement with the local to-
pography. Stream channels for the Rio Rastra and
the Rio Ciruelas lie in a southwest (SW) to northeast
(NE) alignment. Annuad average wind speed is 3.0
m/s. The frequency of hourly wind speeds exceeding
5.4 m/s is approximately 16%. The combined occur-
rence frequency of wind speeds higher than 5.4 m/s
and daily precipitation amounts less than 0.25 mm is
12%. This indicates that mogt of the high wind speed
events coincide with the dry periods. Such condi-
tions are conducive to high fugitive dust generation.

The average monthly rainfal is given in Figure 3.
The rainfdl pattern observed at the mine site is de-
fined by the influence of the Inter-tropical Conver-
gence Zone (ITCZ), northeastern trade winds, and
polar air masses. During the dry season observed
between the months of December and April, the
ITCZ is located south of Costa Rica and the polar air
masses dominate the region. The polar air masses
lose their moisture content while ascending the Ti-
laran Mountain Range on the Caribbean side. While
descending the Tilaran Mountain Range on the Pa-
cific side the polar air masses become cool and dry.
The dry season ends when the ITCZ returns to 10°
North latitude. The average annua rainfal for the
region is approximately 2950 mm (Herrera, 1998).
The highest rainfal occurs in the months of August,
September and October.

5 AIR QUALITY REGULATIONS

Costa Rican genera hedlth law prohibits al actions,
practices or operations that deteriorate the natural
environment or ater the composition or intrinsic
characteristics of its basic elements, especialy air.
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At present, few Costa Rican ambient air quality
standards are available. In the absence of Costa Ri-
can standards, international World Bank standards
are used to evaluate the impacts of the proposed
mining operation. The Costa Rican and World Bank
ambient particulate matter standards are given in
Table 3.

Table 3 Ambient Particulate Matter Standaids.

Souice (I?gl;\;lr%") (l\)l—gal) Averaging Penod
Costa Rican 85 150 Annual
Woild Bank 50 80 Annual
Woild Bank 150 100 Daily

6 ESTIMATION OF FUGITIVE DUST IMPACTS

In order to determine the impacts from a facility on
locd ar qudity, an air dispersion modeling study
has to be conducted. This study is accomplished by
use of mathematicdl models that relate emission
rates to ambient air concentrations. Air quality mod-
els use meteorological data, emission rate and source
data, and topographica and surface cover data to
estimate ground-level pollutant concentrations. For
the current study, impacts of the particulate matter
emissions from the mine operations were estimated
using Fugitive Dust Modd (FDM) developed by the
US EPA (USEPA, 1992). The pollutant concentra-
tions estimated using the air dispersion modd are
compared with the established national/international
ar qudity standards.

6. / Description of the FDM

FDM is a computerized air quality model specifi-
cdly designed for computing concentration and
deposition impacts from fugitive dust sources. The
sources may be point, line, or area sources. Each
source type may be trested as virtua volume source
with an initial vertical mixed extent. The model has
not been designed to compute the impacts of buoy-
ant point sources, thus it has no plumerise ago-
rithm. Particulate matter emissions for each pollutant
source are apportioned into a series of size classes.

A gravitational settling velocity and a deposition ve-
locity are cdculated by FDM for each size class.
Particulate matter concentrations and depositions are
then computed at receptor locations.

Particulate matter mass depletion is achieved by
the process of dry deposition. FDM accounts for
deposition through two parameters. the gravitational
settling velocity and the deposition velocity. As the
name implies, the gravitational settling velocity ac-
counts for removad of particulate matter from the
atmosphere due to gravity. Since only the larger
particles have sufficient mass to overcome turbulent
eddies, this mechanism is dignificant only for the
larger size ranges (e.g. particles greater than 30 (im).
The deposition velocity accounts for remova of
part.cles by dl methods, including turbulent motion,
which brings the particulate matters into contact
with a surface and allows it to be removed by im-
paction or adsorption at the surface. It is known that
for smaller particles the deposition velocity is sig-
nificantly different from the gravitational settling
velocity, while for large particles they are roughly
the same. In the FDM, the emission rate is divided
into a number of particles size classes. Each of the
classes has a unique gravitational settling velocity
and deposition velocity. The method used by the
model to compute the gravitational settling veloci-
ties and deposition velocities is modeled &fter the
work of Sehmel and Hodgson (1978). Key variables
to the method are the roughness, height and the fric-
tion velocity.

6.2 Modeling Methodology

Emission sources discussed in Table 2 were modeled
as point, area, and line sources. The modeled
sources are adso presented in Figure 2. Lime silo,
cdT.et silo, crushers, and ore conveyor transfer
points were modeled as point sources. Haul roads
were modeled as line sources, made up of 30 indi-
vidual segments. The emissions occurring within the
boundaries of the mine pit, country rock stockpile,
heap leach pad, and coarse ore stockpile were mod-
eled as area sources. All of the pollutant sources
were modeled as virtud volume sources with emis-
sions distributed equally within the firg 10 m above
the ground surface. This height is consistent with the
generad mine operations where emissions are ini-
tidly distributed verticaly due to turbulence caused
by surface irregularities present at the mine sites.
The particulate matter emissions from each
source were varied hourly. The emission rates were
adjusted according to shift hours, workdays, rainy
days, and high wind speed events. Each emission
source was represented by 8760 hours (24 hours x
365 days) of emission rate. The particulate matter
emissions were segregated into two magor particle
size class categories, namely PM|> and TSP (PMs).
Additional particle size classes (i.e. 2.5, 5, 15 and 30
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liin) were included in the settling and deposition
velocity calculations, but their concentrations were
not estimated since there are no established interna-
tional standards.

The project site has a complex topography with
elevations ranging from 500 to 1100 meters. In order
to account for the complex topography and thick
vegetative cover, a surface roughness length of 2 m
was used to represent the modeling area.

7 MODELING RESULTS

7./ Annual Concentrations

The annud average ground-level concentrations re-
sulting from the FDM runs were plotted as isopleths.
The isopleths for PM ,, and TSP concentrations are
presented in Figures 4 and 5, respectively.

The maximum annual average ground-level PM|,
concentratlon due to mine operations was estimated
as 12.7 pg/nr’. This maximum concentration was |o-
cated immediately southeast of the waste rock stock-
pile (Fig4). The influence of the PM|,i emissions
from the mine was very limited in terms of area cov-
erage. The mgority of the PM,, impacts occurred
within the mine property. The concentration increase
within the direct area of influence due to proposed
mine operations was less than 5 lig/m". The increase
in the indirect area of influence (and the town of
Miramar) was less than | |ig/nr\ All the estimated
PM m concentrations are much lower than the Costa
Rican (85 pg/nr') and World Bank (50 pg/nr’) an-
nua standards (Table 3).

The maximum annua average ground-level TSP
concentration due to mine operations was estimated
as 22.2 pg/nrt. The maximum TSP concentration
wes in the same location as the maximum PM|; con-
centration. The concentration increase due to pro-
posed mine operations within the direct area of in-
fluence was less than 10 pg/nr and Wlthln the
indirect area of influence was less than | pg/nr’. All
the estimated TSP concentrations are much lower
than the Costa Rican ( 150 Hg/m®) and World Bank
(80 pg/nr*) annua standards (Table 3).

7.2 Daily Concentrations

The predicted daily ground-level concentrations
within one year were ranked according to their nu-
merica values without giving consideration to the
date and location. The top-50 concentrations from
this ranking are presented in Figure 6. The highest
predicted dally concentrations were 76.4 pg/nr and
44.7 pg/nr for TSP and PM,,,, respectively. The lo-
cations of these maximum daily concentrations coin-
cided with the location of the maximum annual con-
centrations. Both the predicted daily TSP and PMio
concentrations are well below the World Bank stan-
dards.
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Figure 6: Daily Top-50 TSP and PM,,, Concentrations.

8 CONCLUSIONS

Based on the predicted particulate matter eoncentra-
tiona, it can be concluded that most of the impacts
will be within the mine site area. These impacts will
not be very significant and will meet the Costa Rican
and the World Bank ambient air quality standards.
The fugitive dust impact to the direct area of influ-
ence and the indirect area of influence will be insig-
nificant. The annual incremental PMio and TSP con-
centratlons due to mine operations will be less than
1 pg/m™ in the town of Miramar and the northeastern
forest area
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