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SUMMARY

Aerosol emissions from diesel combustion and odlcgwities in rail yards can
affect the health of urban populations. Fine paléite (PMs) concentrations near the
Inman and Tilford rail yards in Atlanta, Georgiag @éhe highest measured in the state.
The rail yard complex is surrounded by homes, sishdoisinesses and other industries.
The impact of the aerosol emissions from theseyeads on local concentrations of
PM. s was quantified. Specifically, black carbon andRNfuel-based emission factors
from the rail yards were estimated by carbon baarsing high time-resolution
monitoring, a BC and Pp4 emissions inventory was estimated and dispersiathefing
was applied to assess the impact of the rail yetigiges on local air quality and the cost
and benefits of upgrading locomotive engines widacer technologies was assessed.
Further, baseline information that will allow adaevaluation of the improvement of
local air quality as locomotives operating in thé yards are upgraded was generated,
and a composition profile of the rail yard aerosweés developed using chemical
speciation techniques.

These results found that activities from locomativethe Inman and Tilford Rail
yards lead to and an average emission factor af 6.6 g of PM s per gallon of fuel and
are responsible for increases in annual averagesotrations of approximately 1.3
pg/nt of PMy s as far as 1 km from the perimeter of the rail yaothplex.
Approximately 11.7 tons of BC and 26 tons of Rj\der year were emitted from the rail
yards in 2011. The rail yards were found to be irtgoa sources of hydrocarbon-like
organic aerosols (HOA) and black carbon from fi&l). Upgrading the engines at the

rail yards would decrease Blemissions by about 9 t/year, reducingZM

XV



concentrations around 0.5+0.1 pd/as far as 1 km from the perimeter of the rail yard
complex and producing monetized health benefitgppiroximately 24 million dollars per

year.
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CHAPTER 1

INTRODUCTION

The rail industry is fundamental to the U.S. ecog@nd is the most energy
efficient mode of land transportation. It moves adtnhalf of the nation’s freight through
a system of 140,000 miles of tracks and generatgghty $265 billion in total annual
economic activity (AAR, 2011). The amount of freigtansported by rail in the U.S. has
followed an increasing trend since the 1960’s.008& approximately 1.8 billion ton-
miles were carried by the industry (BTS, 2011)eintodal freight is the fastest growing
sector of the railroad industry, accounting formea2 percent of rail revenue in 2010
(DOI, 2011). The rail industry is found in all thejor cities in the U.S., concentrating its
activities in rail yards.

Rail yards have the potential to significantilugince local fine particulate matter
(aerodynamic diametet 2.5 mm; PM ) concentrations through emissions from diesel-
electric locomotives and supporting activities ({adt al., 2011;Campbell et al.,
2009;Kam et al., 2011;Kim et al., 2004). Emissitmas rail yards include black or
elemental carbon and organic carbon (Cahill eféll1l; Sawant et al., 2007), nitrogen
oxides (Cabhill et al., 2011; Starcrest Consultimgup, 2004), sulfur dioxide,
hydrocarbons, carbon monoxide and carbon dioxidgalsand polycyclic aromatic
hydrocarbons (Cabhill et al., 2011). These emissaraf concern in urban areas where
rail yards are in proximity to dwellings, exposipgpulations to elevated concentrations
of these pollutants.

One of the main components of diesel emissiobtaisk carbon (BC). BC is a
primary pollutant formed by incomplete combustiol &mitted as fine particulate. It
affects visibility (Park et al., 2003; Prasad et 2010) and is considered the second most

important human emission for climate forcing in théustrial-era atmosphere after £O



(Bond et al., 2013; Jacobson, 2010; Roberts e2@04). The US emits about 640
thousand tons of BC per year. Approximately halfhef BC emissions in the U.S. come
from mobile sources, and around 90% of BC emissimm mobile sources come from
diesel engines (EPA, 2012a, b, c). Other sourc&Coére residential heating, industry
and biomass burning. Emission estimates indicatenttobile diesel engines, which
include non-road diesel-electric locomotives, offex greatest potential area for BC
mitigation applying currently available control kemlogies (EPA, 2012c).

Diesel emissions have been classified as carcmoged are thought to have
other suspected negative effects on human healthq\22012). Epidemiological studies
of occupational exposure have demonstrated inadaéseof death from lung cancer in
exposed workers (Attfield et al., 2012; Silverméamle 2012). Stringent regulations have
been put in place to curb diesel emissions in agper nations. New technologies burn
diesel fuel more efficiently and reduce emissidnisugh exhaust controls. These new
regulations and technologies, along with other messsto reduce BC emissions will
need time to have an effect; more so, in developontries with lax standards, older
technologies and more limited resources. Yet, nreasdo reduce BC emissions from
major sources are likely to provide near-term esrwvinental and public health benefits at
low relative cost, and implemented in conjunctiathvsubstantial methane (GHand
CO, emissions reductions, could help limit global mearming below the 2°C
threshold during the following 6 decades (Shindehl., 2012). More research is needed
to fully understand what improvements in air quadihd in health can be achieved by
reductions in diesel emissions (WHO, 2012).

Northwest of Atlanta, Georgia, Inman and Tilfoadl yards are located beside
residential neighborhoods, industries, and sch&N&.s concentrations in Atlanta have
been decreasing over the past ten years (EPRI; BARPD, 2012), but the Fire Station
8 site (FS) near the rail yards has consistentiyveld the highest annual average-RM

concentration reported at any of the monitoringssaperated by the state of Georgia



(GAEPD, 2013), suggesting that rail yard associatagsions play an important but still
undetermined role in local air quality. This dida@on details a comprehensive research
program aimed to quantify the impact of the aeresaissions from Inman and Tilford
railyards on local air quality. The thesis is ongad as follows:

Chapter 1: Introduction.

Chapter 2: Fuel-based fine particulate and black cdbon emission factors from a rail
yard area in Atlanta. The impact on local Pp concentrations of the emissions from
the Inman and Tilford rail yards in Atlanta wasetetined. High-time-resolution
measurements of BC, BN CO,, and wind speed and direction were made at two
locations, north and south of the rail yards foe gear. Emissions factors (i.e., the mass
of BC or PM, 5 per gallon of fuel burned) were estimated by usiregdownwind/upwind
difference in concentrations, wavelet analysis, am@évent-based approach.

Chapter 3: Impacts on fine particulate matter, blak carbon and health of

converting rail yard locomotives to lower emissiortechnologies A local emission
inventory for northwest Atlanta was estimated arsgppersion modeling was used to
assess the impact on local PMind BC concentrations coming from the Inman and
Tilford rail yard emissions. Modeling results wenaluated against data from two
monitoring sites. Potential reductions in Pdind BC concentrations that could be
accomplished by upgrading traditional switcher lmotives used in this rail yard
complex were assessed and the health benefitesé tteductions were evaluated. A
comparison with costs of upgrades was also made

Chapter 4: Aerosol chemical speciation and sourcenpact analysis near rail yards.
Aerosols near the Inman and Tilford rail yard coexph Atlanta were characterized
using an aerosol chemical speciation monitor andethalometer. Source
apportionment and positive matrix factorizationhteiques were used to estimate sources
and factors for black carbon and organic aerosspactively. Meteorological

information was used to identify locations of sagof different species of pollutants.



Chapter 5: Conclusions and future researchln addition to summarize the results and
conclusions from this study, Chapter 5 identifieeations for future research. Such
research includes the assessment of changesquoality after the implementation of
cleaner technologies at the rail yard complex, stigating NOx concentrations in the
area and accessing or retrieving information onyead activity. Also, suggestions for
expanding monitoring capacity at low cost for thasd other similar sources,
broadening the scope of modeling for rail yard iotgevaluation and completing the

analysis of chemical composition of aerosols exditiy rail yard activities.
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CHAPTER 2
FUEL-BASED FINE PARTICULATE AND BLACK CARBON
EMISSION FACTORS FROM A

RAIL YARD AREA IN ATLANTA

(Galvis, B. Bergin, M., and Russell A.Gournal of the Air & Waste Management

Association, 63(6):648—-658, 2013.)

2.1. Abstract

Rail yards have the potential to influence looa¢ fparticulate matter (i.e.
particles with an aerodynamic diamete2.5 mm; PM ) concentrations through
emissions from diesel locomotives and supportiniyiéies. This is of concern in urban
regions where rail yards are in proximity to resitk areas. Northwest of Atlanta,
Georgia, the Inman and Tilford rail yards are tedabeside residential neighborhoods,
industries, and schools. The Pytoncentrations near the rail yards is the highest
measured amongst the state-run monitoring sitesr(feeEnvironmental Protection
Division, 2012; http://www.georgiaair.org/amp/repphp). The authors estimated fuel-
based black carbon (BC) and PMemission factors for these rail yards in ordenetp
determine the impact of rail yard activities on BMoncentrations, and for assessing the
potential benefits of replacing current locomotereines with cleaner technologies.
High-time-resolution measurements of BC, BMCO,, and wind speed and direction
were made at two locations, north and south ofdie/ards. Emissions factors (i.e., the

mass of BC or PW per gallon of fuel burned) were estimated by usimeg



downwind/upwind difference in concentrations, wat@nalysis, and an event-based
approach. By the authors’ estimates, diesel-eteetrgines used in the rail yards have
average emission factors of 2.8 + 0.2 g of BC afd®5 g of PMsper gallon of diesel
fuel burned. A broader mix of rail yard supportexgivities appear to lead to average
emission factors of 0.7 £ 0.03 g of BC and 1.5k @of PM 5 per gallon of diesel fuel
burned. Rail yard emissions appear to lead to geegahancements of approximately 1.7
+ 0.1 pg/m® of PMys and approximately 0.8 + 0.Qiy/m® of BC in neighboring areas on
an annual average basis. Uncertainty not quantifi¢klese results could arise mainly
from variability in downwind/upwind differences,fifirences in emissions of the diverse

zones within the rail yards, and the influence mfroad mobile source emissions.

2.2. Implications
In-use fuel-based black carbon and fine partieudghission factors for rail yard
activities were quantified by novel approaches gisiear-source high-time-resolution
monitoring of ambient concentrations at two sifessults can reduce the uncertainty in
rail yard emission inventories and the approachbeareplicated and extended to assess

trends and evaluate emission reduction alternatives

2.3. Introduction
Rail yard emissions are thought to originate Iprfrem diesel-electric
locomotives called “switchers” that are used tdigatars and assemble them into trains.
Switchers are potentially high emitters becausg #re typically older model
locomotives and have low-power duty cycles (U.SriEmmental Protection Agency
[EPA], 2011a). Emissions from switchers includer@ry fine particulate matter

(aerodynamic diameter 2.5 mm; PM ), elemental and organic carbon (EC/OC),



nitrogen oxides (NOx), sulfur dioxide ($Phydrocarbons, carbon monoxide (CO), and
carbon dioxide (Cg). Diesel emissions have suspected negative effecksiman health
(World Health Organization [WHOQO)], 2012). Black carb(BC) from diesel and other
fossil fuels absorb solar radiation, affecting vikiy (Prasad and Bella, 2010) and
climate (Roberts and Jones, 2004). Rail yards baeea identified as local sources of
particulates (Kam et al., 2011), EC/OC (Sawant.e2807; Cahill et al., 2011), NOx
(Starcrest Consulting Group, 2004; Cabhill et 201P), CQ, SO, metals, and polycyclic
aromatic hydrocarbons (PAHSs) (Cahill et al., 2011).

The contribution of particulate matter from ragirgls to U.S. emissions, as
estimated in the National Emissions Inventory (NE)small compared with on-road
mobile sources or power plants (EPA, 2012). Swittdomotives have been estimated
to emit less than 0.1% of the total RI\MPM with an aerodynamic diameterl0 mm)
and PM s in the United States EPA, 2008a). Yet, emissioosfrail yards located close
to residential areas are of new interest becauseceht regulations (EPA, 2008b),
intensity of operations in limited areas, and & growing economic activity of
switchyards and intermodal terminals (Laurits Rri§€tbnsen Associates, 2009).

In Atlanta, PM s concentrations have been decreasing over thel Past
(Electric Power Research Institute [EPRI], 20120fg& Environmental Protection
Division [Georgia EPD], 2012), but near Inman aniéofd rail yards, the Fire Station 8
site (FS) has consistently showed the highest draveaage PIyls concentration
reported at any of the Georgia state-run monitoldegtions (Figure 2.1.). Georgia EPD
(2009) applied the American Meteorological Societywironmental Protection Agency

Regulatory Model (AERMOD) using emission estimdiased on NEI methodology, and



found that rail yards contribute approximately ig8m’ to the concentration of PM at

FS.
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Figure 2.1. PMs annual arithmetic means at Atlanta urban site®(@a EPD, 2012).

Rail yard emissions are viewed as highly uncert@imon et al., 2008). Recently,
a 27-state committee called ERTAC Rail developg@ddown nationwide rail yard, line-
haul, and shortline/regional emission inventorastiie years 2007/2008 using
confidential information from the railroad compas@ergin et al., 2012). This inventory
was used to update the 2011 EPA - NEI. PreviousNE&d the conventional approach
qguantify rail yard emissions. Inventories were gldted multiplying state-level yearly
average fuel consumption data by nationwide flgetage fuel-based yard emission
factors. States currently estimate rail yard emissusing methods based on the same
approach (Sierra Research, 2004). Sources of anugrare estimated fuel use,

distribution of consumption data to each rail catgdi.e., switcher vs. Class |
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locomotives), allocation of emissions to countydlewsing local activity data (National
Cooperative Freight Research Program [NCFRP], 2@&@) yard emission factors that
don’t necessarily represent the variability in emgiechnologies, specific yard operating
conditions, and the yard fleet mix (Simon et &08). Furthermore, the yard emission
factors may not adequately account for yard-asteti@missions (i.e., emissions from
testing and maintenance of locomotives and drayrag&s) (Fritz and Cataldi, 1991).
Disaggregated fuel consumption data required toesddhe fuel related sources of
uncertainty are unavailable mainly because compan@v fuel consumption as
proprietary information (NCFRP, 2010).

Rail yard emission estimates are developed maisilyg emission factors for
switchers that are an average of engine emissigrseocycle of stationary sequential
operation at low and normal idle, and at eight othecrete power levels, called notches,
weighted by numerical factors that reflect the tilme engine is operated at each notch
(CFR-40-92.101-133, 2011). These emissions fattave high reproducibility but may
not represent real-world emissions from particolaerating conditions (St. Denis et al.,
1994; Cocker et al., 2004) and they may not hagesatitative indication of uncertainty.
Previous work has been directed to obtain real-veongssion factors from small samples
of diesel-electric switcher locomotives measuriirgatly from the stack, varying fuel or
type of engine (Fritz and Cataldi, 1991; Honc et2006; Sawant et al., 2007), but little
work has been aimed at quantifying their unceri@énor to estimate emission factors
that account for actual activities going on in andund rail yards.

The objective of this work is to advance the ustirding of rail yard emissions

by estimating PMs and BC fuel-based emission factors to reduce teiogy in emission
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inventories. The emission factors will accounttfoe particular operating conditions of
the rail yards using near-source high-time-resotuthonitoring. This information may
be used to improve air quality modeling resultd,inithe development of effective air
guality management strategies, and, as part ahagovernment industry project
(Congestion Mitigation and Air Quality Improvemdntogram, Georgia Environmental
Protection Division [CMAQEPD], 2009), to assessithprovement in local air quality

as cleaner technologies replace old switcher esgised at Inman and Tilford rail yards.

2.4. Experimental Methods

2.4.1. Monitoring sites

The study was carried out in Atlanta, Georgidpaations near Inman and Tilford
rail yards (Figure 2.2.). CSX’s Tilford Yard is arnp terminal that handles
approximately 80 trains per week and operates 1@lsev locomotives (Georgia EPD,
2009). Inman Yard is a large Norfolk Southern intedal facility with 17 switcher
locomotives (Georgia EPD, 2009). The yards arecadjato each other, northwest of
downtown Atlanta, inside the perimeter freeway I12Bigure 2.2.). Other pollution
sources in the area include Howells Yard (a smétirmodal yard with 15 tracks),
Georgia Power Company’s McDonough-Atkinson Planiik Paint, and a Metropolitan
Atlanta Rapid Transit Authority (MARTA) garage fati. The McDonough-Atkinson

Plant was being converted from coal to naturaldyasg this study.
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Figure 2.2. Schematic of the location of the stulhe two monitoring sites are at the
Dixie (DX) and Fire Station 8 (FS) locations.

Two monitoring sites were used: Fire Station 8)(€Bordinates: 33.80176, -
84.43559W) and Dixie (DX) (coordinates: 33.79089,- 84.44026W), north and south
of the rail yards (Figure 2.2.). Sites are 1.3 lpara The FS site is part of the
Assessment of Spatial Aerosol Composition Netws&ACA) (Butler et al., 2003) and
is located at approximately 300 m of the arrivaitea of Tilford Yard and 30 m of
Marietta Boulevard NW(17,000 annual average dadffic [AADT] approximately),
which runs between the FS site and the rail ya®dser roads with less traffic (>2000
AADT), such as Marietta Road, Bolton Road, and yBoulevard, surround and run
through the rail yards. DX is contiguous to theintodal terminal at Inman Yard,

approximately 80 m from the tracks. The MARTA garag)located southwest of DX.
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2.4.2. Air pollutant measurements

BC (multiangle absorption photometer [MAAP]; mo&@12; Thermo Scientific,
Franklin, MA), PM 5 (1400ab tapered element oscillating microbalai&M]; R & P
Thermo Scientific, Franklin, MAoperated at 50C), wind speed and wind direction
(Young 03002-L wind sentry set; Young-Campbell 8tifec, Logan, UT) were
measured from December 2010 to December 2011 latsiies. CQ (NDIR 41i analyzer;
Thermo Scientific, Franklin, MA) was measured fréyril to December 2011. Coarse
particles were removed from the TEOM and the MAARpBIle lines by model 2000-
30EH 16.7 liters per minute (LPM) 2.5-mm cutoff kyzes (URG, Chapel Hill, NC).
Three meters of 1/8 inch outer diameter (OD) Tefldring was used to draw 1 LPM to
the CQ monitors. Samples were taken at a height of apmrabely 3 m. One-minute
averages of all variables were logged as a textdila field computer and later loaded to
a database. Gnalyzers were calibrated with a £€@rtified standard Nexair gas
mixture. Rail yard operations were recorded from X site using a camera (Hero
Gopro 960; Woodman Labs, Inc., Half Moon Bay, Cé\}ake photos every minute on
42 days between September 15, 2011, and Novembg014. A table with the specific
dates is available as supplemental material.

The pairs (one for each site) of €&halyzers, TEOMs, and MAAPs were run for
2 weeks side by side at the Georgia Tech campusebdéployment. One-minute
concentrations measured with €&halyzers and MAAPs were within 5%. Thirty minute
PM; s concentrations reported by the TEOM instrumentseweéthin 5%. During

monitoring at the rail yards, zero and span chefitse CQ analyzers and flow checks
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for the TEOMs and MAAPs were carried out on wedddgis and monthly basis,

respectively.

2.4.3. Data analysis

We applied the carbon balance method (Singer arbbyq 1996) to calculate
fuel-based emission factors, relating the amoupidititant emitted to the amount of fuel
burned (eq 2.1.):

EF=Q/(1+Qthers)* 0 (2.1)
where EF is the emission factor in units of grarfgadutant emitted per gallon of fuel
burned, Q is the ratio of the mass of pollutannhtiss of carbon from COand QyhersiS
the ratio of the mass of carbonaceous species,asighburned hydrocarbons or CO, to
the mass of carbon from GOr'hree methods were used to calculate Q, includimat
we refer to as the “delta,” the wavelet, and tigression approaches discussed below. It
was assumed that G@ominates the carbon balance for the rail yardedisources, with
carbonaceous species besides (., hydrocarbons and CO) playing a minor role i
the carbon budget (Yanowitz et al., 2000). ConsetiyeQotmersiS assumed to be
significantly less than 1 and is neglected in @lcalationswy, is the carbon content per
gallon of diesel fuel specified by the Code of Fati&egulations (CFR-40-600.113-78)
as 2,778 g C/gal. Uncertainties in the propertfab®fuel were neglected. All
uncertainties reported were calculated as the 9Q&8fidence interval of the mean.

All the approaches to calculate the ratio Q wexrgeld on averages from
concentration data occurring when wind with velesitgreater or equal to 0.5 m/sec and

directions between 32@nd 360and between and 90 at DX and between 17and
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280" at FS were measured. These wind sectors comgsexamately the complete area
of the rail yards.

The “delta” approach was based on the downwind-ugbwifference in pollutant
concentrations. The ratio obtained by this mett@g (s in units of mass of pollutant

emitted per mass of C (eq 2.2.):

_ [Plpw—[Pluw
Qn = (ICO,Ipw—-[COz]uw)*x12/44 (22)

where [P] and [Cg) are the mean pollutant (BC or BN concentration and mean €O
concentration respectively in pginthe subscripts DW and UW indicate when the
average is from the downwind or upwind site, retipely. The factor of 12/44 is the
atomic mass of carbon over the molecular mass of Tk delta approach is thought to
represent emissions from a broad mix of rail yanarees.

A second method used wavelet analysis (Daubect®8®) to separate the
concentration signals into high- and low frequeoognponents (Figure 2.3). The ratio
Qw calculated by this approach is in units of magsollutant emitted per mass of C (eq

2.3).

Q= =mm77ms (2:3)

"~ [CO,Ix12/44
where [P] and [Cg) are the mean pollutant (BC or BN concentration and mean €O
concentration, respectively, in pgirThe factor of 12/44 is the atomic mass of carbon
over the molecular mass of Gt was assumed that the high frequency components
extracted by the wavelet-based algorithm are prédmtiy near-field emissions from a
variety of rail yard sources (e.g., drayage truckanes, welding facilities, or switcher
locomotives) and from diesel trucks and gasolif@ales in the surroundings. Low-

frequency contributions are assumed to be assdamtk non-rail yard activities and
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represent the background concentrations in thaityciA MATLAB (MathWorks,

Natick, MA) algorithm was used for this analysiglanis available as supplementary
material. Wavelet analysis has been applied prelydwy Klems et al. (2011) to a similar
problem in order to determine the contribution aftan vehicles near a roadway
intersection to the ambient ultrafine particle maggorrelating high frequency

contributions with fast changes in ultrafine pdetichemical composition.

410 +
(a) —— (O, Concentration
40> 1 CO, Background
400 A
E 395 4
2
& 390
Q
385 + - b
380 -
375 -
12:00AM  6:00AM  12:00PM  6:00PM  12:00AM  6:00AM  12:00PM  6:00PM  12:00 AM
20 1
18 {(b)
16 -
14 4
T 12 1
o
2 10 -
g s
6
4 -
2
0
2

12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM

Figure 2.3. C@Qconcentration (a) at DX from 12:00 a.m. on Septeni) 2011, to 11:59
p.m. on September 6, 2011. The 8Oncentration signal was separated into spikes and
background components by wavelet analysis. (b)e3pik CQ concentration.
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The regression approach, the third technique eyepldocused on events of high
BC concentrations. Events were identified by setgagroups of 5-20 consecutive-
minute data points when the maximum BC concentnaiiche set was greater than the
mean plus 3 times the standard deviation of the&t@entrations occurring in the same
hour at the same site and when a linear relatipnshh a correlation coefficient greater
than or equal to 0.90 at a 0.95 confidence leveldéen CQ and BC concentrations was
obtained (Figure 2.4). Events were selected frota decurring for wind speeds and
wind directions with the restrictions described dtirthe approaches. The ratio, Qr, was
calculated as the mean of the slopes of the BGOpré€gressions. The ratio of
concentrations was converted to a ratio of magM®to mass of C from C{by dividing
it by the atomic mass of carbon over the molecoass of CQ The minimum
concentration measured during the event was takémesbaseline. This approach is
likely to represent near-field brief emission egeinbm a subset of rail yard sources (e.qg.,
a passing switcher or line-haul engine). A complarabproach was formulated by
Dallmann et al. (2011) to measure BC emission fadrtom diesel exhaust emissions of
trucks used to move containers with in a rail yand by Hansen and Rosen (1990) to

measure BC emission factors from automobiles.

2.5. Results

2.5.1. Concentrations of BC and PMls

Differences in annual average RPitoncentrations between Georgia EPD Fire Station 8
and other urban sites have become smaller in reqeans (Figure 2.1), due in large part
to a combination of factors set in place by the®86onomic downturn, higher-than-

average annual rainfall in 2009 (National Oceanid Atmospheric Administration
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[NOAA], 2012), and air quality policies. In 201Inraual average Pp4 and BC
concentrations at DX and FS were comparable (T2l Annual average PM
concentrations are below the current National Amiofdr Quality Standard (NAAQS;

15 pg/m3), but above the proposed level (12 pg({BBA, 2011b).
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Figure 2.4. Event associated with a locomotivédhatDX site on September 17, 2011. At
2:14 p.m. a train passes by the monitoring siteeyent is detected shortly after. The
subplot shows the lineal regression of the evetaatied.

Table 2.1. Concentrations of Biyand BC for FS, DX, and other Atlanta urban sites in
2011

Site Method PMs Method BC
[ug/nt] ' [ug/nt] '

FS TEOM 12.3(7.1) MAAP  1.5(1.4)
DX TEOM 13.1(8.0) MAAP  1.3(1.2)
Fire Station 8 FRM 13.3(5.8)
South DeKalb FRM 12.4(6.0) TOR 1.3 (0.9)
Gwinnett Tech FRM 12.5(6.7)
E. Rivers School FRM 11.4(5.0)

Notes:? Federal Reference MethddThermal/optical reflectanc&Mean (standard
deviation).
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2.5.2. Wind speed and direction and pollutants

During the study, the predominant wind directiceswvest southwest at both the
DX and FS sites (Figure 2.5.). Average wind spedds5 m/sec at DX and 1.2 m/sec at
FS were measured. The highest speeds were recotdedthe wind came from the
southeast and southwest quadrants at FS and fenottheast and southeast quadrants
at DX. Structures and trees located southwest oB&northeast of FS could have

hindered wind circulation to some extent.
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Figure 2.5. Wind Roses for (a) the DX site andtie) FS site.

We plotted normalized pollutant concentrationgam insight on the location of
the sources that impact DX and FS (Figure 2.6.JJuRmt concentration roses were
constructed by normalizing the concentrations swlitng the mean and dividing by the

standard deviation and adding one. Normalized teotluroses show local concentrations
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of BC, PM 5, and CQ approximately 1.5 times greater than average cgfinom the
direction where the rail yards are located, thathis northeast quadrant at DX and
southeast quadrant at FS, as their main featugei@2.6.). There is a source of BC,
PM, 5 and CQ north of FS. FS could as well be impacted to sdegree by BC, C9
and PM s emissions coming from activities on Marietta Boalel. The roses suggest
that BC is a better tracer for yard activities tirdvk, 5. At both sites, directions of higher
than average BC concentrations closely follow gyeuit of the rail yard. Pi and CQ
concentration roses at DX show sources south asttseeithwest, respectively, but no
significant BC is associated with those directions.

Somewhat higher concentrations of BC were measatré® (Table 2.1). FS
downwind conditions were measured 44.5% of the tinteereas DX was downwind
32.5 % of the time during the months of this stullgo, wind speed was slightly lower
(1.7 m/sec on average) when FS was downwind thamiX was downwind (1.9 m/sec
on average). Greater time downwind with lower wap@eds is one reason for the
slightly greater BC concentrations at FS. It wasmarder to detect P\Mand CQ
enhancements from the rail yards due to greatédagoacnd levels and variability for

these contaminants, as well as the variety of gwirces.
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Figure 2.6. Normalized pollutant concentration sofee (a) BC, (b) PMls, and (c)
CO, at the DX and FS monitoring sites. Downwind sextme marked with
corresponding angles.
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2.5.3. Downwind—upwind differences and high-frequety components

Enhancements in P4, BC, and CQ@concentrations come from the directions
where the rail yards are located. P)BC, and CQenhancements are statistically
significant (two-sample t tests, with P < 1E-1Qhe least satisfactory conditions with
99% confidence). Yet, PM, BC, and CQdownwind—upwind differences have large
variability, showing standard deviations much lardpan their means (Table 2.2.). This
variability will lead to uncertainty in the emissidactors calculated by this method.
Histograms of downwind—upwind differences and com@ions time series are
presented in the supplemental materials.

Table 2.2. Downwind/ Upwind concentration diffeces for DX and FS sites.

Downwind Site

DX FS

PM;

Mean fug/m’] 1.5 1.9

Standard deviatiorup/m’| +8.6 +10.8

Uncertainty of the mearmug/m’] $01 =+ 01

Number of observations 25,105 31,123
BC

Mean jug/m?’] 0.7 1.0

Standard deviatiorug/m’] +12  +17

Uncertainty of the meamuf/m’] +0.01 +0.01

Number of observations 27,161 40,998
CG,

Mean [ppm] 6.3 5.9

Standard deviation [ppm] +28.6 +33.2

Uncertainty of the mean [ppm] + 03 + 03

Number of observations 18,110 33,865

At both sites, means of the high-frequency comptsef PM s, BC, and CQ
concentrations obtained by the wavelet approachigtesr when the wind blows from
the rail yards than from any other direction. Wavelnalysis helps to rectify the noise
and baseline drift of the instruments to a considierdegree, and reduces to some extent

the interference of the signals from sources wxtineenely high frequencies (i.e., fast-

23



moving gasoline vehicles and diesel trucks). Téiggparent in the variability of the
results of wavelet approach, which is less tharvédr@bility of the results of the delta
approach (Table 2.3.). Consequently, the unceytaietived from this variability could
be expected to be smaller in the wavelet apprdaah in the delta approach. Yet, as
mentioned before, spikes could be predominantly-fielsl emissions from a variety of
rail yard sources but also from diesel trucks amsbgne vehicles. This contribution from

non-rail yard sources could still confound the hessu

Table 2.3. High-frequency components from wavatetlysis for the DX and FS sites.

Downwind Site

DX FS

PM;¢

Mean jug/m’] 1.8 1.9

Standard deviatiorup/m’| +3.0 4.0

Uncertainty of the meamf/m’]  £0.02  +0.02

Number of observations 57,908 82,223
BC

Mean jug/m?’] 0.7 0.9

Standard deviatiorpg/m’] 12 +13

Uncertainty of the meamuf/m’] +0.01 +0.01

Number of observations 53,805 73,134
CG,

Mean [ppm] 8.2 6.6

Standard deviation [ppm] +19.1 +11.1

Uncertainty of the mean [ppm] + 01 =+ 0.1

Number of observations 51,711 50,697

Greater enhancements in Pjnd BC concentrations were found at FS (Table
2.2). The same result was observed by the wavetgbach. The means of BMspikes
and BC spikes were greater when wind blew fronrdiieyards to FS than when it was
blowing from the rail yards to DX (Table 2.3). Résudrom this part of our analysis are
comparable to those obtained by Campbell and H#@89), at the Roseville rail yard in

California for 2008 whom measured a downwind—upwdetta of 0.73 + 0.01 and 1.14 +
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0.01 ug/mof BC and 2.5 + 0.6 and 2.4 + 0.7 ud/of PM, 5 at two monitoring sites.
Our results support the modeling study by Geordt® E2009), which estimated that the

rail yard emissions led to an additional 1.9 pytiPM, s,

2.5.4. Emission factors

Means of BC and Pp4 emission factors obtained by the delta and thesleav
approaches were similar between both sites (TaBlg Zor both approaches, FS
reported higher emission factors than DX. Resuitaioed at FS could be confounded by
emissions from traffic. There is also uncertairgiated to the emissions of the different
zones within the rail yards. FS is located nearattival section of Tilford Yard, where
there is also a turntable and fuel storage andrrégualities. The DX site is close to
tracks where a mix of locomotives cruise, acceésaand idle. The intermodal terminal
of Inman Yard where there is heavy-duty dieselkruaffic is also close by. Emission
factors calculated by the delta approach when ihd 8 not blowing from the rail yards
are presented in the supplemental materials (TAllg. As shown, the small values
derived (approximately an order of magnitude lass twhen using concentrations found
from the downwind—upwind pairing) support our résul

Table 2.4. Emission Factors for the DX and FS sites

Downwind Site Other works
DX FS
EFsc [g of BC /gal fuel]
Delta approach 0.6+0.04 0.9+0.05
Wavelet approach 0.5+0.01 0.740.01
Regression approa 3.1+0.2 2.4+0.2 3.8
EFpy, [g of PMzs/gal fuel]
Delta approach 1.3+0.1 1.8+0.1
Wavelet approach 1.240.02 1.6+0.03
Regression approaéh 7.2+0.8 4.8+0.6 45,4.7

Notes:® PM, s emission factor was not calculated directly byrésgression approach
but estimated from the ratio of BC to PM2.5 andBi@emission factor from the
regression approachSawant et al. (20079 Expected fleet average Riemission
factor for 2011 (EPA. 20099 Fritz and Cataldi (1991).
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BC emission factors from the regression approaethi@her than those obtained
from the delta and wavelets approaches (Table, 2vhith is anticipated because the BC
events, identified when BC levels rise by 3 staddhaviations or more above the mean
value during the hour of the event, are likely tluactivities with high BC emissions
(i.e., switchers or line-haul engines). Resultthefregression approach are comparable
to elemental carbon emission factors of 3.8 g ofd@€Cgallon of diesel fuel measured
directly from the stacks of switcher locomotives\{@nt et al., 2007). The DX site was
equipped to photograph rail yard activity to linklwpollutant data and investigate the
possibility of the recorded events originating freources other than the rail yards.
Photos indicate locomotives, either idling or pagdy, shortly (1-3 min) before an
event was registered. During the event shown (Eigut), the wind was blowing north-
northeast, from the rail yards to DX, with spedu# tvaried between 1 and 2.5 m/sec.
The minimum concentration measured during the spoeding hour was taken as
baseline. Overlapping signals of concentrationrB©®fand CQ were registered on the
downwind monitoring site, whereas the upwind siteveed steady concentrations.
Photographs also showed that when no locomotives present and the wind was
blowing from the direction of the rail yards, BCda@0O, concentrations were poorly
correlated. The scenario depicted in Figure 2ahisxample of the many events used to
determine the emissions factors by the regresgiproach.

Events of high BC concentrations detected at DXevgenerated inside the rail
yards and were less likely to be influenced by osoeirces. At FS, there is the possibility
that some of events were influenced by traffic carigtta Boulevard. The regression

approach yields a smaller average emission faotdf$ (Table 2.4). Some events with
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higher BC concentrations were detected at DX, buveerage BC concentrations during
events show an increase of abowigdm® of BC at both sites and their respective
standard deviations were comparable, as highyagré® and as low as fig/m® above
baseline (Figure 2.7.). Differences between FS2Xdegression approach results
(Table 2.4.) likely derive from the higher variatyilin CO, concentration at FS.
Incremental C@concentrations at FS used in the regression apipisiaow an average
and standard deviation approximately 2 and 1.4 gpgater than at DX (Figure 2.7.),
leading to lower emissions factors. Given that B@und to be a good tracer of rail yard
activity, and that emission factors calculatedhmy tegression approach show little
dependency on the hour of the day or the day oivkek (Figures A.5.—A.8.), we infer

that most of the events detected at FS were gekiradide the rail yards.
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Figure 2.7. Events of high BC and corresponding €@hcentrations at (a) DX and (b)
FS. The minimum concentration measured during egeht was taken as baseline.
Events were centered at the time when the maximGnedhcentration was measuréd (
Average concentrations 5 min before and 5 min aftershown along with standard
deviations ¢) and uncertainties of the meam).

BC emission factors calculated by the regressppraach show similar

frequency distributions at the two sites (Figui@ 2 with 423 and 399 events detected at
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FS and DX, respectively. Several events, likely wanirom high-emitting locomotive
engines, produced BC emission factors 1 order gnitade higher than the P

emissions standards published by EPA (2009).
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Figure 2.8. Frequency distributions of emissiondesobtained from BC events at the
FS and DX sites.

Results of the application of the regression apgindo estimate P emission
factors were less satisfactory and are not predemtés was expected, given the noise in
TEOM data on time scales less than 30 min. Howd¥eh,s emission factors could be
estimated using the ratio of BC to RPMbbtained from wavelet and delta approaches
(0.43 £0.02 g BC/g PMsat DX and 0.5 = 0.02 g BC/g PMat FS). Using these ratios,
emission factors of 7.2 £ 0.6 g BMgal fuel at DX and 4.8 £ 0.6 g PMgal fuel at FS
are obtained.

Total BC and PMs emissions can be estimated based on the fuel tise &ail
yards and the fuel-based emission factors calaliatéhis study. Line haul and

switching activity at Tilford and Inman rail yardensumed 1.6 and 2.5 million of
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gallons of diesel fuel, respectively, during 20This was calculated using the method
described (Georgia EPD, 2009), which is based alingcstate-level yearly average fuel
consumption dividing the gross ton-miles transpbtethe yard by system-wide fuel
combustion efficiency. Gross ton-miles data havenh@ovided in the past for each ralil
yard by Norfolk Southern and CSX Transportationd@e EPD, 2009). System-wide
fuel combustion efficiency for 2011 was obtaineshirdata contained in the Class |
Railroad Surface Transportation Board R-1 Annugldrefrom each company (Norfolk
Southern, 2011; CSX Transportation, 2011). Thisregton does not include the fuel
consumed in other activities occurring in the yapgproximately 11.7 tons of BC and 26

tons of PM s per year were emitted from the rail yards in 2011.
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CHAPTER 3
IMPACTS ON FINE PARTICULATE MATTER, BLACK CARBON
AND HEALTH OF CONVERTING RAIL YARD LOCOMOTIVES

TO LOWER EMISSION TECHNOLOGIES

(Galvis, B. Bergin, M., Huang Y., Boylan J., andsRell A.G.Atmospheric Environment.

Submitted)

3.1. Abstract

Reductions in emissions from major sources of fiagiculate matter (Ph4) and
black carbon (BC) that affect densely populatedoregysuch as the surrounding area of a
major rail yard complex in Atlanta, Georgia can\pde near-term environmental and
public health benefits at low relative cost. Wereated the potential reductions in PM
and BC concentrations that could be accomplishedpigyading traditional switcher
locomotives used in this rail yard complex and eatdd the health benefits of these
reductions for comparison with upgrade costs.

Analysis indicates that the line-haul and switchaivities at the Tilford and
Inman rail yards are responsible for increasesinual average concentrations of 0.5
pg/nt (39%) and 0.7 pg/in(56%) of BC, and for 1.0 pgf(7%) and 1.6 pg/fi(14%)
of PM, 5 at two monitoring sites located north and soutthefrail yards, respectively.
Upgrading the engines of the switcher locomotivesduat the rail yards with lower
emitting technologies would decrease 2Mnd BC emissions by about 9 and 3 t/year
respectively, reducing PM concentrations between 0.3+0.1 pgand 0.6+0.1 pg/th

and BC concentrations between 0.1 +0.02 |iginul 0.2+0.03 pg/frat the monitoring
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sites north and south of the rail yards respegtivEhis measure would facilitate BM
NAAQS attainment in the area. We estimate thatthdmnefits of approximately 24

million dollars per year could be gained.

3.2. Introduction

The rail industry is reducing emissions from gaitds across the nation, with the
support of the US Department of Transportation’s@astion Mitigation and Air Quality
Improvement Program (CMAQ) and other federal, staie private funding. Some of the
measures taken to reduce emissions involve rad saitcher locomotives typically
regarded as high emitters (EPA, 2011). Switchevrtoatives can be retrofitted with new
generator set (Genset) technologies. A Gensetasmputer controlled electric generator
coupled to an array of two or three off-road EPArTI/III diesel engines. Gensets have
low emissions and would reduce fuel consumptioalyut 25% (Honc et al., 2006).
Switcher locomotives could also be replaced witlotimer-slug sets”. In a mother-slug
set a conventional diesel locomotive called “madthensmits the excess power
generated by its diesel electric engine at low @pée a “slug” which is a locomotive
with only traction motors but no engine nor elecgenerator. The slug contains a large
block of ballast to provide sufficient weight feattion. A mother-slug set replaces 2
switcher locomotives, can save approximately 33%effuel consumed and can meet
EPA tier 1l/1ll emissions standards (NS, 2011).

The Georgia Environmental Protection Division (GABR along with the rail
industry is currently pressing forward with a paij replace older switcher
locomotives operating in the ‘urban core’ of AtlanThis area is currently in non-

attainment of the Pk National Ambient Air Quality Standard (NAAQS). Fding has
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been awarded by the Georgia Department of Trarsjmmtto the GAEPD through the
CMAQ Program (CMAQ, 2009) as part of this effortitially using Gensets was favored
but recently the mother-slug alternative is alsadpeonsidered.

Changes of Pk and BC concentrations from the implementationadfyard
emission reduction measures have seldom been fiedniihe same is true for the
associated health benefits. A few prior studiesss=d impacts from rail yard emissions
using Gaussian dispersion models. However, estgyadtemissions from rail yards are
typically highly uncertain due to inadequaciesnmssion factors and activity indicators,
and there can be sources around rail yards théwod or are not captured in modeling
results. Generic emission factors normally used faihyo effectively represent
operating conditions, technologies and yard fleit (@alvis et al., 2013), and often,
construction of activity indicators is not suiteda specific rail yard because it does not
describe the particular freight services and ggagcacharacteristics (Gould et al., 2009).
These factors lead to significant uncertaintiesiodeling rail yard impacts and raise the
need for thorough model evaluation. However, ifisigint spatial and temporal
coverage of monitoring data around rail yard amgten hinders this task.

Previous work carried out by Sierra Research (28afnpared modeled diesel
particulate matter (DPM) and nitrogen oxides (N@pgund-level concentrations to
measured upwind-downwind concentration differerafeBC, elemental carbon (EC),
organic carbon (OC), PM and NOx measured at 4 monitoring stations opedueitig
the Roseville Rail yard Air Monitoring Project (RR#P) in California. Gaussian
dispersion models were used to assess the impeaail gard emissions on local air

guality. Models were run with rural and urban dispen coefficients and two different
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meteorological data sets. In all cases, both measemts and models, found reductions in
DPM and NOx impacts over the four-year period ef RRAMP study. Reductions
observed were mostly attributed to the decreasenidsions at the rail yard over that
period. Comparisons of the measured,Bhd NOx concentrations with simulated

DPM and NOx concentrations predicted by the modelsiot show good agreement
(Campbell et al., 2009).

Feinberg et al. (2011) estimated impacts on lagajuality of the CSXT
Rougemere rail yard in Dearborn, Michigan usingaau$sian atmospheric dispersion
model, though did not include a model evaluatidmeyfdeveloped a bottom-up
temporally and spatially allocated R¥emissions inventory before and after a Genset
retrofit of the switchers in the yard. Resultstué tnventory estimated a reduction in
PM, s emissions from 2007 to 2008, attributed to Gerstevfits and reductions in the
sulfur content of the diesel fuel.

Health risk assessments for several rail yarde Ih@en carried out by the
California Air Resources Board (CARB, 2011).Thegdi®missions inventories and air
guality modeling results previously prepared fa thil yards, to characterize potential
cancer and non-cancer risks associated with expasuUDPM. They estimated impacted
areas and exposed population associated with eiiffeancer risk levels for different
exposure durations. They also reported near-saateeer risks.

GAEPD (2006) assessed benefits of avoided moriatitt morbidity of several
emissions control strategies including reducing %missions of ground level
anthropogenic primary carbon BM(EC and OC) throughout the state of Georgia. EC is

one of the main emissions from rail yard areaseyTised the Community Multiscale Air
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Quality Modeling System to estimate changes in amitair pollution levels and the
Environmental Benefits Mapping and Analysis Prog{@anMAP) (ABT, 2012) to
assess the health benefits of the changes. Thejyucad that ground level controls of
primary carbon significantly reduced exposure aaektthe highest health benefits of all
the strategies evaluated saving 223 million dokamsually.

The objectives of this research are to estimaentipact on local air quality of
PM; s and BC emissions from Tilford and Inman rail yaid#étlanta, GA, and to assess
the reduction on the PM and BC concentrations that could be accomplislyed b
converting the switcher locomotives at the raildgto low emission technologies.
Emissions from the rail yards are estimated usuagj@ble fuel consumption data and
emission factors measured for the rail yards (Gadvial., 2013). First a 2011 base case is
simulated, and results are compared to measuremEB(S and PMs made at
monitoring sites near the rail yards over the sper@d. Two scenarios are simulated,;
the first one simulates all the switcher locomadiad both yards are retrofitted with
Gensets. The second one simulates all the switcbemotives at both yards are
substituted by mother-slug sets. The change il PRE.5 concentrations between the

base and controlled scenarios are used to detetmadth benefits by using BenMAP.

3.3. Material and Methods

3.3.1. Study location

The Inman and Tilford rail yard complex is locatedNorwest Atlanta, Georgia
inside the 1-285 perimeter freeway (Figure 3.Jhjnan is operated by Norfolk Southern
(NS) and Tilford by CSX Transportation (CSXT). Degtions of the rail yard complex

can be found in previous works (Galvis et al., 2GKEPD, 2009a). Marietta Blvd NW
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(~15,000 annual average daily traffic [AADT]) andl®n Rd (~ 18,000 AADT) run
alongside northwest and northeast of the rail yardspectively. Marietta Rd NW (~

2,000 AADT) separates the Inman intermodal sedtiom the arrival section of Tilford

yard.
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Figure 3.1. Study location and model domain. Layduhe rail yards in gray. Major
industrial sources include A) General Shale Briok plant, B) Georgia Power Company
McDonough-Atkinson plant, C) Lafarge Building Magds, Inc, D) Cobb County R.L.
Sutton water reclamation facility, E) Atlanta R.®layton water reclamation facility, F)
Ennis Paint, Inc., G) Mead Packaging Co. and H@éNMetals Co. Major streets
included in the model are shown. Interstate higlsaarg shown for geographic reference.
Monitoring sites, denoted (0), are Fire statiofir8)( Dixie (DX) and Jefferson Street
JS).
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During 2011, BC and Pp4 concentrations were monitored at the Fire Stelion
(FS) (33.80176 N,-84.43559 W) ASACA network sitei{Br et al., 2003), and at the
Dixie Driveline & Spring Co. (DX) (33.79080 N,-841@26 W) (Figure 3.1.). PM
measurements were made with Tapered Elements &salMicrobalances [TEOMs]
(model 1400ab; R&P Thermo Scientific, Franklin, MAC measurements were made
with Multi Angle Absorption Photometers [MAAPS] (rdel 5012; Thermo Scientific,
Franklin, MA). A full description of the monitoringjtes and measurements can be found
elsewhere (Galvis et al., 2013). These monitoriatgdalong with Pls concentrations
measured by GAEPD (2013) using a Federal Refergletleod sampler (FRM) at FS,

were used to evaluate modeling results.

3.3.2. Dispersion modeling

Emission impacts from Inman and Tilford rail ygritee nearby smaller Howells
yard, major surface streets and 8 industrial seunare assessed using an atmospheric
Gaussian dispersion model, the American Meteorod@ociety/Environmental
Protection Agency Regulatory Model (AERMOD) (EPAsien 12345) (EPA, 2012b).
The model domain was set to cover a 15km by 12 daa eentered at FS (Figure 3.1.). A
500-meter spaced gridded receptor network was etfimthe model and discrete
receptors were set at FS and DX sites. Griddedlesutete receptors were assigned
terrain elevations using Digital Elevation ModetaldJSGS, 2012). AERMOD was
applied using the urban option to account for ttan heat island effect. A population of
156,000 was used for the simulations. The populatias calculated by multiplying the
population density of the Atlanta census countysttim (Census, 2010), 869

inhabitants/kr by the domain area of 180 knAERMET (EPA version 12345) was
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used to preprocess 2011 meteorological upper taratdl2Z GMT from the Peachtree
City, GA NWS station and from hourly surface obsgions at the Atlanta Hartsfield
Airport, GA NWS station. AERSURFACE (EPA version0Ll®) with the NCLD92
dataset was used to estimate land use charaa®i@std micrometeorological parameters

(i.e., albedo, Bowen ratio and surface roughné&salé B1).

3.3.3. Sources

3.3.3.1. Mobile Sources

The Inman and Tilford rail yard complex, the Holweéfard, and the on-road
mobile sources on Marietta Blvd, Marietta Rd, arudt@® Rd (Figure 3.1.) were defined
in the model as multiple volume sources. Inman&tidrd yards were defined each as
two volume sources (Inman-A, Inman-B, Tilford-A danilford-B) while Howells was
treated as a single volume source. Emissions froenhlaul and switcher operations were
split, but used the same source parameters (T&)leTBe release height and initial
vertical coordinate for rail yard sources was set.6 m, which is an estimated average
height of the diesel locomotive engines in theyailds (Table B2). The initial lateral
coordinates (Table B2) were estimated from theyamtls’ width and length (GAEPD,
2012a; EPA, 1995). Bolton Rd and Marietta Rd apeagented in the model as three
volume sources each. Marietta Blvd is represerseaitatal of 27 volume sources,
corresponding to eleven 50 m, ten 120 m, four 30@md two ~ 1500 m segments.
Relatively fine segments are defined close to Fbcaarse further away. On-road
emission release heights and initial vertical cowtés are set to 2.44 m, an estimated
average height of vehicles in the area. The inigitdral coordinates were calculated from

each segment width and length (Table B2). Perrg BIW runs next to DX. This is a
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minor road (~1000 AADT) though it does serve a Mptiitan Atlanta Rapid Transit
Authority (MARTA) garage. Emissions from this ati@ rest of the roads in the domain

were not included.

3.3.3.2. Industrial Sources

Emissions from the major industrial sources indbeain were modeled. Seven
facilities are modeled as point sources, and thekghformation was obtained from
Integrated Air Information Platform (IAIP) or fromeromatic Information Retrieval
System (AIRS) (Table B3). Ennis Paint was modeked aolume source, with
parameters estimated following GAEPD (2012a) and BEI®95). Central Metals Co is

simulated as three point sources with 2/6, 1/2H6Adf total emissions, respectively.

3.3.4. Emissions

Emissions from the rail yards (Table 3.1) weregkited by multiplying PMs
and BC rail yard specific emissions factorgdfRneasured in a previous study (Galvis et
al., 2013) by the 2011 fuel consumption in the niadedomain. The fuel consumption
in the domain was calculated separately for switt(®FG) and line-haul locomotives
(LHEcD)-

SFG for the yards was obtained from GAEPD (2012b).\Med.the result of the
adjusted tonnage method, which is based on ling&Hieve-haul tonnage data and yard
and fleet specific information provided by NS. Fushge for switcher locomotives
retrofitted with Gensets was calculated as 75%04f12SFG. Fuel consumption for

mother-slug sets was obtained from a personal conmation with Michelle Bergin.
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Table 3.1. Fuel consumption, emission factors ang®ons from Inman and Tilford rail
yards.

Unit TILFORD INMAN
Base Case. Traditional Switcher Locomotives
Switchers Fuel Usade gallyear 600,000 1,007,000
(m®/year) (2,270) (3,810)
BC Emission Factot g/gal 2.4+0.2 3.1+0.2
(g/m?) (634+53) (819+53)
PM, s Emission Facto? g/gal 4.8+0.6 7.2+0.8
(g/md) (1,268+159) (1,9024+211)
Line-haul + Switcher BC t/year 3.310.3 7.8£0.5
Emissions
Line-haul + Switcher PMs t/year 6.6£1.0 18.1+2.0
Emissions

Scenario 1. New Gensets

Gensets Fuel Usade gallyear 450,000 490,000
(m®lyear) (1,700) (1,850)

Gensets Pisand BC g/gal 0.8+0.4 0.810.4

Emission Factof (g/md) (211+106) (211+106)

Line-haul + Gensets t/year 2.240.3 5.0+0.5

BC Emission

Line-haul + Gensets t/year 4.1+0.6 11.2+1.4

PM, s Emission

Scenario 2. Mother-slug sets

Mother-slug Fuel Usade gallyear 475,000 560 ,000
(mPlyear) (1,800) (2,220)

Mother-slug PMsand BC g/gal 2.9+0.4 1.6+0.4

Emission Factof (g/m?) (766+106) (423+106)

Line-haul + Mother-slug t/year 3.2+0.3 5.51+0.5

BC Emission

Line-haul + Mother-slug t/year 5.14+0.6 11.8.+1.4

PM, s Emission

4 (GAEPD, 2012b)

b (Galvis et al., 2013)

¢ (GAEPD, 2009b;EPA, 2010a;Honc et al., 2006)
94 personal communication with Michelle Bergin.
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LHFCp was obtained for each rail yard by dividing thesgton miles (GTM)
transported in the modeling domaing)®y the system-wide fuel combustion efficiency

(n) as follows:

GplGTM]

LHFCplgall = o

(3.1.)

where G was calculated as the GTM transported in the go{{&) times the ratio of the

track miles in the modeling domaing)lto the track miles in the countyd)Tas follows:

Gp[GTM] = Go[GTM] x Lolmites] (3.2)

Tc[miles]
n was calculated by dividing the GTM transportedeyswide (G) by the system-wide

fuel consumption (Fg), as follows:

5 [GTM/gal] = &7 (3.3)

FCs[gal]

Gc, Tp and Tc were provided for each rail yard by NS and CSXmpanies GAEPD
(2009a). g and FG are data contained in NS (2012) and CSXT (20183£I Railroad
R-1 Annual Report to the Surface TransportationrB@@able B4). Line-haul fuel usage
was 779,000 gallyear (295Cyear) and 1,500,000 gal/year (5688ymar) for Tilford
and Inman respectively. These values were usell seenarios simulated, to calculate
total rail yard emissions.

Two types of emission factors were reported byl\(iGat al., 2013), one for the
mix of sources inside the rail yards, (i.e. truaksnes and locomotives) and another for
switcher and line haul locomotives. A specific esios factor was reported for each of
the rail yards. In this work we applied the emisdiactor for switcher and line haul
locomotives to estimate rail yard emissions, githet fuel consumption from trucks and

other sources inside the intermodal rail yards m@savailable, and the focus is on
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controlling switcher emissions. This could leactounderestimate of rail yard
emissions.

Emissions from rail yard sources were split ingandion to their size. Both
Inman-A and Inman-B are assumed to each produtetidle switcher and line-haul
emissions from the Inman yard, while Tilford-A ahifford-B are assumed to produce
two-thirds and one-third of the of the switcher éind-haul emissions of the Tilford yard
respectively, based on approximate physical sizmoh. Emissions of switcher
locomotives retrofitted with Gensets or replacedrimther-slug sets were calculated
using PM s estimates of fuel consumption and emission facepsrted previously
(GAEPD, 2009b; EPA, 2010a; Honc et al., 2006) dotdioed by personal
communication with Michelle Bergin. Uncertaintiesdmission factors were considered
in our emission inventory, but no information orcartainties of fuel consumption was
available.

The on-road mobile emissions from Bolton RoadWleen James Jackson
Parkway and Marietta Blvd), Marietta Rd, and Mddadlvd (Table 3.2) were obtained
from Atlanta Regional Commission link-based Vehiglides Traveled (VMT) database
for 2010 (ARC, 2011). Marietta Blvd is a four-laaeerial road with high volume of
heavy-duty trucks transporting goods to and froenrthl yard; therefore, its emissions
are considerably larger than Bolton Rd and MariRtdlavhich are two-lane minor
collector roads. The emissions for each segmettiteofoads were set to be proportional
to its length relative to the total length of tlead (Table B5). BC emissions are a
proportion to PMs emissions calculated using ratios reported by EFA2a) and traffic

splits between diesel and gasoline vehicles (ARCHR2D05) (Table B5).
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Table 3.2. Emissions from major on-road mobile sesirat the modeling domain.

PM, = Emissions BC Emissions

[t/year] [t/year]
Bolton Rd 0.3 0.1
Marietta Blvd 1.2 0.4
Marietta Rd 0.4 0.1

“(ARC, 2011).
BC emissions are a proportion to PMemissions
calculated using ratios reported by EPA (2012a).

For industrial sources, PMemission rates (Table 3.3) were estimated based on
information contained in the CERR emission inveptmd the GAEPD permitting
database. Whenever Bdemissions were not available, RJMmissions or PM
emissions were modeled (Table B6). As a result; FiMpacts from industrial sources
are likely overestimated. BC emissions are founthfPM, s emissions using ratios
reported for each type of industrial activity byAR012a).

Table 3.3. Emissions from major industrial souraethe modeling domain.

PM, s Ratio BC
Emissions BCtoPM,:  Emissions
[t/year] [0 BC]/ [g PM (] [t/lyear]

Georgia Power Company 132.4 0.38 50.3
McDonough-Atkinson plant

Lafarge Building Materials, 40.8 0.02 0.8
Inc.

General Shale Brick Inc. plant 24.9 0.02 0.5
Cobb County R.L. Sutton 36.6 0.02 0.7
water reclamation facility

Atlanta R.M. Clayton water 9.5 0.02 0.2
reclamation facility

Mead Packaging Co. 19.1 0.02 0.4
Central Metals Co. 7.3 0.02 0.1

" CERR emission inventory and the GAEPD permittintplase
BC emissions are a proportion to PMemissions calculated using ratios
reported by EPA (2012a) for similar industrial aities.
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3.3.5. Background concentrations

Background concentrations were obtained from maonigodata reported by the
Southeastern Aerosol Research and CharacteriZzdétwork (EPRI, 2012) at Jefferson
Street (JS) (33.777627 N,-84.416672 W) , whichtisaged well away from the rail yards
and the other major sources being modeled (Figurg. They measure PMwith a
TEOM and BC with an Aethalometer. Wavelet analyBiaubechies, 1992) was used to
separate the low frequency components of five milawerage Pl and BC
concentrations. A linear regression between logaima of the low frequency
components produced five-minute background conagairs that were averaged by
hour, by day of the week and by month. Backgroumtlial average concentrations in

2011 were approximately 9.9 pg/of PM?° and 0.52 pg/fof BC.

3.3.6. Health impacts

BenMAP was used to assess the avoided health ismpemiight about by the conversion
to lower emitting switcher locomotives and to estientheir associated economic value.
The reduction in PM2.5 concentrations accomplidiedhanges to switcher locomotives
at both rail yards along with population calculatedthe model domain using data from
the Atlanta census county division (Census, 20léXewised as main inputs. BenMAP
calculates health related benefits using conceatraiesponse (C-R) functions. C-R
functions (Table S7) relate a change in the comagah of a pollutant with a relative
change in the incidence of a health endpoint. BextMAP calculates the economic
value of avoided health effects multiplying theidence in health effects by a monetary
value of the health effect. We used the current fEfault options for PM health impact

assessments to obtain incidence and valuationtsg&PA, 2010b). We used the value of
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statistical life (VSL) recommended by the EPA SceeAdvisory Board (EPA, 2010b) to

calculate the health benefits of avoided mortality.
3.4. Results and Discussion

3.4.1. Model evaluation

Annual average concentrations estimated with AERMDFS and DX are
within 8% and 20% of measured Ryand BC concentrations, respectively (Figure 3.2).
Simulated PM5s concentrations at FS agree with TEOM measurenaamd$8C
measurements at the same site are found to begh$ higher than the model result
(Figure 3.2a). Simulated concentrations at DX ueslmate PMs annual average
concentrations by about 1.1 pd/emd slightly overestimate BC (Figure 3.2b).
Discrepancies at DX could be attributed to AERMQ@bitations when reproducing
concentrations close to the sources (Holmes e2@06) and at FS to uncertainty in on-

road mobile sources emissions, as well as otheehlmgduncertainties.

1.8 15

16 15 a)

b)

-
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NTEOM
BAERMOD
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PM,. 5 [ng/m?]

10 A
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Figure 3.2. Modeled and measured a) BC and b)fvinual average concentrations.

Simulated daily averages of BC at FS compared wigl MAAP measurements.

Model results explained about 50% of the variapilitthe measurements at this site
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(Figure 3.3a.).The BC measured concentrations asiiXved more variability than
modeled. PMs concentrations at both sites produced by the magleled well (Figure
3.3b. and Fig B1). The model falls short to a dligktent when trying to reproduce the
variability of the daily average PM measurements. Modeled RMlaily averages
closely follow TEOM and FRM measurements trendmyikvinter and spring. Summer
and fall daily averages are underestimated ancestiarated respectively. Further
investigation of the fall overestimate found tHatre was a major change at Plant

McDonough that lowered its emissions (EPA, 2013).

— MAAP
a) seees AERMOD

P 5 [ug/m?]

Figure 3.3. Modeled and measured a) BC b} Pd&ily average concentrations at FS.

Modeled daily averages overestimate low conceatratand underestimate high
concentrations by up to 50% in the worst case (€i@u.). Estimates of BC daily
averages at DX show an opposite behavior, underasitig low concentrations by
around 20% and overestimating concentrations betwez90th and 98th percentile by

around 30% (Figure 3.4a.). Given that BC emissairi3X come mainly from the rail
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yards and that the site is 80m from the tracksithesdemanding situation for accurate

modeling.
16 1.6
1.4 A 14 1
- °
g 12 o /"1: 2 1.2
g 10 §1.0 E —« DX
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304 - 204 -
°21a)BC °2 1 b) PM,,
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Figure 3.4. Modeled to measured ratios of dailyage concentrations by percentile for
a) BC and b) P

Comparisons between measured hourly average coatiens and model results
indicate that the model exhibits slight under disfm in the early morning and evening,
and over dispersion in the afternoon. Resultsatduily capture morning rush hour

peaks for both contaminants and other short-teatufes (Figure 3.5.).

= MAAP
----- AERMOD
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PM 5 [ug/m?]
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— TEOM
d) ----- AERMOD
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Figure 3.5. Modeled (AERMOD) and measured (MAAP &&@M) hourly average
concentrations for BC at a) FS and b) DX, and PM2 &) FS and d) DX.
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3.4.2. Source apportionment

Apportionment of BC and PM from AERMOD results indicates that the line-
haul and switcher activities in the rail yards #re most important source of BC in the
domain, accounting for approximately 0.5+0.03 pt(89%) and 0.7+0.04 pgh56%)
of BC at FS and DX respectively, and for approxihai+0.1 pg/m (7%) and 1.6+0.2
ng/nt (14%) of PM s at FS and DX respectively (Figure 3.6.). Caldata indicate a
greater impact on Pp at DX and FS came from the Inman yard. Approxihyb&o and
13% of PMs at FS and DX respectively are apportioned to Inyead, whereas 2% and
1.5% of PM s at FS and DX respectively are attributed to Tdfgard. Line-haul
activities at both yards were found to have slighigher impacts than switchers,
accounting for roughly 4% and 9 % of PMat FS and DX respectively. Switchers at
both yards were responsible for roughly 4% and 506®M, s at FS and DX

respectively.
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Figure 3.6. Source apportionment for BC and,R&t FS and DX.

3.4.3. Air quality impact evaluation

The spatial distributions of BC correspond to thieyard layout whereas

distributions of PM5 also correspond to the location of the indust@lrces (Figure

3.7a. and 3.7b.). BC concentrations of approxirgatglg/nt outline the rail yards up to

2 km from the center of the complex (Figure 3.7a.).
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Figure 3.7. Spatial distribution of annual averagacentrations of a) BC, b) Rl¥lfrom
all sources in the domain and c) Pirom the rail yards. Units of the isolines aremy/
Industrial sources include (A) General Shale Btickplant, (B) Georgia Power
Company McDonough-Atkinson plant, (C) Lafarge BuntgiMaterials, Inc, (D) Cobb
County R.L. Sutton water reclamation facility, (&Janta R.M. Clayton water
reclamation facility, (F) Ennis Paint, Inc., (G) BePackaging Co. and (H) Central
Metals Co.
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The spatial distribution of Pp4 annual average concentrations over the domain
indicates hot spots, 5 to 2 pg/above background, at the center of the rail yardpex
and east of D trough G (Figure 3.7b.). Higher impa¢ PM s from the rail yards are
located to the northeast of the domain. Annual@ayeiPM s concentrations from the rail
yards are about 1 pgfrap to 1 km northeast from the center of the compiiégure
3.7c.).

Reductions of PMs concentrations by retrofitting switchers with n@gnset
units (Figure 3.8.) are 0.4+0.1 ug/and 0.6+0.1 pg/fat FS and DX respectively (i.e.
3% and 5% of total PWs concentration at each site). Conversion to mesheg sets
could gain reductions of about 0.3+0.1 pgand 0.6+0.1 pg/iat FS and DX
respectively. In both scenarios, PMeductions of about 1 pgfrare located over the
rail yards and extend mostly toward the northedit@domain. Plyls impacts from the
switcher locomotives at the rail yards are redumedverage by 35%.

BC from the rail yards would be reduced by appratety 23% if mother-slug
sets are implemented and by 35% retrofitting wettvrGensets. BC concentrations will
be diminished by 0.1 +0.02 pg/rand 0.2+0.03 pg/irat FS and DX respectively, when

the conversions take effect.

54



GA 400

B 175 b

L 1285 4

| 85

1 285 1 km
>

Figure 3.8. Spatial distribution of annual aver®yé s reduction by retrofitting switcher
locomotives with new Gensets. Units of the isoliagspg/m. Industrial sources include
(A) General Shale Brick Inc plant, (B) Georgia Powempany McDonough-Atkinson
plant, (C) Lafarge Building Materials, Inc, (D) GoRounty R.L. Sutton water
reclamation facility, (E) Atlanta R.M. Clayton wateclamation facility, (F) Ennis Paint,
Inc., (G) Mead Packaging Co. and (H) Central MeGs

3.4.4. Health incidence and valuation

We used BenMAP to calculate the avoided incidemd¢ealth impacts and the
economic value saved by the reduction in primary Pdédncentrations. Annual avoided
incidence results (Table 3.4.) are based on estBr@treduced exposure to Pf the
population in the model domain. Results show apprately 3 avoided cases of

premature mortality in the 25-99 age group per waakless than one avoided case for
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infants. Minor restricted activity days have thgtest incidence with approximately

1200 cases. Reductions in asthma exacerbation aridless days are also important.

Table 3.4. Annual avoided health incidences.

Health endpoint | Age group

Mean reduction in
incidence + standard
deviation

Scenario 2

Conversion

to mother-
slug sets

Scenario 1
Gensets
retrofit

Mortality, All Cause | 30-99

Mortality, All Cause | 25-99

Mortality, All Cause | infants

Emergency Room Visits, Asthma | 0-99

HA, All Respiratory |65-99

HA, Asthma |0-17

HA, Chronic Lung Disease | 18-64

HA, All Cardiovascular (less Myocardial Infarctigr$5-99
HA, All Cardiovascular (less Myocardial InfarctigrisL8-64
Work Loss Days | 18-64

Minor Restricted Activity Days | 18-64

Acute Bronchitis | 8-12

Lower Respiratory Symptoms | 7-14

Upper Respiratory Symptoms | 9-11

Asthma Exacerbation, Cough | 6-18

Asthma Exacerbation, Shortness of Breath | 6-18
Asthma Exacerbation, Wheeze | 6-18

1.1+0.2 1+0.1
2.5+0.6 2.1+0.5
0.01+0.01 0.01+0.01
0.8+0.3 0.7+0.2
0.3+0.1 0.2+0.03
0.03+0.01 0.02+0.01
0.1+0. 020.08+0.01
0.3+0.03 0.3+0.03
0.2+0.04 0.2+0.03
201+15 166+12
1168+103 966+85
2+1 1.4+0.8
21+6 1845
31+12 25%10
412+198340+164
+13%  121+128
49+19 4016

HA: Hospital Admissions.

Economic value is assigned by BenMAP (ABT, 20123sed on specific cost

factors for each health endpoint. Cost factorsespond to research compiled in

BenMAP. Reductions in primary Pl concentrations due to retrofitting switcher

locomotives at Inman and Tilford rail yards saveragimately $20 to $24 million in

annual avoided health costs (Table 3.5). Convedwitchers at the yards to mother-slug

sets produces $4 million less savings that retiodithem with new Gensets. Avoided

mortality accounts for 99% of the savings in batararios.
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Table 3.5. Annual reductions in health costs amdnature mortality valuation.

Endpoint | Valuation Method | Age
Group

Mean yearly benefits + Standard deviation [$]

Scenario 2 Conversion to
mother-slug sets

Scenario 1 Gensets retrofit

Mortality | VSL, based on 26 value of life 24,100,000

studies. | 0-99

Hospital Admissions, Respiratory | COI:
med costs + wage loss | 65-99

Hospital Admissions, Respiratory | COI:
med costs + wage loss | 0-64

Hospital Admissions, Cardiovascular |
COl: med costs + wage loss | 65-99

Hospital Admissions, Cardiovascular |
COl: med costs + wage loss | 18-64

Acute Respiratory Symptoms | WTP: 1
day, CV studies | 18-99

Lower Respiratory Symptoms | WTP: 1
day, CV studies | 0-17

Upper Respiratory Symptoms | WTP: 1
day, CV studies | 0-17

Work Loss Days | Median daily wage,
county-specific | 18-65

Asthma Exacerbation | WTP: bad asthma
day | 18-99

Emergency Room Visits, Respiratory |
COl | 0-99

Acute Bronchitis | WTP: 6 day illness, CV
studies | 0-17

Total

5,600

600

7,500

9,300

80,000

450

1,000

38,000

4,700

300

800

24,200,00

+

+ 17,300,000 19,900,000 + 14,400,000

* 4,000 4,700 * 3,300
* 200 500 + 150
* 3,400 6,200 + 3,100
* 2,100 7,700 + 1,800
* 20,000 66,000 =* 17,000
* 200 370 =+ 170
* 600 800 = 500
* 2,800 31,500 #* 2,300
* 7,700 4,900 + 6,400
* 180 240 £ 150
* 800 670 + 500

+ 17,000,00 20,000,00 =+ 14,400,00

VSL: Value of statistical life, COI: Cost of illnesWTP: Willingness to pay, CV: cardiovascular

3.3.5. Cost - benefit

Funding for retrofitting switcher locomotives awead through CMAQ and

matched by industry are expected to amount to 8amisbursements, each of 17
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million (GAEPD, 2009b). The retrofitted switchecctamotives will remain in service for
at least 10 years. With a discount rate of 0.75&6a@fal discount rate for April 2013), the
resulting positive net present value (NPV) of réttiog switcher locomotives at Inman
and Tilford yards with new genset or replacingnthwith mother slugs sets is $ 179
million and $ 140 million respectively. This resdbesn’t take in to account additional
pollutants or other factors such as fuel savingmaintenance costs that could affect the

cash flows of the project.

3.4. References

ABT Associates. 2012. BenMAP environmental benefitggoping and analysis program -
user’'s manual, [accessed Jan 2013]. Available from
http://lwww.epa.gov/air/benmap/models/BenMAPManu&R0&2.pdf.

Atlanta Regional Commission [ARC]. 2011. Atlantagimal Commission link-based
vehicle miles traveled data., [accessed Nov 204Z3ilable from
http://www.atlantaregional.com/.

ARCADIS. 2005. Bolton / Moores Mill Transportatiamd Circulation Study, [accessed
May 2013]. Available from
https://dl.dropboxusercontent.com/u/18763207/bmtiaBo20report.pdf.

Butler, A. J., Andrew, M. S., and Russell, A. GO30Daily sampling of PM2.5 in
Atlanta: Results of the first year of the Assesshoéispatial Aerosol
Composition in Atlanta study. Journal of GeophysRasearch: Atmospheres no.
108 (D7):8415. doi: 10.1029/2002JD002234.

Campbell, D., and Fujita, E. M. 2009. RosevilleIR@rd Air Monitoring Project
(RRAMP). Final Report Summary of Data QA and Tré&malysis. Desert
Research Institute, Reno, NV., [accessed Oct 2@%&ilable from
http://www.placer.ca.gov/Departments/Air/~/mediala@ocuments/UP/2009/Dec
ember/RRAMPFinalUpdate121009.ashx.

58



California Air Resources Board [CARB]. 2011. Railgdlealth Risk Assessments and
Mitigation Measures, [accessed Apr 2013]. Availdiben
http://www.arb.ca.gov/railyard/hra/hra.htm.

Census Bureau. 2010. Population and Housing Cdascsssed Apr 2013]. Available
from http://www.census.gov/popfinder/.

Congestion Mitigation and Air quality ImprovemenbBram [CMAQ]. Department of
transportation. 2009. EPD Railroad related emissreduction project in Atlanta
GA20090013, [accessed Apr 2013]. Available from
https://fhwaapps.fhwa.dot.gov/cmaq_pub/View/defasix?id=GA20090013.

CSXT. 2012. Class | Railroad Annual Report, [acedd3ec 2012]. Available from
http://www.stb.dot.gov/econdata.nsf/f039526076ce8&25660b006870c9/8775a
cadlef66efb852579db004c9dee?OpenDocument.

Daubechies, I. 1992. Ten Lectures on WaveletseHdiy Society for Industrial and
Applied Mathematics, CBMS-NSF Regional Confereneges in Applied
Mathematics.

Electric Power Research Institute [EPRI]. 2012. Soatheastern Aerosol Research and
Characterization Network: SEARCH, [accessed OcRPQdvailable from
http://www.atmospheric-research.com/studies/seSEARCHFactSheet.pdf.

Feinberg, S., Yadav, V., Heiken, J., and Turne2011. Midwest Rail Study: Modeled
Near-Field Impacts of Emissions of Fine Particuldedter from Railyard
Activities. Transportation Research Record: Jouoh#ihe Transportation
Research Board no. 2261 (-1):106-114. doi: 10.3281-12.

Georgia Environmental Protection Division [GAEPRD06. CMAQ/BenMAP-based
health-benefits analysis in support of the GeogjRs for O3 and PM2.5. In
Community Modeling and Analisys System - CMAS. Céldgill, NC.

Georgia Environmental Protection Division [GAEPRD09a. Dispersion Modeling to
Support the Atlanta PM2.5 SIP Local Area Analygscessed Aug 2012].
Available from
http://www.gaepd.org/Files_ PDF/plans/sip/Appendix F#12.5 Dispersion_Mo
deling_at_FireSta8.pdf.

59



Georgia Environmental Protection Division [GAEPRDO9b. Voluntary Reduction of
Emissions from Railyards in Metro Atlanta Regicacdessed Oct 2012].
Available from
http://www.georgiaair.org/airpermit/downloads/plamgsupport/regdev/sips_and
_revisions/atlanta_8hr_ozone/appendixt.pdf.

Georgia Environmental Protection Division [GAEPRD12a. Guideline for Modeling
PM10 Ambient Concentration In Areas Impacted by Qu@peration Producing
Crushed Stone, [accessed Feb 2013]. Available from
http://www.georgiaair.org/airpermit/downloads/sspptleling/quarryguideline_a
ugust2012.pdf.

Georgia Environmental Protection Division [GAEPRD12b. Railroad Emission
Inventories. Locomotive Emission Inventories foe thnited States from ERTAC
Rail., [accessed Mar 2013]. Available from
http://www.georgiaair.org/airpermit/downloads/plamgsupport/regdev/locomoti
ves/railyard_switcher_semap.xIs.

Georgia Environmental Protection Division [GAEPRD13. Ambient Monitoring
Program Air Quality Database, [accessed Feb 2@h&ilable from
http://lwww.georgiaair.org/amp/amp_query.html.

Galvis, B., Bergin, M., and Russell, A. G. 2013eFhbased fine particulate and black
carbon emission factors from a railyard area iradth. Journal of the Air &
Waste Management Association (63):618—-628.

Gould, G., and Niemeier, D. A. 2009. Review of Regil Locomotive Emission
Modeling and the Constraints Posed by Activity Déacessed Jan 2013].
Available from http://www.escholarship.org/uc/ite8gh498we6.

Holmes, N. S., and Morawska, L. 2006. A review ispérsion modelling and its
application to the dispersion of particles: An axew of different dispersion
models available. Atmospheric Environment no. 40):&902-5928. doi:
http://dx.doi.org/10.1016/j.atmosenv.2006.06.003.

Honc, R. L., Fritz, S. G., Schell, M. B., Tarnow,, And Bennett, A. 2006. Fuel
Consumption and Exhaust Emissions From a 1,125 kWiple Genset Switcher
Locomotive. ASME Conference Proceedings no. 2026@8):1-8. doi:
10.1115/ICEF2006-1515.

60



Norfolk Southern [NS]. 2011. Biz NS Continuing AiR@ad Tradition, [accessed May
2013]. Available from
http://www.nscorp.com/nscorphtml/bizns/bzns1211/NeeBizNS_WEB.pdf.

Norfolk Southern [NS]. 2012. Class | Railroad AnhRaport, [accessed Nov 2012].
Available from
http://www.stb.dot.gov/econdata.nsf/f039526076ce8&R25660b006870c9/d945e
6d27425d1f6852579db004cfdbd?OpenDocument.

Sierra Research, I. 2011. Modeling Evaluation Stedyhe Union Pacific J.R. Davis
(Roseville) Rail Yard, [accessed Jan 2013]. Avaddiom
http://www.placer.ca.gov/departments/air/~/mediafdpcuments/UP/2011/RailY
ardMonitoringReport101311.ashx.

U. S. Environmental Protection Agency [EPA]. 199%ER'S GUIDE FOR THE
INDUSTRIAL SOURCE COMPLEX (ISC3) DISPERSION MODEDNROL1,
[accessed Oct 2012]. Available from
http://www.epa.gov/scram001/userg/regmod/isc3v1.pdf

U. S. Environmental Protection Agency [EPA]. 201Bghaust and Crankcase Emission
Factors for Nonroad Engine Modeling Compressioritilgm [accessed Jan 2013].
Available from
http://lwww.epa.gov/otag/models/nonrdmdl/nonrdmdI2@20r10018.pdf.

U. S. Environmental Protection Agency [EPA]. 201Ukluing Mortality Risk
Reductions for Environmental Policy, [accessed R#E3]. Available from
http://yosemite.epa.gov/ee/epa/eerm.nsf/v\wAN/EE305pdf/$file/EE-0563-
1.pdf.

U. S. Environmental Protection Agency [EPA]. 20R&il and Locomotives | Clean Ports
USA | US EPA. Available from http://www.epa.gov/sie/ports/rail.htm.

U. S. Environmental Protection Agency [EPA]. 201Raport to Congress on Black
Carbon, [accessed Dec 2012]. Available from
http://lwww.epa.gov/blackcarbon/2012report/fullrepmaf.

U. S. Environmental Protection Agency [EPA]. 201RISER'S GUIDE FOR THE
AMS/EPA REGULATORY MODEL - AERMOD, [accessed DeclZ).
Available from http://www.epa.gov/ttn/scram/dispers prefrec.htm#aermod.

61



U. S. Environmental Protection Agency [EPA]. 20A8.Markets Program Data,
[accessed May 2013]. Available from http://ampd.gp&/ampd/.

U.S. Geological Survey [USGS]. 2012. The NationalpWiewer and Download
Platform, [accessed Oct 2012]. Available from
http://nationalmap.gov/viewer.html.

62



CHAPTER 4
AEROSOL CHEMICAL SPECIATION AND SOURCE IMPACT

ANALYSIS NEAR RAIL YARDS

(Galvis, B. Bergin, M., Ng. N. L., Kollman, M.S. diRussell A.G. In preparation)

4.1. Abstract

Chemical speciation of aerosols near the InmanTafatd rail yard complex in
Atlanta, GA indicates that the rail yards are apantant source of hydrocarbon like
organic aerosols (HOA) and black carbon from f@&L). The rail yard complex
contributed to about 1.2 andugy/m® of HOA and BCf respectively, during a monitoring
campaign in 2011. Elemental carbon (EC) conceptmatirom wind sector selective filter
based measurements confirm downwind upwind contiauoeasurements and
dispersion modeling results for BMBC. A ratio of BCf/HOA of 1.0+0.5 at FS from
ACSM and Aethalometer measurements and a downwanana EC/OC ratio of 1.0+1.9
from wind sector selective filter based measuremamnght was found in concentrations
coming from the direction where the rail yard coexplvas located. Wind sector selective
filter based measurements also indicate that thganals is a source of Lead, Antimony
and Barium likely from a welding facility locatedside the complex. Trajectory analysis
founds that oxidized organic aerosols (OOA), biosrtasrning organic aerosols (BBOA),
sulfates, nitrates and ammonia were associatedawithasses from directions other than

the location of the rail yard complex.
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4.2. Introduction

The importance of rail yard activities for air ¢jtyaand climate change (NCFRP,
2010) and the serious health effects of dieseldagibustion fumes (WHO, 2012),
which are their most important emissions, compé&@sive work to improve the
chemical characterization of atmospheric aerosoisral rail yards. Current
understanding of emissions from rail yards hastified black carbon (BC) and
oxygenated carbonaceous species as their main camiso Cahill et al. (2011) carried
out a characterization of the inorganic and organitstituents of aerosols from the
Roseuville rail yard and repair facility in Califoen They found that rail yard emissions
consisted of ultra-fine and very fine aerosols eisded with diesel exhaust. They
identified species such as black carbon (BC), aogawatter, polycyclic aromatic
hydrocarbons (PAHS) (particularly, high concentmas of benzo[a]pyrene), phosphorus,
zinc, and sulfur. They also found coarse soil a@sosontaminated with anthropogenic
metals and petroleum-derived n-alkanes. Sawart @097), analyzed emissions from
three in-use diesel-electric switching locomotiaesl also found PAHs (predominantly,
naphthalene and its derivatives) and n-alkanes.

Organic aerosols (OA) are a mix of thousands afmaunds with extremely
different properties that can change its compasiiiothe atmosphere and has diverse
primary and secondary sources (Zhang et al., 2@X)can be one of the main
components of fine particulate (Kanakidou et @02 Zhang et al., 2007). In Atlanta,
OA dominates atmospheric aerosols composition @uidtiorini et al., 2013; Lin et al.,
2013; Xu et al., 2013). Investigating OA concentias near rail yards is essential to

advance the chemical characterization of emisdimms these sources, improve their
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representation in models and develop efficientegias to control their impact on air
quality.

The objective of this work is to advance the ustirding of the impact of
emissions from rail yards by performing a chemdaracterization of OA, metals and
BC near the Inman and Tilford rail yard complexditanta, GA. And provide a
composition profile of aerosol rail yard emissiohat can be used to improve air quality

modeling.

4.3. Experimental Methods

4.3.1. Study description

Two monitoring sites were used to perform measergmof concentrations of
aerosol species near the Inman and Tilford raidl g@mmplex in Atlanta, GA (Figure
4.1.). Fire Station 8 (FS) (33.801'M,-84.43559W) and Dixie (DX) (coordinates:
33.79080N,-84.44026W), north and south of the rail yard complex. B8 s part of
the Assessment of Spatial Aerosol Composition NetWASACA) (Butler et al., 2003).
Analyses of concentrations of non-refractory (NPga@es in PN (particulate matter
with an aerodynamic diameterl um) were performed with an Aerosol Chemical
Speciation Monitor (ACSM) (Aerodyne, Billerica, MAJS) (Ng et al., 2011) during a
winter 2011 monitoring campaign at FS. At the saites black carbon concentrations in
fine particulate (PMs BC) were measured with a 7-wavelengt Aethalom@bedel
AE30 Magee Scientific Corporation, Berkeley, CA,)W®m November 2010 until April
2011 and from December 2012 until March 2012,PBIC was also measured at DX
and FS with a multi-angle absorption photometer &®A (Thermo Scientific Model

5012) (Petzold et al., 2004; Petzold et al., 200MBAP measurements were made from
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November 2010 until March 2012. Analysis of MAAP PMBC concentrations was
published previously (Galvis et al., 2013) and ltssat FS are used here for validation of
Aethalometer findings. Other long standing measergmat FS include PM mass
(particulate matter with aerodynamic diameter thas 2.5um) as part of the ASACA
project. Filter based measurements of metals, eleahand organic carbon (EC/OC) and
ions were carried out during summer and fall 200ESaand at DX. Descriptions of the
rail yard complex and the monitoring sites candaenfl in previous works (Galvis et al.,
2013). Marietta Blvd NW (17.000 AADT approximately) road with heavy duty diesel

traffic, runs between FS and the rail yard complex.
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Figure 4.1. Study location. Wind sectors for filsampling are marked red for downwind
and green for upwind.
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4.3.2. Aerosol chemical speciation monitor

An ACSM was used between 11/22/2011 and 12/12/2®bieasure quantitative
mass spectra of the NR species with aerodynammeters between 30 and 700 nm
(~PM;) where NR species are operationally defined asethioat flash vaporize at 600 °C
and 10-5 torr (Ng et al., 2011). These NR specielside organics, sulfates, nitrates,
ammonia and chlorides and exclude black carboralsjehineral dust, and sea salt.
Measurements were carried out during three weetisy, November 22 to December 12
of 2011. The ACSM samples aerosols through ardgeemic lens at 0.1 L mith which
focuses particles into a narrow beam and carr@® iin to a high vacuum detection
chamber; there the NR components flash vaporizenpact with a heated surface. The
resulting gas molecules are detected and chemidladlyacterized by 70eV electron
impact quadrupole mass spectrometry. A detailedrgg®n of these instruments can be
found in Ng et al. (2011). ACSM spectra were reedrdith a time resolution of 33 min.
The aerosol sampling inlet (2.5 pm URG cyclone Withmin™ flow, Chapel Hill, NC)
was located 3m above the ground. The aerosol wad and the enclosure at FS was
maintained at approximately 20°C. ACSM spectra vegrayzed using the toolkit
provided by Aerodyne for the IGOR Pro software @ayek(Wavemetrics, Inc., Portland,
OR, US). The collection efficiency due to partibleunce (CE) was estimated at 0.5. A

response factor for ammonium (RIEWHvas set to 4.

4.3.3. Positive matrix factorization
Many approaches have been taken to analyze agyemntribution to
atmospheric aerosols. A comprehensive review celapproaches (Ulbrich et al., 2009)

found that the recently developed real-time aeroBemical speciation instruments based
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on mass spectrometry, such as the ACSM, combintdRuasitive Matrix Factorization
(PMF) has become the most commonly used techn@u®@A source apportioning.
Briefly, PMF is an unmixing model in which a datasepresumed to be the result of the
linear combination of factors with constant prdditbat have variable contributions
(Paatero et al., 1994). All of the values in thefiles and contributions are constrained to
be positive (Paatero, 1997). PMF is based on n@ssecvation and does not require
information about factor profiles. The drawbackitg method is that the number of
factors for the model must be selected by the @sing to obtain a solution that in his
eyes best explains the data (Ulbrich et al., 2008is leads to subjective results (Engel-
Cox et al., 2007; Reff et al., 2007). Further, mpldt solutions can be obtained from
distinct linear transformations or “rotations” dtfactors during the matrix unmixing
operation. Ulbrich et al. (2009) developed a procecdnd computational tools to
interpret the PMF analysis of organics spectra femmosol mass spectrometers. This
work follows their recommendations to choose a nemalb factors and a particular
rotation and uses PMF2 v4.2 and PMF Evaluation TBRBIT) developed by them to
execute the analysis and interpret the results ahfigguities associated with choosing

the number of factors and their best rotationgeperted.

4.3.4. Aethalometer and black carbon apportionment

A 7-wavelentght Aethalometer was used to meashtgsBC concentrations. BC
mass loadings reported by the Aethalometer aredb@sé¢he optical absorption of
aerosol deposited on a quartz fiber filter. Thérumeent measures the attenuation of 370,
470, 520, 590, 660, 880, and 950 nm wavelengttatiadi. The BC mass concentrations

reported are estimated from the absorption coefitotalculated using the factory
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defined mass absorption efficiencies for each wength. Data was recorded with a 2-
min time resolution. The aerosol was sampled ugilRG 2.5 pm cyclone with 3 L
min* flow. The instrument was operated without thesfisaver option to avoid high
loadings in the filter tape. Possible artifact$ha attenuation measurements reported by
the Aethalometer were corrected applying a prewopsblished algorithm (Weingartner
et al., 2003). A linear regression model, develdpe&andradewi et al. (2008),
apportioned BC in ambient air using light absonmptiveasurements made with 7-
wavelength Aethalometers and provides informatiothe amount of BC from biomass
burning and fossil fuel combustion. Briefly, the@sol absorption coefficient {g) is

equal tox® , where) is the wavelength anal is the source-specific wavelength
dependence of BC light absorption, called the Amgstexponent. The model usegdh
measured by the Aethalometer aadp apportion biomass burning and fuel sources of
BC. Values ofx for biomass burning BC vary between 1.9 and 2ah@®adewi et al.,
2008). For fuel emissions, a value of 1+0.1 hasilveported (Bond et al., 2006; Bond et
al., 2004). We selectad values of 1 and 2 for fuel and biomass burningpeetively,

and the measurements reported by the 7 - wavelémdtialometer at 470 and 880 nm as
recommended by Crippa et al. (2013), to apply duedg&adewi et al.,(2008) model to

obtain BC apportionment to biomass burning andl fue

4.3.5. Multi-angle absorption photometer

A multi-angle absorption photometer (MAAP) (Ther@aoientific Model 5012)
(Petzold et al., 2004; Petzold et al., 2002) waslus measure PM BC concentrations.
MAAP measurements were made from November 2010Matich 2012 at FS and DX.

Data was recorded with a 1 min time resolution. VAP determines BC mass
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loadings based on aerosol optical absorption an®7.0t simultaneously measures
radiation scattered back from and passing througgricle-loaded filter. It measures the
scattered back radiation at three angles to acdouits angular distribution created by
the light-scattering properties of the aerosol congmts. The optical absorption
coefficient of the aerosol is determined by a rindtetransfer algorithm (Petzold et al.,
2004; Petzold et al., 2002), which account for iplétscattering effects and absorption
enhancement due to reflections from the filter. @heosol measured with the MAAP

was sampled using a URG 2.5 um cyclone with 16.# hflow.

4.3.6. Tapered element oscillating microbalance

PM, s mass concentrations were measured using al40fatetaelement
oscillating microbalance [TEOM] (R & P Thermo Sdién, Franklin, MA, US),
operated at 5C with a Nafion dryer (Permapure Inc. Toms RiwJ) and reporting data

every minute.

4.3.7. Wind sector selective filter based measuremis

Upwind and downwind wind sector selective filtasbd measurements of PM
metals, elemental and organic carbon (EC/OC) anslweere performed at FS and DX.
The sector selective technique is based on comigadl vacuum pump to draw air in to
the aerosol sampling system only when wind fronvargsector is detected. Wind
sectors where set between 0 and 90 degrees adFBarand 270 at DX for upwind
samples, and between 180 and 270 at FS and 0 ateb@€es at DX for downwind
samples (Figure 4.1). Sample periods varied betBes2 hours and took up to 5 days
to complete. Sample periods were recorded witHegtrenic timer that kept count of the

time when the pump was operating. 42 samples wlected between June and
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November 2011 (Appendix C). Two un-denuded partioeposition monitors (PMCSs)
were constructed for this task. The systems drew liérs per minute (LPM) of air
through 2.5um cutoff cyclones (URG, Chapel Hill, NC) on to Tafl(2pum PP ring
supported, Whatman Inc., Florham Park, NJ), NylbprG Nylasorb, Pall Corporation,
Ann Arbor, MI) and quartz (AQFA4700, EMD Millipor8illerica, MA) 47 mm filters.
The flow through each filter was controlled usihgee identical critical orifices
(O’Keeffe Controls Co, Monroe, CT), set to guarariteat each filter collected a third of
the flow. Aluminum filter holders were used for qizafilters and acrylic filter holders
for Nylon and Teflon filters. Acetal copolymer 3/8iree way splitters and fittings (John
Guest USA Inc., Fairfield, NJ) were used to secthedfilter holders and the cyclones.
Pieces of less than 2.5 cm of Tygon tubing were tse€onnect the three way splitter to
the cyclone and to the aluminum filter holder amdhte two acrylic filter holders. The
flow was checked with a Bios DryCcal Defender 5aumetric primary flow standard
(Mesa Labs, Butler, NJ) at the beginning of each@img period each time a filter was
changed. Filter holders were washed with 17.8 megoim deionized water between
each use. Nitric acid washed Teflon filters werevited by the Wisconsin State
Laboratory of Hygiene at the University of Wiscansiladison, where the metals were
analyzed by inductively coupled plasma mass spaety (ICPMS). Filters were
transported to the ASACA laboratory in Atlanta dratk to Madison in Petri dishes
sealed with Teflon tape. Filter holders were loadéti quartz, Teflon and Nylon filters
at the ASACA laboratory and transported to and ftbenfield in portable coolers, where
they were kept refrigerated atCuntil analysis. Carbonaceous and ionic speciaby/sis

was made at the ASACA laboratory. Analysis of ECA¥S made using a thermal-
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optical transmission carbon aerosol analyzer (Suabse, Tigard, OR) (Birch et al.,

1996) following the NIOSH Method. lonic species wanalyzed using ion
chromatography (IC) (Baumann et al., 2003). 4 lanks and 8 field transport blanks
where collected. Lab blanks were kept in the léh at same storage conditions than the
samples. Field transport blanks were taken to theitoring sites, placed in the PCMs

for one hour and returned. Volume of air filteredsixcalculated by multiplying the flow

in each filter (5.67 LPM) by the sampled time. Cemications were obtained from mass
data from analysis and volume data. Metals conatotr data were disregarded if it was
less than the average blanks concentration plten2iard deviations of the blanks.
Uncertainties reported by analysis instruments yweopagated to downwind upwind

differences.
4 4. Results and Discussion

4.4.1. Organic and elemental carbon and lons

OC species dominate aerosols composition norttsaath the rail yards (Table
4.1.and Appendix C). Concentrations found at bd#ssre consistent with previous
measurements in and around Atlanta (Blanchard ,2@l1; Weber et al., 2007). The
contribution of rail yards to EC concentrationd@md by downwind upwind differences
from filter based analysis confirms previous reséibm continuous measurements
(Galvis et al., 2013). Rail yards were found resilole for an enhancement of about 0.6
ng/m® of EC concentrations during the filter based mesment campaign and for an
annual average enhancement of 0.7 |t@/lh3 of PM, sBC concentrations during 2011.

Similar enhancements in concentrations due to/aad activity were reported by Cahill
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et al. (2011), who observed a nighttime downwindiagd enhancement of Opity/m® of

BC from the Roseville yard in California. A downwlimpwind EC/OC ratio of 1.1 found
from downwind — upwind concentrations is similaratios found in aerosols from
combustion of diesel fuel in locomotives at difier@ower levels with an average of 1.7
and a standard deviation of 1.8 (Sawant et al.720owever, uncertainty of OC and EC
downwind upwind differences, derived from propagatf error, is high (68% and
217%). This is expected given the great variabititgoncentrations of these species,
especially of OC. Uncertainties of downwind upwiitferences were not reported in the
previous work by Cabhill et al. (2011).

Table 4.1. Organic and elemental carbon downwirttuigowind of the Inman and Tilford
rail yard between 06/20/2011 and 11/08/2011.

OC (ug/in®) EC (ugim®) EC/OC

AVG DW 64 + 09 13 + 03 0.2+0.1
AVG UW 58 + 09 07 += 03 0.1+0.1
DW-UW 06 + 1.3 06 =04 1.0+1.9

*Average + uncertainty of samples.

- DW-UW EC/OC ratio was calculated as the fractibthe DW-UW EC
over the DW-UW OC.

Concentrations of ions from wind sector selecfifer based measurements
indicated no evident differences between downwimdl @owind locations and will not be

discussed further. A table with these measureneambe found in Appendix C.

4.4.2. Metals

Average measured concentrations of metals at RXFS(Appendix C) are
comparable to measurements done during 2011 b$ERERCH network at Jefferson
Street site near the rail yards (EPRI, 2012). h@f49 metals analyzed, Sulfur (S),

Vanadium (V), Antimony (Sb), Lead (Pb) and ArséA&) and Barium (Ba) have more
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than 50% of the samples with signals greater tharaverage blank concentration minus
twice the standard deviation of the blanks. Baat Pb are commonly emitted in
welding processes (EPA, 1994; NSRP, 2002) andylizet coming from Norfolk
Southern’s rail flash welding and track assembtylits at Inman yard.

Table 4.2. Metals downwind and upwind of the Inraad Tilford rail yard between
06/20/2011 and 11/08/2011.

s Vv Sb Pb As Ba
(ng/nt) (ng/nT) (ng/nt) (ng/nt) (ng/nt) (ng/nt)

AVG DW  420.84 =428 042 +0.06 047 003 111 =010 0.4#022 261 +0.28
AVG UW 39216 #39.2 037 $0.07 038 004 060 %0.06 0.4£0.16 176 0.23
DW-UW 287  +58.0 0.05 +0.09 0.09 0.07 0.51 +0.15040 #0.35 0.85 +0.35

*Average + uncertainty of samples.

4.4.3. ACSM results validation

Average aerosol concentrations during the periedsured were 7.4 pgini.25
ng/nt, 6.45 pg/mfor NR PM, ACSM, MAAP BC and TEOM PMs respectively. Given
that NR PM excludes aerosols with aerodynamic diameters gréaan 1 um, BC and
other species, NR PM1 concentration should bethess PM s concentration, though
TEOM operation at 50C causes the loss of volatile species such as ammaitrate
and some organics (Eatough et al., 2003; Herirad) €2004) which can partially account
for the difference between the measurements. Aeenétate concentration measured by
the ASACA network between 11/22/2011 and 12/12/20&fe 0.6 pg/rh Average
nitrate concentration measured by the SEARCH nétabthe Jefferson Street site near
the rail yard complex between 11/22/2011 and 12021 was 0.7 pg/inThe
correlation coefficient between NR RMBC vs. TEOM PMsis 0.42 (Figure 2a). Bias

is within the expected amount for the ACSM (Nglet2011) and the MAAP (Petzold et
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al., 2002; Petzold et al., 2004). There are seyeabds of time in which the ACSM
reports higher loadings than the TEOM. There ae alfew short periods of time with
high loadings recorded by the TEOM, but not the M8 the MAAP (Figure
2a).Vibration, humidity and temperature changesazarse noise in the TEOM
measurements. Comparing PMlaily averages reported by the TEOM and BC+NR PM
averages reported by the MAAP and the ACSM to daMs s FRM measured by

GAEPD (2013) and SEARCH (2012) is evident that TE@®RBsurements are biased low
whereas MAAP+ACSM measurements agree with FSFRRM (R*=0.96) and JS

PM, s FRM (R*=0.93) and (Figure 2b).
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Figure 4.2. Time series and regression comparigbays 33 minute average concentrations of
TEOM PM, s and BC+NR PM and b) daily averages of TEOM BM, FRM PMsand PM 5
BC+NR PM at FS and FRM PAk at JS.

Sulfate and nitrate concentrations reported ferS3EARCH network at the

Jefferson Street site (EPRI, 2012) agree wel(R.81 and R= 0.88 respectively) with
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ACSM measurements at FS, but they are biased lgpvpaimately %35 and 20%

respectively (Figure 4.3.). As expected NR,PACSM sulfate and nitrate measurements

are slightly lower than filter based BMsulfate and nitrate.
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Figure 4.3. Daily average sulfate

SEARCH at Jefferson street site.
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and nitrate catregions reported by ACSM at FS vs.

Organics ACSM spectra were further deconvolutedguBMF. A three 3 factor

solution (Figure 4.4) was chosen based on theidracf the signal represented by tracers

at specific mass-to-charge (m/z) ratios compareéference mass spectra, the change in

residuals and the comparison of the time serig¢seofactors and of other observed

species. Uncertainty of the selected factor satutvas investigated using a seed

parameter equal to 1 and no bootstrapping wadDifierent rotational forcing (FPEAK)
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parameters were tested but no evidence was foaé thRPEAK value different from 0
was needed. The criteria listed by Zhang et all220vere followed to choose the
solution presented in this work. The sum of theged squared residual®)(for a 2

factor solution, a 3 factor solution and a 4 fastoiution were 2.095%, 1.3% and 0.05 %
respectively. No new information was gained from thass spectra when considering
more than three factors and the split of factors eddent. The residual was significantly
smaller when considering 3 factors instead of 2cditeal diminishing of the residual was

gained when including a fourth factor and above.
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Figure 4.4. PMF 3 factor solution mass spectracdmsaare marked for each factor.

A first factor was identified as hydrocarbon li&eyanic aerosols (HOA). It
showed specific tracers at 27, 41, 43, 55, 57769n/z and other aliphatic hydrocarbon
fragments (Canagaratna et al., 2004; Aiken eR8IL0; Ng et al., 2010). A second factor
was identified as primary biomass burning orgaeiosol (BBOA). It showed specific

tracers at 29, 60 and 73 m/z, which are assoctatédgments of sugars such as
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levoglucosan (Alfarra et al., 2007; Ng et al., 20The last factor was identified as
oxidized organic aerosol (OOA), a highly oxygendgextor indicated by the peak

associated with the tracer Gt 44 m/z (Aiken et al., 2010; Ng et al., 2010).

4.4.2.1. Organic factors time series

The HOA time series shows concentration spikessabeur in short periods of
time. Some of these spikes are seen in HOA timesédyut not in BBOA or OOA time
series, suggesting they could come from fresh eomisgrom mobiles sources (Figure
4.5. marked in blue). Some peaks are simultanequebent in both BBOA and HOA
time series, suggesting a fresh biomass burningsan the vicinity (Figure 4.5. marked
in orange). Features shared by HOA, BBOA and O@# tseries (Figure 4.5. marked in
light green) suggest distant burn sources, far gindor oxidized organic aerosols to be
important. One interesting feature of the timeeseis how some of the peaks look like
the top has been cut off; the loading will increasd then remain at that level for some
time. These plateau shapes seem to begin and enid-afternoon and could indicate
impact from and specific nearby source, but furtiesearch is needed to investigate the

cause of this feature in the time series.
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Figure 4.5. Time series of organic factors.
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FS ACSM HOA correlate with FS MAAP PMBC (R’= 0.94) (Figure 4.6a),
which is expected given that both relate to prim@myssions. Analysis supporting their
rail yard origin is discussed later. FS ACSM BBOgrelate (R= 0.97) with potassium
PM, s filter based measurements (Figure 4.6b) at tHerdeih Street SEARCH site
(EPRI, 2012). Potassium is regarded as a tracdaidonass burning (Watson et al.,
2001). ACSM OOA correlate well (& 0.82) with PM s TOR OC filter based
measurements (Figure 4.6c) at the Jefferson S3EARCH site (EPRI, 2012). Most of
organic carbon in Atlanta is secondary in origim(et al., 2013). Correlation between
ACSM OOA and PMs TOR OC suggests a secondary origin for OOA . FSMNMOA
correlates with FS ACSM sulfates and nitrateS=(R 3 and 0.6 respectively). Given that
NOjs is more volatile than SQthis suggests that part of the OOA is semi-vigg&V-
OOA), as opposed to low-volatile (LV-OOA), or mag formed from sources that also

emit nitrate precursors (NOXx).
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Figure 4.6. Daily averages of organic factor cotregions vs. other observed species
near the rail yards. a) BC vs. HOA. b) K vs. BBO#&da) OC vs. OOA.

4.4.5. MAAP and 7-wavelength Aethalometer

We compared BC measurements made with the MAARlendethalometer
between 12/6/2011 and 12/12/2011. The MAAP mead@soncentration by
determining aerosol optical absorption at 670 nhe MAAP was designed to avoid
shadowing and scattering artifacts (Petzold e2804; Petzold et al., 2002). Hourly
averages of BC concentrations measured at 670 riimedAAP and at 660 nm by the

Aethalometer correlated well {&0.64), with a small bias (Figure 4.7.).
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Figure 4.7. BC from MAAP at 670 nm vs. BC from Asfibmeter at 660 nm.

4.4.6. Black carbon speciation

Attenuation measurements done with the Aethalonzetethought to have
artifacts produced by the shadowing effect of impagarticles at high mass
accumulation and by scattering from the filter flbeCorrections for these artifacts were
implemented applying a previously published aldonit(\Weingartner et al., 2003). With
the corrected attenuation data, /J\BC mass was apportioned using the model proposed
by Sandradewi et al. (2008) and applied by Crigpd.€2013). The model resolves the
contribution of biomass burning (BCb) and fuel castion (BCf) to BC, using the
dissimilarity in the wavelength-dependent light@ipsion of these two sources. M
BC apportionment obtained from Aethalometer measerdgs was compared with RM

OA factors from ACSM measurements. Agreement of B@h BBOA and of BCf with
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HOA respectively was found (Figure 4.8. and Tab&)4Correlation between NR RM
OA factors and Pl BC optical apportionment results is comparableesults obtained
by Crippa et al. (2013), for the metropolitan apé®&aris during winter 2010. The ratio of
HOA to BCf (Table 4.1) is also similar to the rateported by Crippa et al. (2013). The
average HOA to BCf and BBOA to BCb observed ratiscomparable to average
organic matter (OM) to BC ratios from smog chanmdsgyeriments for diesel vehicle
emissions (0.28+0.15)(Chirico et al., 2011) anddonodern log wood burners
(0.12+0.04) (Heringa et al., 2011), respectively.

Table 4.3. HOA vs. BCf and BBOA vs. BCb regresgiesults.

ACSM NR PM HOAvs. ACSM NR PM, BBOA vs.
Aethalometer PM BCf Aethalometer PM: BCb

This Study Slope 0.31£0.02 Slope 0.10£0.004
Intercept 0.2+0.03 Intercept 0.02+0.01
R 0.50 R 0.71

Crippa et al. (2013) Slope 0.37 0.61 Slope 3.16 3.62
Intercept 0.33 -0.12 Intercept 0.11 -0.12
R? 0.48 0.77 R? 0.73 0.59
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Figure 4.8. Black carbon apportionment and ACSMiltssomparison. a) Aethalometer
PM,5BCb vs. ACSM NR PMBBOA and b) Aethalometer PMBCf vs. ACSM NR
PM; HOA.

Measurements indicate that during the period wherACSM and the
Aethalometer were simultaneously measuring (Decembe 12, 2011), FS was
significantly impacted by biomass burning aerosBfSb and BCf accounted for 28%
and 72% of the black carbon mass respectively.gepoterm measurements during fall
and winter 2010-2011 and fall and winter 2011-2(Higure 4.9.) indicate that the site is

impacted 82% by BCf and 18% by BCb with averagéasndard deviation of 0.9+0.7

pg/n? BCf and 0.2+0.1 pg/fBCb, respectively.
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4.4.7. Chemical species and wind direction.

From November 22 to December 12, the mass NRd#&vbsols at FS was mostly
organic (72%), with few nitrates (11%) , sulfat&2%) and ammonia (5% ). Organics
were composed of 31% OOA, 20% HOA and 21 % BBOAm&ority of NR PM mass
being organics has also has been observed atAtheta sites during different seasons
(Budisulistiorini et al., 2013; Lin et al., 2013wt al., 2013).

Concentration roses were plotted to identify tlieadion from which the different
chemical species of the aerosols originated (Figut8.). Temporal resolution of data
plotted was 33 minutes. Roses show the directiom fivhere the wind was blowing and
the average pollutant concentration from that dioecduring the monitoring campaign.
The PM s rose is slightly skewed to the northeast and magthh quadrants but without
sharply defined directions suggesting a divers@fsburces. The highest contribution to
PM, s came from the north (up to 9 pgamerage). The BC rose shows two defined
lobes, one from the southwest quadrant with avecageentrations impacts up to 2
ng/nt, where the rail yards and Marietta street aretéztaand another from the north
and north northeast quadrants with average coraténts impact up to 1.5 ugfR

PM; Organics come mainly from the northeast quadratfit average concentration
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impacts up to 10 ug/AinNR PM, OOA dominates the organics and shares their rasthe
quadrant origin with up to 6 pgfof average concentration. NR RPMOA
concentrations have main features southwest (@puig/n? on average) and north
northeast (up to 1.5 pgfon average), similar to what was observed i, PBC, which

is expected given that those two components avadir correlated (Figure 4.6a).
Emissions from the rail yards and from Mariettadare likely the source of the BM

BC and NR PMHOA southwest concentrations. NR EBBOA concentrations come
from the northeast quadrant (up to 2.5 [fgaverage concentration). Nitrates show a
defined lobe north northeast with average concgatrsup to 3 pg/th Sulfates and
ammonia impact the FS mainly from the north, selta¢ing more uniformly distributed

in all directions.

PM, 5

ﬁ Organics
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Figure 4.10. Concentration roses of chemical sgeati€S during the winter 2011
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Figure 4.10. (continued). Concentration roseshehaical species.

The rose of PMs BCf speciation results, obtained with monitoriregadfrom the
fall and winter 2010-2011 and the fall and wint®d 2-2012 indicate that P BCf
comes from the direction where the rail yards arati&tta Blvd are located (Figure
4.11). PM s BCf rose is similar to annual average R\BC rose found previously at FS,
and together with annual average RNBC rose at DX point in the direction of the ralil
yards (Galvis et al., 2013). Average BCf concerdret from the southwest quadrant are
1.2 pg/m, 60 % greater than the average over all directidhis result parallels annual
average PMs BC downwind upwind concentration differences afeai previously, 1.0
pg/nt at FS and 0.7 ugfat DX (Galvis et al., 2013) and are similar to @araverage
impact of PM s BC concentrations coming from the rail yards andaad mobile
sources estimated by dispersion modeling, 0.6 ah@@nt at FS and DX respectively
(Chapter 3). BCb optical apportionment resultseatk biomass burning impacts

distributed evenly from the east and southwest igurdsl.
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CHAPTER 5

CONCLUSIONS AND FUTURE RESEARCH

5.1. Conclusions

The impact of the aerosol emissions from Inman&Hdrd rail yards on local
concentrations of Ppiwas quantified. BC and PMfuel-based emission factors from
the rail yards were estimated by carbon balanagusgh time resolution monitoring. A
composition profile of the rail yard aerosols waeritified using chemical speciation
techniques. A local BC and RMemissions inventory was calculated and dispersion
modeling was applied to assess the impact of thgamls. Baseline information that will
allow evaluation of the improvement in local airatjty after locomotives operating in

the rail yards are replaced by cleaner technologésgenerated.

5.1.1. Fuel-based fine particulate and black carboemission factors from a rail yard
area in Atlanta.

In-use emission factors were quantified for diedettric engines and supporting
activities at the Inman-Tilford rail yard complexAtlanta, Georgia, using near-source
high-time resolution monitoring of ambient concatitins at two monitoring sites.

Three approaches were used to estimate the emissitors. The delta approach
was based on the downwind—upwind difference in eatrations, the wavelet approach
analyzed spikes of black carbon (BC), fine parttei(PM s), and carbon dioxide (G
concentrations, and the regression approach wigxents of correlated BC and €0
concentrations. The delta and the wavelet appreaatethought to represent emissions
of a broad mix of rail yard sources, whereas tigeagsion approach is likely to represent

emissions from switchers and line-haul enginesipgds/ monitoring sites. The average
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estimated emission factors from the delta and ved\agdproaches are 0.6 £ 0.03 g of BC
and 1.3 £ 0.1 g of PM per gallon of diesel fuel burned at DX and 0.8.@30g of BC

and 1.7 £ 0.1 g of P per gallon of diesel fuel burned at FS. Emissextdrs estimated
by the delta and wavelet approaches were statigtgimilar. The regression approach
yielded an average emission factor of 2.8 + 0.2@8®and 6.0 + 0.5 g of Pp4 per

gallon of fuel.

Rail yard emissions led to average enhancemermtgpybximately 1.7 £ 0.1
ng/n? of PMy s and approximately 0.85 + 0.01 pg/of BC on an annual basis. Events of
high BC concentrations, likely generated by switshand line-haul engines in the rail
yards, lead to a typical increase of about 3 |[i@hBC and about 6 ppm of G@bove
baseline.

Uncertainties not quantified in these resultseamspart from variability in
downwind—upwind differences, differences in emissiof the diverse zones within the

rail yards, and influence of on-road mobile soum@ier than the ones of interest.

5.1.2. Impacts on fine particulate, black carbon ad health of converting rail yard
locomotives to lower emission technologies.

Local air quality impacts of Pi and BC emissions from line-haul and switcher
activities at the Tilford and Inman rail yards weletermined using dispersion modeling
and site-specific emission characterization. Eroissirom these activities were
calculated with previously measured emission facéod reported fuel consumption for
switchers and line-haul locomotives. Model evalmafiound agreement between
measured and simulated concentrations. Simulateangl that line-haul and switcher

activities the Tilford and Inman rail yards accofortapproximately for 0.5 pg/fand
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0.7 pg/mi of BC, and for approximately 1 pgirand 1.6 pg/fhof PM, s at FS and DX
respectively.

Retrofitting the switcher locomotives at the Tilleand Inman rail yards with new
generator sets would reduce PMnd BC emissions by 9.4+0.9 and 3.8+0.6 t/year.
Replacing traditional switchers with mother-slugsseould reduce Pk and BC
emissions by 7.8+0.9 and 2.4+0.6 t/year. A redunctibapproximately 0.4+0.1 ugfm
and 0.6+0.2 pg/hof PMs and approximately 0.2+0.1 ugiand 0.3+0.1 pg/fhof BC
at FS and DX respectively can be achieved. Greatierctions are located over the rail
yards and to the northeast of the domain. Primdydand BC impacts from the rail
yards are reduced by 38% and 29%.

The spatial distribution of annual average BC emti@ations resembles the rail
yard layout whereas distributions of Palso show structure near industrial sources. BC
concentrations of approximately 1 pd/outline the rail yards up to 2 km from the center
of the complex. The spatial distribution of annaaérage PMs concentrations over the
domain indicates hot spots, 2 - 5 pgmbove background, at the center of the rail yard
complex and near specific industrial sources. Higigacts of PMs from the line-haul
and switcher activities at the rail yards are ledab the northeast of the domain. Annual
average PMs concentrations from these activities at the raitg are about 1 pgfrap
to 1 km northeast from the center of the complegd®ling results indicate that at FS
emissions from on-road mobile sources on Marietv@ Band other important surface
roads in the domain have 1/4 and 1/3 of the imp&ttie emissions from rail yard line-

haul and switchers sources on PNand BC concentrations respectively.
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Significant reductions in PpMdand BC concentrations over the domain can be
achieved by converting switcher locomotives at Inraad Tilford rail yards to lower
emission technologies. Greatest reductions, abgug/nt, are located over the rail
yards. Reductions extend mostly toward the northefabe domain. Reductions in BM
concentrations can save approximately $24 millioarinual avoided health costs and
premature mortality. The measure has a positiverestent value of about $179 million

through a ten year period.

5.1.3. Aerosol chemical speciation and source impgaanalysis near rail yards

The Inman and Tilford rail yard complex in Atlan@A is an important source of
hydrocarbon like organic aerosols (HOA) and blaatbon from fuel (BCf). On average
during the monitoring period they were been sirnétausly measured, 1.2 angid/m®
of HOA and BG respectively, came from the direction of the yailds. Elemental carbon
(EC) concentrations from wind sector selectivefibased measurements confirm
downwind upwind continuous measurements and diggensodeling results for P4
BC, indicating that the rail yards were responsfbteabout 0.6+0.41g/m® of EC during
the filter based campaign at FS, for an annualameeenhancement ofuy/m® of PM, 5
BC concentrations during 2011 at FS, and for abd#0.Jug/m® of BC from modeling
results respectively. A ratio of BCf/HOA of 0.8&$ from ACSM and Aethalometer
measurements and a downwind upwind EC/OC ratio®frdm wind sector selective
measurements might be characteristic for rail yamissions from the Atlanta complex.
Wind sector selective filter based samples indidadt the rail yards is a source of Lead,
Antimony and Barium likely from a welding facilitpcated inside the complex. The

main sources of oxidized organic aerosols (OOA)mMass burning organic aerosols
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(BBOA), sulfates, nitrates and ammonia in the afahis study were not located in the

direction of the rail yard complex.

5.2 Future research

Assessment of changes in air quality after thdempntation of cleaner
technologies at the Inman and Tilford rail yard gbew is a key topic for future research
to complement the present work. Approaches devdlbpee could be applied and
extended to address this matter. Fuel-based emitsttors for the new technologies
should be obtained. High time-resolution monitoriag used here, was found to be an
effective approach to develop in-use emission fadiar a source such as the rail yards.
Additional monitoring sites near the rail yard cdexpcould facilitate the calculation of
emission factors and impact evaluation. Monitogogerage could be augmented using
low cost BC, PMs and CQ micro sensors which could simplify the locatiomefv
monitoring sites around the railyard complex.

The regression approach used here could be extdryd@onitoring NQ
concentrations and accessing or retrieving infoionadn rail yard activity. NQ
concentration measurements could further the deteof high concentrations events
coming from the rail yards, given that locomoti\aivty near monitoring sites should
increase N@Q CO, and BC concentrations simultaneously and all teresild be well
correlated. Monitoring N@concentrations may be used to differentiate batwesv
switcher and line-haul locomotives. New switchamnes thought to have low BC and BO
emissions but given low background of Ni® the area this contaminant might be easier
to detect than low BC concentrations coming froganker switcher locomotives. If no

information on rail yard activity is provided byelndustry, small motion sensor cameras
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with night vision could be placed at the monitorsips to record locomotive traffic and
link it to pollutant concentrations as was doneeher

Fuel-based emission factors could be measureather rail yards and similar
sources. Expanded monitoring capacity permittethbyecent developments in
miniaturization and simplification of monitoringrssors for CQ, CO, BC, NQ could
provide sufficient data at low cost and with impedwspatial coverage to permit
successful application of the approaches taken fiéis could help lower uncertainties
in emission inventories.

Evaluation of impacts of rail yard emissions bgpdirsion modeling could benefit
from including emissions from other surface stréetfie area, such as James Jackson
Parkway NW, Hollywood Road NW, Chattahoochee Ave Bivd Howell Mill Road.
Estimates of emissions from these roads and thé maunger roads already included in
this work could reduce discrepancies between sitediland measured concentrations
and better capture the morning rush hour peako#trat short-term features in the
concentrations of simulated contaminants.

Analysis of monitoring data from the Atlanta Rd4drd Study (ARYS), a
campaign carried out by Georgia Tech, EPA and AgredResearch Inc. during May
2012 will supplement the present work. Data oms@rchemical speciation, aerosol size
and number distributions,sOBC, NOx, CO, CQ formaldehyde and VOCs was
collected and has yet to be analyzed. It will fartblucidate the chemical composition of
aerosols and gases emitted by rail yard activiBegcific chemical profiles for rail yard
locomotives, trucks and cranes, other various na-gaurces might be extracted.

Measurements of spatial gradients of gas and p&atenear the rail yard complex done
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in the ARYS campaign will help to further evaluagsults of dispersion modeling

presented in this work.
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APPENDIX A

SUPPORTING INFORMATION FOR CHAPTER 2

A.1. Photos of Rail yard Activity

Rail yard operations were recorded from the DX,dlanking the tracks of the
arrival section of Inman Yard. A Hero Gopro 960 eaa was used to take pictures every
minute on 42 days between 9/15/2011 and 11/14/®6¥14 total of 60,384. Photos were
look at one by one to identify rail yard activiBhotos corresponding to low light
conditions during night time were unusable. Phetasw trains, accelerating, idling or
passing by before an event of overlapping signiat®ncentrations of BC and GQvere
registered. Photos also showed that when no lodeesotvere present and the wind was
from blowing from the direction of the rail yar®C and CQ concentrations were
poorly correlated.

Table A.1. Dates of photographic surveillancermhén rail yard.

Initial Date End Date # Days
9/15/2011 9:37 9/18/2011 15:19 3
9/20/2011 16:38 9/27/2011 9:25 7
9/28/2011 11:27 10/1/2011 11:08 4
10/1/2011 12:03 10/7/2012 21:34 7

7

7

7

10/10/2011 16:56  10/17/2011 15:05
10/21/2011 9:49 10/27/2011 14:44
11/8/2011 12:30 11/14/2011 17:43

A.2. Algorithm for wavelet analysis
The Matlab algorithm to separate the high andflegquency components of the

signals is presented next. Comments of each stepravided with in the code.
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function [baselineCorrected, smoothSpec, baselineEst] =
WavletDenoiseBaselineRemove3(P,tolerance)

% baselinecorected is to be the high frequency comp
% corrected for background concentrations

% smoothSpec is the pollutant signal smoothed by ap
% decomposition.

% baselineEst is the approximation of the backgroun
% from lineal regressions between local minima.

% P is the variable to denoise and correct baseline

% CO2 or PM2.5 data.

% tolerance is the level of concentration allowed t

% below the baseline approximation. We used 0.5 ug/
% 1 ppb for CO2

iempty=isnan(P);

P(iempty)=mean(P(~iempty));

% nans are patched with the mean pollutant concentr
% the wavelet decomposition. The array of empty dat
% patched data later on.

L=5;
% L is the decomposition level. A typical value of

[c,]] = wavedec(P,L, 'db8" );

% Matlab function wavedec performs a multilevel one

analysis using either a specific wavelet, in this c

filter. The output decomposition structure contains the wav
vector ¢ and the bookkeeping vector I.

a(length(P),L)=1;
% preallocate variable “a” to storage reconstructio
different % levels

for i=1:L;
a(:,i)= wrcoef( ‘a' ,cl,  'db8 i)
end

% Reconstruct approximation at level L, from the wa
% structure [c,I].

base=a(:,L);
% L Level is selected to construct the baseline app

d=diff(base);
% Matlab function diff(x)calculates differences bet
% X, that can be used approximate derivatives to id

q(:,1)=d<=0;

q(:,2)=d>0;

k(1,length(base))=0;

% preallocate variables g, and k to storage minima
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for j=3:length(q(:,1))-3;

it ((9(,1)>=1)&&(q(j,2)<=0))&&((q(j+1,1)<=0)&&(q(j+1
k(j+1)=1;

end

end

% locate local minima

x = find(k>0); x=x';

y = base(x);

% assigns local minima to construct initial baselin
xi = 1:1:length(base); xi=xi'";

yi = interp1(x,y,Xxi, 'linear' );

% Matlab function interp1(x,Y,xi) does a lineal int
% values of the underlying function Y at the points
% Xi.

offset=yi-base;
% Offset is defined as the concentration data that
% baseline approximation.

tol=sum(offset>=0);
% initial value of a tolerance level

while tol>100;
Arraycopy = offset;
for j=1:500
[~, IND(j)] = max(Arraycopy);
Arraycopy(IND(j)) = 0O;

end
k(IND)=1,
x = find(k>0); x=x';
y = a(x,3);
xi = 1:1:length(a(:,3)); xi=xi";
yi = interp1(x,y,Xi, linear' );

offset=yi-a(;,3);

tol=sum(offset>=tolerance);
end
% this while cycle looks for the baseline approxima
% much concentration data as possible, minimizing s
smoothSpec=a(:,1);
smoothSpec(iempty)=nan;
% assigns the first level reconstruction to output
% data previously patched.
baselineEst=yi;
baselineEst(iempty)=nan;
% assigns the estimated base line reconstruction to
% eliminates data previously patched.
baselineCorrected = smoothSpec - baselineEst;
% assigns the high frequency components minus the e
% output  baselineEst
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A.3. Histograms and time series plots of Downwind/pwind data
To visualize the effectiveness of the delta apginda calculate emission factors
and the origin of the variability of the results pletted the time series of the downwind
and upwind data. In green is the upwind data anddrde downwind data at both
monitoring sites.
Whereas time series and histograms show a clfaratice for BC downwind vs.

upwind concentrations the same is harder to st#eei€Q and PM s time series.

104



560 — |

s00n

= |
£
5
5]
450 |
400
30

k|

w‘ !l\iJl { " \

ﬂ

‘* i m ]
hf .n FM

' \
10 ‘ " ! :
‘ ‘ i :I
51 | \ b ] AT ]
‘ \‘ ! ‘ -H‘\ i L il (I A
il i Ji i o it “‘H,“ kL ] LA ) At
7 | U, Nl h ‘ f.\ IR LJIL ZLMI'“' SR AEEN, NG VDI . At RSO (A
DIC ENE FEB MAR APR MAY JUN JuL AUG SEP ocT NOV
120 T T T T T T T T T T
|

l b bt
|

in N" il hf LA B

Figure A. 1 CQ, BC and PM; time series for FS downwmd condltlons

105



| lald o g b
Ll wW I

| | |
Wi
\ ‘ ” l"' | ﬂw

W y

Figure A.2. CQ, BC and PM:; time series for DX downwmd condltlons.

F' | I-’r.‘r‘ |

g

f ‘ “1 i 4 ‘ ]
‘\ ‘|

106



1200 : .

1000

a00

Frequency
o
3
S

400

200

0
B0 75 70 65 60 55 60 45 40 35 30 25 20 -5 0 6 O 5 10 15 20 25 30 35 40 45 £0 £5 B0 BS 70 75
ACO, [ppm]

2000

1500

Fregquency

=
=
()

500

sl ol e L L L

215 4 05 0 05 1 15 2 25 3 35 4 45 5 55 G G5 7 75 B
ABC [ugfm?]

350

Frequency
o
5
8
T

@
3
T

100

ool tndn b d Rkl dibn IO G [ |
-8 <16 .14 12 40 8 £ 4 2 0 2 4 B 8 MW 12 14 16 18 20 22 24 26 28 30 32 34 38 3/ 40

APM, ¢ (i)

Figure A.3. Histograms of CGOBC and PM; for FS downwind conditions.

107



i T T T T T T T T

200 |

800 -

GO0 |

Frequency
a
a
E

400

300

200

100

80

2500 T T T T T T T T T T T T T T T T T

2000

1500

Freguency

1000

500

" L L L L it 1 L L L

o
2 15 1 05 0 05 | 15 2 25 3 35 4 45 5 55 6 65 7 75 @
ABC [py/m’]

450 T T

400 —

3|0~

300 -

Frequency
o
5
3
T

o

=]

2
T

150 -

100 =

a0

a ik caralt sl gl d sl Ponl gl
20 A8 - - - B R B - - 4 6 B8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

APM, ¢ [ugm’]

Figure A.4. Histograms of GOBC and PM; for DX downwind conditions.

108



A.4. Boxplots of BC emission factors

To explore whether the FS spikes may be parthbated to the near-field
emissions along Marietta Blvd. we plotted the emis$actors at both sites by the time
of day and day of week at both sites, during camatst of wind from the rail yard area.
Traffic on Marietta Blvd. during weekends and bghtiand early morning is scarce. The
plots tell us that there is no significant diffecerbetween events detected at different
times of the day or at different days of the wedgdhavior of emission factors calculated
does not appear to match peak hours or valleysffict or to be different during the

weekends.

mission Factor [g/gal fusl]
=
I
|

-
|

s

1(]5ablgabodghi

Figure A.5. Boxplot of BC emission factor by hoditloe day at DX site.
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A.5. Emission factors results calculated when theimd was not blowing from the
rail yards
The Delta method implies uncertainties. One waghteck that the results
obtained from this method are meaningful is to wal®e emission factors when the wind
was not blowing from the rail yards, between<40d 176 for FS downwind, and 280
and 320 for DX downwind. Emission factors obtained thisyeaae very small in
comparison with the results when the wind blowsfithe rail yards.

Table A.2. Control Emission factors.

Downwind Site
DX FS

EFsc [g of BC /gal fuel] 0.02+0.03  0.04+0.07
EFpy, . [g Of PMp s/gal fuel] 0.1+0.2 0.3+0.6
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APPENDIX B

SUPPORTING INFORMATION FOR CHAPTER 3

B.1. Surface characteristics

Surface characteristics are used by AERMET irctiraputation of the fluxes and
stability of the atmosphere. The albedo is thetivacof total incident solar radiation
reflected by the surface back to space without@ibem. The Bowen ratio is the ratio of
the sensible heat flux to the latent heat flus in indicator of surface moisture. The
surface roughness length is the height at whichmtéan horizontal wind speed is zero. It
relates to the height of obstacles to the wind flow

Table B.1. Surface characteristics generated WERBURFACE.

Seaso Sectior Albedc Bowen Ratit Surface Roughne:
(m)
0-30 0.17 1.09 0.093
30-60 0.17 1.09 0.069
60-90 0.17 1.09 0.050
90-120 0.17 1.09 0.035
120-150 0.17 1.09 0.047
) 150-180 0.17 1.09 0.122
Winter 180-210 017 1.09 0.145
210-240 0.17 1.09 0.087
240-270 017 1.09 0.037
270-300 0.17 1.09 0.056
300-330 0.17 1.09 0.082
330-360 0.17 1.09 0.093
0-30 0.16 0.90 0.094
30-60 0.16 0.90 0.074
60-90 0.16 0.90 0.057
90-120 0.16 0.90 0.042
120-150 0.16 0.90 0.057
" 150-180 0.16 0.90 0.139
Spring 180-210 0.16 0.90 0.168
210-240 0.16 0.90 0.102
240-270 0.16 0.90 0.046
270-300 0.16 0.90 0.062
300-330 0.16 0.90 0.086
330-360 0.16 0.90 0.094
0-30 0.16 0.70 0.095
30-60 0.16 0.70 0.078
60-90 0.16 0.70 0.062
90-120 0.16 0.70 0.048
120-150 0.16 0.70 0.066
Summer | 150-180 0.16 0.70 0.151
180-210 0.16 0.70 0.185
210-240 0.16 0.70 0.114
240-270 0.16 0.70 0.052
270-300 0.16 0.70 0.067
300-330 0.16 0.70 0.088
330-360 0.16 0.70 0.095
0-30 0.16 1.08 0.094
30-60 0.16 1.08 0.074
60-90 0.16 1.08 0.057
90-120 0.16 1.08 0.042
120-150 0.16 1.08 0.058
Fall 150-180 0.16 1.08 0.141
180-210 0.16 1.08 0.175
210-240 0.16 1.08 0.103
240-270 0.16 1.08 0.046
270-300 0.16 1.08 0.062
300-330 0.16 1.08 0.086
330-360 0.16 1.08 0.094
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B.2. Modeling parameters for non-road and on-road rabile sources
AERMOD algorithms need the following parametenstfe mobile sources

modeled in this work: The source ID is the idenéfion of the source, the source type,
the location in the domain X and Y in meters and meters above mean sea level, the
release height (center of volume) above groundeters, Sigma YO the initial lateral
dimension of the volume in meters, and Sigma ZQrthial vertical dimension of the
volume in meters. These parameters were determisiad EPA (1995) and GAEPD
(2012). Switching and line-haul activities wereidetl to occupy the same location, and
have the same source parameters, but emissiosdoatach are different.

Table B.2. Modeling parameters for non-road andaad mobile sources.

Rail yard line-haul

Source ID Source Type (ﬁ) (r\r(1) ™ Al%/l sy Hgﬁ;)hl Slgg:]a;YO Slg(r?n ?ZO
HINMNA VOLUME 735660 3743145 274 4.6 115.11 1.7
HINMNB VOLUME 736580 3742440 278 4.6 97.29 1.7
HTLFDA VOLUME 735635 3743825 264 4.6 80.56 1.7
HTLFDB VOLUME 736720 3742972 275 4.6 44.12 1.7
Rail yard switchers
Source ID Source Type (é) (:q) (ngi) H(ezr]i%ht Sig(r:q::)\ Yo Sig(r:q:;\ 20
SINMNA VOLUME 735660 3743145 274 4.6 115.11 17
SINMNB VOLUME 736580 3742440 278 4.6 97.29 1.7
STLFDA VOLUME 735635 3743825 264 4.6 80.56 1.7
STLFDB VOLUME 736720 3742972 275 4.6 44.12 17
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Table B.2. (continued). Modeling parameters for-noed and on-road mobile sources.

Other mobile non-road and on-road sources
Source ID Source Type (ﬁ) (;) (Qg\':\;gﬁ) Hfrgh( Slg?na;YO Slgg:q a)lZO
HOWELLS VOLUME 738850 3742690 278 4.6 115.11 1.7
BOLTON1 VOLUME 733940 3744220 272 2.44 16.48 1.7
BOLTON2 VOLUME 734586 3744670 263 2.44 16.48 1.7
BOLTON3 VOLUME 735200 3745210 235 2.44 15.85 1.7
MRTRD1 VOLUME 735390 3744400 251 2.44 21.97 1.7
MRTRD2 VOLUME 736560 3743400 285 2.44 21.97 1.7
MRTRD3 VOLUME 737220 3742200 277 2.44 21.97 1.7
MRTBLVO01 VOLUME 736165 3744868 254 2.44 30.81 1.7
MRTBLV02 VOLUME 736921 3744475 267 2.44 28.13 1.7
MRTBLV03 VOLUME 737053 3744202 257 2.44 28.13 1.7
MRTBLV04 VOLUME 737096 3743996 254 2.44 17.79 1.7
MRTBLV05 VOLUME 737124 3743884 251 2.44 17.79 1.7
MRTBLV06 VOLUME 737154 3743766 253 2.44 17.79 1.7
MRTBLV07 VOLUME 737190 3743647 255 2.44 17.79 1.7
MRTBLV08 VOLUME 737225 3743530 256 2.44 17.79 1.7
MRTBLV09 VOLUME 737255 3743446 257 2.44 11.48 1.7
MRTBLV10 VOLUME 737266 3743400 259 2.44 11.48 1.7
MRTBLV11 VOLUME 737277 3743355 260 2.44 11.48 1.7
MRTBLV12 VOLUME 737294 3743306 261 2.44 11.48 1.7
MRTBLV13 VOLUME 737312 3743257 262 2.44 11.48 1.7
MRTBLV14 VOLUME 737325 3743210 265 2.44 11.48 1.7
MRTBLV15 VOLUME 737341 3743165 265 2.44 11.48 1.7
MRTBLV16 VOLUME 737358 3743118 265 2.44 11.48 1.7
MRTBLV17 VOLUME 737375 3743071 265 2.44 11.48 1.7
MRTBLV18 VOLUME 737398 3743025 265 2.44 11.48 1.7
MRTBLV19 VOLUME 737421 3742980 266 2.44 11.48 1.7
MRTBLV20 VOLUME 737462 3742904 267 2.44 17.79 1.7
MRTBLV21 VOLUME 737521 3742796 267 2.44 17.79 1.7
MRTBLV22 VOLUME 737580 3742688 266 2.44 17.79 1.7
MRTBLV23 VOLUME 737638 3742581 265 2.44 17.79 1.7
MRTBLV24 VOLUME 737693 3742474 266 2.44 17.79 17
MRTBLV25 VOLUME 737793 3742292 271 2.44 28.13 1.7
MRTBLV26 VOLUME 737932 3742027 278 2.44 28.13 17
MRTBLV27 VOLUME 738073 3741150 283 2.44 32.35 1.7
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B.3.Modeling parameters for industrial sources

AERMOD algorithms need the following parametenstf@ point sources defined

in this work: The source ID is the identificatiohtbe source, the source type, the

location in the domain X and Y in meters and Z ietens above mean sea level, the stack

height which is the release height above groundeters, the stack gas exit temperature

in Kelvin, the stack gas exit velocity in m/s, ghe stack inside diameter in meters.

Ennis plant was defined as a volume source follgwie above description for that type

of source.

Table B.3. Modeling parameters for industrial sesrc

Point sources

Stack Stack Stack exit Stack
X Y z Height | Temperature| velocity Diameter
Source ID Source Type (m) (m) (MAMSL) (m) (K) (m/s) (m)
GAPOWER POINT 733900 3745661 240 2548 405.4 20.27 7.9
LAFARGE POINT 734534 3745561 240 13.4 389.8 20.9 710
SHBRICK POINT 732475 3743547 233.5 20.1 586 13.1 981.
SUTTON POINT 735080 3746126 238 17.7 302 8.99 Q.55
RMCLYTN POINT 735565 3745276 242 9.76 302.6 18.24 40
MEADPKG POINT 738760 3741287 290 44.2 312.6 7.01 061.
CMETAL1 POINT 739930 3740537 300 16.8 298.15 15.02 1.37
CMETAL2 POINT 739930 3740537 300 16.5 298.15 35.22 0.91
CMETAL3 POINT 739930 3740537 300 9.76 1283.15| 7.6 .610Q
Volume sources
X Y z Height Sigma YO Sigma Z0
Source ID Source Type (m) (m) (m) (m) (m) (m)
ENNISPT VOLUME 737418 3743629 257 6 16.44 2.78
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B.4. Emissions from rail yards

Emission factors correspond to previous works {Sat al., 2013; Georgia-EPD

2009; EPA 2010; Honc et al. 2006) and also whetaio&d from personal

communication with Michelle Bergin. Class | radiboperations of Norfolk Southern

(NS) which operates Inman and CSX Transportatid®{TC) which operates Tilford

were split into two categories: line-haul and shing activity. Line-haul emissions were

estimated using data from the surface transpontéto@ard R-1 annual reports (NS, 2012;

CSXT, 2012). Switcher emissions were obtained f@AEPD (2012b). There are 17

switchers in Inman, 10 in Tilford, and 1 in Howejisrd.

converted to g/s for use in AERMOD.

Table B.4. Emissions from rail yards.

Emissions rates must be

Emission factors R Units TILFORD INMAN
BC g/gal 2.4 3.1
PM; s g/gal 4.8 7.2
BC and PM after GenSet retrofit g/gal 0.8 0.8
BC and PM; after conversion to Mother-slug sets g/gal 2.9 6 1.
Units TILFORD | INMAN

R-1 schedule 750 line 1 system diesel oil consuwnpti [gal/year] 4.51E+04§ 4.40E+Q
R-1schedule 755 line 10systen-wide gross ton mile [GTM] 4.56E+1: | 3.92E+1:
System-wide fuel combustion efficiency [GTM /gallyear] 1.01E+03 8.91E+0Q
County-level GTM from NS and CSX reports to GA-EPD

Fulton [GTM] 2.71E+09| 1.74E+09

Cobb 2.44E+09| 1.87E+09
County level track mile§T¢)

Eulton [miles] 67 23

Cobb 37 17
Domain Level Track mile§Tp)

Fulton [miles] 14.0 14.2

Cobb 3.4 2.3
Gross ton miles transported in the modeling dor(&p)

Fulton [GTM] 5.66E+08| 1.08E+09

Cobb 2.21E+08| 2.64E+08
Line-Haul Domain-level Fuel consumpti¢hHF Cp)

Fulton [gallyear] 5.60E+05| 1.21E+06

Cobb 2.19E+05| 2.97E+05

Total 7.79E+05| 1.51E+06
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Table B.4.(Continued). Emissions from rail yards.

Line-haul rail yard emissions Units TILFORD | INMAN
Switchers fuel use in the domai# Cp, [gallyear] 6.00E+05 | 1.01E+06
Switchers fuel use in the domai# Cp after GenSet retrofit [gallyear] 4 50E+05 4.89E+05
Switchers fuel use in the domaiF Cp, after conversion to [gallyear] 4756405 | 5.59E+05
mother-slugs sets
Line-haul rail yard emissions Units TILFORD | INMAN
BC [tyear] 1.9 4.7
PMye Y 3.7 10.9
Switchers rail yard emissions Units TILFORE INMAN
BC [tyear] 1.4 3.1
PM, . Y 2.9 7.2
Switchers rail yard emissions after upgrades Units TILFORD INMAN
GenSet BC and PM [tyear] 0.3 0.4
Mother-slug sets BC and B y 1.4 0.9
BC emissions Inman A Inman B Tilford A Tilford B Howells
[9/s] [9/s] [9/s] [9/s] [9/s]
Line-Haul 0.0741 0.0741 0.0395 0.0198 0.0021
Switchers 0.0495 0.0495 0.0304 0.0152 0.0016
Switchers after GenSet retrofit 0.0059 0.0059 0.0072 0.0036 0.0004
Switchers after conversion to mother-
slug sets 0.0145 0.0145 0.0290 0.0145 0.001p
PM, s emissions Inman A Inman B Tilford A Tilford B Howells
[9/s] [9/s] [9/s] [9/s] [9/s]
Line-Haul 0.1722 0.1722 0.0790 0.0395 0.0041]
Switchers 0.1150 0.1150 0.0609 0.0304 0.0032
Switchers after GenSet retrofit 0.0059 0.0059 0.0072 0.0036 0.0004
Switchers after conversion to mother- 0.0145 0.0145 0.0290 0.0145 0.0015
slug sets

B.5. Emissions from on-road mobile sources.

Table B.5. Emissions from on-road mobile sources.

Road [ltjlytl-:‘z;r] I?t/?/ear]
Bolton 1 (between James Jackson Parkway and HotighiRpad) 011 0.03
Bolton 2 (between Hollywood Road and Marietta Road) 0.12 0.03
Bolton 3 (between Marietta Road and Marietta Boaitdy 0.07 0.02
Marietta Boulevard 1.23 0.36
Marietta Road 0.36 0.10
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Table B.5. (continued). Emissions from on-road ieofources.

Road PM, s BC Road PM, 5 BC
Segment [a/s] [a/s] Segment [g/s] [g/s]
BOLTON1 0.00337| 0.00097 MRTBLV12 | 0.00033| 0.00010
BOLTON2 0.00368| 0.00106€ MRTBLV13 | 0.00033| 0.00010
BOLTON3 0.00221| 0.00064 MRTBLV14 | 0.00033| 0.00010
MRTRD1 0.00384| 0.00104 MRTBLV15 | 0.00033| 0.00010
MRTRD2 0.00384| 0.00104 MRTBLV16 | 0.00033| 0.00010
MRTRD3 0.00384| 0.0010¢ MRTBLV17 | 0.00033| 0.00010
MRTBLVO1 | 0.00939| 0.00277 MRTBLV18 | 0.00033| 0.00010
MRTBLVO02 | 0.00196| 0.00058 MRTBLV19 | 0.00033| 0.00010
MRTBLVO3 | 0.00196| 0.00058 MRTBLV20 | 0.00078| 0.00023
MRTBLVO04 | 0.00078| 0.00023 MRTBLV21 | 0.00078| 0.00023
MRTBLVO5 | 0.00078| 0.00023 MRTBLV22 | 0.00078| 0.00023
MRTBLVO06 | 0.00078| 0.00023 MRTBLV23 | 0.00078| 0.00023
MRTBLVO7 | 0.00078| 0.00023 MRTBLV24 | 0.00078| 0.00023
MRTBLVO08 | 0.00078| 0.00023 MRTBLV25 | 0.00196| 0.00058
MRTBLV09 | 0.00033| 0.00010 MRTBLV26 | 0.00196| 0.00058
MRTBLV10 | 0.00033| 0.00010 MRTBLV27 | 0.01036| 0.00305
MRTBLV11 | 0.00033| 0.00010
B.6. Emissions from industrial sources.
Table B.6. Emissions from industrial sources.
Facility Name AIRS No. | Latitude Longitude P& BC
[t/lyear] [t/year]
Georgia Power Company McDonough/Atkinson Plant 0803 | 33.820865 -84.48408( 132.4 50.3
General Shale Brick Inc. Plant 12100004 33.80889684.486768 40.¢ 0.8
Lafarge Building Materials, Inc. 12100401  33.827193| -84.471987 24.9 0.5
Cobb County R.L. Sutton water reclamation facility | 06700018 | 33.829254 -84.459795 36.¢ 0.7
Central Metals Co. 12100033  33.777804 -84.408952 9.5 0.2
Mead Packaging Co 12100070  33.784353 -84.4225%30 19.1 04
Atlanta R.M. Clayton water reclamation facility mpes8 | 33.821438 -84.45654 2.4 0.05
Ennis Paint, Inc. 12100617  33.805794 -84.436891 3.6 0.07
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B.7. Concentration-response functions.

Table B7. Concentration-response functions.

Health endpoint | Age group Author Function
Mortality, All Cause | 30-99 Krewski et al. (1-(MB(Beta*DELTAQ)))*Incidence*POP
Mortality, All Cause | 25-99 Lepeule et al. (1-EX®éta*DELTAQ))*Incidence*POP
Mortality, All Cause | infants Woodruff et al. (1#((2-Incidence)*EXP(Beta*DeltaQ)+Incidence)))*lnEnce*POP
Emergency Room Visits, Asthma | 0-99 Mar et al. EKP(-Beta*DELTAQ))*Incidence*POP
HA, All Respiratory |65-99 Zanobetti et al (1-EXBéta*DELTAQ))*Incidence*POP
HA, Asthma |0-17 Sheppard (1-(1/EXP(Beta*DELTAQ)hridence*POP
HA, Chronic Lung Disease | 18-94 Moolgavkar (1-rEBeta*DELTAQ)))*Incidence*POP
HA, Al Cardiovascular (less Myocardial Infaretiorts — zanopet et al (1-EXP(-Beta*DELTAQ))*IncidencePOP
Tééﬁll Cardiovascular (less Myocardial Infarctigris Moolgavkar (1-(L/EXP(Beta*DELTAQ)))*Incidence*POP
Work Loss Days | 18-64 Ostro (1-(1/EXP(Beta*DELTARINcidence*POP
Minor Restricted Activity Days | 18-64 Ostro andtRszhild  (1-(1/EXP(Beta*DELTAQ)))*A*POP
Acute Bronchitis | 8-12 Dockery et al. (1-(2/((*cidence)*EXP(Beta*DeltaQ)+Incidence)))*Incidence*PO
Lower Respiratory Symptoms | 7-14 Schwartz and Neag(1-(1/((1-A)*EXP(Beta*DeltaQ)+A)))*A*POP
Upper Respiratory Symptoms | 9-11 Pope et al. (@) *EXP(Beta*DeltaQ)+A)))*A*POP*Prevalence
Asthma Exacerbation, Cough | 6-18 Mar et al. (A/{(@-A)*exp(Beta*DELTAQ)+A)))*POP*Prevalence
Asthma Exacerbation, Shortness of Breath | 6-18 vat. (A - (AJ((1-A)*exp(Beta*DELTAQ)+A)))*POP*Revalence
Asthma Exacerbation, Wheeze | 6-18 Ostro et al. (1412-A)*EXP(Beta*DeltaQ)+A)))*A*POP*Prevalence

B.8. Concentration-response functions.
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APPENDIX C

DATABASE OF MEASUREMENTS

A data base with measurements for,RMBC, CQ wind speed and direction and
tables with metals, EC/OC and lons filter basedsuezments is contained in digital
format as Appendix C. There are data base tabte=afth of the pollutants continuous
measurements at each of the two monitoring sites. iistruments were used to measure
BC at fire station 8 sites, an Aethalometer anduétirangle absorption photometer. An
access table is provided for the measurementscbf @ahese instruments. Data is

marked with time stamps, formatted month day yeariminute (mm-dd-yyy hh:mm).
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