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SUMMARY

The work presented in this thesis is a contributtona larger research effort studying
emissions asxiated with port operationhe findings from this thesis will allow the CARTEEH
project teancreate a study methodology and data analysis plan that best fits their purposes and
gives the best insight into population exposures related to port emisd@tantributionof this
work can be split into three components: literature reympulationdemographicsnapping and
dispersion modeling. The literature reviéw this projecincludes looking at population exposure
studies, studies with measurements ttick emisgons, and existing effort$éo reduce port

emissions.

The population demographsanapping portion of this work includes mapping population
demographics for areas surrounding the Port of Los Angeles, Port of Long Beach, Port of Houston,
Port of Savannah, and Port of Brunswick. The data used for this section was taken from the US
CensuBur eau and from the EPAG6s EJSCREEN tool an

occupancy, house and family size, age, linguistic isolation, and education.

The dispersion modeling component of this anallggi&s at emissions from truck drivers
gueuirg at part gate§.hese emissions were modeled in AERMOD on three different spatial scales
and then mapp ektiging mterpo@tiorAtoot The Mddsling portion of this thesis
evaluates the effect vehicle age, meteorological data, and chardideriatthe roughness
parameter has on estimated concentrations AERMOD results showed that vehicle ags the

biggest impact on estimated concentrations from idling emissions outside of port gates

Xiii



1. INTRODUCTION

1.1.CARTEEH

In 2016,a consortiumrom Texas A& M, Johns Hopkins Universityhe Geogia Institute
of TechnologyUniversity of Texas at El Paso, and University of California, Rivergidposed
the establishment dofie Center for Advancing Research on Transportatioiséoms, Energy and
Health (CARTEEH). This centeis a Tier 1 University Transportation Cen{UTC) with a focus
ontheFasAct priorityPresenmgat tle & mnohacereisendsastadmub
for advancing research that addresses emissions in tiextah public health. In addition to
furthering transportation research, CAREEHO s pri mar yis prooating i but i
interdisciplinary collaboration between the transpaiteand public health sectors agerts from

these two fields have not tiionally collaborated together before to this extent.

One of CARTEEHO s f I r st establslestai Govperatiees Research Program
consisting of six initial projects selected for their multimodal anerdisciplinary nature. These
projectswill leverage the strengths of each member universitysiexeral synergistic initiatives.
The topics covered by these initial projects encompasdth risks, transportation emissions,

alternative fuel technologies, and population vulnerabilityte€el@o air pollution.

1.2. Truck Emissions- Exposure Study in Ports

One of the six initial Cooperative Research Program projects funded throUghEEA
is a truck emissionexposure study in ports. This projezt multilateral effort between Gggia
Institute of Technology, University of California Riverside, and Texa& M. The project
encompasss seweral focus areas related to CAREH including: alternative technologies,

emissions and energy estimation, data integrasindthe potential forexposure and health impact

1



assessment#n addition to encompassing several focus areas, the atsdynclude emissions
from five different pots across the United States. These five ports are located in Georgia, Texas,
and California angersonnel from the three consortium members located near eaahgdesding

the study at their local port

Ports arean important focus for air quality studies as these areasaoe transpdation
hubs for the import and export of goods. Th&smlities are prone to air quality concerns as a
result of emissions from marine engines, fremmd drayage trucks, rail operatiotrsicking,and
cargo handling equipmerithe impact of thesemissions sources is poorly understood and thus,
the healtreffects of these emissions on vulnerable populations is also poorly understood. This lack
in understanding is the resulttbe limited number of studies the interactions of emissions from

different sources related to port activities.

Research teams have measured and modelearatelyemissions from shipping, freight
handling, trucking, and rail operations related to port operatidttee work has been done to
combinethese emissions sources into one holistic analysis.first st@ in addressing poor air
guality, is accurately estimating the concentrations these communities are expodéus to.
improved exposure assessment can then be used to inform alterations made to port operations in

order to improve air quality for these people.

There is a need fondividual pollution assessments fitlle different port operations
orderto conduct a comprehensive air quality assessment. Part of the assessment will include
emissions inventories and modeling efforts for emissions from mangiaes, freight and drayage
trucks, rail operations, trucking, and cargo handling equipment. Such a large endeavor will be
broken into smaller pieces conducted by different project membezsndiividual phases for the

overall project consists of:



. Literature Review: Researcheadentify and evaluate the most relevant literature connected
with: a.) Occupational and population exposure associated with port operations, b.)
Reductions in particulate matter emissions related to-hased freight handling
equipment.

. Development of Measurement Plan: Each research ¢eflines a data measurement and
collection plan that includes data quality assurance and quality control plans to ensure
comparability between data sets.

. Update and Expand Georgia TeakeFand Emissions Calculator: This expansiamiudes
specific types of port equipment not currently available in the model.

. Update GT Port Model: The updatkows modeling specific features for each of the ports
through the Georgia Tech PoréiRmodel.

. Field Data Collection: Conduct filed measurements of particulate matter concentrations
with appropriate meteorological data collection at each of the ports selected. The research
teams will also determine activity levels for port equipmentianentory this equipment.

. Port modeling: Perform dispersion and emissions modeling using the data collected during
the Field Data Collection campaign.

. Final Project Report

The work outlined in this paper, is done in support of the overall project.wdris

contributes to the literature review, field data collection, and port modelingawnts of the

overall project, with a focus on the contributions of trucking operations to port emissions.

1. 3. Trucking Operations near ports

Freight trucks oftemueuefor long periods of time outside of ports generating heightened

levels of emissions from idling in a concentrated area. These emissions are in addition to emissions



from ships, freight handling equipment, and fugitive dMtdeling the emissions adling freight

trucks is a key component tmderstanding the overathpactportshave orlocal air quality.

Modeling idling emissions generadtérom a defined area is a fietd research that is not
well understood. Many research questions still remamd, must be answered before any data
collection at ports can begin. Missing datdoov-quality data collectioomakes any data collected
for this study of no value for amasquaityAkey t he
contribution of this report will be refining the measurement plan for this study to ensure that all
required data is collectedhe scope of this report is too limited to prescribe a complete

measuremerylan; however several key problems will be rdged as part of this work.

The key modeling questions this repaddresssin relation to idling emissions include:
(1). How do variations in trucknodel years influence concentrati®fs2 ) . How do di f f e
meteorological data influence camtrations? (3). How do different roughness parameters impact

estimated concentrations? These questions will be further explored in Chapter 4 of this thesis

The overarching purpose of this project is to achieve a better understanding of the risks
port workers and neighboring communities are at as a result of port activities. To better understand
the risks of these populations, air quality data, meteorological data, activity data and other
measures will be collected as part of the field study and then ndodatk related to health
indicators. The previous paragraphs discuss the questions still unanswered related to the modeling
component of this project, but there are still questions related to health indicators used for this

study.

Health impacts are ofteevaluated through a population exposure study. For population

exposure studies, researchers deterrthieeaggregate exposure of a seddcpopulation to air



pollution (Watson, Bates, & Kennedy, 1988)easuring concentrations pbllutants is a primary
way researchenzlate air quality to health risks for the exposed population. Understanding the
makeup of the exposed population in addition to understanding their exposure to pollutants are

equally important.

As part ofunderstanding the makg of exposed populationg can be important to
consider the Environmental Justice implications of port activities. The EPA defines Environmental
Justice as, i t rheaninfd involvementohall peaphegardbess of race, color,
national origin, or income, with respect to the development, implementation, and enforcement of
environment al | aws , (UnitedgStatesaBnvironmental Peoteation pgemcy, c i e s
2017) Understanding the ethnic, soe@gonomic, anather demographicsf populations living
near ports ensures that disadvantaged minorities are not unfairly and negatively impacted by port
activities. This studysescensus data to map tdemographicharacteristics of populations living
near ports. These majse used in conjunction with the air quality modeling efforts to help

visualize the potential impacts ports have on the health of neighboring populations.

The study areas presented insttsectionwill be further defined and explored, in the
following sections of this thesi$he following sections will include a literature review, population

demographics mapping, and modeling esioiss generated by idling trucks.



2. LITERATURE REVIEW

This literature revieveovers three main topics

1. Review of previous population exposure studies for populaheas roadways and truck
stops

2. Existing studies of emission reduction strategies at ports

3. Overview of existing dispersion models and model campas for modeling idling

emissions

This literature reviewwas developed by searchisgientific reference databases and
popular web search enginfes key words from each of the three topics. Fronréhevant studies
identified bythe webbased searclother sources were identified basedeferences cited biye
selectedpublications. As a fitsstep to theformation of this literature reviewan annotated
bibliography of key literaturevas created

In the firsttopic covered apart of the reviewstudieswere selected that haveeasured
truck and roadwayrelated human expase to diesel exhausthese studiesieasuregarticulate
matter (PM)and in some cases other pollutants associated digttel exhausfound to have
negative health impact$he studies included in this portion of the literature review also have an
associated health indicator used to evaluate human response to measured concentrations of
pollutants.

The secongbart of the revieveoversemission reduction strategies currentlyige at ports

and their reported success. The main types of emission reduction strategies reported include an



appointment system for ports gates, extended operating hours for port gates, and other policy based
emission reduction strategies.

The last partof the literature reviewfocuseson existing dispersion modelgsed for
modeling idling emissionswith a focuson EPA approved regulatory models recommended for
transportation project analysisir quality analysis for transportation projects requiresutitaful
model selectioras different models are better suited for different transportation project scopes.
Project scope informs model selectitmut model configuration caalso heavily influence the
results of population exposure studi€mponents inflencing study results based on model
configuration include: @urce type, meteorology, and emissions factors and care should be taken
when making decisions regarding these factors.

The following sectionscontain a synthesis of significant results ftne tree topics
introducd aboveFor each of ta three topicshe findings fronselectedstudies ar@resentedn
either atabularor paragrapiform with a focus on the study methodologies for each pdper
addition to study methodology, results and kegifigs may also be presented depending on the

primary purpose identified for each topic.



2.1Population Exposure Studies Related to 8adways and Truck Stops

This section of thereview builds the foundatiorfor a study methodologgetailing the
measurement collection procedures for collecting da¢aett portThe studies presented in this
section wereidentified for analyzing health impactsrelatal to dieselexhaust generated at
roadways and truck stops. This sectmmmpars these studies based on study desayd air
quality and healthdata collection methodologie3he findings from this revievallows the
CARTEEH project team to learn from other studies and create a study methodology for their
project that best fittheir purposes andives thebest insight into population exposures related to

port emissions

This section of the review aims to answer three questions:

1. How should air quality data be collected to be relatable to health?
2. What additional types of data ailid be collected (meteorology, et¢.)
3. What health indicator should be collected to coincide with the data?

In an effort to answer these three questions, several key parameters were identified to best
characterize the methodologies employed by previowsestuThe methodologies were split into
healthspecific and air quality dateollection procedureey study characteristicoif the air
guality data collection procedureslude:study duration, location, equipment used, parameters
measured, meteorology data collected and number of monitoring locatiok&ey study
characteristicsdr healthspecific data collection procedurgglude: study duration, nmber of
participants health indicator used, and -hiealth relationship employedhe variations in thee
study charagristics are summarized fable 1, for each of the elevestudies included in this
section of the review. A brief summary of the scope of each study has also Hededrfor

reference



.Tablel: Population Exposure Studies Related to RoadwagisTamck Stops

Study (Dockery, 1993) (Gripshun, 2013) (LwebugaMukasa, 200)
Related mortality and air qualitt Measure actual improvements Analyzed the spatial variation ¢
across 6 US metropolitan area:! in air quality from emissions  asthma cases and their

Scope controls and public perceptions associated pramity to major
of improvements transportation corridors.
Duration 19791985 (7 years) 20022005, 20162011 (6 years) 19912000 (10 years)
Portage, WI; Topeka, KS; Cincinnati, OH Peae Bridge, Buffalo, NY
© Location Harriman, TN; Watertown, MA,;
8 St. Louis, MO; Steubenville, Ot
> Total particles, sulfur dioxide, PM2.5, EC, OC, Ti, V, Mn, Fe, Yearly volume otruck and bus
T Parameters Measure nitrogen dioxide, ozone, aerosc Zn, Br, Pb traffic; traffic data used as
8, acidity, sulfate particles surrogate to aipollution
s Meteorology N/A Wind speed and direction wind direction
< Monitoring Locations 6 4 No airmonitoring facilities
Equi Centrallylocated ai#monitoring MS&T Area Sampler/Harvard  Airport weather station
quipment . .
station type PM2.5 impactor
Durati 17 years with 1416 year follow 20022005, 20162011 (6 years) Variable
uration )
© up period
© Participants 811 100 N/A
2 Life survival probabilities; Public pereption of air quality Hospital discharges for asthma
< . mortality-rate ratios; Cox surveys (1992:1996), hospitalizations
o Health Indicator Usec : : : e |
T proportionathazards regressior and outpatient visits for asthme
models (19952000)
Air Health Relation Mortality rates N/A N/A
N/A N/A Population, median household

income, percentagd center
occupied housing units, averag

Additional Data household income,
race/ethnicity, age brackets,
education level, year homes
were built



Tablel: (continued)Population Exposure Studies Related to Ram anl Truck Stops, Studies@lof 11

Study

(Mauzerall & Tong, 2007)

(Ryan, 2005)

(Rudell, 1994)

Scope

Duration
Location

Looks at mortalities related t
ambient concentrations of
ozore and PM2.5 in the 8.
using CMAQ

January & July 1995 & 196
us

Emissions obtained from US
EPA nationakmission

Conducted health surveys for
parents of infants living near
highway truck traffic reporting the
prevalence of wheezing

Not indicated, but at least 1 year
Cincinnati, OH

Proximity of infant's home to
federal interstates, state routes,

Researchers exposed humans tc
diluted diesel exhaust and
measured the effect on lung
function

1 hour

Sweden

CO, NO, NO2, PM, formaldehyd

o
g Parameters Measure inventory 1995 and the and bus routes, speed limit on th
> BEIS3 roadway andtraffic volume
T Meteorology NCAR MM5 meteorology N/A Controlled exposure chamber
3 Monitoring Locations| N/A N/A ~3 per pollutant
.3: CMAQ ArcView Miran 1-AIR instrument, CSI
1600 Oxides of nitrogen analyze|
Equipment FID Instrument 3300,
condensabn particle counter
model 3022
Duration January &July 1996 Not indicated, btiat least 1 year 1 hour
- US population 622 infants 6 months or older ani 8 healthy norsmoking patients
Participants
screened for allergy symptoms  age 1927 years old
% Incidence of mortality or Parent reported wheezing withou Self-reported symptoms of
a respiratory diseaseised two symptoms of a cold headache, nausea, tiredness,
= Health Indicator Useq epidemological studies for tightness of chest, coughing,
S analysis difficulty breathing, eye irritation,
L nasal irritation, throat irritation

Air Health Relation

Additional Data

Incidence of mortality with
and without presence of
anthropogenic emissions
N/A

Presence of wheezing when
located within 400 retersof a
major road

N/A

10

Lung function tests performed
before and after the experiment;

N/A



Air Quality Data

Health Data

Tablel: (continued)Population Exposure Studies Related todRaeys and Truck Stops, Studie®0f 11

Study

Scope

Duration

Location
Parameters Measure

Meteorology

Monitoring Locations
Equipment

Duration
Participants

Health Indicator Usec

Air Health Relation

Additional Data

(Smargiassi, 2006)

This study looked at associatio
between traffic emission
exposures and respiratory
disease among the elderly
April 2001-March 2002

Montreal, CA
Traffic Volume
N/A

N/A

Used MOTREM98 to estimate
weekday traffic intensity based
phonesurvey

April 2001-March 2002
35309hospital patients
Hospital admission of people
over age 60 for respiratory
diagnoses

Proximity of home to a major
roadway

Included case and control
hospitalizations in their study

(Laden, Hart, Smith, & Davis,
2007)

Retrospective cohort study
looking at exposureelated
mortality in theunionized
trucking industry
5-day sampling period at one
site per month from 2062005
US truck freight terminals (36
PM2.5, EC, OC
Temperature, humidity, wind
direction, wind speed
Not stated
PM2.5 collected on 3mm
Teflon; EC and OC determined
by NIOSH 5040 minod
19852000
54319 males
CauseSpeific mortality using
the National Death Index

Questionnairdéor workers b
assess smoking statysb title,
and terminal characteristics
Collected information about job
titles and duties, vital status,
date of death, causpecific
mortality focusing on lung
cancer, bladder canceéschemic
heart disease, and obstructive
lungdisease

11

(Emmelin, Wall, & Nystrom,
1993)
Indirect exposure measuremgn
for Swedish dock workers babe
on estimated diesel exhaust
exposurdimes
19571979

Sweden
Machine timefuel consumption
None

15 Ports

None used company records tc
obtainfuel use and mdmne
hoursinformation

19571982

154 dock workers

Lung cancer

Lungcancer in relation to
exposure time basexh annual
fuel diesel consumption
Smoking information,
employment history



Tablel: (continued)Population Exposure Studies Related todReays and Truck Stops, Studies1Dof 11

Study (Gauderman, 2007) (Morgenstern, 2007)
Study analyzed the relationship between expos Looked at air quality and infamespiratory health
Scope to traffic emissions and the growth of lung in Munich, City Germany.
function over a 8/ear period
19932003 March 1999July 2000; measurements made in :
Duration week intervals with air sampled for 15 minutes
every 2 hours
Location 12 southerrCalifornia communities 40 sites throughout Mhich City
foo Average hourly concentrations of O3, NO2, PM, NO2
8 Parameters Measurg PM10, 2week integrated filter samples for acid
> vapor, and PM2.5 mass and chemistry, EC, OC
T M Wind speed, wind direction, atmospheric stabiliit None mentioned
S eteorology . .
& mixing heights
B 1 per community (12 total) 40traffic and40 background sites with four
Monitoring Locations measurements taken pte, one per season for
each site
CALINE4; Used roadway volumes, traffic Harvard Impactors using Anderson Teflon
Equipment volumes, meteorological conditions)davehicle  membrane filters, Smoke Stain Reflectometer,
emission rates as well as Palmes tubes for NO2 measurements
Duration 8 years (one group began study in 1993, the otl 19901992
in 1996)
% Partigpants 3677 children 3577 newborns from Munich and Wesel
Q Lungfunction measurements/growth using Questionnaires completed by parents every 6
% Health Indicator Useq spirometry months documenting coughing, wheezing, asthi
leb) etc.
= Used GIS to assess traffielated air pollution

Air Health Relation

Additional Data

Lungfunction in relatiorto traffic exposurdased
ondistance of each child's home from a major
roadvay

Conducted anumal surveys for race, parental
income and education, history of doetbagnosed
asthma, exposure to smoking, patsl ETS

12

concentrations at each child's home and relatec
this to respiratory symptoms

Also included parental atopy, sex, maternal
education, siblings, use of gas for cooking, hom
dampness, mold, pets, ETS



From lookng at the air quality data collection durations presented in Table 1, data
collection periods ranged from 1 hour of data collection to 23 years of collecting data. Many
studies that wused air quality dat ariodesedgheed at
data collected by permanent, centrally locatedranitoring stations (Dockery, 1993) (Mauzerall
& Tong, 2007). Many local air quality divisions have continuous monitoring networks already
established and publish the data collected by tsiag®ns, making it possible for studies to focus
on analyzing this data and collecting correlated health data

Studies with a focus on spatial trends and spatial variance in air quality data typically
collecteddata over shorter time periods (tyally several days or weeks) because data collection
occurred at multiple sites. The spatial scale of these studies ranged framdei{jvorgenstern,
2007)(Gripshun, 2013)to regional scaleockery, 1993)Gauderman, 2007jo countrywide
scalegLaden, Hart, Smith, & Davis, 20Q07)

In addition to the varying spatial scales of the studies presented, theevevasnore
variety in the number of monitoring locations included at each site. Some studies collected data
from one central location per site, others put sarapheseveral locations, and some took personal
air quality data, background air quality datedlambient air quality data on site. Both of the-city
wide studies collected four measurements per site, but in on study they moved around to different
sites within the city and collected one measurement per season at eé&loggenstern, 2007)
whereas the other cHyide study used four permanent monitoring locati@@spshun, 2013)

The CARTEEH ports study is conducting an analysis on a scale similar to-avidigystudy
however there seem# beno established best practice for collecting data on this scale, so the
research team will need to devise a data collection plan that best captures occupational and

population exposures given the equipment and personnel constraints of their team.
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Of the studies that collected their own air quality data, particulate matter (PM)/total
particlesis the only parameter measured by every study. Measuring PM was most commonly
accomplished using Harvard Impactors or cyclone separators fitted with a Titk8onSome
studies specifically collecteéM10, PM2.5 or PM1 air quality data. Elemental carbon, organic
carbon, nitrogen oxide, nitrogen dide and aerosol acidity data weaso collected by some
studies. There seems to be less agreement betwedndles sibout which pollutants, in addition
to PM, are important to collect for health studies; however, there did seem to be a unanimous
agreement that PM data should be collected for air quality studies focused on diesel emissions and
relating these emigms to a health effect.

For meteorology data collection, wind speed and wind direction were the parameters most
consistently included in the data collection process. Some of the studies also included temperature
and humidity datgLaden, Hart, Smith, & Davis, 20035 well as atmospheric stability mixing
heights(Gauderman, 2007)his additional meteorological data was collddiy studies with a
larger spatial and temporal scaladicating this dta may be important for correlating data
collected in different areas and in different seasons. The CARTEEH ports study will include data
from Georgia, Texas, and California so additional meteorological dathene@guiredo account
for varying climatescross the three study locations.

From looking at the literature from previoag quality studies that also incorporated
health indicator, many studiesed traffic datasaa proxy for air quality datdwebugaMukasa,

2009 (Ryan, 2005)(Smargiassi, 2006)These studies used traffic volume imtensity and
associatedoadway emissions to estimate populagsposuresn the given study area.

Many studies used pxonity to heavy traffic areas as a link between air quality and health

(LwebugaMukasa, 2004)YRyan, 2005)(Smargiassi, 2006jGauderman, 2007)Morgenstern,
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2007) Thislinkis based on GI'S analysis of proximity of
roadway classes and the associated traffic emissions for each roadway. Roadways were classified
based on #ffic volume orintensity and emission values were assigned to these roadways in
accordance to their classification. Study par
distance from a roadway and roadway type. Of these studies that linkedamebfitoximity to a

major roadway, questionnaires and hospital admissions were the most popular link between
respiratory health and exposure.

A negative health effect was typically identified by asthma, wheezing and coughing
(LwebugaMukasa, 2004)Ryan, 2005)(Morgenstern, 2007)Two of the studies physically
measured lung function and growth of lungs for children using spirometry; however, this method
seems less popaul for larger studies as it requires specialized equipment, trained personnel and is
time intensive for data collectigqfRudell, 1994 Gauderman, 2007)

One of the eleven studies presented irs ection,looked specifically at population
exposures related to parand is presented Tablel (Emmelin, Wall, & Nystrom, 1993)This
studylooked at 15 Swedms p aecdrds 6f machine timesdfuel consumption and estimated
occupational exposures based on this data without physically collecting any air qualiffadata
link workers exposure to a health effect, they included lung cancer diagnoses and $nsodigg
for the port workers. Whilextensive healtland air quality data were not included in the study
they were able to link exposure to diesel exhaust at ports to increased odds of respiratory disease.
These correlations between respiratory diseasklrsghtened exposure to diesel exhaust were
made in 1993, indicating aeed formore current studies of occupational exposures for port

workers using improved methods of evaluagj occupational exposures. Evaluation of
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occupational exposures in the trugdiindustry are more prevalent than for the port industry as
shown by the studies presented in this sectimphasizing a need for the CAEEH Pors Study.

Based on the methodologies employed by these eleven studies, collecting information on
w o r k astowy Of rebpiratory disease, smoking status, and occupational history seems to be the
most pertinent health information to collect. Including information about job title, years of
empl oyment in each job, and e ac bundconbesti@tiomss s oc i
and personal exposure monitors is important for linkingthdas$tory to personal exposuf@nce
exposures associated with each job titte evaluated, dollow-up studyor retrospective study
couldlink job specifc exposures to health outcomes. It may be possible to use historical emissions
data and employment data with the fully developed port model to look at past workers estimated
exposure and then look at their current health records to link the two. Thisftygieospective
cohort study could be useful to evaluate which job types show the highest correlation to a negative
health outcome and should be the first to consider strategies to improve air quality in these job

functions.

2.2. Existing Studies of Engsion Reduction Strategieat Ports
This secton looks at existing studies of emission reduction strategies at ports. The previous
section presented a need for evaluating occupational exposures and associated health outcomes for
different job titles andhte possibility of making improvements for the jobs found to have the
highest correlation to a negative health effect. This seldms at measures differenbps have
taken to improve air quality and reduce emissions in different sectors of poatiops. Many of
these strategies are policy based; howegeme do include technology retrofits in their

improvement plans.
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Many studiesvaluated the use of gate appointment systems or some variation of this type
of scheduling system. Gate apmonent systemsequire trucks to schedule their freight deliveries
at ports in an effort to minimize numbers of idling trucks and the time each truck is waiting to
drop-off freight. Improvements teortfreight delivery systerwere mandatkin California under
California Assembly Bill 2650. The aim of this bill is to reduce idling emissions by giving ports
the option to either extend their hours for freight pigkand dropoff, institute a gate appointment
system, or propose other solutsaio reduce the frequency and duration of truck idling at port gates
(Giuliano & O'Brien, October 2007} ollowing the implementation of this idle reduction bill, a
16-month monitoring period commenced to assess the effectvehdse bill at reducing idling.
Theresults of the monitoring period indicated the appointment system did not reduce waiting times
for trucks nor reduce the numbers of trucks waiting and thus they saw recgmiseductions.
The studyindicated that teminals did not favor the appointment system and so they did not make
the appointment system appealing to driverakingthis system an undautilized addition to port
operations. This undatrtilization of the appointment system could be a primary reason n
improvements were seen, indicating that future efforts need to have terminal operators and key
stakeholders oboard and that the appointment system needs to add value to port opeyzdions

from emissions reductions.

As a followrup study to the imgimentation of the appointment system under AB 2650,
one research team analyzed the improvements added to the appointment systng @an
optimizationbased scheduling framework to help optimize drayage operdtidamboothiri &
Erera, 2008) The gate appointment systemigsddsc onst r ai nt s t andldnits ver s o
the number of drojffs and pickups they can make. The study recommends that drayage firms

use a decision support approach to optimizg thperations when using an appointment system.
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An analytical poirtwise stationary approximation model is an example of a decision support
system that can be utilized to either assign appointment times using diouitetd system that
assigns truckerstloer time windows if their preferred delivery time is unavaildGleen, Zhou, &

List, 2011) An alternate method, which uses the same system and may help reduce scheduling
constraints for drivers is a toll system that assighvalues based on demand for an appointment
time. Utilization of a decision support approach can help improve the perception of appointment
systems, thus increasing the utilization of these systems and reducing idling emissions at port

gates.

The examies of decision support systems provided in the previous paragraph were devised
with operational efficiency as the main objective. In addition to operational efficiency, emissions
reductions are also important to consider. One study looked at the upgenfeing network based
bi-objective model and quantified the reductions in idling emissions associated with diverting
truck arrivals away from high demand appointment tig@een, Govindan, & Golias, 2013)he
study found wherthey shifted 4% of truck deliveries or picips to norpeak hours emissions
from truck idling were reduced by as much as-timed of the totalemissionsThe use of this type

of system has significant emissions reductions.

A study prepared for the Carniad Transportation Development Center evaluated the
effectiveness of gate appointment systems in reducing port emissions at North American ports and
also considered the use of automation technologies and extended gatéMurars & Lord,

March 2006) This study found that gate appointment systems and extended operating hours were
successful in reducing truck emissions at the Port of Vancouver, in contrast to the failure of the

appointment system at the Port of Los Angeles amtid? Long Beach.
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The implementation of an appointment system at the Port of Los Angeles, Port of Long
Beach, and Port of Oakland mandated under AB 2650 demassti@potential of environmental
policy to improve air quality; however, this bill wasidersupported by kegtakeholders with
significant economic and political influence and so the potential benefits of the bill were not
achieved(Giuliano & O'Brien, October 2007)n spite of the limited success of this regjidn,
ports in New York, New Jersey, and Vancouver, BCimrarious phases amplementing these
appointment systems or limiting idling periods to an3@ute period with a fine issued for idling
beyond this time frameéAdditionally, 20 other states havnunicipal idling regulations in place
andusepolicy to reduce emssions and improve air qualifiviorais & Lord, March 2006)Other
ports have already switched to lower emission dock vehicles instead of an apposystentas
this alternative is seen as having a greater potential for reducing emissions from port operations

(Giuliano & O'Brien, October 2007)

The Pier Pass Program was implemented on July 23, 2005 at the Ports of Ldss Ange
and Long Beach and operatsnilarto extended idling hours. The Bram adds nighttime and
weekendhours to delivery hours schedule and incentivizes deliveries made during these hours.
Shifting deliveries to nights and weekends reduces traffic amgestion during peak daytime
hours and allows truckers to make more deliveries on average. This system was favorable to a
majority of truck drivers interviewed and reduced the idling time and thus emissions generated

by vehicles making deliveriegorais & Lord, March 2006)

Cargo handling equipment also generate emissions when fueled by conventional crude
diesel fuels. Studies have found that low sulfur diesel fuel, diesel emulsions, biodiesel and Fischer

Tropsch diesel arellaviable alternatives to fuel cargo handling equipment that have reduced

19



emissiongSoloman & Bailey, 2004)The study found that the PM emissions reductions for these

fuels can range from-83% with an extra cost ranging frd0.05$1 per gallon(USD).

All of the studies discussed in this section provide alternatives to reduce truck idling times
and volumes outside of port gates. These alternatives range in their scale of complexity, cost, and
favorability with drivers and taminal operators. One of the main systems currently implemented
is an appintment system which has seearious levels of effectiveness bigt shown to be
effectiveif implemented witithesupport of stakeholders and with the use of a carefullyatex
scheduling or toll systenThe findings of these studies indicate that emission reductions from

vehicles idling at port gates are feasible with simple policies and simple bidesaihed systems.

2.3. Comparison of Commonly Used Air Quality Dispesion Models

This section of the literature reviewxplores different air quality models and model
configurations, ananakes initial decisions about which modahd configuratiorbest suits this
study. The studies presentedthis section were identified for modeling population expasure
related to diesebxhaust generated lbgadways and truck stops. The studies selected were then
comparedbased ormodel used, air quality data used, and data evaluatethodology The
findings fromthis reviewalowsthe CARTEEH project team to learn from other studies create
a study methodology and data analysis piteart best fits their purposes and gives the best insight

into population exposures related to port emissions.

In an effort toassess different air quality modedgveral key parameters were identified to
best characterize the methodologies employed by previous studies. The methodologies were split
into air quality data collection procedurasd modeling specificatis. The study characteristics
identified as keydr the air quality data collection procedureslude: study duration, location,

equipment used, parameters measured, meteorology data collected and number of monitoring
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locations. Fomodeling specificatios) the key study characteristics identified includeftware
used, parameters modeled, findings, and data evaluation mdthedsariations in these study
chaacterstics are summarized ifable2 for each of the nineteestudies included in this section

of the review. A brief summary of the scope of each sisidhcluded in the tables for reference.
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Table2z Comparison of Di f of €ommontly USd AirdDigprsionMpdels | cat i on
Study (Benson, 1992) (Chen H. , 2008) (Davis, et al., 2006)
Provides a history of the Looks at an intersection in Used data collected from trucking
development of the CALINE Sacramento, CA and aroad in  terminals to evaluatersictural
Scope models anevaluates London, UK to compare the equation modeling to predict
CALINE3 and CALINE4 different model results to observe¢ personal exposure.
using five field studies. concentrations of PM2.5
Duration or Data | Used data from General 3 days for one site, 253 hours 20012005
Time Period Motors Sulfate Dispersion  from July 31, 1998July 17, 2000
c Location Experiment, lllinois EPA Sacramento, CA and London, Ut 36 truckingUSterminals
-% Parameters Measurg Freeway/Intersection Study, PM2.5 PM2.5, EC, OC
o Meteorology EPA NO2/0O3 Sampler Sitin¢ Depended on model requiremen’ Temperature, humidity, wind
8 Study, Caltrans Intersech direction, wind speed
o Monitoring Locations S'FUdy, and the Caltrans 4 between two studies 4: personal monitoring, 2 indoor
3 Highway 99 Tracer work locations, background
: Experiment for model Not indicated PM2.5 collected on 37 mm Teflo|
Equipment or Data | ygjigation. filter; PM1 collected on 22 mm
Used o i
Quartz tissue filter
Software CALINES, CALINE4 AERMOD, CALINE3, CALINE4, STATA Version 8.2 (statistical
CAL3QHC model)
& pParameters Modele( Varied by case study PM2.5 PM2.5, EC, OC
2 CALINE4 showed modest  In Sacramento, AERMOD under Statistically significant results ani
_8 improvements in the accurac predicted PM2.5 and CALINE4  high R2 value supports the
§ of its predictions in and CAL3QC performed application of the SEM approach
Q Findings comparison to CALINE3 relatively well. In London, to personal and population
(g CALINE4 and CAL3QC were exposure modeling
£ unsuitible complex meteorology
g from the street canyon effect.
§ Overall figure of merit Factorof-Two plots, dfference Crossvalidated background
Data Evaluation | (FOM) for six component overview and patternsprrelation exposure measurements with EF
Method statistics scatteplots and prediction bias, prediction trend Air Quality System monitong

relative error plots
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Table2:
Study

(continued)

(Faulkner, Shaw, & Grosch
2008)

Compari son

Di fferent
(Garcia, 2007)

of

Studyo6s-6&ppl i cati on

(Grosch & Lee, 1999)

Scope

Duration/Data Period

Location
Parameters Measureg

Determined the sensitivity of Analyzed theair qualityeffects of Evaluates model response to

AERMOD to various inputs.

1- and 24hour modeling
period

Amarillo, TX

N/A

wind on transporting particlée
truck freight terminals

1 month sampling from July 200z
August 2003; 1zhour samples

11 UStrucking freight terminals
PM2.5, EC, OC

variations in albedo, Bowen ratio
and surface roughness length
1987

Wichita and Topeka, KS
N/A

_5 Albedo, Bowen ratio, surface Wind direction, wind speed, Albedo, Bowen ratio, surface
g roughness, barometric temperature, and relative humidi' roughness
5 M pressure, solar radiation,
O eteorology wind speed, avera ind
- ind speed, ge win
= direction, tempeature,
a relative humidity sky cover
Monitoring Locations| N/A 1 2
Equipment or Data N/A D.avis Wegther Moitor Il, Harvey Upper air MET station in Topeka
Used F!eld Monitor, 37—mm Teflor_l KS,_aan sur_fac_e observation
Filter, 25mm quartzissue filter  station in Wichita, KS
Software AERMOD, ISCST3 Intercooled Stata Version 8.2 AERMOD, BREEZE AERMET
" PM Wind direction and weighted Various concentrations for
S Parameters Modele( corcentrations of PM2.5, EC, an( emissions generated by ground
E oC sources and various stack height
= AERMOD was found to be  The results did not conclusively Highest concentratiorfsom
g)_ sensitive to: changes in support the idea that upwind surface sourcesccured when
n albedo, surface roughness, sources have the effect of land useparameters for water
=X Findings wind speed, temperature ani elevating background were used; @ncentrations only
T cloud cover but noto Bowen concentrations of trucking varied significantly in relation to
S ratio. facilities (only proved true at 3 of surface roughness; albedo and
= 11 facilities) Bowen ratio had little effect

Data Evaluation

Method

Sensitivity analysis

Directional mean, Wilcox Rank
Sum

23
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Table2z (continued) Comparison of Different Studyo6s-9dppl i cati on
(Liu H. , Xu, Rodgers, &

Study (Kesarkar, 2007) (Liu, Wang, Chen, & Han, 2013 Guensler, 2015)
Used theNRF Model to fill  Used GPS data from taxis Looksat the effect projeespecific
Scope in planetary boundary layer Shanghai t@xtract vehicle vehicle classifications have on
and surface laygparameters operation dat#o create an results in MOVES compared to
in AERMOD emission inventory in MOVES.  internal assumptions MOVES.
Duration/Data Periog April 13-17 2005 June 29Quly 15 2012 Spring 2012
S Location Pune, India Shanghai, China [-85 near Atlanta, GA
B parameters Measure PM10 Time, instantaneouspeedGPS  Vehicle counts/classifications
Q@ location of 29,100 taxis
8 Meteorolo Wind direction,wind speed, Obtained from Shanghai N/A
i gy rainfall Meteorological Bureau
g Monitoring Locations| 4 (one background) 10 N/A
Equipment or Data | Low volume samplers with ~ Environmental Protection Bureat High ddinition video cameras
Used Teflon filters air monitoring sites; Taxi GPS  with plate analysis equipment
Software AERMOD, WRF model AERMOD, MOVES MOVES
Vertical profiles of wind HC, CO, and N® CO, CO2, HC, N@, PM2.5,
speedateral and vertical
@ Parameters Modeleq turbulent fluctuations,
2 temperature gradients, and
3 PM10
E AERMOD generally AERMOD undespredicts NO2 Need to use locally derived
o underestimated concentrations, buhisis not vehicle class inputs to use in
‘g Findi concentrations of PM10 ove! explicitly attributed to model MOVES for transportation projec
2 indings the cit f Updated emissi |
£ y. performarce. Updated emission = analyses
g factorsimproved the correlation o1
§ results with measurements
Correlation, standard Correlation and sensitivity Sensitivity study
Data Evaluation | deviation, dayto-day analysis
Method variations in patterns of
PM10 estimabns
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Table2:
Study

(continued)

(Liu H. , Xu, Rodgers, Xu, &
Guensler, 2017)

Compari son

of Different
(Miller , Fu, Hromis, Storey, &
Parks, 2011)

Studyos -12ofp9d i cati on

(Tong, Mauzerall, & Mendelson,
2007)

Scope

DurationData Period

Analyzes a method of
integrating CALNE4 and
AERMOD with the MOVES
matrix in a distributed
computing cluster.

January December 2011
Suburbs of Atlanta, GA

Air quality study at an intersectio
of 1-40 in Tennessee that include
daily traffic emissions and idling

emissions from a large truck stoy

JanuaryJune 2005 (5 months)
Watt Roal interchange on40 in

Examines an integrated air quali
assesment model that
incorporates emissions, transpor
chemical transformation, and
human exposure into one model.
July 1996

Continental US

Location )
S Knoxville Tennessee
-§ Parameters Measure Traffic volumes,operating PM2.5, PM10 Hourly O3
Q speeds
8 Wind speed, wind direction, Wind speed, wind direction MM5 Meteorology
Meteorology o
i temperature, and humidity
g Monitoring Locations| N/A One ramp sitepne ridgetop site 48 simulations (one per state)
Equipment or Data Video cameras with plate  TEOM, EEBAM beta gauge Measurements from the
auip analysis, NaviGAtor machin¢ instrumentation Aerometric Informabn Retrieval
Used -
vision system System (AIRS),
AERMOD, CALINE4, MOBILE (MOVES precursor) CMAQ, NCAR MM5, SMOKE
Software MOVES

@ parameters Modeleq CO, PM10, PM2.5 Roadway anddling emissions NOx, O3, human exposure
2 AERMOD predictions wee  Used an emission rate of 3.68 g/ Identical ircreases in N®
_8 lowerthanCALINE4 for idling trucks; found that ina  produce different levels of O3
§ Findings predictionsattributed to day 20% of emissions were from production resulting in total
Q A E R MO Digher trucks on the interstate and 80% mortality levels that vary by a
(g resolution meteorology data were from idling factor of 10
£ Correlation and sensitivity =~ Compared to NAAQS levels for Mean normalized bias, mean
S analysis PM and to background levels for normalized error, and unpaired
§ Data Evaluation that area peak prediction accuracy for

Method
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Table2: (continued)C o mp
Study

arison of Di f

(Vallamsundar & Lin, 2012)

ferent Studyos
(Wang, Van den Bosch, & Kuffer
2008)

Appl i cat-l5o0hl19o f
(Wu, Song, & Yu, 2014)

Scope

Duration/Data Period

Provides a driled process
for performingtransportation
conformity analysg for PM
nonattainment or
maintenance areas
20112040 model years

Explores micrescale air quality
modeling from traffieinduced air
pollution in urban areas at the
streetlevel

SeptembeNovember 2007

Investigation of the feasibility anc
limitations of developing a sie
specific emission database for
MOVES

20012009 model year vehicles

Location Joliet, Ilinois Hague, Netherlands Beijing, China

Vehicle activity, fleet Street width, street length, vehicl N/A
c composition, vehicle age type, vehicle speed, traffic
© Parameters Measure distributi - o
= istribution volume, building height; hourly
Q NO, NO2, O3 and PM10
8 Meteoolo Temperature, humidity Wind speed, wind direction, N/A
Joo d ambient temperature
S Monitoring Locations| 2 4 N/A

Traffic counters Datafrom Natioral Institute for N/A

Equipment or Data Public Health ad the
Used Environment, the Netherlands
Archive
Software AERMOD, MOVES OSPM GIS MOVES

@ Parameters Modele¢ PM2.5 NO2, PM10 HC, CO, and N®
2 Highest concentrations were NO2 exceed limit values for all 4 HC and CO emission rates
_8 located near high volume  areas, but for PM10 values were constant with model year but NO
G areas in the direction of below the limits for all 4 areas  emissions decrease with model
S Eindinas prevailing winds; changing year (due to more stringe
‘g 9 the urban population had emission standarflswith respect
£ nedigible effects on to age group, emission rates
g concentrations estimated increase for all pollutants with
§ varying slopes.

Data Evaluation

Method

None indicated

None indicated
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Table2z (continued) Comparison of Different Studyos -1Xofgd i cati on
Study (Wu & Niemeier, 2016) (Yura, Kear, & Niemeier, 207)
Scope Examined the transportation conformity{spot Looks at CALI NE406s ab
analysis process in AERMOD
~  Duration/Data Perioc 20082012 3 days for one site, 253 hours from July 31, 19¢
S July 17, 2000
g Location Corpus Christi, TX Sacramento, CA and London, UK
S Parameters Measurg N/A PM2.5
O Meteorology AERMET files from TCEQ Depended on model requirements
% Monitoring Locations| N/A 4 between two studies
a Equipment or Data | N/A Not indicated
Used
Software AERMOD CALINE4
¢ Parameters Modeleq PM2.5 PM2.5
2 S Modeling roadway emissions as an areasource CAL | NE 4 0 s cefer préedectingnlRM2.5
< j Findings opposed to a volume source is more appropriat concentrations is not optimal in heavy traffic
8 andhigh-resolutionreceptor placement gives mo areas. CALINE4 is also not recommended for u
S ¢ accurate results. in areas with complex topography.
¢ Data Evaluation Comparison test Factorof-Two plots
Method

27



Table2z (continued) Comparison of Different Studyos -18pofp9d i cati on

Study (Zhang, Wei, Tian, & Yang, 2008) (Zou, Zeng, liu, Zhang, & Qiu, 2010)
Looked at GlSbhased methods of performing an Assesses the sensitivity of AERMOD for differe!
Scope urbanscale emissions inventory of SO2, NOx, 8 model options (urban vs. rural, elevated vs. flat
PM10 terrain) when predictin§O2 concentrations.
Duration/Data Periog 2004 20012003
S Location Hangzhou, China Texas
= Fossil fuel consumption, vehicle activity data, SO2
©  Parameters Measure ; o
Q equipment running time
8 Meteorolo Temperature, upper air meteorologicatal 2002 Integrated Surface Hourly (ISH) database
i gy Radiosonde (RAOB) database
S Monitoring Locations| 7 3
Equipment or Data | Monitoring stations throughout the city TCEQ air quality monitoring sites, 2002 Natione
Used Emission Inventory
AERMOD, GIS, International Vehicle Emissions AERMOD
% Software
< (IVE) Model
+  Parameters Modele¢ SO2, NOx, PM10 SO2
= S0O2 and NOx estimations were reasonably clos Meteorological conditions do noticeably influenc
‘q;)_ to measured concentrations for 5 of the 7 sites. the performance of AERMOD, but the model is
n Findings PM10 estimates were much lomtban observed able to produce acceptable results without terra
=% concentrations due to exclusion of second PM1 data or when surface dispersion conditiares
= data uncertain.
B , Relative error between observations and simule QuantileQuantile plots, bias, Index of Agreemet
Q Data Evaluation . . ) . .
= concentrations Correlation, ratio of robust highest concentratiol
Method (RHCI)
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Looking at the data duration atwhe period of data for thstudies included ihable2, the
studies ranged from using several days of data, seasonal data, yéasemmecades of data
Additionally, some studies collectdlaeir own air quality data to use in their study; whereas, other

studies used data provided by local air quality monitoring stations which is publicly available data.

Similar to the data periods, the study locations also varied broadly. Several steies
conducted in countries other than the US or were US studiesdatiagollected internationally
in India, China, England, and the Netherlands. This variation in data sources may indicate some
variation in the quality of data collection equipment @timods, but it also provides a diversity of
exposure levels to test the models with. Many developing countries have less stringent emissions
standards and do not have as advanced of emission control technologies so including these studies
helps indicate ho different models perform in extreme conditions or in environments with higher
levels of pollutants than are found in the B8r example, atudy in Pune, India used AERMOD
to estimate PM10 concentrations across the city in a region prone to highdepelutants
(Kesarkar, 2007)One study used models developed by the US EPA and then adjusted these
models for application in China, as Chinese vehiglssion standards are less stringean those
in the US andfoundnew emission factors are needed to apply a US based model in other countries
(Liu, Wang, Chen, & Han, 2013Many of the studies conducted using data from China, were
focused on using MOVES and GIS to model air qualiege and were less focused on aiality
dispersion models recommended by the US E®AI, Song, & Yu, Sensitivity analysis of
emission rates in MOVES for developing ssjgecific emission database, 201Zhang, Wei,

Tian, & Yang, 2008)

Of the nineteestudies presented in this sectiemghtof the studies collected PM (PM2.5

andPM10) data for air quality model development or evaluatd@x, ozone, SO2, EC, and OC
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are other pollutants commonly ws#éo evaluate model performandef the eight studies that
collected PM data, two of the studies used AERMOD, two used STATWo used

MOVES/MOBILE, and two used CALINE8r CALINE4 for modeling their data

The studies that collected their own PM data dahedn used their data for air quality
modeling differ from the studies discussed in this paragraph as these studies did noPbbllect
data, but did model PM using a despion modelFourteenof the nineteerstudies modeled PM
but did not all collect airwglity data with ninestudies using ERMOD to model PM, one study
modeling PM with STATA, fourstudies using MOVES/MOBILEor PM modeling, and four
studies using CALINEo model PM Other studies used ICST3, OSPM, GIS, and IVE to model
PM concentrationsAs indicated by the results from the table, FYOD is one of the most
commonly usegrograms for modeling PM as it is the regulatory model approved by.the U

EPA, but MOVES and CALINE are also commonly usedmodeling PM.

Some studies used the airadjty data collected to generate inputs required by the
dispersion model they use@ther studies used the air quality data they collected to evaluate the
performance of their model in predicting concentrations of various polluTdr@snost commonly
used method for evaluating model performance was looking at the correlation between modeled
and measured concentrations with eight studies using this technique for data evaluation. Sensitivity

analysis was another common data evaluation method with fouestuglng this technique.

Based on the findings from this portion of the literature review, AERMOD and CALINE
will be the two models considered for the CARTEEH Ports Project. Model selection procedures
will be further discussed in Chapter 4 of this teedidditionally MOVES will provide the

emissionrateswhich will be used in theselected dispersion moddihis choice is based on the
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number of studis that also used MOVES and found the emission rates correlated well with the

concentrations measured.
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3. POPULATION DEMOGRAPHICS OF PORT COMMUNITIES IN

GEORGIA, TEXAS AND CALIFORNIA

Drivers often idle for long periods of time outside of port gates, generating high
concentrations of pollutants from idling in one area.sEheperations pose a heaigk, because
emissions generated by trucks idling at port gates are in addition to emissions from ships, freight
handling equipment, and dugmissions from these sources fruick drivers port workers and
neighboring communitieat risk for respirairy and cardiovascular disease. Many of the studies
discussed in the population exposstadies portion of the literature review in this paper neglect
to define the socioeconomic status position (SEP) of participants in their study or vary their

definition of this characteristi¢Holquin, 2008)

SEP characterization is an important componeh@tlocumentation required with any
transportation, infrastructure, or commercial projé@tiis characterization is often encompassed
in an Environmental Impact Assessment Report for a project as part of the Environmental Justice
section.For Environmental Justice reports done as part of a regulatory analysis, the EPA has
published criteria defining what constitutes a population grouprafern. This definition is based
on Executive Order 12898 and identifies the following populations as groups of concern: minority
populations, lowincome populations, and indigenous peoplgsited States Environmental

ProtectionAgency, 2016)

To aid in Environmental 3tice analyses, the EPA hascreemg tool calledEJSCREEN.
This screening todhdicates areas that may require further review, but was not intendeddo be

comprehensive risk asssment toolThe tool cannot be used as a detailed environmental justice
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analysis tooldue to two significant limitations in EJSCREEN.) Because it was created as a
national screang tool, it does not capture dtbcal environmentalkconcerns 2.) The tool uses
environmental and demographic data that have associated uncertdlobiged States
Environmental Protection Agency, June 20I8)is data uncertainty in EJSCREEN discourages

its use at the block group level and $sare cautioned againgériving meaningful information

from modest differences between block group data. Combining data from several block groups

into a buffer zone is one way to minimize the uncertainty associated with block group level data.

EJSCREEN sessix demographic indicators: percent kimcome, percent minority, less
than high school education, linguistic isolation, individuals under age 5, and individuals over age
64 (United States Environmental Protection Agencyl®0The modeling tooprovidesseveral
indices that combinesnvironmental indicators and demographic information in an effort to
guantify the ceoccurrence of two different factorsn® ofthese indicatorsonsiders only the two
characteristics mandat@dthe Environmental Justice analysis guidance: percenirloeme and

percent minority, which is referred to as the demographic index

When assessing the vulnerability of a populatidnis important to consider more than
health indicators and air qualiindicatorsin addition to the population characteristics required by
the EPA Of the characteristicgited for use by the EPA in EJSCREEbhe study found that
educational attainment was the most consistent indicator for the vulnerability of a givéatipapu
(McNeil et al., 2003)This variability in the accuracy of vulnerability characterization parameters
recommended for use in Environmental Justice analysis can be a source of confusion for many

studies.

Based on the recommendations made by the BRAilze findings of other studies, this

researchooks at: income, racehousing occupancy, house and family size, ageicationand
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linguistic isolationto analyze the vulnerability of populations near six selected godmthese
findings, reseahers can determine the appropriateness of expanding their study to consider

population exposures related to ports.

Mapping demographic indicators for communities surroungings was done using
ArcGIS to analyze TIGER/Line Shapefiles provided bg 1S Government Census Bureau
(United States Census Bureau, 20aB) using the EJSCREEN gdatabase provided by the
EPA The maps generated using this datapresented in the subsequent -seglotions and are

organized by dmographic indicator with each port mapped separately.

3.1. Population Income

This sectiorlooks at the percentage of the population within a census block group that is
low income, which is défied as having an income leggn twotimes the povertyevel. The
poverty levelfor 2016, which is the yedhe incone data usedame from is shown inTable3 as
this value varies by family sizgJnited States Department of Human & Health Services, 2016)
The income data used for this section was included in the EJSCREEN geodatabase, and was
derived from the American Community Survey from the US Census Butdaited Staes

Environmental Protection Agency, June 2016)
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Table3: 2016 Federal Poverty Level by Household Size

2016
Federal
Household Poverty
Size Level
$11,8®
$16,020
$20,1®
$24,3®
$28,40
$32,58
$36,730
$40,80

O~NO O WN P

The ports in this secticareindicated by the red sylmol of a ship shown iRkigurel. Some
of the ports arehownas being inlandrad not located directly on the coast. Thesetsa series of
rivers and channglwhich are not shown on the magonnects these portEhe river network
connecting the ports is most extensive for the Port of Houstorsaanelocations of the port are

more than 3¢&kilometers inbnd for several locations.

Figurel: Icon used to indicate where a port is located on the population demographic maps
Figure2 shows the percentages of lowamnee populations for census block groups in Los
Angeles, California with locations for the Ports of Long Beach and Ports of Los Angeles indicated

in red.

Figure 3 shows the percentages lofv income populations for census block groups in

Houston, Texas with locations for the Port of Houston indicated in red.
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Figure 4 shows the percentages of low income populations forusehck groups in

Brunswick, GA with locations for the Port of Brunswick indicated in red.

Figure 5 shows the percentages of low income populations for census block groups in

Savannah, GAvith locations for the Port of Savannah indicated in red.
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Figure2: Percentages of low income populatieasrounding the Ports of Los Angeles and Long Beach
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Figure3: Percentages of low income popidas surrounding the Port of Houston
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Figure4: Percentages of low income populations surrounding the Port of Brunswick
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Figure5: Perentages of low income populations surrounding the Port of Savanna
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3.2. Population Racial Makeup

This sectionlooks at the racial makeup of the census tract areas surrounding each port.
Racial makeujs presented by mapping the spatial variability of minority populations surrounding
each portMinoritypopul ati ons are comprised of any indiywv
alone nor Hispanic or Latin®hite-alone populations are defined as those people that reported
their race as white not in combination with some otherfedee EPAGs EIpBGREEN t o

the data used to create the figures in this section

Figure 8 shows the percentages of minority populations for census block groups in Los
Angeles, California with locations féine Ports of Long Beach and Ports of Los Angeles indicated

in red.

Figure 7 shows the percentages of minority populations for census block groups in

Houston, Texas with the different ltons for the Port of Houston indicated in red.

Figure 8 shows the percentages of minority populations for census block groups in

Brunswick, Georgia with the location of the Port of Brurdwindicated in red.

Figure 9 shows the percentages of minority populations for census block groups in

Savannah, Georgia with the location of the Port of Savannah indicated in red.
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Figure6: Percentages of minority populations surrounding the Port of Los Angeles and Port of Long Beach
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Figure7: Percentages of minority populations surrounding the Port of Houston
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Figure8: Percentages ahinority populations srrounding the Port of Brunswick
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Figure9: Percentages of minority populationgr®unding the Port of Savannah
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3.3.Housing Occupancy

This section looks at theumber ofvacanthousirg units as a ratio of the total housing
units. The information presented in the maps is presented as three subplots for each port/state. The
subplots are presented in the same format and present the same information for each state. The
information presentkin each map includes: housing vacancy rate as a percentagaaisib,

owneroccupied household size (sphot B), and renteoccupied household size (sphot C).

Usinghousing occupancy as a proxy for socioeconomic statusjoveesby Smiagiassi et
al. in a study relatingsocioeconomic status, respiratory disease, and living near high traffic
roadways(Smargiassi, 2006)he results from this study suggest that socioeconomic status is a
confounding factor foraspiratory disease in the elderly populations studied, as ihdeeer
socioeconomic classes reside disproportionately near high traffic roadways. The study did show
that residing near high traffic areas had the most significant effect on the oddedidspitalized
for respiratory disease. The results of this study suggest that future spatial analysis should include
traffic volumes in addition to census data for income and housing occupancy. In future efforts,
multivariate logistic regression could lbsed to incorporate the effects of these confounding

fact or s oexposre o palludants adsociated with diesel exhaust.

Figure 10 shows the household occupancy demographics for the census block igroups
Los Angeles, California with the locations of the Port of Los Angeles and Port of Long\Bigach

the port indicated in red

Figure 11 shows the household occupancy demographics for the census block groups in

Houston, Texas with the locations of the Port of Hougtdicated in red.
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Figure 12 shows the household occupancy demographics for the census block groups in

Brunswick, Georgia with the location of the Port of Bswick indicated in red.

Figure 13 shows the household occupancy demographics for the census block groups in

Savannah, Georgia with the location of the Port of Savannah indicated in red.
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Figurel(Q: Percent vacang¢ynd renter and ownéiouseholdsize forpopulations surrounding the Port of Los Angeles and Port of

Long Beach
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Figurell: Percent vacan¢ynd renter and ownéiouseholdsize forpopulations surroundinipe Port ofHouston
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Figurel2 Percent vacan¢ynd renter and ownéouseholdsize forpopulations surrounding the PortBfunswick
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Figurel3: Percent vacan¢ynd renter and ownéouseholdize forpopulations surrounding the Port®&vannah
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3.4. House and Family Size

Household size, family size and householder status can be importantesocammic
indicators.The information presented in the maps in this sedim@presented as three subplots
for each port/state. The subplots are presented in the same format and present the same information
for each state. The information presented in each map includes: average household-plaé (sub
A), percent of single householders (qulbt B), and averge family size (suiplot C). The data

used to generate these figures comes from the U.S. Census Bureau.

Figurel4 shows the household demographics for the census block groups in Los Angeles,

California with the lgations of the Port of Los Angeles and Port of Long Beach.

Figure 15 shows the household demographics for the census block groups in Houston,

Texas with the different locations of the Pof Houston.

Figure16 shows the household demographics for the census block groups in Brunswick,

Georgia with the different locations of the Port of Brunswick

Figure 17 shows the household demographics for the census block groups in Savannah,

Georgia with the different locations of the Port of Savannah.
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Figurel4: Average household size, family size and single houdghapulations surrounding the Portlafs Angeles and Port of

Long Beach
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Figurel5: Average household size, family size and single household populations surrounding thélBostar
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Figurel16: Average household size, family size and single household populations surrounding theBPansafick
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Figurel7: Average household size, family size and single household populations surrounding theSBeanofh
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3.5. Age

In thecontext of age, the EPA describes vulnerable populations as people under age 5 and
over age 65. People who fall in either of these categories are known to be more vulnerable to
environmental pollutants due to weakened or immature respiratory and cardiavaystems.
The figures presented in this section of the report were created using information provided by the
U.S. Census Bureau and include further subdivisions of the age demographics of each study area.
The information presented in the maps is preskms three subplots for each port/state. The
subplots present the spatial variation in the location of vulnerable populations from both age
groups and from each age group individually. The information presented in each map- for age
related spatial variain includes: percent of the population under age 5 or over age 6pl¢sub
A), percent of population under agésubplot B), and percent of the population over age 65-(sub

plot C).

Figure18 shows thepopulation demographics for agethe communitiesurrounding the

Port of Los Angeles and Port of Long Beach

Figure 19 shows thepopulation demogphics for agen the communitiesurrounding the

Port ofHouston

Figure20 shows thepopulation demographics for agethe communities surrounding the

Port of Brunswick.

Figure21 shows theopulation demographics for agethe communitiesurrounding the

Port of Savannah.
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Figurel8: Population demographics for age in census block grounds surrounding the Ports of Los Angeles and Long Beach
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Figure 19: Population demographics for age in census block grounds surrounding the Port of Houston
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Figure20: Population demographics for age in census block grounds surrounding the Port of Brunswick
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Figure21: Population demographics for age in census block grounds surrounding the Port of Savannah



3.6.Linguistic Isolation

This sectiorlooks at the linguistic isolation of the census tract areas surrounding each port.
Householdsn which all members 14 years and older speak do not speak English and who have
difficulty speaking English are consideredi ngui sti cally i sol ated. Th

provides the data used to create the figures in this section.

Figure22 shows the percentages of the population living in linguistic isolation for census
block groups in Los Angeles, California with the locations of the Port of Los Angeles and Port of

Long Beach idicated in red.

Figure23 shows the percentages of the population living in linguistic isolation for census
block groups in Houston, Texas with the different locations of the Porbostidn indicated in

red.

Figure24 shows the percentages of the population living in linguistic isolation for census

block groups in Brunswick, Georgia with the location of the Port ahBwick indicated in red.

Figure25 shows the percentages of the population living in linguistic isolation for census

block groups in Savannah, Georgia with the location of the PortvainBah indicated in red.
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Figure22: Percentages of linguistically isolated populations surrounding the Port of Los Angeles and Port of Long Beach
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Figure23: Percentages of linguistically isolated popwlas surrounding the Port of Houston
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Figure24: Percentages of linguistically isolated populations surrounding the Port of Brunswick
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Figure25: Percentages of linguistically isolated populations sudmgithe Port of Brunswick

66



3.7.Education

This sectiorlooks at the education status of the populations living in the census tract areas
surrounding each port. Education status is determined by the percentage of the population in each
censustractay 25 and ol der without a high school dirg

the data used to create the figures in this section.

Figure26 shows the percentag of the population over age 25 with less than a high school
degree for census block groups in Los Angeles, California with the locations of the Port of Los

Angeles and Port of Long Beach indicated in red.

Figure27 shows the percentages of the population over age 25 with less than a high school
degree for census block groups in Houston, Texas with the different locations of the Port of

Houston indicated in red.

Figure28 shows the percentages of the population over age 25 with less than a high school
degree for census block groups in Brunswick, Georgia with the different locations of the Port of

Brunswick indicated imed

Figure29 shows the percentages of the population over age 25 with less than a high school
degree for census block groups in Savannah, Georgia with the different location$?ofttbé

Savannah indicated in red
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San Pedro Bay

Percent Less - 30% -

than High 44.9%
School 45% -
Education 59.9%
0% - 14.9% 60% - San Pedro Ba
| 79.9% y
15% -
29.9% 80% -
100%
[ |NonData

Figure26: Percentages of the population over age 25 with less than a high school education surrounding the Port of Los

Angeles and Port of Long Beach
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Figure28: Percentages of the population over age 25 with less than a high school education surrounding tBeuRswiiolk

70




- | Percent Less
' than High
- School

~ Education
: 0% - 14.9%

| 15% -29.9%
[ 30% -44.9%
I 45% - 59.9%
| I 0% - 79.9%
I 30% - 100%

Figure29: Percentages of the population over age 25 with less than a high school education surrounding tBa\Romah
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4. MODELING EMISSIONS FROM TRUCKS IDLING AT PORT GATES

This section presents agtiminary assessment of air quality model configuration based on
EPA guidance documentati®for air quality modeling and the results from the literature review.
The findings from this section will allow the CARTEEH project team to create the best data
collection and modelling plan that gives the hesflerstanding gbopulation exposures related to
port emissionsThe assessment detailed in this seasmrganized by thaine-stepprocess given
in theE P A ®ransportation Conformity Guidance foru@ntitative HotSpot Analyses in PM2.5
and PM10 Nonattainment and maintenance Anedl the process for each step applied to the
CARTEEH projectUnited States Environmental Protection Agency, 20Ibjs thesisdoesnot
provide a comprehensive modeling plan for modeling emissions generated by trucks idling at port
gates, buevaluats several components of the modeling plan to determine the best steps going

forwardfor the CARTEEH Ports project.
1. Determine Need for BM HotSpot Analysis

The first step in conductingRM HotSpot Analysis i¢0 determine if there is a neémt a
conformity analysis. fie EPA guidance provides a list of the five types of projects that require
analysis. Even though the ports includethis study are not currently subject to a new conformity
analysis as far as the author is aware, this anatiimllowsthe guidance prescribed by the EPA

to determine the best approach, model selection, and data requirements.

2. Determine ApproachModels and Data
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Step two of the conformity analysis includes determining the area and emissions sources
to be included in the analysi$he Port of Houston was selected as the study location for this
project. The Port of Houston has several differerdsarenere ships can load and unload cargo in
addition to the Port of Galveston just south of the city of Houston. Only one location of the port
was consideretbr this analysiswhich is indicated byrigure30. As previously mentioned, some
of the ports are shown as being inland and not located directly on the coast. These ports are
connected by a series of rivers and channels which are not shown on the map. The roré&r netw
connecting the ports is most extensive for the Port of Houston, and some locations of the port are

more than 3¢&kilometers inland.

A L] 325 65 13 19.5 26
——
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Interstate ‘_ N
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Figure30: Locations for the Port of Houston with the study area outlined in purple

The waithg area for idling trucks outside of the port gate was estimated to benaet@0
by 200meter area based on aerial imagery of the idling areas at several of the ports included in
the study. The size of the idling area is not significant to this anadgséall scenarios will use the

same idling area size so this parameter will be uniform across all test cases.

The second part of step two of the guideline is determining the emission sethicks
should bemodeled. For this analysis, emissions from tauiching at port gates will be the only
emission source considered. Becatise and ultrafine particulate matteis the primary
constituent of diesel exhaustM2.5will be the onlypollutant modeled as part of themalysis
(Wichmann, 2007) In modeling the emissions from idling trucks, emission rates for different
vehicle model yearareincluded to account for potential variations in idling emission rates. Using

different modely e aem@&son rates in the analysssliscused in more detail ilbection4.1

3. Estimate OrRoad Motor Vehicle Emissions

Estimating orroad motor vehicle emissions is step thogethe Hot-Spot conformity
analysis process. The modetecommended for this component of the analgsesEMFAC in
California and MOVES in the rest of the Unitethtes. MOVES is the model used for this analysis
as the study location is in Texas; however, in this,dd§€®/ES was used taletermine fleet age
characterizatiomnstead ofbeing usedor onroad emssions modeling. Groad emissions were
not included in this analysis becatle primary objective of the analysis is to compare variations
between different model configurations and not to comprehensively estimate population
exposures. The larger resdarffort should include enoad motor vehicle emissions affecting
populations surrounding the ports as these emissigngicantly contribute to local air quality

One studyconfirmedthat the air quality impacts of throughaffic emissions for communities
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living near the Ports of Los Angeles and LaBeachare significant for local air qualignd looked
at contributions made by different vehicles types and road cla@sks Houston, Lurmann, Ong,

& Winer, 2009)

4. Estimate Emissions from Road Dust, Construction, and Additional Sources

In addition toconsideringon-road vehicle emissionstep 4 of the analysis methodology
includes estimatingmissionsfrom road dust, constructipand heavyduty equipment.These
sources were excluded fromnig analysis as thegreincludedlaterin the larger research effort.
Locomotive emissions, fentrained dust, and emissions generated by cranes and other freight
handling equipment will be included the final population exposure estimate but arewittin

the scope of this thesis.

5. Select an Air Quality Model, Data Inputs, and Receptors

Step five of the Analysis Guidangeocedures includes selecting an air quality model, data
inputs, and receptor§.he guidanceacommends using either AERMOD GAL3QHCR for
modeling the dispersn of emissions generated bpmject but specified which model should be
used based on the type of projéar transit, freight, and other terminal project§ ®MOD is the
recommended model as a large share of the emissions from these types of projects come from
engine start and idling activities. Based on this recommendation, AERIBIM®B model used in

this analysis, as it is an examination of the emissions gexdngtidling vehicles at port gates.

Beyond the models recommended by the PM Hot Spot Analysis Guide (AERMOD and
CAL3QHCR), CALPUFF and CMAQ are other models available for modeling PM2.5. In order to
be thorough in the model selection portion of thislysig, these models eve also considered.

CALPUFF and CMAQare used for large scale modeling andude the effects of chemical
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transformationsCALPUFF isusedspedfically for modeling puffsfrom activities such apower
generationpr other elevatedourcesandincludeslong-range transport of an air parcel. Because

this study is looking atailpipe emissions, which are typically considered a surface source, long
range transport is not a huge issue #€RMOD is an acceptable model choicgnother

consi deration in model selection is AERMODOGS
Because PM2.Bmitted fromtruck tailpipesis a primary source, is not importanto include

chemistry asecondary sarces are not being consideigtbdan & Barnard, 2013)

The next decision to makence AERMOD has been selectiednodelemissiondor this
analysisjs how the emissions will be represented in the mdded. modeler has a choice between
anarea volume, point and lineasirce For this analysis, the idling truckseclassified as an area
source as these vehicles are iglin flat, 2dimensional areaand the emissions are generated
from this areaThe dimensions of the idling area are set as am@@r by 20@neterareabased
on aerial imagery of the idling areas at several of the ports included in the study. One example of
an idling area for the study location at the Port of Houstehown irFigure31, which represents
a typically idling area at port gaté€Soogle, 2017) It was assumed that 100 vehicles were idling
within this area and this assumption was held constanssall model runs. This assumption for
the number of trucks idling is an underestimate for the capacity of the idling area based on size,
but accouns for daily variations in the number of vehicles idling aod ease of calculation.
Knowing the exact number of vehicles is not imtpot for the scope of this project, as the purpose
is to vary other inputs fdhe air quality model and analyze how these variations ingstichated

concentrations
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Figure31: Dimensions of the idling area used for modelfiguration at the selected study
location for the Port of Houston
AERMOD requires meteorological data to characterize dispersion of pollutants due to

mechanical and convective processes in the boundary layer, with mechanical process being more
important fo transportation projects as these emissions are released near theg|drotetdStates
Environmental Protection Agency, 2018)eteorology usedh this analysisvas collected from
the Texas Commission for Environmental Qual{flfCEQ) which provides prprocessed
AERMET surface profiles and upper air ddfeexas Commission on Environmental Quality,
2017) AERMET is the program used for ppeocessing meteorological data in the input format
required ly AERMOD. AERMET datawas collected for th2015 model yearfrom the Harris
county weather station located at theoByeBush Intercontinentahirport. The data collectedf
this study is considered representative of the projeetas the airport lecated 4&ilometers(30
miles)from the selected Port. The surface characteristics of the monitoring site are also assumed
to be representative of the study aredh&se is nosignificant variationof elevation in coastal
areas(airport elevann is 75 feet higherand so flat terrain was assumed for all model runs
Additionally, both locations are in urban areastts® study locatiorwas specifiecas an urban
sourcein AERMOD. The percentage of missing meteorologicaladiar the2015 data seis
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0.23% which is less than 10% as required by the EPA so no additional meteorological data

processing is required.

The overall purpose of this research effodsimaing population exposures as a result of
port operationsA key component of éisnating population exposures is placing receptors in
appropriate locations. Receptors should be placed in areas substantially effected by the project,
and in areas where high concentrations are expected to @dited States Brironmental
Protection Agency, 2015The EPA considers AERMOD results to be applicable to a distance of
50 kilometers (31.1 miles) surrounding the source. A study, presented to the EPA in 2012, found
that 20 kilometers (12.4 miles) may be a more appatgdstance to apply AERMOD results
(Paine, 2012)Based on these findings abdimitationsto the area AERMOD may reasonably be
applied tg three different scales of receptor placement were used with receptors densety locat
closer to the sourd@Vu & Niemeier, 2016) In areas close to the souroegeptorsarespaced at
100-meterintervals in &00-meterradius from the port with some receptors located inside of the
areal source. Furthérom the study location receptaseplaced atl-kilometerintervals in al0-
kilometerradius from the port, and atklometerintervals in a30-kilometerradius from the port
as shown irfrigure32for thestudylocation at the Port of Houstohhe receptor locations indicated

by the figureareheld constant betweeall modé runs.
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Figure32: Receptor grid system for the Port of Houston

6. Determine Background Concentratiomgrh Nearby and Other Sources

This stg of the PM Hot Spot Analysis Process for transportation projects includes
collecting data for &ckground concentrations from nearby and other souftese sourcesre
not included in this analysis as this is mottcomprehensive population exposure assessment.
Background concentratiorsseincluded in the final step of the palation exposure assessment
which also incorporates emissions generated by rail, shipping and freightritpoglkerations

occurring athe port.

7. Calculate Design Values and Determine Conformity
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The PM Hot Spot Analysis Gde recommends calculating design values ttedwrine
conformity; however, this stejg not included in this analysis as there ist @dbuild/no-build

scenario bing considered and thus there is no need to check for conformity of the project.

8. Consider Mitigation or Control Measures

The PM Hot Spot Analysis Guide recommends considering mitigation or control measures;
however, this stejs not included in his analysis as there is no build/boild scenario being
considered and thus there is no need to consider mitigation or control measures to reduce project
emissions to ensure conformity requirements are met. Section 2.3 tfethisdiscusss sveral
emission reduction strategies currently in use to reduce idling emissions outside of ports. These
strategies could also be considered for application to the ports considered as part of the CARTEEH

Ports Project.

9. Document the PM HeBpot Analysis

This thesis serves @®cumentation fothe portions of the PM HeBpot Analysis
relevant to this project. This documentatiooludes a brief project description, analysis years,
emissions modeling procedures, and modeling inputs used to generate aimjodéting data
as well as model results comparison.

Sections 4.4.3 of this thesifook at three different variations in input data for modeling
emissions from trucks idling at port gat&gction 4.lexamineathe effects variabilityn vehicle
age has on estimated concentratiaith four differentaveragersehicle age scenarios considered.
Secton 4.2examinst he ef fect differ ent oryestamatadd met eor ol «
concentrationsSection 4.&xamina the effect variationsithe roughness parametevean
model results. The spatial scale, location, and receptor locatieheld constant for model

configuration in all three sections.
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4.1: Variations in Vehicle Age

In an effort to most accurately estimate popolagxposures, it is important to consider if
characterizing the model year of idling trucks should be included as part of the data collection
process. Collecting license plate information in order to obtain vehicle model years will lead to the
most accura estimation of the areal emission rate; however, this step may natéssasand
will certainly add to the cost and complexity of the data collection and processing steps.
Determining if characterizing the vehicle age of an idling fleet is nege$saran accurate

population exposure estimagghe focus of this section.

Different model years have different emission rates as indicatédlte 4, with older
model yearggenerdly having higher PM2.5 emission rates than newer mod#éisted States
Environmental Protection Agency, September 1, 2026 variation in this trend can be seen for
model years 1960993 which have lowePM2.5 emission rates than some of the younger models.
This unexpected variation is most likely attributableetayine replacement for older vehicles.
Diesel engines have to be replaced or rebuilt after extended use and so older truck models are often
fitted with newer engines. The drastic emissions improvements from the 2006 to 2007 model year
groups can be explained by the addition of SCR systems usingd€Buceemissions. These
systems were installed on many 2007 tucks to meet 2010 EPA emissindardsdDiesel
Technoogy Forum, n.d.JThe variation in emission rates showTeible4, multiplied across many
vehicles idling in a constrained areads to a wde range of potential areal emission rates. These

emissions rates, then lead to varying levels of population exposures in the areas surrounding ports.
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Table4: PM2.5 emission rates for heavy duty truck with vehicle model yeagsngifrom 1960

2016
PM2.5
Model Emission Rate
Year (g/truck/hour)

2016+ 0.24
2007#2016  0.35
20032006  5.56

19982002 6.16

19941997 6.44

19601993 4.21

The distribution of vehicle fractions by age is included in MOVES for heavy duty trucks

givenaproj ectdéds analysis year. Nati onal default
however, the use of state or local age distributions is recommended unless this data is unavailable.
Age distributions used for this analysis are based on the nationalt @sfthis analysis is focused
on variations between age distributions and not accurately estimating emissions generated by a
speci fic | ocat iTableDpsovidegtee nationalefauli agewdistribatiogiven as

a fractionfor each model yeanf combination longhaul trucks(US Environmental Protection

Agency, January 2016)

Model year distributions were varied from the national default to consigmurager fleet
and older fleet and then compare how the different fleet ages affect estimated concentrations. The
different model year distributions used for this analysis will be referred to by its average vehicle
age. The average vehicle age for theamati default distribution is 7.5 years. Other sources have
estimated that the average vehicle age for heavy duty trucks was 11.5 years old in 2016, and so
this average vehiclageis also included in the analysfg/oodall, 2A.6). In order to account for
younger fleets, an average vehicle age of 5 yisaakso included in the analysis. On the other end

of the spectrum for average vehicle age, an average vehicle age of 14 yectsled to account

82



for the possibility dolder fleets. The distribution of vehicle fractions by age for each of the four

fleet averaged ages is includedliable®6.

Table5: 2011 Age Fractions for MOVES Saa Type 62, Combination Lorgaul Truck

Vehicle Age
Vehicle Age Age Fractions

Age Fractions (continued) (continued)
0 0.0478 16 0.0209
1 0.0378 17 0.0127
2 0.0501 18 0.0086
3 0.0392 19 0.0052
4 0.1371 20 0.004

5 0.1028 21 0.0031
6 0.0971 22 0.0031
7 0.0584 23 0.0019
8 0.057 24 0.0032
9 0.0415 25 0.0009
10  0.0482 26 0.0009
11 0.0766 27 0.0007
12 0.0572 28 0.0003
13 0.0381 29 0.0004
14  0.0215 30 0.0004
15 0.0234

Table6: Distribution of vehicle fraction by age fora@aaverage fleet age

115
14-year | Year | 7.5year| 5 Year
Average| Average| Average| Average
Model Vehicle | Vehicle | Vehicle | Vehicle
Year Age Age Age Age
2016+ |0.0066 |0.0856 |0.0856 |0.22
20072016 | 0.06 0.2644 |0.6314 | 0.7
20032006 | 0.6314 | 0.4 0.1934 | 0.05
1998202 | 0.1934 | 0.1709 |0.0708 |0.03
19941997 | 0.0964 |0.0224 |0.0121 |O
19601993 | 0.0122 | 0.0567 |0.0068 |O
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From the vehicleage fractions for each distribution, an overall areal emission rate was

calculated. This calculatias based othe vehicle fractions praded inTable6, andis calculated
using Equation 1
Equationl

i 7
B h

Using Equation 1, the overall aleemission rate was calculated for tloeir-average
vehicle age model scenarios. The results ftlo@se calculationare shown irmable7, and follow

the expected trend that as average velaigiedecreases, so doesdhealemission rate.

Table7: Areal Emission Rate for Each Average Vehicle Age Modeling Scenario

Areal

Average Vehicle Age Emission
for Model Rate
Configuration  "Q i ¥&

14  4.50E04

115 3.14E04

7.5 1.55E04

5 6.33E05

Using the receptor locations specifiedHigure32, the areal emission rates givenTiable
7, meteorology data from George Bush Intercontinental airport for 2015, and with the roughness
parameter specified as low roughness)centrationgaremodeled in AERMOD. Using thiour
different areal emission rates for different averagjeicle agesthe mncentration field calculated
by AERMOD for the3-kilometergrid scaleis shown inFigure33, the concentration field for the

1-kilometergrid scale is shown ifrigure 34, and the concentration field for the 10f@ter grid

scale is shown ifigure35.
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Average Vehite Age: 14 Average Vehicle Age: 11.5 Average Vehicle Age: 7.5 Average Vehicle Age: 5
3-kilometer grid 3-kilometer grid 3-kilometer grid 3-kilometer grid

Concentration [ug/m3]
- High : 2600

FE Low : 0.1

41 Port

Figure33: AERMOD results for a 1kilometerradius surrounding the Port of Houston usidgl8metergrid cellswith average

vehicle age in decreasing order and labeled beneath the figures
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Average Vehicle Age: 14 Average Vehicle Age: 11.5 Average Vehite Age: 7.5 Average Vehicle Age: 5
1-kilometer grid 1-kilometer grid 1-kilometer grid 1-kilometer grid

Concentration [ug/m3]

- High : 6000

B ow: 06

4 Port

Figure34: AERMOD results for a Kkilometerradius surrouding the Port of Houston usingkllometergrid cells with average

vehicle age irdecreasing order and labeleeneath the figures
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Average Vehicle Age: 14 Average Vehicle Age: 11.5  Average Vehicle Age: 7.5 Average Vehicle Age: 5
100-meter grid 100-meter grid 100-meter grid 100-meter grid

Concentration [ug/m3]

- High - 4800
Y

M Low - 21

‘l Port

Figure35: AERMOD results for a@-meterradius surrouding the Port of Houston using @@eter grid cells with average vehicle

age indecreasing order and labeleeineath the figures
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The model results were compared using frequency distribution plots as ishown
Figure36, Figure37, andFigure38
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Figure36: Frequency distribution for all average vehiagsa using Xilometer receptor spacing
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Figure37: Frequency distribution for all averagemae ages using-kilometer receptor spacing
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Figure38: Frequency distribution for all average vehicle ages usd@gnieter receptor

spacing

Figure 36, Figure 37, and Figure 38show themodel results for each spatial scale are
clumped together along theaxis. This clustered distribution within a smetdlconcentrationrange
indicates that the concentrations estimated in AERMOD are within a set, rahgeh is
independent of the averagehicle age assumédr each model configuration. These figures also
show the extent to which the truck emissions disperse as the distance from the idling area.increases
Figure38 showsthatin a 500meter radius arounithe idling area, concentratiosanges predicted
by AERMOD varyfromp ¢ x mmi@ i  with 55.4%0f the model results falling in the range of
prmmu gl . This range is the highest concentration range predicteghfoof the spatial
scales and also shows the highest variatiothe model performance for the different average

vehicle ages.

Figure37 shows the concentration range for thkildbmeterradius around the port varies
from @ v gl with 64.3% of the modelpredictionsfalling in the range ofp

p Tt G I . This total concentration range excludes the concentration estimations for the receptor
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locations within the idling area. The range where the majority of thehpoedictions fall for the
5-kilometer radius spatial scale is much closer to the acceptable range for annual PM2.5 given by
the NAAQS; however, this range is expected to increase as background concentrations and
emissions from other port operations added.

Figure36 shows the concentration range for ftekilometer radius around the port varies
fromm® o uf gl with 46.5%o0f the model predictions falling in the rangere p t G i
and 49.8%of the model predictions falling in the rangepof p 1t G |

The clustered distribution of the concentrations predicted on each spatial sczdeHor
average vehicle age giwa good indication that characterizing vehicle age is less important for
accurately estimating population exposures. Charactgnahicle age showed the lowerpacst
on concentrations estimated for populations living frrtthan 500 meters from the port. This
spatial distinction is important to consider particularly when considering population density in
areas surrounding the portBigure 39 shows the population density for thenumunities

surrounding the Port of Houston.
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Figure39: Population density by census block in the neighborhoods surrounding the Port of
Houston
Table8 shows how population density varieger the three spatial scalesedair quality

dispersiormodeling This informationcomesfrom US Census Bureau daRopulation density is

lowest in the 508meter radius area surrounding the port, which is where estimateentations

are the highest. The model results show that concentrations of PM2.5 are significantly dispersed
further from the ports, as population density increases. This indicates that characterizing the
vehicle ages for truckgdiing outside of ports iiot significant when estimating population
exposures for populations living more than &06ters from the port, which is where higher

population density occurs.
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