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Curriculum Requirement

Introduction to Geographic Information Systems (GIS) is a basic GIS 
course which familiarizes the student with features, attributes, shape 
files, and geospatial analysis tools for fourteen (14) weeks.

The first seven (7) weeks, students learn ArcGIS 10 software tools.
Students have the remaining seven (7) weeks to select a project based 
on their chosen subject matter, and to complete the project.

Each student project has a defined research themed rubric and students 
have the option of a collaborative team GIS project or an individual 
GIS project. Each student is required to demonstrate their learning 
outcomes by completing a fairly robust GIS model. An Appendix is 
required that clearly demonstrates a step-by-step process for completing 
the GIS model.



33

Objective Statement
To increase awareness on the North Carolina Agricultural and Technical 
State University campus of a possible urban terrorist attack using 
chlorine gas.

Target Audience
State/Federal Government and the general public

Hypothesis
During the academic Spring and Fall semesters, North Carolina A&T 
campus could be devastated by an airborne contaminate attack.



44

Abstract

This project will simulate, during the eight (8) month academic 
calendar year, an airborne contaminate attack . The months of 
September, October, November and December are in the Fall Dispersal 
simulation and the months of January, February, March and April are in 
the Spring Dispersal simulation.  The ALOHA Plume Dispersal Model 
for ArcGIS is used to show the range of areas affected on the campus. 

Visual observations of student walking/gathering patterns at peak times 
were conducted at various locations/times each day to understand 
student behavior and to help identify areas on campus with high 
concentrations of student population. This visual assessment revealed 
the logical point of airborne dispersion would be the Student Union. We 
found that the month of September would be optimal for an airborne 
contaminate attack.  
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Introduction
While the term Terrorist and Terrorism have been around for hundreds 
of years, it has recently became the term abused by media and 
government officials alike. The definition of terrorism, according to 
dictionary.com, is “the use of violence and threats to intimidate or 
coerce, especially for political purposes. [Dictionary.com. (2011)]” 
Urban terrorism is the targeted use of terrorism in urban settings to 
causing harm, injury, death, or property damage [Wikipedia].These 
attacks are often not only low key, but very deadly when performed 
without warning. Imagine the impact of one of these attacks on an 
institution of learning. With colleges around the nation easily topping 
5,000 + students, a terrorist attack in close proximity of the campus 
would cause problems for schools in that area. 
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Background Information
Urban terrorism is any form of terrorism targeted for an urban location 
that would cause harm to the urban population. Any type of attack can 
be considered as acts of terrorism. Some of the biggest accounts of 
urban terrorism have been the Oklahoma City bombings & The World 
Trade Center attacks. While the term terrorism is defined in different 
situations, any large scale attack in an urban area is considered urban 
terrorism. Some attacks, such as the Columbine and Virginia Tech 
shootings, have been debated upon since they were viewed as senseless 
tragedies on American soil, despite the attackers qualifying as terrorists. 
In both the Columbine and Virginia Tech shootings, neither school was 
prepared for such attacks because they felt as though there wasn’t any 
concern of an attack of such a large caliber to occur on their campus. 
Each campus lacked the security protocol it needed to properly warn of 
the immediate danger.
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Introduction
Looking at North Carolina Agricultural & Technical State University, a 
school enriched with history from the civil rights movement, someone 
planning to make a violent public statement could cause problems for 
students, faculty, and administration. There have not been recorded 
chlorine gas leaks in the Greensboro area, and with chlorine gas being 
such a common product to access, a terrorist could possibly use it to 
bombard North Carolina Agricultural and Technical’s campus with 
potential damaging results. To fully show where the different areas of 
the campus would be affected by a chlorine gas attack, the ALOHA 
plume model will be used. 
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Areal Locations of Hazardous Atmospheres Model

The Areal Locations of Hazardous Atmospheres Model, also known as 
the ALOHA Model (ALOHA) is a computer program that takes 
operator and/or instrumentation input data and provides estimates of the 
dispersion of gas from accidental spills. The output estimates are 
designed for rapid user assimilation and make liberal use of graphics. 
The air model is approximate by necessity and its usefulness is entirely
dependent on user interpretation of inputs and outputs. ALOHA 
originated as an in-house tool to aid in response situations. In its 
original format it was based on a simple model-a continuous point 
source with a Gaussian plume distribution (Turner, 1970). It has 
evolved over the years into a tool used for a wide range of response, 
planning, and academic purposes. It is distributed worldwide to 
thousands of users in government and industry (in the USA by the 
National Safety Council). ALOHA is a tool that can be used during 
emergency situations and, as such, must meet certain criteria.
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Data Gathering Methodology
First, the following shape files were obtained from the Greensboro GIS 
department: buildings layer showing all of the buildings on the campus and the 
streets associated with the campus. In ArcMap, a geodatabase was created. In 
Google Earth, an aerial snapshot of the university was downloaded as an image 
and imported into ArcMap.
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Setting up ALOHA MODEL
First- Download and install the ALOHA Plume Model Application and 
ALOHA ArcMap Import Tools extension. You can do this by following the 
directions from the NOAA website.***

***Note: The alo_ftp.pas file should be visible in the Program files<ALOHA 
Folder as long as you have the threat zone model displayed in the ALOHA 
program. If you cannot see it in your Program File Folder, you may need to 
change folder options to see all folder contents.  Open the ALOHA model 
application. In the Location information window, choose “GREENSBORO 
NC”. Click “select”. On the main toolbar, click “setup” and choose 
“Chemical”.
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Setting up ALOHA MODEL

In the chemical information window, click “Pure Chemicals”, if not already 
selected. Select “Chlorine” and then click “Select”.

In the main toolbar, click “setup”, “Atmospheric”, and choose “User Input”. 
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Atmospheric Options 
Within this model, certain atmospheric, geographic, and location variables were 
chosen. The constant time for each month was chosen to be at 12:00 pm due to 
the fact that students are most active around lunch time. The 14th day of each 
month was chosen because it was assumed students are most active this day of 
the month. The wind speed and direction selected for each month are as 
follows: January (8 mph SSW), February (9 mph SSW), March (9 mph SSW), 
April (9 mph SSW), September (7 mph NNE), October (7 mph NNE), 
November (8 mph SSW), and December (7 mph SSW). This data was collected 
from National Climatic Data Center www.ncdc.noaa.gov.  
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Atmospheric Options 
For each month, the measurement height was taken from an instrument the 
same height as the average human; this height is predetermined by the ALOHA 
model program. Urban or Forest was selected as the ground roughness; the 
other options did not apply to the scenario. A clear day was chosen from 
observations  of student  behavior that on clear days there are more students 
outside in clusters.
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Atmospheric Options 
A clear day was chosen because it was the most ideal condition listed. The air 
temperature for each month is as follows: January (39 F), February (43 F), 
March (50 F), April (59 F), September (71 F), October (60 F), November (51 
F), and December (42 F). This data was collected from weather.com. The 
stability class and inversion height were kept constant with the stability class to 
be left at D and the inversion height to be left at inversion. The humidity of the 
scenario was chosen because medium humidity was ideal for the model.
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Atmospheric Options 
In the next window, a source was asked to be selected in the model. Direct 
source was selected because since this model was built around a terrorist attack, 
the other options wouldn’t apply if someone were to release this agent on their 
own. Liter was chosen as the constant volume since the gas was being stored in 
a 100 liters helium tank. In the Direct Source window, make the following 
changes you see below.
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Atmospheric Options 
In the Direct Source window, make the following changes: Continuous source 
was chosen because the gas isn’t released all at once, it would leak out of the 
container until it is empty. 100 liters/sec was selected because the helium tank 
was 100 liters. The per second part was selected to show the impact of a quick 
and swift attack, which is also why 20 minutes was chosen. The source height 
was entered at 0 feet because the escape point from the container would be 
located at ground level. 
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Atmospheric Options 
Another window pops-up and the volume input information was to be selected. 
The assumed chemical temperature was chosen to be 71 degrees and  gas 
pressure was chosen for ambient pressure. 
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Atmospheric Options 
On the main toolbar, click “SiteData”, and then click “Date & Time”.

In the Date & Time Options Window, make the following changes you see 
below and click ok.
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Atmospheric Options 
The text summary will look like the one below
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Atmospheric Options 
On the main toolbar, click “SiteData”, and then click “Building Type”.

In the Infiltration Building Parameters Window, Choose “Double storied 
building”. Also choose “Unsheltered surroundings”. Click ok.
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Atmospheric Options 
On the main toolbar, click “Display”, and then click “Threat Zone”.

In the Toxic Level of Concern window, make the following changes below. (It 
should already be the default.)
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Toxic Threat Zone Diagram
Toxic Threat Zone Diagram will appear like the one below.
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ALOHA Import Tool

In ArcMap, using the ALOHA import tool, the coordinates of the specific 
location, at which the chemical is released, must be typed in. The coordinates 
are as follows ({‘} stands for minutes & {“} stands for seconds): X-coordinates 
(-79°46’13.74”) & Y-coordinates (36°4’38.432”). 

From the ALOHA Plume Model, the files are saved as .alo and converted to 
.pas files so they can be read in ArcMap. 

The .pas files where then saved in a geodatabase for the months of January, 
February, March, April, September, October, November, and December. 
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Results
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Results



2626

This presentation is not only vital to the students, faculty, and staff of North 
Carolina A&T State University, but it bares importance to the citizens of 
Greensboro, NC. The health of every person is at risk and it is our job to ensure 
our safety. The chlorine dispersion model simulation is vital to the campus to 
help prepare for a chlorine gas attack or accident. While some may claim that 
the research performed is only situational, under the right circumstances, the 
project speaks for itself when it comes to the impact it could have on our 
campus and the surrounding communities. After analyzing the data, the month 
of September is the most vulnerable for an attack provided the conditions and 
variables are met.

Conclusion
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The chlorine gas attack simulation indicates a need for campus administrators 
and first responders to incorporate GIS technology. Currently the university 
does not have a GIS based facility management program and this student 
project clearly shows the impact of GIS modeling potential on NCATSU’s 
campus. The simulation can help increase safety measurements and this model 
can be used to demonstrate other airborne contaminants'’ effect on an urban 
college and city area. This research could also be useful for city and urban 
planners to analyze urban terrorist attacks.

Future Research
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THANK  YOU!

Q’s & A’s

Chlorine Gas Attack Scenario on North Carolina 
Agricultural & Technical State University Campus
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