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The Region 2 University Transportation Research Center (UTRC) is one of ten original University
Transportation Centers established in 1987 by the U.S. Congress. These Centers were established
with the recognition that transportation plays a key role in the nation's economy and the quality
of life of its citizens. University faculty members provide a critical link in resolving our national
and regional transportation problems while training the professionals who address our transpor-
tation systems and their customers on a daily basis.

The UTRC was established in order to support research, education and the transfer of technology
in the field of transportation. The theme of the Center is "Planning and Managing Regional
Transportation Systems in a Changing World." Presently, under the direction of Dr. Camille Kamga,
the UTRC represents USDOT Region II, including New York, New Jersey, Puerto Rico and the U.S.
Virgin Islands. Functioning as a consortium of twelve major Universities throughout the region,
UTRC is located at the CUNY Institute for Transportation Systems at The City College of New York,
the lead institution of the consortium. The Center, through its consortium, an Agency-Industry
Council and its Director and Staff, supports research, education, and technology transfer under its
theme. UTRC’s three main goals are:

Research

The research program objectives are (1) to develop a theme based transportation research
program that is responsive to the needs of regional transportation organizations and stakehold-
ers, and (2) to conduct that program in cooperation with the partners. The program includes both
studies that are identified with research partners of projects targeted to the theme, and targeted,
short-term projects. The program develops competitive proposals, which are evaluated to insure
the mostresponsive UTRC team conducts the work. The research program is responsive to the
UTRC theme: “Planning and Managing Regional Transportation Systems in a Changing World.” The
complex transportation system of transit and infrastructure, and the rapidly changing environ-
ment impacts the nation’s largest city and metropolitan area. The New York/New Jersey
Metropolitan has over 19 million people, 600,000 businesses and 9 million workers. The Region’s
intermodal and multimodal systems must serve all customers and stakeholders within the region
and globally.Under the current grant, the new research projects and the ongoing research projects
concentrate the program efforts on the categories of Transportation Systems Performance and
Information Infrastructure to provide needed services to the New Jersey Department of Transpor-
tation, New York City Department of Transportation, New York Metropolitan Transportation
Council , New York State Department of Transportation, and the New York State Energy and
Research Development Authorityand others, all while enhancing the center’s theme.

Education and Workforce Development

The modern professional must combine the technical skills of engineering and planning with
knowledge of economics, environmental science, management, finance, and law as well as
negotiation skills, psychology and sociology. And, she/he must be computer literate, wired to the
web, and knowledgeable about advances in information technology. UTRC’s education and
training efforts provide a multidisciplinary program of course work and experiential learning to
train students and provide advanced training or retraining of practitioners to plan and manage
regional transportation systems. UTRC must meet the need to educate the undergraduate and
graduate student with a foundation of transportation fundamentals that allows for solving
complex problems in a world much more dynamic than even a decade ago. Simultaneously, the
demand for continuing education is growing - either because of professional license requirements
or because the workplace demands it — and provides the opportunity to combine State of Practice
education with tailored ways of delivering content.

Technology Transfer

UTRC’s Technology Transfer Program goes beyond what might be considered “traditional”
technology transfer activities. Its main objectives are (1) to increase the awareness and level of
information concerning transportation issues facing Region 2; (2) to improve the knowledge base
and approach to problem solving of the region’s transportation workforce, from those operating
the systems to those at the most senior level of managing the system; and by doing so, to improve
the overall professional capability of the transportation workforce; (3) to stimulate discussion and
debate concerning the integration of new technologies into our culture, our work and our
transportation systems; (4) to provide the more traditional but extremely important job of
disseminating research and project reports, studies, analysis and use of tools to the education,
research and practicing community both nationally and internationally; and (5) to provide
unbiased information and testimony to decision-makers concerning regional transportation
issues consistent with the UTRC theme.

N /

Project No(s):
UTRC/RF Grant No: 49997-29-26

Project Date: September 2015

Project Title: Modeling Emissions and Environmental
Impacts of Transportation Activities Associated with High
Volume Horizontal Hydraulic Fracturing Operations the
Marcellus Shale Formation

Project’s Website:
http://www.utrc2.org/research/projects/horizontal-
hydraulic-fracturing

Principal Investigator(s):

Dr. Karl Korfmacher

Assistant Professor

The Laboratory for Environmental Computing and
Decision-Making

Rochester Institute of Technology

Rochester, NY 14623

Tel: (585) 475-5554

Email: kfkscl@rit.edu

Co Author(s):

Alyssa Mathews

Graduate Research Assistant
Rochester Institute of Technology
Rochester, NY 14623

Katelijn Van Munster

Graduate Research Assistant
Rochester Institute of Technology
Rochester, NY 14623

Performing Organization:
Rochester Institute of Techonolgy

Sponsor(s):
University Transportation Research Center (UTRC)

To request a hard copy of our final reports, please send us an
email at utrc@utrc2.org

Mailing Address:

University Transportation Reserch Center
The City College of New York

Marshak Hall, Suite 910

160 Convent Avenue

New York, NY 10031

Tel: 212-650-8051

Fax: 212-650-8374

Web: www.utrc2.org




Board of Directors

The UTRC Board of Directors consists of one or two members from each
Consortium school (each school receives two votes regardless of the
number of representatives on the board). The Center Director is an
ex-officio member of the Board and The Center management team
serves as staff to the Board.

City University of New York
Dr. Hongmian Gong - Geography/Hunter College
Dr. Neville A. Parker - Civil Engineering/CCNY

Clarkson University
Dr. Kerop D. Janoyan - Civil Engineering

Columbia University
Dr. Raimondo Betti - Civil Engineering
Dr. Elliott Sclar - Urban and Regional Planning

Cornell University
Dr. Huaizhu (Oliver) Gao - Civil Engineering

Hofstra University
Dr. Jean-Paul Rodrigue - Global Studies and Geography

Manhattan College
Dr. Anirban De - Civil & Environmental Engineering
Dr. Matthew Volovski - Civil & Environmental Engineering

New Jersey Institute of Technology
Dr. Steven I-Jy Chien - Civil Engineering
Dr. Joyoung Lee - Civil & Environmental Engineering

New York University
Dr. Mitchell L. Moss - Urban Policy and Planning
Dr. Rae Zimmerman - Planning and Public Administration

Polytechnic Institute of NYU
Dr. Kaan Ozbay - Civil Engineering
Dr. John C. Falcocchio - Civil Engineering
Dr. Elena Prassas - Civil Engineering

Rensselaer Polytechnic Institute
Dr. José Holguin-Veras - Civil Engineering
Dr. William "Al" Wallace - Systems Engineering

Rochester Institute of Technology
Dr. James Winebrake - Science, Technology and Society/Public Policy
Dr. J. Scott Hawker - Software Engineering

Rowan University
Dr. Yusuf Mehta - Civil Engineering
Dr. Beena Sukumaran - Civil Engineering

State University of New York
Michael M. Fancher - Nanoscience
Dr. Catherine T. Lawson - City & Regional Planning
Dr. Adel W. Sadek - Transportation Systems Engineering
Dr. Shmuel Yahalom - Economics

Stevens Institute of Technology
Dr. Sophia Hassiotis - Civil Engineering
Dr. Thomas H. Wakeman I1I - Civil Engineering

Syracuse University
Dr. Riyad S. Aboutaha - Civil Engineering
Dr. 0. Sam Salem - Construction Engineering and Management

The College of New Jersey
Dr. Thomas M. Brennan Jr - Civil Engineering

University of Puerto Rico - Mayagiiez
Dr. Ismael Pagdn-Trinidad - Civil Engineering
Dr. Didier M. Valdés-Diaz - Civil Engineering

UTRC Consortium Universities

The following universities/colleges are members of the UTRC consor-
tium.

City University of New York (CUNY)
Clarkson University (Clarkson)

Columbia University (Columbia)

Cornell University (Cornell)

Hofstra University (Hofstra)

Manhattan College (MC)

New Jersey Institute of Technology (NJIT)
New York Institute of Technology (NYIT)
New York University (NYU)

Rensselaer Polytechnic Institute (RPI)
Rochester Institute of Technology (RIT)
Rowan University (Rowan)

State University of New York (SUNY)
Stevens Institute of Technology (Stevens)
Syracuse University (SU)

The College of New Jersey (TCN]J)
University of Puerto Rico - Mayagiiez (UPRM)

UTRC Key Staff
Dr. Camille Kamga: Director, Assistant Professor of Civil Engineering

Dr. Robert E. Paaswell: Director Emeritus of UTRC and Distinguished
Professor of Civil Engineering, The City College of New York

Herbert Levinson: UTRC Icon Mentor, Transportation Consultant and
Professor Emeritus of Transportation

Dr. Ellen Thorson: Senior Research Fellow, University Transportation
Research Center

Penny Eickemeyer: Associate Director for Research, UTRC
Dr. Alison Conway: Associate Director for Education
Nadia Aslam: Assistant Director for Technology Transfer
Nathalie Martinez: Research Associate/Budget Analyst
Tierra Fisher: Office Assistant

Bahman Moghimi: Research Assistant;
Ph.D. Student, Transportation Program

Wei Hao: Research Fellow

Andriy Blagay: Graphic Intern

Membership as of January 2016



Disclaimer
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accuracy of the information presented herein. The contents do not necessarily reflect the official
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Executive Summary

Prior research using the GIFT model generated annual emission totals and truck count estimates for
routes and road segments associated with the transport of materials and wastes from natural gas wells
in the Marcellus Shale region (Korfmacher, et al., 2015 a,b). Road segments with the highest estimated
truck counts (> 25,000) were identified and used to select 72 regions, represented by the boundaries of
72 USGS quadsheets, for further analysis using the emission dispersion model AERMOD. Four sets of
simulations were generated for the year 2011, utilizing GIFT and PADOT road networks, modelling 2008
USEPA Average In-use Heavy Duty Diesel Engine emission rates and more stringent Model Year 2007
Heavy Duty Diesel Engine emission rates for PM4,. The project developed a detailed methodology for
transferring shapefiles and associated emission attribute data into AERMOD compatible source files
(excel format).

Results indicate that the maximum average daily truck induced emission concentrations for PM,q are
2.845 pg/m’ for the PADOT roads and 0.082 pg/m? for the GIFT roads, the differences primarily due to
overall truck counts. Using the difference between the baseline 2008 rates and the target MY2007
rates, if MY 2007 emission standards had been met by the truck fleet, pollution concentrations would
have been reduced anywhere from 0.0625 - 0.00002 pg/m? in the GIFT network analysis, and PADOT
network reductions would have ranged from 2.1917 — 0.1165 pg/m>. Overall, model results suggest
truck emissions are a small part of the average daily PM pollution, as determined by monitoring station
data (20 stations, based on PADEP records). In 2011, the average daily PM,, emission concentrations
ranged from 7.37 to 25.12 pg/m>, and 5.97 to 14.50 ug/m?> for PM,.

In the PADOT analysis, the highest emissions for the AOl were seen around the major cities of Pittsburgh
and Scranton and along major transportation corridors. This corresponds with the high volume of truck
traffic along these corridors from both internal and out of state transportation. In the GIFT analysis,
focusing on trucks supporting HVHF activities, the highest rates correspond to major roads, smaller
towns such as Williamsport that act as transport hubs, and rural road segments situated around high
concentrations of wells. Hotspots emerging from the two databases are useful in identifying differences
in the two networks, such as small unmonitored rural roads with high truck counts, and comparative
impacts, such as areas where much of the truck traffic is related to natural gas extraction activities.

Results are considered to underestimate the true emission concentrations, however, due to temporal
limitations of the truck count (annual PADOT data) and total PM,, emissions from the GIFT model. Both
are annual totals converted to counts/emissions per second and distributed evenly throughout the year,
in order to conform to AERMOD data format requirements. Thus seasonality and daily fluctuations are
masked. Despite the damped concentrations, model results do highlight areas within the Marcellus
Shale region that are predicted to have higher relative emission concentrations as a result of increased
truck traffic related to hydraulic fracturing activities. These show where roads with higher truck counts
may be impacting the environment and human health and may be used to help site monitoring stations
in the future (there are very few rural air quality monitoring stations in the study area). Using the
AERMOD emission contour intervals to select 2010 US Census block data, model results suggest that
over 1.2 million people are exposed at some level to elevated PM pollution due to trucks supporting gas
extraction, although the vast majority of the population experiences low level exposure.

The next phase of this research will use the AERMOD emission contours and population estimates as
input for the computer model BENMAP CE to generate health impact and cost estimates.

6



Introduction

Our initial UTRC research project (Korfmacher, et al, 2015a,b) identified routes and road segments with
predicted high volumes of truck traffic related to natural gas extraction in the Marcellus Shale region.
Figure 1 illustrates truck counts for waste transport in 2011 and population density. The project results
also generated annual estimates of pollution emissions per route and road segment related to these
transportation activities. The road segment results identified areas of potentially elevated pollution
emissions due to incremental truck traffic resulting from natural gas development. The current UTRC
project uses these “hot spot” data as source inputs for the AERMOD pollution dispersion model (USEPA,
2013) to begin the assessment of potential health impacts on local populations due to increased truck
traffic. Total truck traffic estimates from the PA Department of Transportation (PADOT) were also used
to generate emission estimates and also input into AERMOD as a comparison dispersion analysis to help
assess the relative impact of the natural gas truck activity.

Model Truck Counts in 2011 by Road Segment Used in the Transport of Waste from PA Wells to NY and OH Facilities
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Figure 1. GIFT model results showing estimated truck counts from the delivery of waste materials from 2011 wells
to disposal facilities. 2010 US Census tracts display population density surrounding these roads.




Developing and operating a HVHF natural gas well is resource and infrastructure intensive, primarily
because the rural locations of the prime drilling sites require large numbers of trucks to transport
materials, equipment, and wastes. Our previous research (Korfmacher, et al., 2015a,b) estimates nearly
1.7 million one-way truck trips were made delivering sand and water and removing wastes in 2011.
These trips totaled over 30.2 million miles and generated over 6.6 Mg of PMy, in addition to other
pollutants. Table 1 summarizes the results of the 2011 emissions calculated by the Geospatial
Intermodal Freight Transport (GIFT) model (Winebrake, et al., 2008). What the results of Figure 1 and
Table 1 do not show is how these pollutants are dispersed over the landscape and potential exposure
concentrations around road segments (based on topology and meteorological conditions). Knowing
how far pollution spreads from the roadways and the concentrations of the pollution in the plumes will
help researchers assess the impact on human health by linking these results to population data (2010 US
Census data). This report outlines the developed pollution dispersion methodology and provides results
for 2011.

With the number of gas wells expected to grow, particularly if New York eventually allows high volume
horizontal hydraulic fracturing in the future, the transport of wastes and materials will also increase,
along with diesel emissions. The emissions include CO,, volatile organic compounds (VOCs), NO,, SO,
and particulate matter (PM, and PM,s). These emissions are linked to human health impacts, including
premature deaths due to cardiovascular and respiratory issues, increased asthma rates, and lesser
impacts such as eye, nose, and throat irritation (Pope, 2002; Ostro, 2004; Brook, et al., 2010; Laumbach,
2010; Gan, et al., 2011; Ristovski, et al., 2012; Fann, et al., 2013; Wierzbicka et al., 2014). Because of the
truck transportation associated with HVHF, rural communities are likely facing greater exposure to these
pollutants due to the high volume of truck traffic (McKenzie, et al., 2012; Finkel and Hays, 2013; Litovitz,
et al., 2013). Utilizing pollution dispersion models such as AERMOD (USEPA, 2013) with the GIFT model
results allows for a better spatial assessment of the potential risks these areas may experience (Heist, et
al., 2013).

Table 1. 2011 pollution emissions from truck transport of PA well wastes and materials. The shaded columns
represent a truck fleet meeting stricter 2007 Model Year emissions.

TRUCKS MILES HOURS ENERGY co co2 NOx NOx PM10 | PM10 SOx vocC

YEAR (oneway) (oneway) | (oneway) | (MBTU) | (Mg) | (Mg) (Mg) | (Mg) | (Mg) | (Mg) | (Mg) | (Mg)

2011 1,698,309 30,205,955 743,656 652,449 70 52,558 260 22 6.6 11 0.4 13.5




METHODS

Much of the effort for this project focused on developing methodology for bringing large numbers of
shapefiles and associated emission attribute data into AERMOD. At the time of this project, no versions
of AERMOD contained a shapefile import option (although the model outputs shapefiles). AERMOD
requires a specific data format for each type of pollution source, and the excel file format is somewhat
complex. For aline volume source, which was used in this analysis, the Lakes Environmental version of
AERMOD requires three lines for each record (Figure 2), complicating the development of excel macros.
As a result, the research team developed a four step process for importing shapefiles and attribute data
generated from the initial stage of this research project (Korfmacher, et al., 2015 a,b). A summary of the
four steps is provided here, with a detailed manual provided as Appendix A.

|ID |Desc |SourcelDJEmission7Rate|Conﬁgura‘ion|LineVqumeHeight |PIumeWidth|LineVqumeType|Num7Coords |X1 |Y1 |X2 |Y2 |>G |Y3 |
| | [ [ [ [im] [im] | [ Jim) Jim) [im] [im] [tm) [im] |
SLINE1 1001 1 Adjacent 8.228 11 Elevated 3 708230.86 3649734.86 708435.12 3649736.91 708447.38 3649732.53
SLINE1 Rel_Height_m 4.11 4.11 4.11 4.11 4.11 4.11
SLINE1 Base_Elev_m 0.00 0.00 0.00 0.00 0.00 0.00

Figure 2. Example of the format for a single Source Line Volume record (from the Lakes Environmental version of
AERMOD). The first row of SLINE1 contains the XY Coordinates for each point in the line segment. The second
row is the release height of the pollutant, and the third line is the elevation of each point in the line segment,
assigned to the point by the subprogram AERMAP. The release height is a constant value. Pivot tables can easily
generate the first row, but inserting the second and third rows was problematic, due to the variable number of
points making up each line segment and the number of records in each shapefile. Appendix A presents a modified
table for an initial import into AERMOD.

Step 1 — Creating Emission Attributes and Exporting Shapefiles Based on USGS Quadsheet Boundaries

Total truck trip counts were generated in the GIS attribute tables for each road segment of the GIFT
model database (using TIGER roads) and the PADOT Road Database (using average daily truck estimates,
multiplied by 365). Emission totals were calculated for each road segment (GIFT and PA) based on
estimated truck counts multiplied by modeled fleet emission rates (2008 EPA Average In-use Fleet
Emissions and target Model Year 2007 Emissions, both in g/mile) multiplied by the distance of the
segment. This provides the total annual emissions (grams) from trucks for a given segment. GIFT truck
counts were multiplied by 2 to roughly account for two way traffic, since there were no publicly
available deadhead truck and trailer data for this study.

Emissions totals for PA and GIFT road segments were then converted to AERMOD emission rates (g/sec)
for a given line segment by dividing totals by 31,536,000 (seconds in a year). These rate values are used
by AERMOD in the line volume calculations. 2011 GIFT road segments with the highest estimated truck
counts (>25,000) were selected by attribute query to identify and create a hotspot segment database.
Because AERMOD is a computationally intensive program, the decision was made to limit each model
run to the area of a US Geological Survey Quad. This is a modified version of the approach developed by
Rowengould (2015) for the LA Basin in a separate AERMOD analysis. USGS Quadsheets containing the
the GIFT hotspot segment data were selected using the Select by Location function in ArcGIS. Only PA
quad sheets were retained, in order to match PA road segments (OH, NY, WV quad sheets were
excluded). Individual hotspot PA quad sheets were subsequently used to select all GIFT road segments
and all PA road segments intersecting the quad sheet boundaries, and the selected road segments were
then exported into separate shapefiles for further processing. For 2011, the 72 PA USGS quad sheets
resulted in 288 AERMOD simulations (72 GIFT 2007, GIFT 2008, PA 2007, and PA 2008 simulations).



Step 2 — Creating XY Coordinates for Each Point of a Line Feature While Retaining a Unique ID

Road shapefiles were imported into DNRGPS, a free GPS software developed by the Minnesota
Department of Natural Resources (2015) (http://www.dnr.state.mn.us/mis/gis/DNRGPS/DNRGPS.html).
Each road segment is converted into a track, using the road segment unique ID for each set of XY
locations, derived from the line verticies. See pages 13-14 of Appendix A for more details and an
example of the DNRGPS structure. Converting lines into a series of linked XY points is the required
format for AERMOD line sources. DNRGPS files were the saved as comma delimited text files.

Step 3 — Converting Text Files into AERMOD Compatible Excel Files Through Pivot Tables

Text files were imported into excel, where pivot tables are used to reformat XY coordinates and road IDs
into individual row entries, similar to the first record shown in Figure 2. Detailed instructions for
creating and formatting the attributes and pivot tables used in the excel files are included in Appendix A,
pages 14-17. We are currently working on an excel macro to help automate these steps.

Emission rates are copied from the shapefile DBF files and added into the reformatted excel files.
Unique IDs, emission rates, and XY point pairs are copied from the reformatted excel files to the Lakes
Environmental AERMOD data template for GIFT and PA roadways, simulating 2007 and 2008 emission
rates. Details for creating and formatting the template file as AERMOD input files for GIFT and PA 2007
and 2008 emission models are included in Appendix A, page 18. Each simulation used a plume height of
6.99 meters and a plume width of 8.6 meters, generated by the Haul Road calculator in AERMOD, using
a truck height of 4.11 meters and a width of 2.6 meters.

NOTE: The format created in Step 3 is not the official format for a line volume source, as described by
Lakes Environmental, but a simplified format used to import the positions and assigned emissions of
each road segment. The official line volume format (Figure 2) requires three rows of input for each
record (emissions, elevation, and release height), but the three rows per record format complicates the
pre-processing of the shapefile data in excel. We correct for this format in Step 4.

Step 4 — Using AERMOD to Correctly Format the Source Files for Use in Excel

The simplified format AERMOD excel sheets are imported as sources into AERMOD, as outlined on page
21 of Appendix A. Once imported, the files are processed through the remaining project set up steps, as
outlined in Appendix A. Loading the terrain data and running the AERMAP module will import the
elevation data and update the source base elevations (the third row of the record in Figure 2) from the
default value of 0.0 to a georeferenced elevation (Appendix A, pages 28-29). This step will also update
the receptor elevations.

At this point, the AERMOD project is essentially complete, except for needing to update the source
release height values from a default value of 0.0 to the calculated value of 3.49. Going back to the
Sources window, the user needs to export the current sources to a new excel worksheet. AERMOD will
automatically format the file to have three rows per record. Open the file in excel and highlight the
columns showing a release height of 0.0. With only those columns highlighted, use Replace All Values
to update 0.00 to the correct value of 3.49. It is critical to have the correct columns highlighted to limit
the replace operation. Otherwise, any 0.00 within the database will be replaced with 3.49, including
coordinates. Re-import the updated excel sheet through Sources in AERMOD to complete the project.
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Creating Shapefiles and Rasters of Emissions for use with Population Data

AERMOD projects based on the 72 quad sheets were run in batch mode using the Lakes Environmental
Batcher program, optimized for eight cores. Each project took 3-26 hours to run, depending on the
terrain and road complexity. Once complete, the generated emission dispersion contours are displayed
in common concentration increments set to a standard legend and palette (0.001, 0.01, 0.05, 0.1, 0.5,
1.0, 1.5, 2.0, 2.5, and 3.0 pug/m°) and then exported to shapefiles. Surfer format grid files were also
exported.

The individual shapefiles from the four simulations (GIFT 2007, GIFT 2008, PA 2007, PA 2008) were
clipped to the boundaries of their primary quad sheet and then merged to form four emission dispersion
files at 1:24,000 scale (the resolution of the DEMs). Surfer files (raster format) were merged using a
mosaic command in ArcGIS. Because vector shapefiles are more compatible with census polygon data,
the shapefile output was ultimately used in the final analysis. Raster output from AERMOD was also
limited to a 200x200 pixel resolution in this version of the Lakes Environmental software (each pixel is
roughly 300 x 300 meters) creating overly generalized output from the USGS quad sheet extents. The
raster images were used to calculate emission reductions between the EPA Average In-Use Fleet
baseline (2008) and the target MY 2007 fleet (control) emission rate simulations.

Final shapefiles were used to select US Census TIGER Block data and summarize population counts
within each contour interval. Blocks were assigned to a contour if their centroid intersected with a given
contour. This avoided double counting blocks that intersected multiple emission contours and assigned
a polygon’s population to the dominant emission contour. Splitting block polygons by the emission
contours and weighting population counts by area was considered, but ultimately rejected, due to
uncertainty about population distributions within census polygons.
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RESULTS AND DISCUSSION

Figures 3 and 4 illustrate the estimated annual truck counts of the GIFT and PADOT databases used in
this analysis. Figures 5-8 show the results of the four AERMOD simulations for the 2011 truck traffic
analyses. AOI regions 1-3 were identified by quad sheets containing GIFT network road segments with
annual truck counts greater than 25,000. The AERMOD results show the usefulness of this type of
modelling approach to identifying emission impacts, even with the temporal limitations due to the use
of annual traffic and pollution databases.

Overall, the MY 2007 results for both the GIFT and the PADOT databases (Figures 5 and 7) illustrate the
potential pollution reductions of PM;, emissions if all trucks in 2011 met the more stringent emission
standards set by EPA. This contrasts with the calculated emissions using EPA estimates of the truck
fleet’s average in-use emission rates from 2008 (Figures 6 and 8), which simulates an older, mixed age
fleet (EPA, 2010). The difference between the 2008 baseline and the MY 2007 control emission rates
show GIFT reduction ranges from 0.0625 - 0.00002 pg/m?, and PADOT reduction ranges from 2.1917 —
0.1165 pg/m?® for the 2011 analyses. In the PADOT analysis, the highest emissions for the AOI were seen
around the major cities of Pittsburgh and Scranton and along major transportation corridors. This
corresponds with the high volume of truck traffic along these corridors from both internal and out of
state transportation (Figure 4). In the GIFT analysis, focusing on trucks supporting HVHF activities, the
highest rates correspond to not only major roads, but smaller towns such as Williamsport that act as
transport hubs and rural road segments situated around high concentrations of wells (Figure 3).

From an environmental health perspective, none of the simulations seem to indicate significant risks
due to elevated PM,4 concentrations from truck traffic. From the emission contour shapefiles, the
highest average daily simulated emission concentration was 2.845 ug/m?® for the PADOT roads and 0.082
pg/m? for the GIFT roads. Using the 2008 EPA emission rates as a guide (USEPA, 2008), 92% of PM g is
PM, s, so calculated average daily maximum PM, 5 concentrations are 2.617 ug/m3 for PADOT and 0.076
pg/m? for GIFT. Figure 9 shows average daily background PM;, and PM, s levels from PADEP monitoring
stations in 2011, indicating that the average daily PM,, emission concentrations ranged from 7.37 to
25.12 ug/m3, and 5.97 to 14.50 ug/m3 for PM,s. Model results therefore indicate that the majority of
the PM pollution, as reported by the PADEP monitoring network in 2011, originates from sources other
than trucks. The contour areas generated by AERMOD associated with the highest emission impacts
were also quite small, 75.50 ha or 0.29 mi” for the GIFT network (Figure 6) and 7.54 ha or 0.03 mi’ for
the PADOT network (Figure 8).

Figures 9-18 highlight differences between the two transportation databases. While overall emissions
from the GIFT simulations are lower due to lower truck counts, areas of relatively higher emissions due
to HVHF truck traffic are identified in this analysis. Often, they coincide strongly with higher emission
areas shown in the PADOT comparison image (see Figures 11, 12, 17-19), suggesting higher proportions
of the PADOT counts and associated emissions are due to HVHF truck traffic. In areas where the GIFT
network differs from the PADOT network, such as the western part of Blossburg (Figure 10), higher
emissions are linked to HVHF traffic alone. These can be used to help locate potential air quality
monitoring sites for more in depth analyses of HVHF trucking emission impacts, relative to overall truck
and vehicle traffic. Figures 13-16 show overall truck traffic emissions dwarfing HVHF traffic impacts.
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2011 GIFT Model Annual Truck Count Estimates
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Figure 3. 2011 GIFT transportation network with annual truck count estimates for trucks transporting sand, water,
and waste related to HVHF activities.
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Figure 4. 2011 PADOT transportation network with annual truck count estimates for all truck activities.
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Average Annual 2011 GIFT Model Emissions
Simulating MY 2007 Rates
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Figure 5. 2011 GIFT average daily emission concentrations of PMy, (ug/m3)from HVHF truck traffic generating
Model Year 2007 emission rates (0.036 g/mile).
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Figure 6. 2011 GIFT average daily emission concentrations of PMy, (ug/mg)from HVHF truck traffic generating
2008 USEPA Average In-use Heavy Duty Diesel Emission Rates (0.219 g/mile).
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Average Annual 2011 PA Model Emissions
Simulating MY 2007 Rates (All PA Trucks)
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Figure 7. 2011 PADOT average daily emission concentrations of PMy, (ug/m3)from HVHF truck traffic generating
Model Year 2007 emission rates (0.036 g/mile).
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Figure 8. 2011 PADOT average daily emission concentrations of PMyq (ug/ms) from HVHF truck traffic generating
2008 USEPA Average In-use Heavy Duty Diesel Emission Rates (0.219 g/mile).
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Figure 9. Blossburg AERMOD PMq results for GIFT and PADOT road networks and truck counts.
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Figure 10. Crooked Creek AERMOD PMy, results for GIFT and PADOT road networks and truck counts.
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Figure 11. Keeneyville AERMOD PMy, results for GIFT and PADOT road networks and truck counts.
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Figure 12. Lenoxville AERMOD PMyq results for GIFT and PADOT road networks and truck counts.
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Figure 13. Mansfield AERMOD PM results for GIFT and PADOT road networks and truck counts.
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Figure 14. Mill Hall AERMOD PMj, results for GIFT and PADOT road networks and truck counts.
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Figure 15. Scranton AERMOD PMyq results for GIFT and PADOT road networks and truck counts.
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Figure 16. Salladasburg AERMOD PMy, results for GIFT and PADOT road networks and truck counts.
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Figure 17. Trout Run AERMOD PMq results for GIFT and PADOT road networks and truck counts.
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Figure 18. Williamsport AERMOD PMy, results for GIFT and PADOT road networks and truck counts.
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Table 2 shows the 2010 population based on census block totals with their centroid contained in an
emission contour polygon (select by location in ArcGIS). While the PADOT simulations had similar total
estimates of impacted populations (1.43 million), the number of individuals exposed to an additional
average daily concentration of at least 1 ug PM;o/m?* dropped by over 17,500 people if trucks had met
MY 2007 standards. Because the GIFT simulations started with lower truck counts (and therefore lower
overall annual emissions), many areas with low emission impacts (0-0.01 pug/m?) at 2008 rates zeroed
out using MY 2007 emission rates, so fewer people were impacted. But a similar reduction in the most
impacted population was seen in the GIFT model (14,949 fewer people were impacted by the highest
concentrations if control measures are accounted for). These results will become part of the next phase
of this research, using the computer model BENMAP CE to assess human health impacts and costs.

Table 2. Estimated PA population totals exposed to specified average daily PM, levels associated with total truck
traffic (PADOT Network Models) and fracking truck traffic (GIFT Network Models) using AERMOD simulations on
roadways with the highest estimated fracking truck traffic in 2011. 2008 columns refer to models using USEPA
2008 Average In use Heavy Duty Diesel emission rates, while 2007 columns reflect potential reduced emissions
from Model Year 2007 engines if all trucks met those emission rate standards. Daily emission ranges are low, due
to the use of annual emission totals (Mg) to derive emission rates for line volumes (ug/sec), which spreads traffic
volume evenly throughout the year, eliminating hourly, daily, and seasonal peaks. Although the methodology
homogonizes emission rates, these results suggest that nearly 15,000 people are exposed to the highest
particulate concentrations due to truck traffic generated by HVHF activities, and over 1 million people are exposed
to some level of elevated particulate pollution. Model results also indicate implementing 2007 MY emission
standards would significantly reduce the number of individuals exposed to the highest concentrations.

PM10 PA 2008 RATES PA 2007 RATES GIFT 2008 RATES GIFT 2007 RATES

ug/m3 POPULATION PERCENT POPULATION PERCENT POPULATION PERCENT POPULATION PERCENT
0.00-0.01 13,180 0.92 72,392 5.08 834,201 67.26 519,533 91.95
0.01-0.05 111,811 7.81 514,646 36.08 391,071 31.53 45,472 8.05
0.05-0.10 383,624 26.78 711,418 49.88 14,949 1.21 11 0.00
0.10-0.50 382,118 26.68 112,801 7.91 11 0.00 0 0.00
0.50-1.00 524,121 36.59 15,131 1.06 0 0.00 0 0.00
1.00-1.50 15,649 1.09 0 0.00 0 0.00 0 0.00
1.50-2.00 1,916 0.13 0 0.00 0 0.00 0 0.00
2.00-2.50 0 0.00 0 0.00 0 0.00 0 0.00
2.50-3.00 3 0.00 0 0.00 0 0.00 0 0.00
TOTAL 1,432,422 1,426,388 1,240,232 565,016

Issues/limitations with this emission dispersion analysis stem from the use of annual totals for truck
counts and emission totals. Daily, hourly, and seasonal variability due to shifting traffic patterns
(congestion) and weather conditions are suppressed in this annualized analysis. Both GIFT and PADOT
truck counts were total annual estimates, with corresponding total annual emissions. PADOT data do
have average daily vehicle traffic estimates/distributions, but the GIFT model output does not, so all
analyses were performed at the annual level. For AERMOD to run, the total emissions generated by
truck traffic along a given road segment (Mg of PM,;) were converted into an emission rate
(grams/second). Total annual truck counts and emissions were therefore evenly spread, by second, over
the course of a year. This distribution generates constant truck traffic, minimizing congestion impacts
and ignoring the timing of the major truck traffic activity surrounding the development of a well or
series of wells (a truck intensive 2-3 week period). Those traffic data were not publically available for
this analysis. The influence of daily, short term, and seasonal weather impacts are also muted.
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If many wells were developed over a short period of time in a specific area, roads in that area would be
expected to see extremely high truck counts for a brief period during the year, with smaller truck counts
associated with well maintenance once the well went into production. These detailed data on truck
counts and movement times don’t exist in the public domain, so the analysis is currently limited to an
annual, distributed simulation. This is akin to taking annual total rainfall estimates for a region and
creating an average daily rainfall database — you imply that it rains every day, but only a little.
Batterman, Cook, and Justin (2015) address this issue by applying annual, monthly, daily, and hourly
temporal allocation factors (TAFs) in urban settings using hourly traffic data from continuous counting
stations. A similar approach may be possible for this rural region if suitable PA traffic monitoring
stations can be identified, but many of the smaller rural roads appear to be unmonitored.

Another approach to refining the temporal aspect of this analysis would be to re-distribute GIFT model
truck counts based on the spud date information of the wells. If the most intense truck activity occurs
during the development of a well, then water, sand, and waste movements could be modelled over a 2-
3 week period starting with the spud date of each well. Wells with the same spud date would be part of
the same 2-3 week analysis, and a series of separate 2-3 week spud date analyses could be combined
within ArcGIS using merge and dissolve to create a time series estimate of daily truck counts for GIFT
road segments. These data could then be uploaded into AERMOD and run at different time intervals,
corresponding to the valid periods of the source segments. We have begun preliminary analyses of this
approach on areas around Williamsport to see if it is feasible.

These simulations do, however, identify potential emission and health impact hotspots due to truck
traffic associated with HVHF activities and compare them to total truck traffic emission hotspots.
AERMOD accounts for terrain and weather influences on emission dispersion and concentrations, so
even with the calculated lower distributed emission rates input into the model, generated areas of
relatively higher emission concentrations are areas of potential concern and can be considered as target
areas for future monitoring. Similarly, identified areas with higher populations along the predicted road
segments servicing HVHF truck traffic could be monitored as a comparison. Establishing monitoring
stations in these areas would help determine times and duration of high truck traffic and provide more
detailed emission rates for modelling analyses. As Figure 19 illustrates, very few PM monitoring stations
were active in 2011 in rural areas where the vast majority of the wells are located.

PADEP has begun to modify established monitoring stations and add new ones to try and assess the
emissions impacts from various sectors of natural gas development in the Marcellus Shale. The 2015
Annual Ambient Air Monitoring Network Plan (PADEP, 2015) documents the establishment of targeted
hazardous air pollution (HAP) monitoring stations in Susquehanna County in late 2013, Wyoming County
in early 2014, and the planned establishment of a new site in Fayette County. The first two will be
especially useful for analyzing GIFT model results in later years for AOI1 (Figures 5-8). Within the
Marcellus Shale region, additional PM, s monitors were added to stations in Tioga County specifically to
address shale gas activities (again, benefiting modelling activities in AOI1). Results from this project may
be useful in locating potential near-road monitoring sites to supplement these existing monitoring
systems.
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Figure 19. Average daily PMyq (squares) and PM, s (circles) concentrations (ug/m3) as reported by PADEP
monitoring stations in 2011. Comparing AERMOD model results to these values indicate that trucks are minor
contributors to average daily particulate matter emissions, although the truck emission are likely underestimated
due to the use of total annual emissions data in AERMOD. Very little monitoring data are available for AOIs 1 and
2, highlighting the need for additional monitoring in rural areas with high levels of HVHF activities. PADEP has
begun to address this issue in 2014-2015 with the establishment of additional monitoring stations in Susquehanna,

Wyoming, and Tioga Counties (PADEP, 2015).
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Conclusions and Future Analyses

While the actual concentrations may be underestimated due to limitations associated with the use of
annual truck counts and total pollution emissions, we believe the spatial component of this project helps
to identify areas subject to higher pollution concentrations and associated impacts from truck emissions.
Linked to population data, this provides a potentially powerful tool to help identify at risk populations.
This project helps support the growing literature of probable health impacts and the need for more
monitoring data for more rigorous modelling activities (Werner, et al., 2015). In addition to
investigating methods of redistributing the timing of the truck traffic, the research team is continuing
the dispersion model runs to generating pollution contours for transport activities in 2012 and 2013.

We are also interested in comparing our population results to findings reported by Ogneva-
Himmelberger and Huang (2015), who compared well density to US Census tract population factors such
as age and income to investigate social justice issues in the Marcellus Shale Region. There is a strong
possibility that the populations identified in our project share some of the socioeconomic attributes
identified by Ogneva-Himmelberger and Huang.

The emission dispersion model activities outlined in this project represent the second phase of a
planned three part project. The final phase involves using hotspot pollution concentrations from
AERMOD in the EPA health risk model BenMAP-CE (Benefits Mapping and Analysis Program- Community
Edition) to assess human health and economic impacts associated with emissions from HVHF truck
traffic. Shapefiles of emission plumes from AERMOD will be imported into BenMAP-CE to generate
localized health risk estimates and health related economic impact assessments. Simulations will
include 1) ambient conditions, 2) estimated HVHF truck traffic, 3) all estimated truck traffic (from PA
DOT), and 4) on-site waste recycling to help determine how transportation emissions related to
hydraulic fracturing impact human health. This final phase of the research will enhance previous
research on regional impacts of HVHF transportation emissions by providing localized assessments over
a period of years (2007-2015). Katie Van Munster, an Environmental Science graduate student at RIT, is
currently working on adding the 2011 contour data to BenMAP CE as the basis of her Masters thesis.
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Appendix A — Steps for setting up an AERMOD Simulation (version 8.8.9)

AERMET

AERMET is the meteorological preprocessor for AERMOD. It prepares the meteorological data and
produces both a surface file and a sounding file (vertical atmospheric profile).

Preprocessing:

Follow the steps outlined in the San Joaquin Valley APCD (2013) PDF to help with the downloading and
preprocessing of the data for AERMET.

http://www.valleyair.org/busind/pto/Tox Resources/MeteorologicalDataProcessing4-11-13.pdf

Follow the steps in Section 1 to get the appropriate surface air data. For FracGIFT, use ISH data (AKA TD-
3505 data). It’s from the National Climactic Data Center (ftp://ftp.ncdc.noaa.gov/pub/data/noaa/).

Click on the desired year
Find the appropriate file for the desired location by using the ISD History link below

ftp://ftp.ncdc.noaa.gov/pub/data/noaa/isd-history.txt € USE THIS LINK

(ftp://ftp.ncdc.noaa.gov/pub/data/inventories/) € This is the legacy site

Use Ctrl F to bring up a search window in the web page and search for the place of interest
(example, Williamsport) and record the associated WBAN number in the second column
(example, 14778 for the Williamsport Regional Airport). Use this number to get desired file
from the ISH data link above and unzip the file if necessary.

Other WBAN file numbers of potential interest for the 2011 FracGIFT analysis (linked to the location of
the high truck count road segments identified in the GIS analysis):

Washington County Airport, PA, 725117 (2006-2014) 4827
Wheeling Ohio County Airport, WV, 724275 (1973-2015) 14894
Allegheny County Airport, PA, 725205 (1973-2015) 14762
Pittsburg International Airport, PA 725200 (1945-2015) 94823
Arnold Palmer Regional Airport, PA 725207 (2006-2015) 54735
Du Bois-Jefferson County Airport, PA 725125 (1973-2015) 4787
Clearfield-Lawrence Airport, PA 725119 (2006-2015) 54792
University Park Airport, PA 725128 (2005-2015) 54739

Penn Valley Airport, PA 725105 (1999-2015) 14770
Williamsport Regional Airport, PA 725140 (1973-2015) 14778
Wilkes-Barre/Scranton Airport, PA 725130 (1973-2015) 14777
Greater Binghamton Airport, NY 725150 (1973-2015) 4725
Elmira/Corning Regional Airport, NY 725156 (1973-2015) 14748

Figure 1 displays these stations, mapped using the coordinates provided with the WBAN records.
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Figure 1. Map of ISD Stations available for the Marcellus Shale AOI. Not all of the considered stations
were ultimately used, due to data quality issues and/o missing data for the period January 1, 2011 to
December 31, 2011. AERMOD provided warning messages when a station’s record exceeds a quality
assurance threshold, as assigned by the user.
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Start AERMET
Surface Module

Hourly Surface Data Tab

Under the Hourly Surface Data tab, load the ISH Data downloaded from above

The ISH file will not be reported in local standard time (LST), so that needs to be changed. For EST the

adjustment is -5 hours, but there’s a tool to help with that (‘Tip’).
Make sure that the dates to be retrieved line up with the desired dates.

Hit Next

o AERMET View 8.8.9 - [FAAERMOD\WILLIAMSPORT _2011.amf]

File Mode Data Run Tools Help
) kK| £
4 & 4 & | &
Onsite  UpperAir  Sectors Output WRPLOT Export

Save Run

Hourly Surface Data )S0S 1-Minute | QA Surface Variables | Surface Variables Ranges|

Help

N
TSR ce Data File

Format: INCDC TD-3505 (ISHD - full archival) v] ear: 201

[ & webMET | [ Mutti-vear |

File: ISH_DATAVTZ25140-14778-2011

Surface Station Information

Station ID: 14778 State: Py [ Search Stations...

I Name: WILLIAMSPORT-LY COMING /COUNTY

Station s ASOS Site [ ASOS Stations. .

Dates to be Retrieved
COYIMWDD)

Start Date:
2011/01401

End Date:

2011231

Surface Station Location

Lattude: 4125 °:'ﬁ': g

Met Data Reported Time

(7 Yes (Default) @ No

le Surface Data Reported in Local Standard Time (LST)?

Longitude: 75.917 0:?:1E"l'
. ) Adjustment to Local Standard Time (L3T):
Base Elevation (MSL): 160 [m] -
5 hours vl [ Ti (+ for W)
B | (rorE)
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ASOS 1-minute Wind Data Tab

Include the 1-minute ASOS Wind Data files, which provide more accurate data later on.

Click on the AERMINUTE button, then download the files

-_— - - Sl bl
(9 AERMET View 889 - [F:\AERMEr\q;n iamsgortRegArpt\Williamspurt“h_.?Dll.W - =T

File Mode Data Run Tools Help

Jd & )

New Open Save

@B = K G

Upper Air  Sectors Output WRPLOT Export

Onsite

2
a
Help

Hourly Surface Daf§| ASOS 1-Minute Y04 Surface \.-'hriahlesl Surface Variables Range.s|

Include 1-Minute ASOS Wind Data File ?

M @ Yes @ No

1-Minute (Hourly Averaged) AS0S Wind Data File

Fermat: |ASCS Hour Wind Data (AERMINUTE Cutput File) - ear: 2011
|| File: Wiliamspert_Pittsburgh_2011_AERMINVAERMINUTE _hour.dat
Il Asos station Information
Station ID: 14778 State: P&
Name: WILLIAMSPORT-LY'COMING /COUNTY
Station Location
|
Latitude: 4125 N | Longitude: TE81TFW
1

Next $
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Select Process, then Next back on the ASOS 1-Minute tab

9 AERMINUTE Utility

T T L S ——— [ o ——

View Tools
Processing Period

Start Year:

End “ear:

# of Files: 12

L)
2 =
)

201 =)

Start Month: [.Ianuary

End Maonth: ’Deoember

] Station is Part of the lce Free Winds Group (IFW)
-

l installation Date: [2007-05-30 | | seect..
E

Specify 1-Minute ASOS Wind Data (TD-8405 / DSH5405)

Station ID

14778
14778
14778
14778
| 14778
14778

2011
2011
2011
2011
2011
2011

February
March

April
May
June

July

2011
2011
2011

[ @oowadries.. | (2] (mm ]

Data File (DSH5405)

CKatieVAERMETWViliamsportRegarptiWiliamsport_Pittsburgh\G4050K]

February C\Katie\AERMET'WViliamsportRegArptiWiliamsport_Pittsburgh\G4050K1 1
March ChKatis\AERMETVWWiliamsportRegarptiWiliamsport_Pittsburgh\G4050K]
April C\Katie\AERMETVWWWiliamsportRegArptiWiliamsport_Pittsburgh\84050KI1
May C\Katis\AERMETVWiliamsportRegArptiWiliamsport_Pittsburgh\54050KI
June C\Katie\AERMETWViliamsportRegArptiWiliamsport_Pittsburgh\G4050K1
July C\Katie\AERMETWWViliamsportRegarpt\Wiliamsport_Pittsburgh\G4050K1 —

| Specify Hourly Surface Data - ISHD (TD-3505 / DS-3505) (Optional)

o ]

# of Files: 1
\ ) Start Start End End ;
Station ID Year Month Year Manth Surface File (S-3505)
[ 3 14778 2011 January 2011 December C\KatisVAERMET\SurfaceWiliamsportRonlarpt725140-14778-2011
Output Files
Hourly File: AERMINUTE_hour.dat ‘ @
Summary File: AERMINUTE_sum.csv | @
Comparison File: AERMINUTE_comp.csv | @
[ 43 Process ] l LCancel l [ Close l
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QA Surface Variables Tab

Load TMPD, WDIR, WSPD, RHUM, PRCP, DPTP (these differ slightly from the QA common parameters
identified in the2013 San Joaquin Valley APCD AERMET guide).

o AERMET View 8.8.9 - [F ‘\AERMET\WLllLamsp-urtRegArpt\WLllLamsp-urt PLﬂsburgh 201 ]

File Mode Data Bun Tools Help

J < e >

ew Open Save

(

| Hourly surface Data| ASOS 1-Minute

Select QA Surface Variables to be Included

Include these Variables:

v

a

Exclude these Variables:

DPTP - Dew-point temperature [deg C * 10]
PRCP - Precipitation amount [milimeters * 100]
RHUM - Relative humidity [whole percent]
THMPD - Dry bulb temperature [deg C * 10]
WDIR - Wind direction [tens of degrees]
WSPD - Wind speed [meters/zecond * 10]

A N
B[BE

ACHT - ASOS Ceiling [kilometers * 10]

ALC1 - Sky cond I height, level 1 [code /f hundredths fi]
ALC2 - Sky cond I height, level 2 [code /f hundredths fi]
ALC3 - Sky cond /' height, level 3 [code #f hundredths fi]
ALC4 - Sky cond I height, level 4 [code /f hundredths fi]
ALCS - Sky cond I height, level S [code /f hundredths fi]
ALCS - Sky cond I height, level 6 [code /f hundredths fi]
ASKY - ASOS Sky condition [tenths]

CLHT - Ceiling height [kilometers * 10]

HZW'S - Horizontal visibility [kilemeters * 10]

PRES - Station pressure [milibars * 10]

PWTH - Present weather

PVWWC - Present weather (vicinity)

SLVP - Sea level pressure [milibars * 10]

TMPW - Wet bulb temperature [deg C * 10

T3SKC - Total / opaaue skv cover [tenths /Y tenths]

Tip

= AERMET uses these variables to do a guality assessment (CL4) of the data. The QA is an optional process, but it is recommended to identify
Q any potential problems in the data. Double-click on a specific variable for a detailed description.

<§ Previous Mext ,
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Surface Variable Ranges Tab

Check modify ranges, select Default, and All (then Next)

o AERMET View 8.8.9 - [FAAERMET\WilliamsportRegArpt\Williamsport_Pittsburgh_2011.amf]

= | B [ |

File Mpode Data Run Tools Help

o o * 445 ,
¢ @ » COf) @ B = K ¢ 2
New Open Save Run Onsite U I ors Output WRPLOT Export Help
| Hourly Surface Data | ASOS 1-Minute | QA Surface Variables@ Surface Variables Ranges
[#] Modify Ranges
- . Variable Boundary Lower Upper Missing Missing -
T e Name ‘ Type ‘ Bound Bound Indicator Message | |
| Dew-—point temperature deg C*10 DFTP Exclude (<) 550 350 999 v
1 Precipitation amount milimeters * 100 PRCP Include (==} 0 25400 -8 [+
Relative humidity whole percent RHUM Include (==) 0 100 999 [
Dry bulb temperature deg C*10 TMPD Exclude (<) -300 380 999 v 3
Wind direction tens of degrees WDIR Include {==) 0 36 999 [+
Wind speed metersizecond * 10 WSPD Include (==} 0 500 999 v

| %

“fou may alzo change the default upper and lower bounds for the QL& and missing value indicator for each variable.

’ & Erevinus] | Mext & !
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Onsite Module

Did not include this step because no local data for 2011 were found (seems more appropriate for
stationary sources).

Upper Air Module

Upper Air Data Tab

Use Standard AERMET

Possible station data include Buffalo, Pittsburg, or Albany, but Pittsburgh was used for the 2011 analysis
due to prevailing winds. Follow the directions in Section 5 of the 2013 San Joaquin Valley APCD manual
to download Upper Air data from the NOAA/ESRL Radiosonde Database (http://esrl.noaa.gov/raobs/.
Search for stations by STATE to identify available data.

Upper Air Data will be in FSL format and should be reported in GMT, so adjust to EST (5 hours)

.
#5 AERMET View 2.8.9 - [FAAERMET\WilliamsperiRegArpt\Williamsport Pittsburgh_2011.amf] =N X

File Mode Data Run Tools Help

0 ¢ @ » 55

Open Save Surface Onsite

Sectors Cutput WRPLOT Expl:lrt Help

Upper Air Data Jo s Upper Air Variables | Upper Air Variables Ranges

Mode Tip
@ Standard AERMET Q Standard AERMET - Process using specified upper air data.
_ . . Upper Air Estimator - Process using modified Stage 3 which
(2) Upper Air Estimatar estimates upper air data from the hourly surface data.
Upper Air Data File Dates to be Retrieved
- Y IMWDD)
Format: |FSL v | vear 2011 [ 2 webMET | [ Mutti-vear | Start Date:
File: \pperiPittsburgh2011 FSL txt 2011/01/01
End Date:
Upper Air Station Infermation
201MMM231
Station ID: 94823 State: Py Search Stations... ]
Name: PMTSBURGHANSCOM 2 AIRPORT
Upper Air Station Location et Data Reported Time
Latitude: ls Upper Air Data Reported in Greenwich Mean Time (GMT)?
Longitude: @ es (Default) ) No

Adjustment from GMT to Local Time:
Adjust Sounding Data (MODIFY) 7

(+ for W)

% hours vl [ Tip... (- for E)

) Yes (@ No (Default)

[$ previss] (e 3]
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http://esrl.noaa.gov/raobs/

QA Upper Air Variables Tab

Choose UAWS and UASS for QA for Upper Air Data (Next)

F
o AERMET View 8.8.9 - [FAAERMET\WilliamsportRegArpt\Williamsport_Pittsburgh_2011.amf] -

File Mpode Data Run Tools Help
P

B@ %EEFTGiG%%l g

Surface Onsite |Ipper Air/ Sectors Output WRPLOT Export Help
—

New Open

QA Upper Air Variables | Jipper Air Variables Ranges

Upper Air Dat

Select QL& Upper Air Variables to be Included

Exclude these Variables:

Include these Variables:

UAWS - Wind speed [metersisecond *10] UADD - Dew point deviation [deg C / (100 meters)]

UASS - Wind speed shear [[mis) ! (100 meters]] UADS - Wind direction shear [degrees / (100 meters)]
UAHT - Height above ground [meters]

UALR - Temperature lapse rate [deg C/ (100 meters)]

UAPR - Atmospheric pressure [milibars * 10]

UATD - Dew-point temperature [deg C * 10]

UATT - Dry bulb temperature [deg C * 10]

UAWD - Wind directicn [degrees from north]

ol

BT

o

Tip
AERMET uses these variables to do a guality assessment (QLA) of the data. The QA is an oplional process, but it is recommended to

Q identify any potential problems in the data. Double-click on a specific variable for a detailed description.

’ € EI'E'-'iDusl L Next 3% J
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Upper Air Variable Ranges Tab

On the ranges tab, check Modify Ranges — Default — All (Next)

F
€5 AERMET View 8.8.9 - [FAAERMET\WilliamsportRegArpt\Williamsport Pittsburgh_2011.amf]

Tip

03

“fou may alzo change the default upper and lower bounds for the QL& and missing value indicator for each variable.

File Mpode Data Run Tools Help
EI & » 6;3) LT B = K & P
(=]
ew Open Save i Output  WRPLOT Expurt Help
| Upper Air Datal 04 Upper Air Variab Upper Air Variables Ranges
[#] Modify Ranges
- . Variable Boundary Lower Upper Missing Missing -
T e Name Type | Bound | Bound Indicator Message | |
B | Wind speed metersizecond *10 UAWS Exclude (<} 0 300 9590 v
Wind speed shear (mis) / (100 meters) UASS Include (==} 0 5 9599 v

m

[ & previous | [ Next &
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Sectors Module

Processing Options Tab

Get Anemometer Height from Weather Underground (www.wunderground.com). Look up the station
of interest and use ‘station height’ OR use 10 meters as the suggested default from Section 8.2.6 of the
2013 San Joaquin Valley APCD manual.

Leave most defaults, but change 1-min ASOS Threshold Wind Speed to 0.5 m/s

Click Next

F ki
#5 AERMET View 8.8.9 - [FAAERMOD\WILLIAMSPORT 2011.amf] [E=EE
File Mode Data Run Tools Help

" N <ML &
4 ¢ » 5D L) @ (W) B & 2

_’Hﬂ-—cp\ Save Run Surface Onsite  Upper Air \Sectors Output WRPLOT Export Help
Brocessing Options Dectors (Surface) | Output Files|

Additional Surface Parameters

Instrument Height Randomize Wind Directions?

@ Yes @) No
Anemometer Height: 10 [m] - : -

Apply Missing Cloud Cover Substitution

Onsite Option . B B
(@) AllHours () Only Hours 01-22 () None
Substitute Missing Onsite Data by NWS Data
Non-Default Option (BETA) Apply Missing Ambient Temperature Subsitution
[C] Adiust Surface Friction Welocity (ADJ_U*) @) AllHours (2 Only Hours 01-22 {2 None
|:| Upper Air Sounding Options Adjust ASOS Wind Speeds for Truncation 7
@ ves (Default) ) No

Search for &AM Scunding based on Local Time Sunrise 1-Min AS0S Threshold Wind Speed

Threshold Wind Speed: | 0.5] [mvs]

(Considered Calms below this value)

[@Erevinus” Next & l
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Sectors (Surface) Tab

Use the AERSURFACE Output file (check box)
Click on AERSURFACE

Use default file format, download the files and process

o AERMET View 8.8.9 - [FAAERMOD\WILLIAMSPORT_2011.amf]

File Mode Data Run Tools Help

B@I»@)@J“ﬁ

New Open Save Surface Onsite  Upper Ai

Processing Optior&l_ Sectors (Surface) [ Dutput Files

¥ £

Qutput  WRPLOT Export

AFRSURFACE Output File (Surface)
Use the File Instead of Sector & Surface Parameters in the AERMET Input File

Land Use Viewer...

WILLIAMSPORT_2011_AERSURF1\WAERSURFACE.OUT 'g AERSURFACE..

Specify Sectors [deg] Specify Surface Parameters for Each Sector

Sector No: 14

Marth ( 0 deg ) # Sectors: 1 % ’ Max ] [ OLE.I'ICIUSETYDE... ]

Startl End | - Bowen Surface -
Y] 0 L= Ratio Roughness
» 0.16 0.65 0.147
i 1
i 1
| i
| |
| |
[ ] = -
1 1 = =
I N
I Iy
! Iy
i ]

| & Ere\rinu5§| [ Next £ l

Hit Next

Review the Output files and modify if necessary

Run the AERMET model! The model will tell you if your project is complete or not.
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PREPROCESSING ESRI SHAPEFILES AND ATTRIBUTE DATA INTO AERMOD EXCEL SHEETS FOR IMPORT

AERMOD does not have a shapefile import module, so the location (XY) and emission data for each point
in the GIFT and PADOT road networks needs to be converted from shapefile format to a text file. These
text files can then be converted into an excel file and modified through pivot tables for use in the Lakes
Environmental AERMOD excel import template. The following steps outline this process. In the coming
year, the research team hopes to create a macro enhanced excel template to automate much of the
import and conversion process. Manually working through these steps for the 2011 data took the
research team over two months to create the four simulations using the 78 PA quadsheet sections.

Setting up the Attribute Table in the ArcGIS shapefiles

ArcGIS

The emissions totals for each PADOT and GIFT road segment are converted to emission rates (g/sec) for
a given line segment by dividing the emission totals by 31,536,000 (seconds in a year). These emission
rate (g/sec) values are used by AERMOD in the line volume calculations. From the earlier FracGIFT
analysis (Korfmacher, et al., 2015), four sets of total emissions by road segment were generated by
multiplying estimated truck counts from the GIFT and PADOT networks by EPA average 2008 in-use
emission rates (g/mile) for heavy duty diesel trucks (USEPA, 2008) and emission rates (g/mile) for
cleaner trucks meeting the stricter 2007 Model Year standards. These emission totals were then
multiplied by the length of the road segment (miles) and then divided by 31,536,000 to convert annual
totals to grams/second, the emission rate format needed by AERMOD.

Because AERMOD simulations are memory and time intensive, the project focused on areas around
roadways with the highest predicted truck traffic from the 2011 GIFT analysis. Road segments from the
GIFT network analysis with more than 25,000 trucks were selected by attribute query to create a smaller
hotspot segment database. These hotspot segments were used to select USGS quadsheet polygons
using the Select by Location function in ArcGIS. The selected USGS quadsheets were in turn used to
select all GIFT and PADOT road segments that intersected the quadsheet boundaries. The selected road
segments were then exported, by quadsheet, to quadsheet specific road shapefiles (72 GIFT road
shapefiles and 72 PADOT road shapefiles). Only quadsheets entirely within PA were used in this
analysis.

DNRGPS

Each road shapefile was imported as a tracks file into DNRGPS, a free Minnesota Department of Natural
Resources GPS data processing program (http://www.dnr.state.mn.us/mis/gis/DNRGPS/DNRGPS.html).
Using the road segment unique ID as the track identifier (TIDENT), each road segment is converted into a
track and assigned a track ID (IDENT), with line vertices used to create a series of two point line
segments. Each track is made up of one or more two-point line segments, and each of these two-point
line segments is assigned a sequential XY ID (Figure 2). This segmented track format is needed for input
into the AERMOD excel template for pollution sources. Tracks were then saved as comma delimited text
files (TXT) and imported at text into Excel (Figure 3).
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File Edit GPS

Waypoint

Route

Waypoints | Tracks (2185) | Routes I Real-Time

Real Time

Help

8 oweors gt @ COMd S0 & trach and SSENGY § ol

Track

type
TRACK

OEEE

tident

2242157

ident Latitude

40.0219860564167

Longitude

-20.1743322343468

4443040.12020882

58357.9199871584

new_trc  new_seg

TRACK | 2242197 | T3 | 40.0223824197835 | -80.1742413853087 | 4443083.69187063 | 58368 2466630856 | False False
TRACK | 2242197 | T3 | 40.023109652737 | -80.174135021657 | 4443163.94053112 | 58382.0333177001 | False False
TRACK | 2242197 | T3 | 40.0237215108434 | -80.1740913852123 | 4443231.67765136 | 58383.7167760346 | False False

2242157

40.0242160562555

-80.174082234578

4443786 56118222

58393.6918167576

2242198 40.0207860559772 | -80.1746813857906 | 444290257323189 | 58320.3478807407
2242199 40.0198115107691 | -80.1749550216826 | 4448016921993 | 58290.6768843337

“ Projection: MAD_1983_UTM_Zone 18N

Figure 2. Shapefile imported into DNRGPS. TIDENT represents the feature SourceOID attribute from the
shapefile database. IDENT represents unique tracks, with the number representing the cumulative
number of preceding points plus one. In the example, T1 is a two-point road segment, while T3 contains
six verticies. For use in AERMOD, sequential XY identifiers are assigned to the X_PROJ and Y_PROJ
values, so that T1 would show X1 Y1, X2 Y2, while T3 would show X1 Y1, X2Y2,..., X6 Y6. See Figure 3
for details.

EXCEL

TXT files imported into excel require manipulation (using concatenation) to generate the sequential XY
pairs for each point in a given tract (Figure 3). Once complete, these records are selected and inserted
into a pivot table (Figure 4). Using SourceOID as the Row Label and the Count of X and Count of Y as
Column Labels, sequential ordered pairs of points are generated by calculating the average value of the
X and Y coordinates. This returns the actual XY UTM coordinate of each point.

A second pivot table is needed to compress the SourceOID and IDENT data into single record pairs
(Figure 5), as AERMOD requires input files to contain all road segment points for a given track to be in a
single record. The number of points in a road segment is provided as a count of the ordered pairs of
vertices. Combining the results of the two pivot table analyses produces much of the data for AERMOD,
shown in Figure 6. POINTS is simply a count of the XY ordered pairs by record, and the
PM10_RATE_2008 and PM10_RATE_2007 data are copied from the shapefile DBF. Since the shapefile
and the text file both contain the unique SourceOID attributes, the data can be sorted by SourceOID to
ensure a 1:1 record match. This is akin to an attribute JOIN operation in ArcGIS.
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X | H . - = GIFT_AMITY_2011 xlsx - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Developer ) e o e 2R
‘*3 Jt; Catibri Tn General - [B conditional Formatting ~ ;:‘-ﬂlnsert + E- %W \?a
- By~ $ 7 % o ﬁFormatasTable - o Delete ~ @' = ]
Paste gy B Z U~ E s T & (=} Cell Styles ~ [ Format - | (2~ Eﬁtr:raf SF'echt&.
Clipboard Font = Alignment u MNumber ] Styles Cells Editing
Al - Jf= | Source_OID v
A B C D E F G H I J K L [
1 |Source OID) ident x_proj y_proj 1D 1D2 X Y ¥_COUNT ¥Y_COUNT X_PAIR Y_PAIR @
2 2242196 T1 58364.0441 4443295.076 1 1 X Y 1 1 X1 Y1
3 2242196 T1 58362.64926 4443265.776 1 1 X Y 2 2 X2 ¥2
4 2242197 T3 58320.34738 4442908.573 2 2 X Y 1 1 X1 Y1
5 2242197 T3 58357.91999  4443040.12 2 2 X Y 2 2 X2 Y2
6 2242157 T3 58368.24667 4443083.692 2 2 X Y 3 3 X3 Y3
7 2242197 T2 58382.03332 4443163.541 2 2 X Y 4 4 x4 Y4
8 2242197 T3 58389.71678 4443231.678 2 2 X Y 5 5 X5 Y5
9 2242197 T3 58393.69182 4443286.561 2 2 X Y 6 6 X6 Y6
10 2242198 T9 58290.67688 4442801.692 3 3 X Y 1 1 X1 Y1
11 2242198 T9 58320.34788 4442908.573 3 3 X Y 2 2 X2 ¥2
12 2242159 T11 58261.54042 4442697.313 4 4 X Y 1 1 X1 Y1 - [
M 4 » W[ PIVOT_TABLE . PIVOT_TABLE IDs | AMITY_2011 .~ 4AERMOD_AMITY Zi]4 | 1l | » [1]
Ready | 3 | |[FEE D@ toos (=) {) (+)
\ = —

Figure 3. CSV imported file with additional fields added for pivot table analysis. After adding in the
initial row of data in row 2, columns E-L, ID and ID2 are calculated by the formula =IF(B3=B2,E2,E2+1).
X_COUNT and Y_COUNT are calculated by the formula =IF(E3=E2,12+1,1). X_PAIR and Y_PAIR are
calculated by the formula =CONCATENATE(G3,13). These data are inserted into a pivot table for further
analysis.
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Clipbeard Font Alignment Number Styles Cells Editing
A7 M Fe | 2242196 v
A | B [ c D 3 F G H | J [ K L [ M =
1
2
3 Column Labels |~
a 51 =2 =3 -a =5 =6
s 1 2 3 a 5 6
| 6 Row Labels|~ | Average of x_proj Averageofy proj Average ofx_proj Average ofy proj Average of x proj Average ofy proj Average of x_proj Average ofy proj Average of x_proj Average of
| 7 [2242196 58364.0441 4443295.076 58362.64926 4443265.776
| & [2242197 58320.34788 4442908573 58357.91999 4443040.12 58368.24667 4443083.692 58382.03332 4443163941 58389.71678 4443231678 58393,69182 4443236.561
9 [2242198 58290.67688 4442801652 58320.34788 4442908.573
| 10 [2242199 58261.54042 4442657.313 58290.67688 4447801.692
[ 11 [2242200 5823353156 4442600.264 58238.23426 4442616.808 58261.54042 4442697.313
[ 12 [2242201 5787137747 4445539.559 57833.78259 4445687.951 57805.25751 4445819.604 57798.06272 4445861767 57786.36898 4445949.581 57776.58241 2446010.03
| 13 [2242202 58393.69182 4443286.561 58394.83008 4443335.531 58394.54163 4443390.764 58392.81602 4443444.055 58389.37332 4443494.609 58382.78352 4443552.64
I 14 |2242203 58199.55707 4447582.689 58195.379 4442567.127 PivotTable Field List - %
| 15 (2242204 58236.77195 4442709.393 58212.73732 4442628.425 58207.25357 4442610.507
| 16 [2242205 58280.8714 4442882.099 58265.68396 4442817.94 e s
| 17 [2242206 58362.64926 4443265.776 5836121321 4443242456 58349.62832 4443130.469 58336.0482 4443065.811 58326.499| ¥|Source_0TD
18 [2242207 57644.9241 4446639.557 57657.33928 4446546.877 57696.82068 4446325.626 57714.86093 2446215.861 57729.916| [lident
| 13 [2242208 58265.68396 4442817.94 58253.41111 4442766.376 5823677195 4442709.393 [Z]x_proi
| 20 [2242209 58219.61986 4447551.329 58235.80472 4447573.258
| 21 [2242210 58230.20387 4447588.604 5823353156 4442600.264
/ | 22 [2242211 57993.63095 4445070.934 57990.92976 4445082.033 57974.56761 444514864 57919.27641 4445362157 57838.956/
| 23 [2242212 57964.57716 4445062.801 57967.90239 4445047.713 57998.69023 4444918.665 58090.131 4444582 336 58118.47|
| 24 [2242213 58202.91302 4442596.171 58199.55707 4442582.689
| 25 [2242214 58352.43101 4443697.464 58281.20395 4443974.859 58228.48252 4444186.134 58170,18961 4444396.619 58141.884]
|| 26 [2242215 58225.80472 4442573.258 58230.20387 4442583.604 [Clx Par
27 [2242216 57832.93552 4445554.669 57893.3442 4445332.808 5796191827 4445073.29 5796457716 4445062.801 [l par
|| 22 [22a2217 58207.25357 4442610.507 58202.51302 4442596.171
29 [2242220 55640.59955 4443553169 55630.67756 4443560.64 Drag felds between areas below:
[ 30 [2222221 55630.67756 4443560.64 55618.07594 4443576.88 55608.10771 4443592.865 55601.32218 4443608.664. 55597.760| ¥ Report Fiter  Column Labels
| 31 [2242222 55643.65086 4443925.542 55643.57879 4444029.298 55645.76595 4444094521 55653.59331 4444755971 55658.183 X_COUNT E3
32 [2242223 55869.23527 4445087.63 55868.36117 4445115.24 L COUNT, e
| 33 |o242224 55868.36117 2445115.24 55855.66208 4445290.558 55847.67092 4445344219 55838,89431 4445369.861 55772.105/ i T
| 34 [2242225 55758.38332 4446521.523 55752.8322 4446534.412 55736.76997 4446560.583 55717.03125 2446586.463 5568376 41 o obels o
35 [2242226 55846.26777 4448484.415 55887.09476 4448527.513
. Seurce_OID - Average of x_proj b
| 36 (2242207 55887.09476 4448527.513 55936.38647 4448575.586 55959.92744 4448601359 55975.66636 4448620.193 55991565/ sverage of y_proi .
| 37 2242208 56107.73884 4449221.078 56103.28375 4449230.053 56083.9168 4449255.506 56037.82455 4449310.957
| 38 [2242229 56037.82455 4449310957 55964.93482 4449400.585 55884.43264 4449507.642 55874.26461 4449525.362 55866155/
| 39 [2242031 55397.92168 4442375163 55385.09448 4442407.526 55381.37123 44424723.753 55378.64874 4447445.088 55378.614| ] Defer Layout Update
| 40 (2242232 55650.06877 4442982286 55653.6887 4442950.889 5573171558 4443232.422 55736.90891 4443757.245 55740.63 3
W A » M| PIVOT_TABLE .~ PIVOT_TABLE IDs .~ AMITY 2011 .~ 4AERMOD_AMITY 2011  %J o R S 1 K T A o T » [
Ready | 4 | Average: 2252481126  Count: 5132 sum: 11559733157 |[EH[0) M 100% (=) Y (%)

Figure 4. Main pivot table set up and format. Data from initial import are re-organized to display as
rows, based on the road segment unique ID (SourceOID). Column labels are set up to create ordered XY
pairs of road segment vertices, and the Colum Label header values indicate the maximum number of
ordered pairs. These data are copied and pasted as values into a new worksheet called AERMOD for
further formatting.
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2 IDENT Source_QID PivotTable Field List v X
3 Row Labels | ~ | Average of Source_OID T1 2242196
a T 2242196 T3 2242197 Choose fields to add to report:
5 |T1001 2243426 T9 2242198 [/]Source_oID

|l & [T2004 | 2243427 Ti1 2242199 [lident |

7 Ti01 2242215 T13 2242200
8 Ti028 2243428 T16 2242201 Drag fields between areas below:
9 Ti03 2242216 T26 2242202 W Report Filter i Column Labels
10 |T1030 2243439 T35 2242203
11 Ti049 2243430 T37 2242204 i Row Labels ¥ Values
12 |T1052 2243431 T40 2242205 dent + | [Average of Source oD+
13 T1056 2243432 T42 2242206
14 T1059 2243433 T48 2242207 [ sEsiarnir s P
15 Ti062 2243434 T39 2242208 3
4 <+ %[ PIVOT_TABLE | PIVOT_TABLE IDs ~ AMITY 2011 . 4AERMOD AMITY 2011 |4 | M |
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Figure 5. ID Pivot Table setup, used to collapse initial records into pairs of primary (SourceOID) and
secondary (ident) road segment identifiers. Ident is cumulative N+1 record of point counts from
sequential road segments, determined by SourceOID. These data are copied pasted into columns D and
E and then sorted by SourceOID (column E). IDENT (column D) is then copied and pasted into the
AERMOD Worksheet, following the template structure required for input into AERMOD as sources.
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Figure 6. The AERMOD worksheet includes the original CVS import data transformed and consolidated
from columns to single record row data. PM10_RATE_2008 and PM10_RATE_2007 are inserted and the
data from the ArcGIS shapefile DBF tables are copied and pasted into this worksheet. Care must be
taken to ensure that both the DBF file and the AERMOD worksheet are sorted by SourceOID to ensure
emission rates are assigned to the correct road segments. POINTS is calculated by the formula
=COUNT(F2:X2)/2, where X2 represents the column and row of the largest XY ordered pair.
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Type [io [Desc SourcelD_Profix_|Base_Elev|Height [Emission_Rate |ConfigurationfLineVolumeteighl PlumeWidth [LineVolumeType [Num_Coords x1 Y1 X2 ¥2 x3 v3 xa va X5

| Jm] Im] T tml T (ol T (ml [ fml [ fw T g T ol [ o T fm T
699 6 2 583640441 4443295.076 58362.64926 4443265.776
s 5832034788 4342908.573 5835791999 4443040.12 SE36B.24667 4443083692 S8382.03332 4443163341 SEI.TIETE 444

SHINGTON  T1
=
™

INE_VOLUME 224219
VOLUME

699 86
699 86  Surace-Based 2 58290.67688 4442801.692 58320.34788 4442908.573

oo 26 Qudnen Banad 2 %9761 SAne3_Ara7607313 52390 £7EE0 ANAI9MI S91
‘ »

SOa 10 G

Figure 7. Lakes Environmental AERMOD Excel Template, set up to import in SOURCES as a “modified”
emissions from Line Volume. Data from the AERMOD worksheet (Figure 6) are copied and pasted into
this template. These include Unique IDs, emission rates, and XY point pairs. Four sets of files are
created for each topo sheet, simulating 2007 and 2008 emission rates for GIFT and PA roadways. Type is
set to Line_Volume. Values for Plume Height (6.99) and Plume Width (8.6) are calculated within
AERMOD using the Haul Roads Calculator and are standard values in this analysis for each road
segment. Base Elevation is set to zero and will be updated in AERMOD from terrain data (AERMAP).
Height is set to represent the emission release height from the truck (3.49m for a 4.11m truck).

NOTE: The format shown in Figure 7 is not the official format for a line volume source, as described by
Lakes Environmental, but is a simplified format used to import the positions and assigned emissions of
each road segment. The official line volume format (Figure 8) requires three rows of input for each
record (emissions, elevation, and release height), but the three row format complicates the pre-
processing of the shapefile data in excel. The final steps to creating a properly formatted Line Volume
input file are detailed on page 22 of this manual.

|ID |De5c: |SuurcelD_|E mission_Rate |Cuniguratiun |LineVqumeHeight |PIumeWidth |LineVqumeType |Num_Cuurd5 |>¢1 |Y1 |X2 |Y2 |X3 |Y3 |
| | | | | [im) [im) | | [im) [im) mp [im) [im) [im) |
SLINEA1 1o0m 1 Adjacent 8228 11 Elevated 3 708230.85 3649734.86 T08435.12 3645736.91 708447 38 3648732.53
SLINEA1 Rel_Height_m 411 411 411 411 411 411
SLINEA1 Base_Elev.m 0.00 0.00 0.00 0.00 0.00 0.00

Figure 8. Example of the format for a single Source Line Volume record (from the Lakes Environmental
version of AERMOD). The first row of SLINE1 contains the XY Coordinates for each point in the line
segment. The second row is the release height of the pollutant, and the third line is the elevation of
each point in the line segment, assigned to the point by the subprogram AERMAP. The release height is
a constant value. Pivot tables can easily generate the first row, but inserting the second and third rows
was problematic, due to the variable number of points making up each line segment and the number of
records in each shapefile.
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AERMOD

This is the actual atmospheric dispersion model used in the annual analyses. To help standardize file
names and paths, create a series of folders named for the topographic sheets used in the annual
analyses, with four additional folders under each topo folder specifying road network and emission
dataset used.

Example

AERMOD/2011/AMITY/GIFT_AMITY_2011_2007
AERMOD/2011/AMITY/GIFT_AMITY_2011_2008
AERMOD/2011/AMITY/PADOT_AMITY_2011_2007
AERMOD/2011/AMITY/PADOT_AMITY_2011_2008

The final folder indicates a simulation using the GIFT road network within the Amity PA topographic
guadsheet boundary for the year 2011 using the Model Year 2007 emissions set by the US EPA.

Start AERMOD and select New Project

e Specify project name and set the project location to the previously created folder
o Remove check from Create Project Folder (created beforehand — see above)

Select Coordinate System

e UTM Universal Transverse Mercator
e Datum is NAD83
e UTM Zone is 18 North (keep this standard across PA)

Enter a reference point to make sure your project in the correct location, obtained from the center point
of the specific topographic quadsheet polygon (calculated in ArcGIS)

e Choose UTM

e Choose ‘center’ for the reference point

e Enter the X and Y coordinates from the Attribute Table in ArcGIS for the specific quadsheet

e Specify the radius of the modeling area 7.5 km (this will encompass the boundaries of the

guadsheet)
e Check the point against Google Earth.
o The 1:24,000 AOI topographic quadsheet boundaries can be converted from shapefile to

KML format and imported into Google Earth. Reference point should be in the center of
a quadsheet boundary.

Hit Finish to open the project
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Control Module

Under the Dispersion Options, Select Concentration, then Next

-
[&d Control Pathway

Model: AERMOD -

_ Control Pathway

*

# Pollutant / Averaging

------ # Terrain Options (Elevated)
“* NOx to NO2 Options

% Background Ozone

_7 Optional Files

------ # Re-Start/Multi-vear Files
# Event/Error Files B
# Debug Files

_ Gas Deposition

Gas Deposition
Seasonal Categories
Land Use Categories

Titles.

FAAERMODWVILLIAMSPORTZ011WILLIAMSPORTZ2

(@ Regulatory Default Options
Output Type
Concentration
[ Total Deposition

[] Dry Deposition
[ wet Deposition

Depletion Options
[ Dry Depletion (DRYDPLT)
[~ Disable Dry Depletion (NODRYDFLT}

[] Wet Depletion (WETDPLT)

[ No Qutput Warnings
|:| Mon-fatal Warnings for Non-sequential Met Data

() Non-Default Options

[ Disable Wet Depletion (NOWETDPLT)

Flat BETA Options.

Flat & Elevated

No Stack-Tip Downwash (NOSTD)
Conversion of NOx to NO2

Run in Screening Mode

No Checks for Non-Sequential Met Data
Fast All Sources (FASTALL)

FastArea Sources (FASTAREA)
Optimized Area Scurce Plume Depletion

Gas Deposition

Capped and Horizontal Stack Releases
Adjusted Friction Velocity (u*) in AERMET (ADJ_U?

Low Wind Options.

(@) Disable Horizontal Meander (LOWWIND1)
Adijust Horizontal Meander (LOWWIND2)

Low Wind Parameters...

Sampled Chronological Input Model (SCIM)
Ignore Urban Night / Daytime Transtion (NOURBTRAN)

!

<§ Previous

Select the Pollutant to be modelled (PM10) and the averaging time options.

e  For this analysis, annual was the only time period selected for averaging
Hit Next
FB Control Pathway .' g@g‘
WModel: AERMOD - Follutant
_ Control Pathway T |

% Digpersion Options
e
4 Terrain Options (Elevated)
- 4 NOx to NOZ Options
-4 Background Ozone
“{ Optional Files
#* Re-Start/Multi-vear Files
- % EventError Files
4 Debug Files
1 Gas Deposition
~- 4 Gas Deposition
- 4 Seasonal Categories
- 4 Land Use Categories

Aweraging Time Options

[]1-Hour [ 6-Hour [CImonth
[]2-Hour [ & Hour [T Period
[ 3-Hour [F]12-Hour or
|:|4—Hnur |:|24—Hnur Annua\

Annual Averaging Time requires complete
years of met data.

o

Dispersion Coefficient

Rural

7 Urban

Urban dispersion option reguires
Urban Groups in the Source Pathway.

Exponential Decay (Mon-Default Option)

@ No

Yes

(€ provious | [ net & J[  coee
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Under Terrain Option, select Flat & Elevated to simulate mountains and flood plains.

Hit Next

F B
|8l Contral Pathway i E@Iﬂ

Model: AERMOD - Terrain Height Options.

] Control Pathway Non-Default Regulatory Opticns

- % Dispersion Options (@ Elevated © Flat () Flat & Elevated
+ Pollutant/ Averaging

_—

- 4% NOx to NOZ Options
4 Background Ozone

1 Optional Files

- % Re-Start/Multi-vear Files
4+ Event/Error Files

Stack
Height

Stack

Base
-~ 4% Debug Files F
_ i Gas Deposition
4 Gas Deposition

.. % Seasonal Categories Receptor Elevations/Hill Heights
-4 Land Use Categories

@) Run AERMOD using the AERMAP Receptor Output file (= ROU}

(7) Run AERMOD using the Elevations/Hil Heights specified in your project

! Tip
{}' If you run AERMOD using the AERMAP ROU file, you will not be able to edit the Elevations and Hil Heights in the Receptor
A Pathway.

If you run AERMOD using the Elevations/Hill Heights specified in your project, you will be reguired to import Elevations and Hill
Heights into your project.

[‘Erewuus][ Next 3> H Close ]

% = =

Select Re-Start Files. This ensures that if something goes wrong while the model is running, the files and
project will be saved. The default setting says that these filed will be saved every 5 days, but most
model runs take hours, not days, using the extents of the topographic quadsheets in this analysis.

r Bl
|8l Contral Pathway i E@g

Model: AERMOD - Optooalbles
. Re-Start Files
_ Control Pathway [ nit File
4 Dispersion Options T
~- 4 Pollutant / Averaging D LT D
-~ 4 Terrain Options (Elevated) Re-Start Files
4 NOx to NO2 Options Save calculations every 5 21 days
- 4% Background Ozone
. g. File to save intermediate results (Save File 1):
_ Optional Files
» ReStartMuli Vear Fies| GIFT_Wiliamsport_2011_2008.sv1 | (&)
Event/Error Fies |:| File to aternate save of intermediate results (Save File 2) - Optional
-4 Debug Files F
1 Gas Deposition GIFT_Wiliamsport_2011_2008.sv2 | @ E{
- % Gas Deposition
-~ 4 Seasonal Categories Init File (File of Intermediate Results for Initializing the Model)
- 4% Land Use Categories |
&\ (=

[ € Erevious] [ Next 5 ] [ Close

i = =

Everything else under Control can default, so close the Control Module.

47



Source Module

The sources are the road segments that are emitting pollution, based on the truck counts. This step
requires the modified Line Volume Source excel sheet created on Page 18 of this manual (Figure 7).
Make sure the correct Pollutant is selected at the top (PM10)

o Import the desired excel file — this creates a complex database of IDs, node locations, and
emission for each segment.

e Note that Base Elevation and Release Height initially display zeros due to the modified format.
This will be fixed in excel, once the project has been set up.

e To access the Haul Road Calculator, click on View Edit Source to access the Source Inputs screen.

e On the Source Input Screen, click on the Haul Roads Calculator icon.

e Inthe Haul Roads Volume Source Calculator window, provide the vehicle height and vehicle
width. For this project, vehicle height was set to 4.11 meters and vehicle with to 2.6 meters.
This generates a plume height of 6.99 meters, a plume width of 8.6 meters, and a release height
of 3.49 meters. The release height value (3.49) needs to replace the current default release
height value of 0.0, but to do this in AERMOD requires going through each source individually.
At the end of this manual, we provide an alternative approach using excel. Base elevations will
be updated later in the project using the AERMAP module when terrain is added to the project.

Source Pathway ‘ j uEI—J
Model AERMOD - Pollutant Source Base Elevation |'i'| o
Type: Ff-ﬂ 0 j =

Source Parameters Unit: Meters -
 Souce ey = &1 g

+ Buiding Downwash

® Gas & Particle Data Source Summary
* Backgrc_lund Concentrations " Source Source X Coord. Y Coord. Basn_e Rglease Deseription
_ 1 Source Options 8] Type [m] [rm] Elevation Height [m]
# Source Groups 14 30134 LINE VOLUME 34763447  4618693.00 0 0 i
# Urban Groups 15 30309 LINE VOLUME 34372605 461042651 0 0
& Variable Emissions 16 31038 LINE VOLUME 351630.37 451340423 0 0
: E;‘:g;m;i';; Z":_ﬂ 17 31232 LINE VOLUME 35094266 462363831 0 0
) 18 33401 LINE VOLUME 345957.99 461241913 0 0
__ 4 NOx to NOZ Options
% In_Stack NO2 / NOx Ratios 19 34287 LINE VOLUME 35083326  4612601.15 0 0
% OLM Groups (OLM) 20 38170 LINE VOLUME 34557388 461372637 0 0
@ PSD Groups (FVMRM) 21 36383 LINE VOLUME 34424357 461147582 0 0
22 38524 LINE VOLUME 35278967 462029239 0 0
23 33132 LINE VOLUME 35094018 461357282 0 0 L
24 35120 LINE VOLUME 34423108 4608732.30 0 0 1
25 40273 LINE VOLUME 345319.40 461417153 0 0
265 40348 LINE VOLUME 35625449 461454950 0 0
» 41870 LINE VOLUME 35057845 460556585 0 0

e — ad
FErmRnoE:
—
(S ] (3] [ ]
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r ™
Source Inputs — ﬁ
Source Type
| Type: | LINE WVOLUME v] Source ID: 41870 @ Source ID Prefic: T1756
Description: (Optional)
Line Source Parameters (Represented by Volume Sources)
L == - | |
Configuration: | Adjacent w | BT A | [ [l Haul Roads...
[ ]
P Height (PH): 5.99 _ _
ume Height (PH) v {ml @ Surface-Based (") Elevated
Plume Width (PVW): 85 w [m]
Emizsion Rate: 0.000357 w [o/s]

Base Elevation Total Length [m]: 5803.7
Line Source Nodes
675 Volume Sources Generated [ & List... ] [ Actions W ] [ Add ] [ Delete

Node X Coord. Y Coord. Basze Release Release -
# [m] [m] Elewation Height [m] Height [fi] |_|
| 1 350578 45 4605565.85 0 0 0
350584 32 4505587.81 0 0 0
3 350604.31 4605687.95 0 0 0
]
27 Y
&) (x]i¢) ¢ ] 5|21 sev [BR]B | oo |
b
r B
Haul Road Volume Source Calculator ﬁ
Haul Road Parameters
Configuration;
) ) VW
Wehicle Height (VH): 411 w [m] H
Factor: 1.7
) "
Plume Height (PH): 6.99 | [m] (PH = Factor * VH)
Releasze Height (RH): 3.45 | [m] (RH = 0.5 * PH)
| Initial Sigma Z; 3.25 | [m] (Sigma Z=PH/2.15)

Lane Type: |Single Lane -

Wehicle Width (WW): 2.6 w [m]
Plume Width (PWW):

Initial Sigma "

Emission Rate:

(e ] [

h

[mi] (PVY = VW + 6m)

[m] (Sigma ¥ = PW [/ 2.15)

0.000357 w [gis]

’ Cancel H Apply ]

= .|

Close the Source Window (all other pages/options are default). Sources should show up as line

segments, as seen in the following screenshot.
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Receptor Module

Once all of your sources are input, receptors need to be added. Receptors are locations that will track
and read the data during the modelling analysis. All of the dispersion data between the receptors are
interpolated. Use the Uniform Cartesian Grid tool on the sidebar (Under the plus sign that says ARC —
see red circle). Using the 7500 x 7500 meter box as a guide, stretch the grid from the NW corner to the
SE corner to cover the modelling extents. It is OK for sources to fall outside of the receptor grid — these
will be ignored in the analysis. The receptor grid determines the geographic bounds of your results, and
the 7500 x 7500 area is slightly larger than a single USGS Quadsheet, allowing for some data analyses
beyond the quadsheet boundaries. This can be trimmed off using an overlay operation, or used to
mosaic and blend adjacent quadsheets when combining the separate quadsheet analyses.

AERMOD View 889 - H - [F MODN2008\PA\CANTOMN\CANTON.isc] = iﬂ-g
Eile Model Edit View Import Export Data Run OQutput Risk AERMAP Tools Help
¢ & £ % @ © %
3 G ) B @ 8 & 8@ & B 5 ?
New Open Print Run Control  Source Receptor Met Output | Buiding  Terrain | Options | Reports 30 View Help
TR & x UTM East [m]
:E % QI 342000 343000 344000 345000 346000 347000 343000 349000 350000 351000 352000 353000 354000 355000 358000 357000

V|4 Stz Domain Boundary T O O O I R I IR IS B I
-] 4 @@ " 4

Line Volume Source
o~ &

Uniform Cartesian Receptor Grids|| ;-
& Terrain Contours
[~ #7 imported Terrain Region Bl @,
[ 48 DEW Files for AERMAR =t

~
v

N
-

.

N
\

/

AN\
‘A

/

/

\

y)

™

UTM North [m]

rd

j

/7

\
\
}

(
\

g0 oLuEO@B@) + DO BE
BNBLBFIAS v *rp 00N eedaad0

]
g

>
[

r

4610000 4811000 4612000 4613000 4614000 4615000 4616000 4617000 4618000 4610000 4620000 4621000 4622000 4623000

oF
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Input | Overlays | Labels
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Once the receptor grid network is in place, it can be modified on the next screen to ensure the proper
spacing (750 x 750) and position.

Receptor Pathway l 5] ﬂ_h,l

Uniform Cartesian Grid Receptor Network

Model. AERMOD -

_ Recepter Opticns Metwork ID:  ICART1

#* Heceptor Summary

# Terrain Options (Elevated)
3 Grids X Axis W Axis

pl Uniform Cartesian SW Coordinates [m]: 318400.00 4554450.00

# MNon-Uniform Cartesian

# Uniform Polar Center Coordinates [m]: & 326900.00 4561950.00

* MNon-Uniform Polar

* Multi-Tier No. of Points: 21 21
* MNested
_ Y Discrete Receptors Spacing [m]: 750 750

# Discrete Cartesian
% Discrete Polar
# Discrete ARC

_4 Fenceline
# Cart. Plant Boundary
% Polar Plant Boundary
# Fenceline Grid

Length [m]: 15000.00 15000.00

# Receptors: 441 Flagpole Heights
) 1
——

[<§ Erevinus] [ Next ] [ Close

This is the only part of the Receptor Module used in the current FracGIFT analysis. If additional
monitoring data were available, or if center points of US Census Blocks were generated, these could be
added as Non-Uniform Cartesian Coordinates. These are modifications planned for future simulations.
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Meteorological Module

The Meteorological Module reads in the files from the earlier AERMET analysis. Just load in the results
from AERMET here, input the base elevation of the anemometer, and make sure that the data period is
still ok.

[ ™
[l Meteorology Pathway ‘ | =] g
Model AERMOD Surface Met Data
StartDate: 1101 01 01 End Date: 11123124

_ 4 Met File Options ) - - ) | --
i File: -
e P e FAAERMETWillamsportRegArptiViliamsport_Pitsburgh_2011.5FC &
“- % Data Period Wersion: 14134 THRESH_1MIN = 0.50 m/s; CCVR_Subk TEMP_Sub

_4 Wind Options
% Wind Speed Categories Profile Met Data

“4 Non-Default Options StartDate: 110101 01 EndDate: 11123124
F-® SCIM Sampling File: FAAERMET\WiliamsportRegArptiiliamsport_Pittsburgh_2011.PFL |

Wind Speed Wind Direction
[] Wind Speeds are \ector Mean (Mot Scalar Means) [] Rotation Adjustment: [deq] |
R Surface Station Primary Met Tower (Anemometer) MAXDCONT (Max = 5 Years)
Base Elevation (MSL): # Met Years @
| Met Stations
‘ Surface Station | Upper Air Station [ using On-Site Data
Station No.: 14778 Year: 2m
Station Mame: WILLIAMSPORT-LYCOMING JCOUNTY (Optional)
¥ Coord. [m]; (Optionaly W Coord. [m]: (Optional)

[{Ereviu-us” Next $» H Close l
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Output:

Once the AERMOD project has been run, the contours are set to a standard legend and palette (0.001,
0.01,0.05,0.1,0.5,1, 1.5, 2, 2.5, 3). The contours are then exported to shapefiles.

To generate raster output files, set the resolution to 200 and export into a Surfer format grid files. At
this point, formatting restrictions prevent the 7500 x 7500 meter file from having a raster resolution less
than 200 meters. Future releases will address this limitation, with a goal of 30 meters resolution to
match the terrain data resolution.

Close the Output window
Terrain Module

Once the main AERMOD inputs are set, receptors and line source nodes need to extract their elevation
from a digital elevation dataset. AERMOD has an on-line repository and will load the files you need,
based on the simulation extents.

e Select Load data, and select the 1 degree NED data (30-meter resolution) and go to WebGIS.
This searches the on-line repository. There are higher spatial resolutions available (10 meter
NED data, for example), but they take longer to process and are farther from the resolution of
the road and census data used in this analysis.

Once the elevation data are loaded, the map should trim to the receptor extents. Select the ‘Process
with AERMAP’ button. The AERMAP model will now run.

r ~
Terrain Processor [AERMAP Executable: AERMAP_MPI_LAKES.EXE (#MPL: 8 of 8)] I \ = |5
AERMAP  Tools
Preview Terrain Options
. 345000 350000 355000 _) Flat _) Elevated @) Flat & Elevated
[; &2 : ;
a O o Map Type: [NED GEOTIFF v‘ | ﬁ WebGIS ]
[=1
B2 .
& Terrain | Region To Import | Import Elevations | Advanced | AERMAP|
Q = NED GEOTIFF Digital Terrain Files
-{i} ={  File Name T FIIE% 2 Add...
o Diatum Location
[
& = » NAD 8 FAAERMODI200BIPAY Remove
& -
{:le Clear &ll
. L
"[;“’ § @ Wiew...
1 —
é 2 Ef Search
[
[EEEE]
o
[=]
[=]
[=1
o
57
= 1
Legend
Terrain Maps [ Redion to import 7] Model Extents Run AERMAP 4 Process + Run AERMAP
[ Help ‘ l Preferences... ‘ l LCancel r oK I
A — e —— —a
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Once AERMAP has finished processing the elevation data, a new window will appear. Select ‘import all’
to assign elevation values to All Sources and All Receptors, replacing the initial elevation values of 0
input during the creation of the AERMOD excel file with location specific elevation data.

i ™
Import Elevations/Hill Heights (e o(5): (et
&l Imp 9
" .,:| ~

f| As=sign Elevations To
All Sources Al Receptors

All Buildings
— QOpticns
Tip

If vou do not want to import base elevations for
sources and buildings, make sure to uncheck the
boxes.

[ Cancel ” Import
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To test if the project is complete, try running the project. The following screen will appear and notify
you if the project is complete, if there are warnings regarding the input data, or if there are missing
components or input files. Clicking Details will provide additional information to fix the project.

The project can be run directly from AERMOD (click Run), or a batch mode file can be generated and
loaded with other batch mode files into AERMOD Batcher at a later date. 20 batch mode files take
between 2-7 days to process, depending on the complexity of the road network. For 2011, the 72 USGS
guad sheets resulted in 288 AERMOD simulations (72 GIFT 2007, GIFT 2008, PA 2007, and PA 2008
simulations).

——— —
Project Status [AERMOD - AERMOD_MPI_LAKES.EXE (#MPIL: & of 8)] - g
Input File:  CANTON.ADI COutput File: CANTON.ADO
EUHTFU|| §Durce| Eeceptnrl ﬂetenrnlugicall gutput|
Dizperzion Optionz:  MOWN-DEFALLT (7 None of the NON-DEFALLT opticns selected)
Output Types: CONC
Urban Dispersion Option:  NO |
| Plume Depletion: ——— Cutput Warnings: MO ‘
Pollutant: PK10 Optional Files:
I Aweraging Time: ANMUAL EVENT Input File: MO
I Exponential Decay:  NO Multiple-vear File: MO
Terrain Height: ELEVATED Error Listing File: YES
Model Debug File: MO
I Flagpole Receptors: MO (0.0 m} Met Profile Debug File; MO
|
i
Project is Complete. You Can RUN How.,
Preferences... | | Detailz... | | Verify Run | | ’ Bun | | Cloze |
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Updating Sources to Proper Format

e Export the sources to a new excel file, which will automatically create the proper line volume

format

e Values for Release Height will show 0.00 — highlight columns showing 0.00 for Release Height
and use Replace All to convert 0.00 to 3.49 (the calculated value for Release Height from Road
Haul Calculator). Only values of 0 within the selected columns will change.

e Save the edits and Import the modified excel file. Release Heights will still show 0 meters, but
clicking on View/Edit Sources will show that the actual node positions will have an updated

Release Height value.

e Base Elevations will update to terrain elevations once AERMAP has been run.

& AERMOD Batcher 8.8.9 [FAAERMOD'\2008\PA\CANTON\CANTON.rdf]

=R X
File Tools Help
D @ ﬂ h WVerify Run ) Run @
{ AERIOD Runs | 15CST3 Runs | ISC-PRIME Runs | Run Options |
AERMOD EXE: [C.\ngram Files (x86}\Lakes\AERMOD View\Models\AERMOD_MPI_LAKES EXE -]B # MPI Processes: [a v] I Add Input Files... ]
Run Input File Status Qutput File Project Path [3 Duration Run Started (Date - Hour) Run Finished (Date - Hour)
1 ¥ CANTON.ADI CANTON.ADOD FAAERMODAZ008\PANCANTONY
— =& FD
= — — =
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